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Against the tide—Currency use among Latin American 
immigrants in Chicago

Carrie Jankowski, Richard D. Porter, and Tara Rice

Carrie Jankowski is a business economist; Richard D. 
Porter is a vice president, senior policy advisor, and the  
director of the payments studies group; and Tara Rice is a 
financial economist in the Economic Research Department 
at the Federal Reserve Bank of Chicago. The authors thank 
Luis Alberro for his contributions to an earlier version of 
this article and Katy Jacob and Ruth Judson for their  
comments, suggestions, and assistance.

Introduction and summary 

Like many other industrialized countries, the United 
States continues to transition from paper-based pay-
ments (cash and checks) to electronic payments. For 
society as a whole, the benefits of this shift may be sub-
stantial, since the marginal cost of an additional trans-
action on an electronic payment network is almost  
always considerably less than it would be on a paper-
based network. For most households in the U.S. today, 
currency (cash) still represents a transactions vehicle, 
but one that is increasingly being upstaged by a variety 
of substitutes, such as debit cards. However, as we de-
tail in this article, for many Latin American immigrants, 
currency represents not only their primary transactions 
vehicle, but may also represent their only savings vehi-
cle. Indeed, in our study of Latin American immigrants 
in Chicago, we find evidence that the dramatic increase 
in the number of immigrants is supporting a growing 
demand for currency, notably in the $100 denomination. 
We argue that this trend has quite possibly contributed 
to the increase in domestic demand for currency since 
the late 1990s—an increase that is at odds with the 
generally accepted view that cash is on the way out. 

For some time, underlying economic forces have 
suggested to a number of observers that electronic 
money was poised to replace cash. James Gleick, the 
author of Chaos: Making a New Science, declared 
over a decade ago:

Cash is quaint, technologically speaking—un-
less you’re impressed by intaglio-steel-plate-
printed paper with embedded polyester strips 
(meant to inconvenience counterfeiters). Cash 
is expensive—tens of billions of dollars drain 
from the economy each year merely to pay for 
the printing, trucking, safekeeping, vending, 
collecting, counting, armored-guarding, and 
general care and feeding of our currency. Cash 
is obsolete.1

As the Economist magazine put it recently, “The 
economics of handling cash … is suddenly subsumed 
by Moore’s law,” which speaks to the ongoing tech-
nological advances in computing capability that can 
be expected over time.2 In some fashion, these tech-
nological improvements will be echoed in lower ef-
fective costs of creating and operating digital networks, 
including digital payment networks. These develop-
ments, in turn, will make cash substitutes more attrac-
tive to payment providers and users. As the digital 
networks garner greater shares of payments, cash  
usage will decline. This development will then raise 
the cost of handling cash (as the current scale econo-
mies in cash-handling networks diminish), leading  
to a further decline in cash usage.3 

Against the tide of this trend toward replacing 
cash with electronic payment instruments is the fact 
that, over the past decade, the amount of U.S. curren-
cy held domestically has increased, particularly notes 
in the largest denomination in circulation, $100 bills. 
Since 1995, the aggregate value of $100 bills in cir-
culation has more than doubled, yet the share of $100 
bills held abroad has decreased from its peak of 70 
percent, and, more recently, held steady at about 65 
percent. How does the rising Latin American immi-
grant population in the United States factor into recent 
trends in currency use? Our research suggests that 
barriers to participation in the mainstream financial 
system and other factors continue to make cash more 
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attractive than alternative payment instruments among 
this growing immigrant population. For example, a 
2002 survey of 302 Latin American immigrants found 
that about 59 percent of payments were made using 
cash. The second most popular method was check, 
used for about 20 percent of payments. 4 

In the next section, we examine recent trends in the 
use of cash, particularly the recent upswing in domes-
tic currency use. Next, we analyze factors underlying 
currency demand. We discuss the financial participa-
tion of immigrants and the reasons why a large number 
of immigrants do not make use of mainstream finan-
cial institutions. Then, we use the 2000 U.S. Census 
and Federal Reserve data to analyze currency use among 
the Latin American population in Chicago, and assess 
the economic implications of these developments. 
Though limited to a relatively small geographic area, 
metropolitan Chicago provides an initial testing ground 
for our hypotheses, helping us to assess whether they 
warrant examination on a broader scale. 

We find that the demand for $100 bills is greater 
in Chicago neighborhoods with higher concentrations 
of foreign-born Latin Americans than in other immi-
grant neighborhoods or other Chicago neighborhoods 
in general. Our results suggest that Latin American 
immigrants hold these bills as a store of value, since 
the convenience of this denomination in most day-to-
day transactions is quite limited. Although the timing 
is suggestive, additional research is needed to deter-
mine whether this immigrant group (and, in particular, 
the growing number of undocumented workers from 
Mexico and Central America) represents the source 
of the recent upward trend in real per capita domestic 
currency holdings.

Trends in domestic currency use

The economic tide now running against currency 
is many-sided. In most circumstances, the competitors 
to currency, for example, credit cards, offer more: Some 
have higher yields, better record-keeping mechanisms, 
points/benefits (such as airline miles or “cash back” 
offers), and/or resolution mechanisms for transactions 
that turn sour. And while using currency at the check-
out used to be more convenient than using checks, 
credit cards, or debit cards (mainly because currency 
transactions were quicker), electronic networks have 
reversed that in many venues. Today, drivers with 
transponders pay tolls electronically as their vehicles 
speed through Illinois Tollway plazas, while drivers 
without transponders wait in lines to hand over cash 
to toll collectors or to throw coins into 1950s-era  
coin hoppers. Radio frequency identification (RFID)  
technology similar to that embedded in the Illinois 

Tollway transponders is now also available on con-
tactless cards marketed by the major card networks. 
Contactless cards allow time-constrained customers 
to pay more quickly at the retail checkout or the auto-
mated gas pump with a quick swipe of the hand.  
Finally, the storage technology embedded in currency 
has shrunk drastically. Fifty years ago, the highest  
denomination note in real terms was approximately 
equal to one full year of disposable income for the 
average household, whereas now it is closer to only 
1.3 days of salary.5

A recent survey by the American Bankers Asso-
ciation and Dove Consulting bears out many of these 
suppositions about the emergence of cash substitutes 
in the retail marketplace. This survey of consumer 
payment preferences found that over the last two years 
respondents reported using cash less often (versus 
more often) by a margin of nearly three to one.6 More-
over, the growing use of cash substitutes was widely 
dispersed over a variety of retail outlets: grocery stores 
(94.5 percent reported using cash less frequently), gas 
stations or convenience stores (90.9 percent), depart-
ment stores (96.0 percent), discount stores (88.3 percent), 
drug stores (88.5 percent), and restaurants (83.9 per-
cent).7 A variety of reasons were offered for this change 
in behavior: Respondents were more comfortable us-
ing noncash payment methods; they gained access to 
other payment methods besides cash; they found non-
cash payment methods faster to use; they noted that 
more merchants accepted noncash payments; they en-
joyed the rewards for making noncash payments; and 
they found noncash payment methods easier to use.8 

So it appears that in many venues the rewards for 
using electronic payment methods outweigh those for 
using cash. But is cash truly becoming outmoded? 
Not necessarily. Some categories of transactions, in-
cluding many illegal or “off-the-books” ones, are 
likely to remain “cash and carry.” Another area of 
growth in demand for U.S. currency has been overseas 
markets, such as Argentina and Russia. Residents of 
such countries have become accustomed to holding 
U.S. bank notes as a hedge against banking sector in-
stability and/or hyperinflation in their home currencies. 
Indeed, as a result of strong growth in overseas de-
mand for U.S. currency in the 1990s, Federal Reserve 
Board Governor Lawrence Lindsey called the dollar 
America’s most ignored export.9

Although these general observations offer direc-
tion on the recent trends in currency, we also examine 
broad aggregate indicators of currency usage. If the 
ratio of currency to gross domestic product (GDP) 
was declining, it might suggest a transition to the  
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figurE 1

Ratio of total currency to gross domestic product

percent

Source: Board of Governors of the Federal Reserve System from Haver Analytics.
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figurE 2

Ratio of domestic currency to gross domestic product

percent

Source: Board of Governors of the Federal Reserve System from Haver Analytics.
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hypothesized decline-of-currency scenario. 
To explore this possibility, figure 1 dis-
plays the ratio of total currency in circu-
lation outside of banks to nominal GDP 
from 1965 through 2005. This ratio de-
clined as other payment media displaced 
some cash payment over the early part of 
the period shown. Beginning in the late 
1980s, however, cash shipments to for-
eign destinations dominated movements 
in overall currency and reversed the ini-
tial downtrend (see Porter and Judson, 
1996).10 In figure 2, which displays the 
ratio of domestic currency to GDP, we 
see a more uniform downward trend, as 
we would expect if domestic currency 
were declining relative to other payment 
means.11 Near the end of the period shown, 
however, we see an uptick. Figure 3 reor-
ders the information in figure 2 by high-
lighting per capita domestic currency 
balances. For most of the period shown, 
these balances fluctuate in real terms be-
tween $800 and $900, but they rise sharp-
ly (by nearly 40 percent) near the end. 
Moreover, both the ratio of aggregate do-
mestic currency to GDP (figure 2) and 
domestic currency per capita (figure 3) 
show this sharp increase starting around 
1997 and continuing through the last ob-
servable year shown, 2005. 

One denomination in particular—the 
$100 bill—is producing this trend. Table 1 
lists the U.S. bank notes in circulation, 
including $100 bills in circulation and the 
estimated portion held abroad. Since 
1995, the aggregate value of $100 bills in 
circulation has more than doubled, yet 
the share of $100 bills held abroad has 
decreased from its peak of 70 percent, 
and, more recently, held steady at about 
65 percent. This reverses a trend of grow-
ing foreign demand for U.S. currency.12

Table 2 shows the shipments of three denomina-
tions of U.S. currency—$5 bills, $20 bills, and $100 
bills—by Federal Reserve District for 2005. The first 
column under each denomination, labeled “received,” 
lists the values of that particular denomination re-
ceived by each of the Federal Reserve Banks from its 
customers, that is, the financial institutions located 
within that Federal Reserve District. The “paid” col-
umn contains dollar values shipped out by the indi-
vidual Federal Reserve Banks to their customers, and 

the “net” column is the net flow that may be held  
either abroad or domestically. Net shipments of  
$5 bills are negligible compared with the shipments 
in and out; the net is under 4 percent of the total paid 
out. Similarly, for the $20 bills, the net makes up less 
than 3 percent of shipments out. Net shipments of 
$100 bills, in contrast, are a little over 11 percent of 
the total paid out. The relatively large net figures for 
New York, San Francisco, and Atlanta are not neces-
sarily surprising, since these Federal Reserve Districts 
have traditionally processed substantial amounts of 
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Currency per capita and Treasury note yield

dollars

Notes: LHS means left-hand scale. RHS means right-hand scale. Real 
domestic currency per capita was deflated by the Consumer Price Index 
and is in end-of-year 2005 dollars.
Sources: Authors’ calculations based on data from the Board of Governors 
of the Federal Reserve System, U.S. Bureau of Labor Statistics, and U.S. 
Census Bureau from Haver Analytics.
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TaBlE 1

U.S. bank notes in circulation
      	
	 	 	 Share	of	 	 Estimates	of
	 	 	 $100	bills	 Estimates	of	$100	bills	 share	of	$100	bills	
Year	 Total	 $100	bills	 in	total	 held	abroad,	wholesale	 held	abroad,	wholesale
	 	 	 (percent)	 	 (percent)

1965 38.0 8.1 21.4 3.9 48.3
1970 50.8 12.1 23.8 5.7 47.5
1975 77.6 23.1 29.8 10.0 43.2
1980 124.8 49.3 39.5 23.8 48.4
1985 182.0 81.2 44.6 45.8 56.4
1990 268.2 140.2 52.3 85.7 61.1
1995 401.5 241.5 60.2 169.2 70.1
1999 601.2 386.2 64.2 254.6 65.9
2000 563.9 377.7 67.0 256.0 67.7
2001 611.7 421.0 68.8 279.8 66.4
2002 654.8 458.7 70.1 301.3 65.7
2003 690.2 487.8 70.7 317.9 65.2
2004 719.9 516.7 71.8 332.7 64.4
2005 758.8 545.0 71.8 352.0 64.6

Note: All values are in billions of dollars except as noted.
Source: U.S. Department of the Treasury, Board of Governors of the Federal Reserve System, and U.S. Secret Service (2006).

currency from, or to, foreign endpoints. The larger 
positive flows for Richmond and Chicago, however, are 
more surprising. This increase may reflect the surge in 
Latin American immigration (which is described in de-
tail later) in these two Federal Reserve Districts. To-
gether, tables 1 and 2 suggest that $100 bills are being 
held, and increasingly so at home rather than abroad. 

Explaining currency demand

What reasons could help to explain 
the increase in domestic demand for cur-
rency? Traditionally, an individual’s de-
mand for currency is viewed along  
inventory theoretic lines, in which money 
demand depends positively on income re-
ceived in a period and a brokerage (or 
transaction) fee for getting into and out of 
an interest-bearing instrument and nega-
tively on a short-term nominal interest 
rate.13 The traditional transaction demand 
for money depicts money holdings as fol-
lowing a saw-tooth pattern over income 
periods; that is, money holdings (whether 
in currency or in a bank account) rise 
rapidly with receipt of income or other 
source of payment, and then fall slowly 
as the money is spent continuously over 
time.14 When nominal interest rates are 
low or the brokerage fee is high relative 
to income, it may not pay to have an in-
terest-bearing account at all. In this case, 
the individual only holds one financial  

instrument, currency.
In addition to interest rates and brokerage fees, 

Cagan’s classic analysis of the demand for currency, 
considers three additional candidates that could ex-
plain this trend: crime, tax evasion, and travel.15 A 
downward movement in nominal interest rates will 
lower the opportunity cost of holding currency and 
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Historical crime rates

rate per 100,000, ratio scale

Source: Federal Bureau of Investigation, Uniform Crime Reports.
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raise desired currency balances. Interest rates have 
been very low over the past several years; the federal 
funds rate averaged only 3.2 percent in 2005, while 
interest-bearing checking accounts paid depositors 
about 0.31 percent in interest per year over this period. 
Thus, it is conceivable that the low level of interest 
rates generally prevailing after the events of Septem-
ber 11, 2001, might account for the recent increase in 
domestic currency demand. However, figure 3 (p. 5) 
shows that nominal interest rates do not appear to 
have had a powerful enough influence on real domes-
tic currency per capita to explain the changes in levels. 
This result is in line with estimates that suggest that 
currency demand is not that elastic with 
respect to nominal interest rates. 

What about crime and tax evasion? 
Our earlier work has cast doubt on the 
crime explanation for currency demand, 
and current crime statistics support our 
prior assessment.16 Evidence using either 
the overall variation in crime or in drug 
arrests (figure 4) suggests that crime is 
not the missing link in currency de-
mand.17 Moreover, the movements of av-
erage marginal tax rates in the United 
States do not indicate that there has been 
an increase in the incentive to evade fed-
eral taxes (and therefore hold more cash), 
as displayed by the tax rate series com-
piled by the National Bureau of Economic 
Research in figure 5. 

TaBlE �

Shipments of $5 bills, $20 bills, and $100 bills, by Federal Reserve District, 2005

	 $5	bills,	billions	 $20	bills,	billions	 $100	bills,	billions
District	 Received	 Paid	 Net	 Received	 Paid	 Net	 Received	 Paid	 Net

Boston  0.6 0.7 0.0 18.8 19.0 0.3 4.7 5.7 1.0
New York  1.7 1.6 –0.1 48.4 49.4 1.0 70.9 88.0 17.1
Philadelphia  0.6 0.8 0.1 20.9 22.7 1.8 9.2 7.2 –2.0
Cleveland  0.8 0.8 0.0 16.6 18.1 1.4 5.8 7.3 1.4
Richmond  1.1 1.2 0.1 33.6 36.2 2.6 14.1 17.9 3.7
Atlanta  2.5 2.4 0.0 47.6 45.4 –2.2 44.3 36.9 –7.5
Chicago  1.4 1.5 0.1 30.6 34.3 3.8 11.1 15.0 4.0
St. Louis  0.5 0.5 0.0 9.5 9.8 0.3 6.5 7.9 1.4
Minneapolis  0.3 0.3 0.0 5.9 6.4 0.5 2.4 3.1 0.7
Kansas City  0.6 0.7 0.0 12.5 13.5 1.0 6.4 8.1 1.7
Dallas  1.1 1.1 0.0 21.4 21.3 0.0 16.5 17.7 1.2
San Francisco  2.5 2.6 0.1 50.6 47.9 –2.7 37.4 43.1 5.7
Total 13.7 14.1 0.5 316.4 324.1 7.7 229.2 257.7 28.5

Notes: For a map of the 12 Federal Reserve Districts, see www.federalreserve.gov/otherfrb.htm. Columns and rows may not total because of rounding.
Source: Federal Reserve System.

Finally, Cagan argues that the volume of curren-
cy used to transact a given volume of retail trade may 
vary with the volume of travel per capita. Writing 
near the end of the 1950s, he reasoned that payments 
by check or credit require that the parties making the 
exchange know each other. When travel increases, 
currency is likely to supplant checks. Why? Simply 
because the traveler will be buying where he or she is 
not known or has not had an opportunity to establish 
a line of credit. 

Consider, in particular, workers who move from 
Mexico and other Latin American countries to Chicago.18 
Like other immigrants, they are travelers and make 
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U.S. federal average marginal income tax rate

percent

Source: National Bureau of Economic Research, TAXSIM model.
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relatively frequent return visits to their hometowns 
where they maintain family ties.19 Even if they have 
been settled in Chicago for some time, they remain 
less likely to participate in the formal banking sector 
here. For a variety of reasons, such as language barriers, 
lack of documentation, and distrust of banks, these 
immigrants tend to use checks, credit cards, and debit 
cards much less often than the general population 
does. Using Cagan’s framework, one might classify 
them as being perpetual travelers. 

Unlike the other explanations we have consid-
ered—interest rates, crime, and tax evasion—travel 
(specifically, immigration) provides the most viable 
explanation. Immigration from Mexico and other Latin 
American countries has grown at astonishing rates in 
recent years. Moreover, the brokerage fees (discussed 
earlier) may not be similar for all residents. If an indi-
vidual is familiar with banking and can readily open 
and use a checking account or other bank account, 
then the brokerage fee in getting to a bank or automatic 
teller machine (ATM) to deposit or withdraw funds 
may represent only the classic “shoe leather” costs.20 
On the other hand, for immigrants there are often other 
impediments that stand in the way of their establish-
ing a banking relationship. As a result, they may choose 
not to bank with depository institutions and instead 
hold their wealth entirely in cash. Because of these 
impediments (leading to higher transaction costs),21 
the optimal deposit holdings for many of these immi-
grants might be negligible. 

Immigration to the united States

While the deposit holdings of a small 
group of residents might not affect domes-
tic demand for currency on a larger scale, 
Latin American immigrants make up a 
rapidly growing proportion of U.S. resi-
dents. Since 1980, immigration to the 
United States from Latin American coun-
tries has increased considerably. In 1980, 
foreign-born Latin Americans represented 
1.9 percent of the total U.S. population. 
By 2005, that share grew to 6.6 percent, 
of whom 56.8 percent were from Mexico.22 
Mexican immigrants alone represented a 
greater share of the U.S. foreign-born 
population (29.5 percent) at the end of the 
twentieth century than German and Ital-
ian immigrants (23.7 percent) collectively 
did at the end of the first great immigra-
tion wave to the United States in 1920.23 
Table 3 summarizes immigration to the 

United States from 1850 through 2000. The rise in 
immigration from Latin America from the 1980s on-
ward is dramatic, with Mexican immigrants making 
up a growing proportion of the total amount of Latin 
American immigrants. In 1980, immigrants from 
Mexico made up 74 percent of total Latin American 
immigrants; by 2000 that proportion had grown to 84 
percent. Figure 6 shows the cumulative influx from 
Mexico to the United States over the past 150 years, 
and table 4 highlights recent patterns of Mexican 
immigration.24

Immigration from Mexico gained traction as the 
Mexican debt crisis of the early 1980s unfolded. It ac-
celerated sharply in the latter part of the 1990s, partly 
spurred by the economic boom (and higher employment 
rates) in the United States. Importantly, too, the esti-
mated number of undocumented immigrants entering 
this country now exceeds that of legal immigrants. This 
has implications for financial participation because, 
as we discuss in more detail in the next section, undoc-
umented immigrants often face higher barriers to par-
ticipation in the financial system than do legal residents. 

By and large, immigrants tend to migrate to areas 
in the United States where other residents from their 
hometowns or countries now live. Chicago is among 
the oldest and most established Latino immigrant 
gateways in the country (Singer, 2004), and Chicago’s 
Latin American population has swelled along with the 
national trend. Between 1990 and 2000, the Latino 
population (both native-born and foreign-born mem-
bers) in the Chicago metropolitan area increased by 



� �Q/�007, Economic Perspectives

FIguRE �

Mexican-born population in the U.S.

thousands

Source: Passel (2005).
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Region of birth of the foreign-born population

Census	 	 	 	 	 	 Latin	 Northern
  year	 Total	 Europe	 Asia	 Africa	 Oceania	 America	 America
       
1850 2,202,625 2,031,867 1,135 551 588 20,773 147,711
1860 4,134,809 3,807,062 36,796 526 2,140 38,315 249,970
1870 5,563,637 4,941,049 64,565 2,657 4,028 57,871 493,467
1880 6,675,875 5,751,823 107,630 2,204 6,859 90,073 717,286
1890 9,243,535 8,030,347 113,383 2,207 9,353 107,307 980,938
1900 10,330,534 8,881,548 120,248 2,538 8,820 137,458 1,179,922
1910 13,506,272 11,810,115 191,484 3,992 11,450 279,514 1,209,717
1920 13,911,767 11,916,048 237,950 16,126 14,626 588,843 1,138,174
1930 14,197,553 11,784,010 275,665 18,326 17,343 791,840 1,310,369
1960 9,678,201 7,256,311 490,996 35,355 34,730 908,309 952,500
1970 9,303,570 5,740,891 824,887 80,143 41,258 1,803,970 812,421
1980 13,192,563 5,149,572 2,539,777 199,723 77,577 4,372,487 853,427
1990 18,959,158 4,350,403 4,979,037 363,819 104,145 8,407,837 753,917
2000 31,107,573 4,915,557 8,226,254 881,300 168,046 16,086,974 829,442

Notes: This table excludes immigrants whose region of birth was not reported. The U.S. Census Bureau does not have data on the region of birth  
of the foreign-born population for the census years 1940 and 1950.      
Source: U.S. Census Bureau.       

73 percent.25 Over half of that increase (56 percent) 
was due to immigration; the rest was due to popula-
tion growth among existing Latin American residents. 
An estimated 421,000 thousand immigrants arrived in 
the Chicago area directly from Mexico between 1980 
and 2000,26 and as of 2000, more than 586,000 Mexicans 
were living in the Chicago metropolitan area.27

Financial participation of immigrants 
While an estimated 8 percent to 9 percent of all 

U.S. households do not have a transaction 
account, a much higher proportion of the 
immigrant population has no banking re-
lationship (or is unbanked) compared 
with their native-born counterparts.28 The 
U.S. Census Bureau’s Survey of Income 
Participation (SIPP) puts the number of 
unbanked Mexican immigrants at 53 per-
cent and other Latin American immi-
grants at 37 percent over the period 
1996–2000 (see table 5).29

The most commonly reported reasons 
given by U.S. households for not having a 
transaction account are they write too few 
checks to make it worthwhile (28 percent), 
do not like dealing with banks (23 percent), 
have insufficient funds (14 percent), or 
find service charges too high (12 percent).30

Immigrants have additional reasons 
for not opening a transaction account. In 
many cases, undocumented immigrants 
are unable to open savings or checking 

accounts at banks because they lack the required offi-
cial identification (such as a Social Security number, 
driver’s license, or tax identification number). More-
over, undocumented immigrants may feel they risk 
their livelihood in the United States by revealing their 
immigrant status to a bank. To close these gaps, the 
U.S. Department of the Treasury now allows banks to 
decide what forms of identification they will accept 
from individuals who want to open a bank account. 
As a result, Mexican immigrants with Matricula cards 
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Recent patterns of Mexican immigration

Mexican
immigrants	to	U.S.	 1980–89	 1990–94	 1995–99	 2000–04
	 (thousands	per	year)

Undocumented 140 450 750 700
Legal 650 670 660 610
Total 790 1,120 1,410 1,310

Source: Passel (2005).

(identification cards issued by Mexican consular of-
fices in the United States) are now permitted to open 
bank accounts in some states, including Illinois. 

Many Latin American immigrants may have had 
little financial education or direct experience in deal-
ing with financial institutions. In addition, many Latin 
American immigrants also have historical reasons to 
view banks as risky institutions. Many have experi-
enced banking crises in their home countries with 
outright banking failures and liquidity disruptions 
that have often harmed depositors. As a result, they 
may view banks with suspicion.

Language barriers present further obstacles for 
immigrants. In most cases, it is necessary for bank 
customers to learn how to manage their accounts in 
English; for example, they need to learn how to fill 
out the proper dollar amount in English on a check. 
Though some banks now offer services to cater to cus-
tomers who speak Spanish, language barriers can still 
remain an obstacle at these venues. Since as many as 
10 percent of Mexicans speak a language other than 
Spanish, this customization may not be valuable to all 
Mexican immigrants.31

Several other factors push immigrants into cash. 
Some workers are paid in cash for work that is not 
documented, and must pay bills and other expenses 
(such as rent) in cash. Also, some immigrants do not 
expect to stay very long in the United States 
and, therefore, may feel they would not 
benefit from learning how to open and 
operate a bank account.32 Furthermore, 
newly arriving immigrants tend to locate 
in areas inhabited by other immigrants 
from the same countries or regions. Once 
settled, new immigrants often learn about 
U.S. customs and procedures from their 
local social network. If their neighbors or 
coworkers do not tend to make use of 
banks, the new immigrants will not  
either.33 Many Mexicans living in Mexico 

choose to hold some U.S. dollars. Mexicans 
living in Mexico are estimated to have av-
erage dollar holdings of U.S. bank notes 
about equal to half of the average bank 
note holdings for U.S. residents living in 
the United States.34 For undocumented im-
migrants, payments to so-called coyotes, 
who help them to enter or reenter the United 
States undetected, may require substantial 
amounts of dollars—often several thousand 
dollars per person.35 Finally, many immi-
grants send remittances to their families 

living in their home country. Because the role of re-
mittances in the demand for cash is significant, we 
discuss this topic in detail next. 

Role of remittances 
Workers in the United States transferred more 

than $40 billion to Latin America and the Caribbean 
in 2005.36 This represents about 75 percent of the total 
remittances sent to Latin America and the Caribbean 
in 2005 from all countries. About half of the total re-
mittances (approximately $27 billion) went directly 
to Mexico—an amount greater than Mexico’s revenues 
from tourism and about equal to Mexico’s annual in-
come from oil exports in recent years. 

Remittance transfers are primarily a cash-to-cash 
process: Remitters pay cash to a money transmitter or 
financial institution, and the recipient of the remittance 
in the home country picks up the funds in cash. In re-
cent years, banks have begun to offer cash checking 
or money transfer services as a way to capture a larg-
er share of this growing market, although they have 
not made large inroads to date.37 As of 2004, less than 
5 percent of transfers were done via direct deposit 
into bank accounts.38 

A large portion of these remittances are paid in cash 
to money transmitting institutions (wire transfer ser-
vices), such as Western Union and MoneyGram, that 
primarily accept cash. What is not captured in this  
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Percent of unbanked in the U.S., 2000

U.S.-born	and	foreign-born	populations
(as	a	percentage	of	each	group)

U.S.-born	 	 Foreign-born
	
White 14 Mexican 53
Black 46 Other Latin American 37
Hispanic 34 Asian 20
Other race 34 European 17
    
Total 17 Total 32

Source: U.S. Census Bureau, 2000 Survey	of	Income	and	Program	Participation.
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Bivariate correlations between currency measures and selected demographic variables, by zip code, 2005

	 	 	 	 	 	 	 Proportion	of	
	 	 	 	 All	 Proportion	of	 Proportion	of	 immigrants
	 $5	bills		 $20	bills	 $100	bills	 denominations	 native-born	 Latin	American	 not	from
	 per	capita	 per	capita	 per	capita	 per	capita	 residents	 immigrants	 Latin	America
   
$5 bills 
per capita   
    
$20 bills  –0.0148
per capita 0.8454
    
$100 bills  0.4110 –0.0150
per capita 0.0000 0.8434    
      
All  
denominations  0.0216 0.9979 0.0473
per capita 0.7764 0.0000 0.5329

Proportion of
native-born  0.1127 0.0098 –0.0165 0.0106
residents 0.1363 0.8972 0.8283 0.8893

Proportion of
Latin American 0.0180 –0.0570 0.1454 –0.0471 –0.7348
immigrants 0.8129 0.4527 0.0541 0.5347 0.0000

Proportion of 
immigrants
not from  –0.1854 0.0464 –0.1311 0.0348 –0.6889 0.0145
Latin America 0.0138 0.5407 0.0828 0.6470 0.0000 0.8488 

Note: The first (top) number in each row is the correlation, and the second (bottom) number is the p value. 
Sources: Authors’ calculations based on data from the Federal Reserve Bank of Chicago and U.S. Census Bureau.

estimate of total remittances is the amount that immi-
grants remit to their home countries by carrying cash 
in their (often annual) return visits or by entrusting money 
to family members or friends who are traveling home.

The average size of recorded remittances to Latin 
America was between $200 and $300 per transaction 
in 2005, with 20 percent of participants sending less 
than $100, 36 percent sending between $100 and 
$200, 26 percent sending between $200 and $300, 
and 18 percent sending more than $300. The average 
size of remittances increased significantly in 2006 to 
approximately $315 per month.39 On average, Mexican 
immigrants remit more than their counterparts from 
other Latin American countries—about $450 a month in 
2002. They also bring a considerable sum of cash back 
to Mexico when they visit—almost $3,000 per visit.40

Linking immigration and currency demand
To establish a link between the surge in immigra-

tion and the increased demand for currency in the U.S., 
we correlate currency disbursements with the propor-
tion of immigrants (both from Latin America and from 
all other regions) by five-digit zip code, using U.S. 
Census data for metropolitan Chicago, where Latin 

Americans are the largest immigrant group. Table 6 
shows that metropolitan Chicago neighborhoods (mea-
sured at the zip code level) with larger proportions of 
Latin American immigrants are positively correlated 
with the number of $100 bills per capita. For immi-
grants from regions other than Latin America, this 
correlation becomes negative. 

This difference suggests that Latin American im-
migrants’ currency demand may be larger than that  
of other immigrant groups simply because they will 
be more likely to be unbanked, as shown in table 5 
(p. 9). A number of other factors could explain this 
finding. Table 7, which contains the summary statis-
tics for neighborhoods in our data sample (discussed 
in the next section), highlights some differences be-
tween Latin American immigrants and immigrants 
from other regions. The concentration of Latin American 
immigrants ranges from less than 1 percent to 49 per-
cent per zip code (with a mean of 6 percent), while 
the concentration of immigrants from all other regions 
ranges between less than 1 percent to 41 percent.41 

Polish immigrants are the second largest immigrant 
group in the Chicago area. As of 2000, the largest  
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population of Polish immigrants in the United States 
lived in Illinois (almost 140,000), and this Illinois 
contingent represented almost 30 percent of the nation’s 
total foreign-born Polish population. Thus, examining 
the currency demand for foreign-born Polish residents 
provides a contrast by which to gauge the results from 
Latin American immigrants. In our sample, the pro-
portion of foreign-born Polish residents per neighbor-
hood ranges between zero percent and 21 percent of 
the population per zip code (with a mean of 2 percent). 
The lower mean and standard deviation for the pro-
portion of all other immigrants combined and for the 
Polish immigrants (compared with the Latin American 
immigrants) illustrates that Latin American immi-
grants tend to be more concentrated in some neigh-
borhoods than other immigrant groups. 

A comparison of neighborhoods with a high con-
centration of foreign-born Latino residents (those 
with foreign-born Latinos accounting for at least 30 
percent of the resident population) versus neighbor-
hoods with a high concentration of foreign-born non-
Latino residents (those with foreign-born non-Latinos 
accounting for at least 30 percent of the resident pop-
ulation) reveals the following: Foreign-born Latino 
residents are younger, are less educated, earn a lower 
income on average, and have immigrated to the U.S. 
more recently. It is likely that linguistic barriers to 
banking are larger in the Latin American immigrant 
communities. Both groups tend to be more likely to 
live in neighborhoods with higher proportions of 
renters, but this effect is somewhat more pronounced 
for Latin American immigrants. 

Data and empirical analysis

As table 6 suggests and research finds, Latin 
American immigrants tend to establish themselves  
in neighborhoods having relatively high densities of 
their fellow immigrants.42 Since most Mexican immi-
grants in the United States come from the central and 
southern parts of Mexico, “migration networks may be 
developed in this area to the point that migration costs 
are generally low for most families and migration de-
cisions largely reflect wage differences.”43 As a result 
of these forces, Mexican immigrants in the Chicago 
area have tended to locate in neighborhoods such as 
Pilson and Little Village, which already have a high 
proportion of Mexican and other Latin American im-
migrants. Using U.S. Census data, we can study these 
clusters at the five-digit zip code level, enabling us to 
use a rich mix of socioeconomic and demographic 
factors that are available at this geographic level. 

Our data consist of annual cash orders from the 
Federal Reserve Bank of Chicago to bank branch  

offices in the Chicago area in 2005, aggregated by  
zip code. The aggregated data allow us to measure 
the aggregate flows of currency to a cross-section of 
zip codes in the Chicago area. Note that these orders 
represent flows (rather than stocks) of currency from 
the Federal Reserve Bank of Chicago to depository 
institutions in various zip codes. 

Because of data limitations, we cannot use all of 
the cash orders we have. Since some larger banks oper-
ate as correspondent banks to smaller (community) banks 
in the Chicago area, it is not possible to determine 
what proportion of ordered currency stays with each 
correspondent bank and what proportion ends up at 
the smaller respondent banks.44 Therefore, we remove 
the large correspondent banks from our sample. Our 
restricted data set contains 543 banks dispersed over 
175 zip codes. Because we aggregate the data to the 
zip codes in which the community banks operate, our 
results implicitly reflect the behavior of an assortment 
of community banks.45

To this aggregated cash data, we add socioeco-
nomic and demographic data on the native-born and 
foreign-born population at the zip code level from the 
2000 U.S. Census. This includes data on income, age, 
and education of residents at the zip code level. These 
three factors influence bank account ownership for both 
immigrants and native-born residents. Higher levels 
of education are generally reflected in more sophisti-
cated financial decision-making. Individuals with 
bachelor’s or advanced degrees are 21 percent more 
likely to have a checking account than those who have 
not completed high school.46 Age may affect a resident’s 
choice of payment method, with younger residents 
more likely to embrace newer payment methods, such 
as debit cards, and older residents more likely to stick 
with traditional payment instruments, such as checks, 
cash, and, to some degree, credit cards.47 Income will 
also affect a resident’s decision (and perhaps ability) 
to maintain a bank account.48

The type of housing in which immigrants live 
may have a bearing on their currency usage. Residents 
in low-income neighborhoods who rent are more likely 
to pay that rent in cash than residents in middle- to 
high-income neighborhoods.49 We therefore include 
the proportion of renters per neighborhood to capture 
this fact. We then interact this variable with our mea-
sure of income, because low-income neighborhoods 
are the ones where property owners tend to demand 
cash payments. This tendency might be more pronounced 
in neighborhoods with higher concentrations of more 
transient groups, such as immigrants. 

We also consider a number of factors that likely 
affect transaction costs (shoe leather costs) for getting 
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Zip codes in the Chicago area included in study
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Zip codes in data set

    Included    Excluded

LAKE

into and out of an interest-bearing instrument (a bank 
account). As stated earlier, it is reasonable to assume 
that these transaction costs differ across demographic 
segments of the population. Specifically, immigrants 
may face higher implicit transaction costs to obtain 
an interest-bearing instrument, such as a checking or 
savings account, because of language barriers, lack of 
documentation, and distrust of the banking system. 

While we tend to think of traditional depository 
institutions (that is, banks) as representing the finan-
cial sector, immigrants often make use of financial  
institutions that are more on the “fringe,” such as pay-
day lenders, check cashers, and money transmitters, 
which provide a number of important services and are 
often conveniently located. We include (per zip code) 
the number of money transmitters per capita, as well 
as the number of payday lenders per capita to repre-
sent the relative size of the fringe banking sector. Mi-
grants predominantly use money transmitters to remit 
money to their home country—70 percent of Mexi-
can immigrants use them to remit money 
home. These institutions often charge 
hefty fees.50

Payday lenders, on the other hand, 
provide cash to residents, and the number 
of these institutions has been on the rise 
in lower-income and immigrant neighbor-
hoods. We separate these two types of 
fringe institutions because we expect de-
mand for currency to vary across neigh-
borhoods based on the concentration of 
each of these types of institutions. If resi-
dents are hoarding currency to remit it 
through a money transmitter, then we 
would expect demand for currency to be 
positively associated with the number of 
money transmitters per 1,000 residents. 
However, residents receiving a loan from 
payday lenders are most likely to be in 
lower-income neighborhoods, where it is 
more common to live from paycheck to 
paycheck. These residents would tend to 
demand less currency. Under payday 
lending arrangements, they are required 
to give the lender a post-dated check (not 
cash), and if they are living from paycheck 
to paycheck, they are likely to be liquidi-
ty constrained. We anticipate, therefore, 
that the number of payday lenders per cap-
ita will be negatively associated with the 
demand for currency. 

We also add two variables to repre-
sent local (geographic) demand for  

currency. The first variable proxies the demand by 
tourists and consists of total 2005 attendance at large 
tourist attractions in the Chicago area.51 The econom-
ic activity surrounding these highly visited spots 
should tend to increase the local demand for curren-
cy in the surrounding neighborhoods. The second 
geographic variable is the ratio of workers to resi-
dents in each zip code. We include this variable to 
account for the increase in the demand for currency 
by people commuting into a neighborhood to work. 
In addition, places of larger-scale employment in 
Chicago are often surrounded by restaurants and bars 
that cater to the workers and whose employees are of-
ten paid in cash.52

Criminal activity, such as drug sales and book-
making, might result in increased demand for cash, in 
that these activities ordinarily entail anonymity be-
tween parties involved in a transaction. We therefore 
include a measure of overall criminal activity per 
neighborhood. Specifically, we use an index of risk 
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Summary statistics

	 Number	of	 	 Standard
Variable	 observations	 Mean	 deviation	 Minimum	 Maximum
     
Log of $5 bills per capita 158 1.42 1.61 –3.54 4.82
Log of $20 bills per capita 173 4.11 1.97 –0.81 11.01
Log of $100 bills per capita 169 4.22 1.53 –0.28 7.69
Log of all denominations per capita 175 5.42 1.48 1.81 11.18
     
$5 bills per capita 175 10.32 16.86 0.00 123.86
$20 bills per capita 175 539.16 4,582.48 0.00 60,677.80
$100 bills per capita 175 168.68 270.64 0.00 2,193.73
All denominations per capita 175 891.95 5,440.23 6.14 71,974.94
     
Ratio of workers/residents 175 0.79 1.54 0.00 18.10
Automatic teller machines per capita 175 0.00 0.00 0.00 0.01
Money transmitters per capita 175 0.00 0.02 0.00 0.19
Payday lenders per capita 175 0.04 0.07 0.00 0.59
Median age (years) 175 35.20 4.33 23.80 47.00
Median income (dollars) 175 58,475 18,996 14,205 138,525
Log of median household income  175 10.92 0.33 9.56 11.84
Proportion of Latin American immigrants 175 0.06 0.09 0.00 0.49
Proportion of immigrants not from Latin America 175 0.09 0.08 0.00 0.41
Attendance at tourist attractions per capita 175 11.74 80.09 0.00 971.10
Proportion of college educated (≥ 25 years old) 175 0.31 0.18 0.04 0.78
Crime index 175 4.01 2.13 1.00 8.30
Proportion of rented housing units 175 0.35 0.25 0.02 0.98
Proportion of rented housing units × Log of median  
  household income 175 3.77 2.64 0.26 10.95
Proportion of Polish immigrants 175 0.02 0.03 0.00 0.21
Proportion of African Americans  175 0.13 0.23 0.00 0.99

of violent or property crime developed by the Federal 
Bureau of Investigation (FBI), where ten represents 
the highest risk and one the lowest.53

Finally, we include two variables to test our hypothe-
ses that the demand for currency differs between im-
migrant and native-born residents. We include the 
percentage of Latin American immigrants and the 
percentage of foreign-born residents that are not of 
Latin American descent to assess the effect of immi-
gration on cash acquisition.54

Figure 7 illustrates the 175 zip codes with orders 
available for $5, $20, $100, and all denominations; 
these zip codes are shaded in dark orange to distin-
guish them from the other zip codes. In our restricted 
sample, some of the zip codes did not receive any 
shipments of particular denominations during 2005, 
and so our sample size for the different denomina-
tions ranges from 158 to 175 zip codes. 

Table 7 illustrates that, on average, residents of 
our sampled zip codes are about 35 years old, 31 per-
cent of them have a college degree, and they earn an 
average annual income of $58,475 per household. On 
average, gross payments to residents per zip code in 
2005 were $10.32 in $5 bills (log 1.42), $539.16 in 

$20 bills (log 4.11), $168.68 in $100 bills (log 4.22), 
and $891.95 in all denominations (log 5.42). 

The maps in figures 8 and 9 highlight the two 
most important components of our data set. Figure 8 
depicts the spatial demand for $100 bills by zip code; 
zip codes exhibiting demand for $100 bills above the 
75th percentile are shaded in dark orange, while those 
exhibiting demand below the 75th percentile are in 
light orange. Figure 9 displays where foreign-born 
Latin American communities reside by zip code; zip 
codes that have more than 6 percent foreign-born Latin 
American residents—the state’s average—are in dark 
orange, while those that have less than 6 percent are 
in light orange.55 While the maps do not match per-
fectly, we see some striking similarities between them; 
many zip codes in both figures are either light orange 
or dark orange. Like our bivariate correlation table 
(table 6, p. 10), these two maps together suggest that 
the areas that demand more $100 bills tend to be areas 
with a higher proportion of Latin American immigrants. 

Given our observations, the visual and statistical ar-
guments, and the facts presented earlier, we introduce 
four hypotheses to test empirically. 
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Aggregate orders at community banks for $100 bills,
by zip code in the Chicago area, 2005

Orders for $100 bills
Below 75th percentile Above 75th percentile
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Source: Authors’ calculations based on data from the Federal Reserve Bank
of Chicago.

n Neighborhoods (measured at the zip 
code level) having a greater share of 
Latin American immigrants will de-
mand more $100 bills, all else being 
equal. These neighborhoods are like-
ly to have a large share of residents 
who do not have bank accounts and 
who use cash to pay bills, accumu-
late cash, and remit funds to their 
home countries.

n Immigrants from other regions of the 
world may or may not demand more 
$100 bills. These immigrants are, on 
average, more educated and earn 
more. They speak English more 
competently than Latin American 
immigrants, though by a very slim 
margin. Thus, it is difficult to predict 
whether they might demand less, 
more, or the same amount and de-
nomination of currency as Latin 
American immigrants. 

n The demand for other denominations 
($5 bills and $20 bills) will be lower 
for Latin American immigrants than 
the demand for $100 bills. Twenty 
dollar bills (dispensed by about 94 
percent of ATMs in the U.S. in 2006) 
will be received by virtually all resi-
dents who obtain cash from ATMs; 
$5 bills, the third smallest denomina-
tion available in U.S. bank notes, 
will not likely be used as a store of 
value or to pay large bills in cash 
(such as rent).56

n Residents in low-income neighbor-
hoods who rent are more likely to pay that rent in 
cash than residents in middle- to high-income 
neighborhoods. Therefore, the demand for cash 
will be greater in lower-income neighborhood 
with a higher proportion of renters. 

Regression analysis
To empirically test our hypotheses, we estimate a 

model of cash orders (flows) as a function of the for-
eign-born Latin American population and the control 
variables listed previously. 

The regression equation is as follows:

1 1

2 3
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,

CashOrders LA

NonLA X B
i
d

i

i i i

= + +
+ +

α β
β ε

 

where CashOrders are, alternatively, either the amount 
per capita (in logs) of $5 bills, $20 bills, $100 bills, or 
all denominations of currency in the Chicago area;  
i indexes zip codes; d represents the alternative de-
nomination ($5 bills, $20 bills, $100 bills, or all denomi-
nations) used in our analysis; and e is an unobserved 
error term. The variable LA is the proportion of Latin 
American immigrants to total residents per zip code, 
and the variable NonLA is the proportion of immigrants 
not from Latin America to total residents per zip code. 
Finally, X is a vector of variables (discussed earlier) 
that accounts for differential transaction costs of hold-
ing currency and local demand for currency. It includes 
the following: ratio of workers to residents, money 
transmitters per capita, payday lenders per capita, 
median age of residents, log of median household  
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Proportion of foreign-born Latin Americans,
by zip code in the Chicago area, 2000

Proportion of foreign-born Latin Americans

Below state average Above state average
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Note: Illinois has a state average of 6 percent foreign-born Latin Americans.
Source: Authors’ calculations based on data from the U.S. Census Bureau.

the dependant variable (CashOrders).  
The R-squared is 0.2900. The only coef-
ficients that are statistically significant at 
the 1 percent level are the proportion of 
immigrants not from Latin America (with 
a coefficient estimate of –10.9114) and 
median age (0.1413). This suggests that 
areas with a higher proportion of immi-
grants from regions other than Latin 
America tend to use fewer $5 bills, and 
neighborhoods with older populations 
tend to hold more cash. 

The second column contains regres-
sion results using the log of $20 bills per 
capita. In this regression, the following 
coefficients are statistically significant: 
the log of median household income at 
the 10 percent level (with a coefficient 
estimate of 3.2890), the proportion of 
foreign-born residents not from Latin 
America at the 1 percent level (–7.0775), 
and the crime index at the 5 percent level 
(0.2261). 

The third column, the focus of our 
regression analysis, contains results us-
ing CashOrders equal to the log of $100 
bills per capita as the dependant variable. 
These results are strikingly different 
from those using the log of $5 bills per 
capita and the log of $20 bills per capi-
ta. The coefficient on Latin American 
immigrants is positive and significant for 
$100 bills—a result that supports our 
hypothesis that this group demands 
more $100 bills than both native-born 
residents and immigrants from regions 
other than Latin America. The coeffi-

cient is 3.9110 and is significant at the 5 percent level. 
Moreover, the economic implication of this finding is 
significant; a one standard deviation increase in the 
percentage of Latin American immigrants increases the 
demand for $100 bills by 42 percent. Converting these 
semi-elasticity results to dollars, the coefficient repre-
sents an average holding of $266 per capita per year 
for Latin American immigrants. A similar result (not 
shown in the table) for 2004 of $329 gives us an aver-
age holding of about three extra $100 bills for each 
Latin American immigrant. 

Several other coefficients are statistically signifi-
cant in this regression as well. The number of money 
transmitting firms is positive and statistically signifi-
cant (8.3612) at the 10 percent level, suggesting that 
in neighborhoods with a greater number of money 

income, attendance at tourist attractions per capita, 
proportion of residents with college education (of 
those 25 years and older), crime index, and propor-
tion of residents who rent, which is also interacted 
with the log of median income. The regression coeffi-
cients are represented by a, ß1, and ß2 and the vector, 
B3, in the equation. 

Empirical results
Table 8 contains our regression results. We find 

highly statistically significant results for the regressions 
using the log of $100 bills per capita, but less signifi-
cant results for the other currency breakdowns (statis-
tical significance levels are noted in the table). The 
first column of results in table 8 lists our results for 
the regression using the log of $5 bills per capita as 
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Regression results from equation 1

	 Log	of	 Log	of	 Log	of	 Log	of	all
	 $5	bills	 $20	bills	 $100	bills	 denominations	
	 per	capita	 per	capita	 per	capita	 per	capita	
 
Ratio of workers/residents –0.0941 0.2742 –0.0538 0.3605 
 (0.1413) (0.3517) (0.1936) (0.2300)
 
Automatic teller machines per capita 168.4424 336.9934 144.7178 54.6092 
 (132.5731) (269.1874) (173.6580) (178.5395) 

Money transmitters per capita –6.0245 –7.9953 8.3612* 5.5580 
 (4.0282) (5.6453) (4.5289) (3.9914) 

Payday lenders per capita 0.4495 0.2100 0.1198 –0.7994 
 (2.4617) (3.2977) (2.7129) (2.0543) 

Median age  0.1413*** 0.0351 0.1473*** 0.0868**
 (0.0391) (0.0516) (0.0478) (0.0400) 

Log of median household income  2.3523 3.2890* 3.7920*** 3.0254**
 (1.5101) (1.8717) (1.3639) (1.2223) 

Proportion of Latin American immigrants 0.7273 –0.4011 3.9110** 1.2131 
 (1.9928) (1.9181) (1.7138) (1.5443) 

Proportion of immigrants not from Latin America –10.9114*** –7.0775*** –6.2651*** –7.4823***
     (1.6754) (2.1212) (1.6547) (1.5580) 

Attendance at tourist attractions per capita 0.0017 –0.0073 0.0009 –0.0053*
 (0.0022) (0.0045) (0.0022) (0.0029) 

Proportion of college educated (≥ 25 years old) –2.2807 –3.6899 –4.3087** –3.0888*
 (1.7597) (2.2636) (1.7944) (1.6041) 

Crime index 0.1102 0.2261** –0.0425 0.1133 
 (0.0848) (0.1085) (0.0789) (0.0823) 

Proportion of rented housing units 2.6449 –7.2145 38.6101*** 11.0544 
 (13.6320) (17.7830) (13.4560) (11.3529) 

Proportion of rented housing units ×  
  Log of median household income 0.0661 0.8600 –3.2647*** –0.7287 
 (1.2253) (1.5971) (1.2019) (1.0167) 

Constant –29.2618* –33.1942 –41.8754*** –30.9275** 
 (16.7418) (20.9298) (15.3209) (13.7003) 
    
Number of observations 158 173 169 175 

R-squared 0.2900 0.1945 0.1953 0.2059 

    * Significant at the 10 percent level.
  ** Significant at the 5 percent level.
*** Significant at the 1 percent level.
Notes: Standard errors are in parentheses. The dependent variables ($5 bills, $20 bills, $100 bills, and all denominations) are logged values  
per capita. We use ordinary least squares with robust errors (White-corrected standard errors).

transmitting firms, residents tend to demand more 
$100 bills. Presumably this behavior reflects the ac-
cumulation of cash to make periodic remittances to 
the home country. 

Median age is positive and significant (0.1473)  
at the 1 percent level, a result that implies that older 

residents tend to hold more $100 bills. This could re-
flect a legacy of distrust of the banking system, because 
the residents themselves or their immediate family 
members experienced losses at banks in the past.

The log of the median household income is posi-
tive and significant (3.7920) at the 1 percent level, 
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implying that higher income earners tend to hold 
more $100 bills. The proportion of college educated, 
however, is negative and significant (–4.3087) at the 
5 percent level, which we interpret as meaning that 
more education leads them to utilize other payment 
methods. The coefficient on rented housing units is 
positive and significant, while the coefficient on the 
interaction term between rented housing units and the 
log of median household income is negative and sig-
nificant (both at the 1 percent level), with the overall 
net effect of the two terms being positive. We infer from 
this result that the demand for $100 bills in neighbor-
hoods with a greater proportion of rental units is higher 
because some proportion of those tenants will pay their 
rent in cash, especially in lower-income neighborhoods. 
This result is consistent with our hypothesis that  
demand for cash will be greater in neighborhoods 
with higher proportions of lower-income residents 
and rental units. 

The fourth column contains results similar to those 
using the log of $100 bills per capita; it lists the re-
gression coefficients using the log of the value of all 
denominations of currency per capita as the depen-
dent variable. Since $100 bills tend to make up the 
largest proportion of the “all denominations” variable, 
it is no surprise that the results for this variable parallel 
those for the log of $100 bills per capita. The R-squared 
statistic of this regression is 0.2059. The following 
variables are statistically significant: median age (with 
a positive coefficient), log of median household in-
come (positive), the proportion of immigrants from 
regions other than Latin America (negative), atten-
dance at tourist attractions (negative), and the propor-
tion of college educated (negative). 

The proportion of foreign-born residents not from 
Latin America is negative and significant in all four 
regressions, which implies, generally, that neighbor-
hoods with a greater percentage of foreign-born resi-
dents who are not from Latin America demand less 
currency, all else being equal. There are a number of 
possible explanations. It could be that such foreign-
born residents are more likely to have bank accounts 
and conduct transactions using electronic payment 
methods and less currency. We will explore this issue 
in future research.

To check for robustness, we also explore the de-
mand for currency among two other groups, African 
Americans and Polish immigrants. Currency demand 
may be different for African Americans than other na-
tive-born residents because many African Americans 
remain unbanked—an estimated 46 percent of them, 
according to the SIPP (see table 5, p. 9). Moreover, a 
recent study finds that both Latin Americans and  

African Americans perceive that they do not have 
sufficient income to justify having a bank account.57 
If this is true, African Americans should hold more 
cash. We test this hypothesis. We find that African 
Americans demand slightly more $20 bills than other 
residents, though this result is relatively weak (signif-
icant at only the 10 percent level). We find no difference 
in the demand for currency for any other denomination 
for African Americans relative to other native-born 
residents. Next, we examine currency demand among 
Polish immigrants. We find that the demand for cur-
rency among Polish immigrants is similar to that of 
other foreign-born non-Latino residents and has the 
opposite sign to that for Latin American immigrants. 
This result might suggest that Polish immigrants have 
a faster rate of assimilation than Latin American im-
migrants do with regard to banking activities. 

We interpret our regression results, specifically 
those using $100 bills, as directly bearing on the ob-
stacles to financial access that Latin American immi-
grants face and/or their reluctance to open and maintain 
bank accounts. Moreover, these results may tell us more 
about portfolio holdings than the traditional transac-
tion demand for money. Presumably the $5 and $20 
denominations matter more than the $100 denomina-
tion for many day-to-day smaller-scale transactions, 
while the $100 bills are primarily used as a store of 
wealth, in part because some retail outlets will not ac-
cept them in exchange for goods or services. Thus, the 
significant statistical finding for the $100 denomina-
tion for immigrants is suggestive of wealth accumula-
tion in this denomination. For recent immigrants, the 
two important uses for $100 bills are for wired remit-
tances (through such vehicles as Western Union), which 
are often done monthly, and for in-person cash remit-
tances, which are often done on a yearly basis. Other 
important uses include paying rent and large bills. 

Conclusion

In this article, we examine the demand for cash 
(namely, $5 bills, $20 bills, and $100 bills) among 
Latin American immigrants. As a result of their back-
ground and obstacles to obtaining and using deposit 
accounts at financial institutions, a larger portion of 
Latin American immigrants (compared with native-
born residents and foreign-born non-Latino residents) 
appear to hold the cash they acquire rather than de-
positing it in a transaction account. We investigate to 
what degree Latin American immigrants hold more 
cash than other population groups by examining neigh-
borhoods (by zip codes) with high densities of Latin 
American immigrants and testing whether there is a 
significant increase in cash usage in those locations. 
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We find that the demand for $100 bills is greater in 
areas with high concentrations of foreign-born Latin 
Americans. Our results suggest that Latin American 
immigrants are holding these bills as a store of value, 
since the convenience of this large denomination in 
day-to-day transactions is limited. 

Our study adds to the sizable literature on the un-
banked population in the United States. Generally, 
these studies describe characteristics of those who are 
unbanked. They are, on average, more likely to have 
a lower income, lower net worth, and lower level of 
education than the general population; also, the un-
banked are less likely to own a home and are more 
likely to be a member of a minority race and be for-
eign-born. Our study complements this literature; it 
provides some evidence that unbanked Latin Ameri-
can immigrants may store their wealth in $100 bills. 
This behavior is not surprising. Many foreign-born 
residents from Latin America in the United States were 
familiar with the U.S. currency before arriving; they 
see U.S. bank notes as an attractive brand that holds 
its value (unlike some currencies that have experienced 
dramatic inflation). 

Transaction costs associated with getting a bank 
account, language barriers, and general distrust of 

banking systems all contribute to Latin American im-
migrants’ predisposition to accumulate wealth in the 
form of cash. To move these immigrants into the for-
mal financial sector requires overcoming these barriers 
and transaction costs. A sense of trust in banks must 
be instilled among Latin American immigrants. This 
might be achieved through banks providing a similar 
set of products and services to those offered by fringe 
institutions (and with which immigrants are familiar), 
at attractive prices. Banks are beginning to realize the 
importance of encouraging Latin American immi-
grants to establish relationships with them, and some 
have established check-cashing or remittance (money 
transfer) services, though, as we noted earlier, they 
have not yet made significant inroads into this market.58

At the outset, we raised the question of whether 
the behavior of this immigrant group and, in particu-
lar, the rapidly growing number of undocumented 
workers from Mexico and Central America might lie 
behind the recent increase in real per capita domestic 
holdings of currency in the U.S. With the data we an-
alyze in this article, we cannot answer this question 
for the entire country. However, our study of the  
Chicago metro area suggests that this topic warrants 
deeper investigation. 
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Introduction and summary

New technologies, such as electronic payments, offer 
the possibility of innovative remedies to congestion 
problems facing cities throughout the United States. 
However, the implementation of such remedies involves 
a number of difficult economic and political challenges. 
Indeed, successful implementation of technology-based 
policies depends critically on devising optimal pricing 
schemes taking into account network adoption dynamics. 
It also depends on consumer acceptance of the tech-
nology itself. Notably, prompting the switch to elec-
tronic payments raises many of the same challenges 
as the more radical congestion relief initiatives, such 
as variable pricing and transition to private ownership 
of roads. In this article, we study the effectiveness of 
a particular application of pricing incentives, in con-
junction with a mass-marketing campaign, to foster 
adoption of electronic toll collection in Illinois.1 

The first stage in this process came on January 1, 
2005, when the Illinois State Toll Highway Authority 
(also known as the Illinois Tollway)2 doubled the toll 
for cash payers but kept it unchanged (at $0.40 at most 
toll plazas) for electronic payers. We use data provid-
ed by the Illinois Tollway to show that the resulting 
substantial change in relative prices generated a large 
aggregate response, even though the increase in toll 
costs constituted a rather small change in overall com-
muting costs. We also argue that the large relative price 
change allowed the Illinois Tollway to resolve a diffi-
cult coordination problem of convincing motorists to 
adopt electronic payment in exchange for benefits, 
such as open road tolling,3 that could be realized only 
if enough other motorists were also convinced. More-
over, we analyze the relative importance of price, in-
come, and fixed participation costs in consumer choice 
of a particular payment mechanism. By doing so, we 
show that the aggregate effect of the price change masks 
interesting heterogeneity in motorists’ responses. 

Whereas higher cash tolls served as a key factor in in-
fluencing lower-income households to adopt the elec-
tronic payment option (the “cost” channel), affluent 
households responded more to the decline in the fixed 
costs of acquiring the electronic payment instrument 
(the “marketing” channel). We also show that social 
network effects played a significant role in propagat-
ing the adoption of electronic payment on the toll 
road system. The results in our article can be helpful 
in designing effective ways to implement various 
congestion relief policies. 

To frame our discussion, we first describe the 
evolution of the Illinois Tollway’s electronic payment 
option—a radio frequency identification device (RFID)—
brand-named I-PASS. Then, we take a closer look at 
the composition of payment choices by time of day 
and type of drivers, using hourly traffic data on Illinois 
Tollway payment. We find that even prior to the toll 
pricing change, I-PASS payments had the strongest 
appeal for drivers using toll roads on a regular basis 
and doing so in periods with the highest congestion. 
We further find that following the toll price change, 
all groups of drivers increased their I-PASS usage by 
roughly the same amount. To build intuition for fur-
ther investigation, we next sketch out a simple model 
of payment choice, which points to the central role  
of fixed participation costs and drivers’ income.4  
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We also describe the construction of the data for 
evaluating the model’s predictions, and then we pres-
ent simple univariate summaries of the data in the form 
of tables and maps. After this, we provide an econo-
metric analysis of I-PASS demand at the aggregated 
zip code level, both before and after the price change. 
In particular, we focus on the importance of two key 
features of the new pricing regime—a change in rela-
tive prices and easier acquisition of I-PASS informa-
tion—for different income groups. 

Evolution of the payment choices on the 
Illinois Tollway

The current environment in the Chicago area pro-
vides one of the most fitting situations to analyze the 
use of electronic payments technology to reduce con-
gestion. Not only is Chicago the third most congested 
urban area in the U.S.,5 but it also has a long-standing 
economic reliance on transportation that derives from 
its geographic location at the nexus of the country’s trans-
portation networks. The very establishment of the city 
owed much to the desire to link the water routes of 
the Great Lakes and the Mississippi River. Waterways 
yielded to rail by the end of the nineteenth century, 
and in the 1950s and 1960s, the Chicago area was 
transformed for a third time with the growth of the 
federally sponsored interstate highway system and 
the construction of the Illinois Tollway, which spread 
out from Chicago to adjoining states.6 

Until the 1990s, the payment options on the roads 
overseen by Illinois Tollway seemed incongruous with 
the remarkably efficient transportation network that 
has kept Chicago on the country’s economic forefront. 
All vehicles were required to come to a full stop at toll 
plazas and pay either by handing cash to an attendant 
(manual lane) or by throwing exact change into a col-
lection bucket (exact change lane). Especially in com-
parison with other states’ tollway configurations, the 
Illinois Tollway’s manual lanes seemed to be a throw-
back to an older patronage age. For their part, exact 
change buckets were based on a relatively old technol-
ogy, which could be readily compromised by fraudsters.

To combat fraud and improve efficiency, in 1993 
the Illinois Tollway introduced an electronic payment 
option called the I-PASS. Cars equipped with an I-PASS 
RFID transponder have the correct toll amount de-
ducted electronically upon passing through specially 
equipped toll gates. Over the past decade, RFID tech-
nology has improved enough to allow I-PASS payments 
to be processed on vehicles traveling at highway speeds. 
In 2004, the Illinois Tollway unveiled plans to reduce 
road congestion by eliminating toll collection plazas. 
To implement this plan, the Illinois Tollway had to 

convince a critical mass of motorists to switch to 
electronic payments. Although the problem at hand 
looked simple enough, it faced most of the challenges 
of more radical reforms, such as variable pricing and 
transition to private ownership of roads. 

These challenges could be broken into three cate-
gories: optimal pricing choice, heterogeneity in drivers’ 
preferences, and coordination problems and network 
externalities. In tackling these issues, the Illinois Tollway 
needed to answer three questions. First, absent a  
politically unsustainable choice of mandating electron-
ic payments, what pricing incentives would be neces-
sary to effect the desired level of change? Not all 
motorists value the same driving attributes equally. 
Thus, they might respond to different aspects of pric-
ing arrangements, such as higher cost of non-electronic 
payments or easier acquisition of payment transpon-
ders. Second, what strategy could address these het-
erogeneous preferences? And third, what role do social 
networks play in a driver’s decision to switch? Being 
the only I-PASS user is worthless, since “no-stop” 
tolling lanes would never be put in place in such a 
case. On the other hand, learning that others have 
made the switch to electronic payments increases the 
attractiveness of such a choice by making the neces-
sary road reconfiguration more likely.7 

In an attempt to address these problems, the Illinois 
Tollway doubled the toll for cash payers on January 1, 
2005, but kept it unchanged (at $0.40 at most toll plazas) 
for electronic payers, the I-PASS clients. By drastical-
ly changing the relative prices of these two forms of 
payment in this natural experiment, the Illinois Tollway 
sought to achieve an outsized increase in usage of  
I-PASS over a short period. In advance of the price 
change, the toll road authority undertook a substantial 
advertising campaign, which emphasized both the 
cost advantages of I-PASS payments under the new 
pricing structure and the ease of acquiring and using 
the transponder.

Commuters and other travelers responded to the 
doubling of cash tolls by quickly switching to elec-
tronic payment in large numbers. Electronic toll share 
soared past 70 percent within a month of the new 
pricing regime going into effect.8 By the end of Janu-
ary 2005, about 1.9 million commuters had electronic 
payment devices—more than double the figure in 
June 2003 when the transponders were first sold on-
line. As the number of electronic payers shot up, the 
Illinois Tollway proceeded with its plans to add no-
stop tolling lanes.9 

While the toll hike for cash payers represented  
a 100 percent increase in toll outlays, the increase 
represented a considerably smaller percentage rise in 
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Monthly I-PASS ownership
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Source: Illinois State Toll Highway Authority.

millions of owners

the overall cost of commuting. Taking into account 
the full cost of operating a vehicle and a measure of 
the value of time spent in the commute, we estimate 
that higher cash tolls raised the overall commuting costs 
by more than 3 percentage points for only 10 percent 
of all Illinois Tollway drivers.10 The question then be-
comes how such a relatively small boost in overall 
costs could induce such a large consumer response. 
As we mentioned previously, the large aggregate in-
crease in I-PASS usage masks interesting heterogene-
ity in consumer payment choices, which we examine 
in the following section. As we explain later, the Illinois 
Tollway’s multipronged approach to inducing more  
efficient payment on its toll roads helped achieve this 
large aggregate increase among its heterogeneous 
consumer base.   

The toll pricing change and its aggregate 
effects 

Doubling the cash toll rates on January 1, 2005, 
produced an immediate and dramatic response in both 
the overall share of tolls paid electronically and in the 

number of I-PASS owners. As shown in figure 1, in 
slightly more than four months between the announce-
ment of the impending price change and the commence-
ment of the new regime on January 1, 2005, more than 
500,000 I-PASS transponders were purchased. About 
80 percent of these new accounts were originated in 
November and December of 2004. The pace of I-PASS 
ownership growth remained brisk for nearly a year, 
before leveling off in December 2005. 

The relative advantages of different payment meth-
ods fluctuate by time of day (for example, the level of 
congestion) and travel purpose (for example, the im-
portance of arriving at a destination on time). Presum-
ably, a more efficient and convenient electronic payment 
holds the greatest appeal for rush-hour commuters. 
We are able to identify such commuters from a spe-
cial survey of driver preferences, administered in  
November 2003.11 Figure 2 confirms that the Illinois 
Tollway is used almost exclusively by drivers com-
muting to work during the early morning hours and 
that such drivers also dictate traffic volumes in the 
evening rush between 4 p.m. and 6 p.m.
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 Composition of trip purposes among I-PASS users, by time of day
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Average share of I-PASS transactions, by time of day

percent

Notes: Data reflect only passenger vehicles without trailers. To limit the 
effects of weekend or vacation visitors to Chicago, this figure displays the 
results for Wednesdays during two months with limited vacation activity, 
March and April, in 2004 and 2005.
Source: Illinois State Toll Highway Authority.
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Figure 3 depicts the share of I-PASS 
transactions by time of day, with two se-
ries representing payment compositions 
before and after the pricing change. Both 
series have two distinct humps corre-
sponding to peak times, effectively mir-
roring the fraction of tollway drivers that 
are commuting to and from work. This 
result confirms the basic intuition that 
even in the absence of price differences 
(for example, before the 2005 price hike 
for cash payment), electronic payment 
was embraced by frequent toll road users 
who put a relatively higher premium on 
convenience and potential improvement 
in travel times.

Interestingly, we find that after the 
price change went into effect, the in-
crease in I-PASS usage rates was nearly 
identical for motorists using the toll road 
system during rush hours, at midday, or 
throughout late night/early morning 
times. The upward shift in I-PASS usage 
is remarkably parallel over the entire day, 
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with about a 25 percentage point increase in electron-
ic toll shares under the new pricing regime. This find-
ing suggests that to a first approximation, commuters, 
as well as shoppers and leisure drivers, responded 
similarly to the change in toll prices, even though the 
Illinois Tollway benefits bestowed upon them tended 
to favor the commuters unequivocally.12 

To look more closely at the factors influencing 
the payment decisions of such disparate groups of 
drivers we need two things: first, a simple model of 
payment choice to build our intuition and inform sub-
sequent analysis of disaggregated data and, second, a 
description of data used to identify cost, intensity, and, 
most importantly, viability of tollway usage. These 
subjects are taken up in turn in the following sections.

A simple model of payment choice 

Around 40 years ago, Lancaster (1966) proposed 
that the demand for a particular good or service be 
decomposed into the demand for the underlying char-
acteristics of the item. For most transactions, the part 
played by the payment does not affect the enjoyment 
from the consumption of goods or services. This is not 
the case, however, on the Illinois Tollway, where a 
motorist paying electronically may potentially pro-
ceed through the toll plaza at highway speeds—a pro-
cess that is both more convenient and faster than the 
other payment options.13 Consequently, we will treat 
the payment choice in the context of a standard trans-
portation model of modal choice, where payment choice 
is isomorphic with lane choice. 

We use the simple model sketched out here as a 
useful device to build intuition for the empirical in-
vestigation, rather than to identify a specific expres-
sion for uncovering structural parameters of interest 
(for example, the relative value of goods and leisure). 
Although it is necessarily stylized, the model high-
lights the trade-offs made by drivers in choosing an 
appropriate payment method for their Illinois Tollway 
transactions. 

With this caveat in mind, assume that drivers’ 
preferences, U, are defined over consumption of 
goods and services, G, and leisure, L. This gives us:

1) U = U(G, L), 

2) L = T – H – N × tk(D) – 1ipass t
F (d, E),

3) G =V + w × H – N × ck(D) – 1ipass c
F,

where T is the total time available, H is hours worked, 
N is the number of tollway trips per unit of time, and 
tk (D) is the amount of time spent on a trip of length 

D using payment method k. Note that 1ipass is an indi-
cator function set equal to 1 if the individual purchas-
es an I-PASS and that tF(d, E) is the time required to 
do so given the physical distance to the nearest retail 
outlet, d, and the ease of acquiring necessary informa-
tion, E. Turning to equation 3, V measures household 
wealth, w is the hourly wage rate, ck(D) are toll out-
lays per D-mile-long trip using payment method k, 
and cF is the monetary cost of acquiring an I-PASS. 
We assume that cF consists only of deposit and carry 
costs and thus is identical for all households as long 
as they face the same set of market interest rates. Un-
like Train and McFadden (1978), we treat the number of 
hours spent working as exogenous, since each agent’s 
occupational choice is divorced from his or her opti-
mal transportation decision (and even more so from 
the decision to pay tolls using an I-PASS transponder 
or cash).14 

To build intuition for the trade-off, assume for the 
moment that the higher commuting costs are associat-
ed with shorter times spent in commute (for example, 
tollway travel is faster than travel on smaller and 
more congested freeways).  In other words, (∆c/∆t) < 0. 
In this case, a driver would prefer the payment and 
time combination k to some alternative k′ if 

4) ( / ) ,U c t UL G≥ − ×∆ ∆

where, ∆c = ck(D) – ck′(D), ∆t = tk(D) – tk′(D), and  
UL and UG are evaluated at consumption and leisure 
levels associated with choice k. Equation 4 simply 
says that the marginal gains in leisure from shorten-
ing the commute (weighted by the marginal utility of 
leisure itself) must be greater than the marginal cost 
in terms of consumption goods associated with this 
choice (again weighted by the marginal utility of 
consumption).

The trade-off in equation 4 is easy to generalize  
to other aspects of payment choice, where a particular 
payment alternative provides greater benefits (for ex-
ample, faster service, greater reliability, easier use, 
greater convenience, or better dispute resolution) at 
additional cost. The choice then becomes one be-
tween a cheaper but less attractive payment mecha-
nism and a costlier but more desirable one. For 
example, very affluent New Yorkers were willing to 
pay a 25 percent premium in excess of first-class 
fares on competing commercial airlines to fly on the 
Concorde from New York to Paris in order to arrive 
in less than half the time. 

For Illinois Tollway drivers, this marginal trade-
off was never as dramatic. Even prior to the toll price 
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change, the convenience of I-PASS and the possibility 
for faster travel it offered were counterbalanced by the 
carry cost of the $10 I-PASS deposit and of the out-
standing transponder balance. Following the change in 
the relative toll prices, electronic toll payments of-
fered both a cheaper and faster (more reliable, easier) 
way to travel. Restating this in terms of equation 4, 
switching to I-PASS generates a positive marginal 
“trade-off” (∆c/∆t > 0) which means that the optimal 
solution to this problem is one where all motorists 
pay electronically. This clearly isn’t the case in the 
real world.15

The leading candidate for explaining this puzzle 
is the existence of fixed participation costs, which can 
preclude (or perhaps delay) the adoption of a dominant 
payment mechanism. Intuitively, high participation costs 
may make the overall utility of having a transponder 
lower than that of continuing to pay cash tolls, even 
though at the margin, electronic payments are preferred 
by all. These costs derive from having to acquire new 
information and skills, and have been shown to play a 
role in explaining other consumer choices, such as non-
participation in equity markets (see Heaton and Lucas, 
1997; and Vissing-Jorgensen, 2002). As the relative 
price advantage of I-PASS increased, the threshold 
level of participation costs must have fallen, drawing 
more drivers toward I-PASS. Also, as mentioned ear-
lier, the advertising campaign that accompanied the 
pricing change, along with information spillovers 
from those who adopted I-PASS earlier, have likely 
combined to decrease the cost of information 
acquisition.16

The simple framework in equation 4 can be mapped 
to the data by assuming a particular preference speci-
fication, as illustrated in appendix 1. More generically, 
one can infer that electronic toll payment is most bene-
ficial for households that obtain the greatest gains in 
leisure from paying electronically and those that in-
cur the smallest losses in consumption from I-PASS 
acquisition. These observations lead to the following 
set of hypotheses for empirical testing.
n As wages (or wealth) increase, the relative loss  

of consumption from bearing the fixed cost of 
purchasing an I-PASS (cF) is smaller. This is 
especially true if the number of hours spent at 
work is an increasing function of income, at  
least over some range. As a consequence, drivers 
with higher income and/or wealth are more likely 
to use I-PASS. 

n Lower fixed costs of learning about and 
acquiring the I-PASS increase the likelihood of 
electronic toll payment. To the extent education 
or English fluency proxy for the ease of acquiring 

information, we would expect better educated 
nonimmigrant households to be more likely to 
own I-PASS. The same logic should hold for all 
other characteristics that reduce participation or 
learning costs, such as proximity to I-PASS retail 
outlets and informational spillover effects from 
neighbors or coworkers. 

n As commuting distances get longer (higher N),  
the cost difference between cash and I-PASS toll 
payments matters more, again making drivers 
who travel longer distances more likely to 
purchase I-PASS. Moreover, drivers with higher 
N are also more sensitive to time spent in their 
commute, tk(D), which also pushes them toward 
using I-PASS.
In sum, the demand function for I-PASS owner-

ship may be written in the following reduced form: 
prob(I-PASS use) = f(income or wages, tollway travel 
factors, participation costs), where tollway travel fac-
tors include cost, distance, time, and congestion char-
acteristics of toll road trips and where participation 
costs encompass both the ease of learning about and 
the ease of acquisition of an I-PASS transponder.

Some accounting
Before taking a look at the data, it is useful to set 

out some accounting identities. The overall I-PASS 
demand in some geographic unit (say, zip code) with 
population p derives from demands by different 
groups, such as workers, retirees, and students. As de-
scribed later, we have data on everyday commuting 
choices of workers, which include the origin and des-
tination of the commute, mode of transportation cho-
sen, and time spent on the commute. Consequently, 
we are able to measure many of the components of 
the I-PASS demand function for workers, including 
the likelihood of using the tollway for commuting.17 
In contrast, there is very little information about trav-
el patterns of other types of drivers (for example, stu-
dents and retirees), which leads to the following 
decomposition:
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Here, i denotes the number of I-PASS accounts 
owned by different driver segments. Those commut-
ing to work are further described by their current 
commute mode (d = driving, nd = public transport or 
other options, such as walking) and feasibility of toll-
way use (t = likely tollway user, f = likely freeway user). 
Since the easiest way to transform the probability of 
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I-PASS ownership to an empirically observable ag-
gregate measure is by expressing it as a fraction of a 
group, we end up with:
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Here, n denotes the total number of people in a 
given group and f (∙) represents a generic demand func-
tion of I-PASS ownership from the preceding section. 
For workers who could potentially use the tollway for 
their daily commute, f is a function of their known 
commute characteristics: toll costs, travel time, and 
congestion. If f is linear, as will be assumed for em-
pirical analysis, each of these commuter-specific argu-
ments should be multiplied by (nd,t + nnd,t)/p.18 Other 
determinants of tollway demand would be common 
to all drivers—those using the tollway to commute  
to work or for leisure—and would thus receive a full 
weight of 1. These determinants would include the 
distance to the tollway from the place of residence, 
distance to I-PASS retail outlet, measures of income, 
and education level, among others.

Data construction

The data that we analyzed for this article were 
obtained primarily from two sources: the Illinois State 
Toll Highway Authority and the U.S. Census Bureau 
(specifically, the 2000 U.S. Census). From the former, 
we received data on I-PASS ownership by zip code 
and I-PASS usage and lane configurations by plaza. 
We also gathered public information about toll costs, 
plaza locations, and exit specifications (the onramp 
and offramp directions) from the Illinois Tollway web-
site. From the latter, we received and used zip-code-
level economic and demographic information, as well 
as journey-to-work data linking census tract of resi-
dence with census tract of work.19 We then merged all 
of these data into a single data set of economic, de-
mographic, and geographic information by zip code 
of residence, described in more detail later.20

I-PASS ownership data
The data set on I-PASS ownership details the to-

tal number of accounts and transponders by zip code. 
This information was provided for two time periods, 
August 2004 and February 2005, which were chosen 
because they fall right before the announcement of 
the Illinois Tollway’s congestion relief plan and shortly 
after the rate change went into effect, respectively. 
The number of accounts and transponders are sums of 
individual accounts, as opposed to corporate accounts, 
for zip codes of residence. 

Zip-code-level data from the 2000 U.S. Census
Similar to the I-PASS ownership information, the 

U.S. Census provides economic and demographic data 
at the level of zip code of residence. Among numerous 
other variables, included in this data set are variables 
describing income, education, length of residency, and 
population. Specifically, we chose the following vari-
ables as regressors in our model: the population of 
people 16 years and older, household median income, 
the number of households in five different income groups, 
the length of residency in the U.S., and the fraction of 
the population 25 years and older with college or ad-
vanced degrees. We felt that the population of those 
16 years and older was representative of those people 
who could have I-PASS accounts because they are of 
working age and, more importantly, of driving age. All 
household variables were normalized by this number. 

Beyond the conventional variables likely to in-
fluence the decision to get I-PASS, we were also in-
terested in determining whether the convenience of 
getting I-PASS and exposure to information about it 
matter. To capture the former, we computed the dis-
tance from each zip code to the nearest point of sale 
for I-PASS transponders—a chain of grocery stores 
(Jewel-Osco) and the Illinois Tollway headquarters. 
We used the degree to which one’s neighbors and co-
workers were getting on the “I-PASS bandwagon” as 
measures of information spillovers or network effects. 
For each zip code, we constructed a population-weight-
ed average of I-PASS ownership rates in “adjacent” 
zip codes (those within a 5-mile radius from the zip 
code center). We followed a similar approach to com-
pute I-PASS ownership rates among coworkers, using 
census-tract-level data on work and residential loca-
tion, described in the following section. 

U.S. Census tract data on daily commuting choices
The U.S. Census provides detailed demographic 

and economic variables that relate to workers and 
their commutes to work in the Census Transportation 
and Planning Package (CTPP)—a special tabulation 
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of responses to the Census long form questionnaire, 
mailed to one in six U.S. households. Specifically, the 
“Journey-to-Work” part of the CTPP provides data by 
pairing place of residence and place of work. For 
each origin–destination pair, we know the number of 
workers making the commute, the length of time in 
the commute, the form of transportation they use, and 
their income.21

The U.S. Census provides this detailed information 
at the level of census tract, a geographical definition 
that is much smaller in size than a zip code. Aggre-
gating these data to the zip code level (as described in 
appendix 2) allowed us to estimate how many work-
ers commute from their zip code of residence to each 
of the other zip codes in our geography. 

Although this summary is sufficient to compute 
the weighted averages of commuting times, we need-
ed to determine whether it would be reasonable for a 
commuter to take the tollway to work. To do this we 
employed a simple model of tollway choice (also de-
scribed in appendix 2). In essence, each origin–desti-
nation pair of zip codes (say, A and B) was judged to 
be “potentially” suitable for tollway travel on the basis 
of two simple metrics: whether an online trip-plan-
ning software (MapQuest) recommended the tollway 
for all or part of the trip, and whether a trip from A to B 
via tollway was “excessively” longer than a straight-
line route (“as the crow flies”). Using this methodology, 
we were able to impute whether a commute between 
each of our 656,600 origin–destination pairs would 
involve the tollway, as well as the approximate daily 
commuting distance.

At this point, we have all of the variables of in-
terest relating to the commuting patterns of workers 
in our sample. Because all of our other data are at the 
level of zip code of residence, we need to aggregate 
our specific commuting path variables of workers re-
siding in a given zip code across all destinations. To  
do this, we form weights by taking the number of 
workers unique to each origin–destination pair over 
the sum of all workers at the zip code of origin. These 
weights are calculated separately for all workers, 
workers likely to use the tollway, and workers unlike-
ly to use it. They are then are used to compute mea-
sures of commute characteristics representative of the 
entire zip code of origin.

In the end, we are left with a data set that includes: 
the zip code of residence; I-PASS ownership; neigh-
bors’ I-PASS ownership; coworkers’ I-PASS owner-
ship; the smaller of the distance to the nearest Jewel-Osco 
store or the Illinois Tollway headquarters; distribution 
of income, educational attainment, and length of U.S. 
residency within a zip code; separate estimates of 

travel time and distance to work for tollway and non-
tollway commuters; and estimated tollway commuter 
toll costs. 

A first look at the data

Here, we take an initial look at the data with the 
simple bivariate contrasts. We do this by focusing on 
the data’s geographic representation. We also exam-
ine the data’s correlation structure, noting the relation-
ships between the level of I-PASS ownership and various 
economic, demographic, and geographic characteris-
tics at the zip code level, in both August 2004 and 
February 2005—the dates falling right before the  
Illinois Tollway officially announced its congestion 
relief plan and shortly after the toll rate change took 
place, respectively. We find median household in-
come to be a key factor in the decision to own an  
I-PASS and, therefore, provide summary statistics by 
income groups. 

Geographic representation 
Because of the geographical nature of both the 

toll roads and the zip code information on I-PASS 
ownership, a first pass at analyzing our data is best 
accomplished with maps. In order to focus on the 
main body of commuters who live close to the city, 
we center the maps on the seven counties that include 
the City of Chicago and surround it: Cook, DuPage, 
Kane, Kendall, Lake, McHenry, and Will. All maps 
present information at the zip code level. Since we 
are most interested in the geographic penetration of  
I-PASS, figure 4 exhibits the ratio of I-PASS transpon-
ders to the adult population in August 2004. The zip 
codes are shaded from light gray to dark gray, repre-
senting increasing I-PASS ownership rates.22 Figure 5 
presents the same information in February 2005, high-
lighting geographic distribution of the effects of the 
toll price change on I-PASS ownership. 

As shown in figure 4, by August 2004, I-PASS 
ownership rates reached significant levels around the 
area where most of the tolls roads converge, which is 
about 15 miles from the downtown Chicago area.  
I-PASS rates remained mostly above 15 percent in 
zip codes along the toll roads as they move out far-
ther from Chicago. At about 20 miles to 30 miles out-
side the city center, there are pockets of even higher 
I-PASS ownership along all of the toll roads. The larg-
est pocket of dark gray area surrounds the intersection 
of I-88 with I-355. This higher density could partially 
reflect the history of I-PASS, which was first intro-
duced on I-355 in 1993 and then expanded onto I-88 
in 1994. In contrast, most other areas did not have the 
electronic payment option until 1997. It is interesting to 
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Ratio of I-PASS transponders to adult population, by zip code, August 2004
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note, however, that although I-294 also received I-PASS 
technology in 1994, I-PASS ownership is not as con-
centrated in this area. In general, we do not observe a 
drop-off in the ownership rates along the tollway until 
reaching locations about 40 miles away from Chicago 
and at least 15 miles away from the toll road itself.

Figure 5 is significantly darker than figure 4, in-
dicating increased I-PASS penetration by February 
2005, after the rise in cash toll prices. The February 
2005 map presents a similar pattern to that in the  
August 2004 map; however, the areas of medium 
gray (the middle range) and dark gray (the high 
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Ratio of I-PASS transponders to adult population, by zip code, February 2005
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range) both appear to have significantly spread out, 
shrinking the lowest range. Because many areas of 
light shading became medium and many areas of me-
dium became dark, figure 5 conveys the sense that the 
increase in I-PASS ownership was fairly evenly 
spread across this seven-county region over the 

course of these six months. The fairly uniform geo-
graphic “deepening” of I-PASS ownership dovetails 
with the parallel rise in I-PASS usage across commut-
er types, depicted earlier in figure 3 (p. 25). 

In figure 6, the income levels of zip codes in our 
data sample are broken into three categories on the 
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Median household income, by zip code
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basis of income quartiles of working household from 
the 2000 U.S. Census. The light gray represents zip 
codes with a median household income below $60,000, 
and the dark gray corresponds to zip codes with a  
median household income above $80,000.23 As one 

might expect, with only a few exceptions the higher-
income zip codes tend to be very close to the tollway 
system. Given the income makeup displayed in figure 6, 
one can assume that there is a premium for living closer 
to the tollway system, since it serves as a gateway for 
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mobility within this region. Initially, one would there-
fore expect to see higher I-PASS ownership in these 
areas, both because of the ability to afford the setup 
costs for electronic payment and the proximity and 
likely frequent use of the tollway itself. Looking back 
at figure 4, this is clearly the case, as I-PASS owner-
ship rates above 15 percent are registered almost ex-
clusively in areas where median income is greater than 
$80,000, our highest income group. This concentration 
of high income and high I-PASS ownership suggests 
that before the price hike for cash payments, income 
was the main determining factor in the decision to own 
an I-PASS. Furthermore, this observation might help 
to explain why I-PASS ownership is lower in those 
areas around the southern and northern parts of I-294, 
even though they have been exposed to the technolo-
gy for a similar length of time as those areas around 
I-355/I-88. Indeed, the areas around the southern and 
northern parts of I-294 have relatively lower median 
household income compared with those around I-355/
I-88. Interestingly, by February 2005, I-PASS owner-
ship exhibits less of a dependence on income. Figure 
5, for instance, looks remarkably similar to figure 6, 
reflecting a pickup in I-PASS ownership rates across 
all three income groups. 

Correlation structure
We can conduct a preliminary empirical evalua-

tion of I-PASS acquisition by looking at the correla-
tions between the level of I-PASS accounts and various 
economic, demographic, and geographic characteris-
tics at the zip code level in both periods—August 
2004 and February 2005. We also examine indirectly 
the population of new I-PASS owners by looking at 
the differences in I-PASS account concentrations be-
tween these two dates. These owners are the infra-
marginal group of drivers who did not switch initially 
in the old pricing regime, because the time advantag-
es of I-PASS ownership did not outweigh the costs; 
however, this group switched to the I-PASS after the 
new pricing regime became evident. 

Table 1 presents simple pairwise correlations 
built up from our basic information at the zip code 
level. It is apparent that I-PASS ownership is ex-
tremely persistent, with near-perfect correlation at the 
zip code level between August 2004 and February 
2005. As with the maps, the most notable feature of 
the correlation structure is the central role played by 
household income. Not only does income have a 
strong positive relationship with I-PASS ownership,  
it is also strongly correlated with a number of key 
variables such as education and likelihood of tollway 
use. Median worker income had a stronger correlation 

with the choice to own I-PASS prior to the price change 
(ρ = 0.70 for the share of I-PASS accounts in August 
2004 in column 1, row 4) than with the choice to own 
it following the price change (ρ = 0.58 for the change 
in I-PASS accounts in column 3, row 4). I-PASS pen-
etration by August 2004 is strongly correlated with the 
fraction of workers in a zip code that potentially could 
take the tollway to work, if they were to drive (ρ = 0.70, 
column 1, row 7). It is informative that this relation-
ship is somewhat weaker for the change in I-PASS 
ownership over the period from August 2004 to Feb-
ruary 2005 (ρ = 0.63, column 3, row 7). This finding 
suggests that after the new pricing regime went into  
effect, I-PASS ownership became somewhat less tied 
to strictly work-related travel.

The negative correlations between distance (and 
similarly for travel time and toll costs) with both the 
August 2004 I-PASS ownership rate and the change 
in this rate may be surprising at first glance. It should 
be noted, however, that the commuting distance has a 
relatively strong negative correlation with the median 
income (ρ = –0.38, column 4, row 10) and the fraction 
of all workers who could use the tollway to get to work 
(ρ = –0.59, column 7, row 10). On most commutes, 
the distance variable includes not only the tollway seg-
ment but also the distance in getting to the tollway and 
in getting from the tollway to work. It therefore appears 
likely that longer commutes for potential tollway users 
are generally associated with zip codes that are actu-
ally quite far from the tollway. In such zip codes, fewer 
commuters use the tollway, which translates into a 
smaller demand for I-PASS. Next, a significant nega-
tive correlation between the median income and dis-
tance variables suggests that lower-income drivers 
are the ones making the longer distance commutes  
(a point underscored earlier in figure 6).

Comparing the correlations of both periods’ aver-
age share of I-PASS only lanes along the likely tollway 
commuting routes suggests that there was relatively 
little supply effect in play by early 2005. Before the toll 
price change, I-PASS lane ratios and the number of  
I-PASS accounts were negatively correlated (ρ = –0.20, 
column 1, row 12). This can be explained by the fact 
that I-PASS lanes were first added to mainline plazas, 
which had lower relative use of I-PASS due to the 
higher diversity of users at these plazas.24 The I-PASS 
lane ratios for July 2004 and January 2005 are virtu-
ally uncorrelated with each other, as most of the pla-
zas that received I-PASS lanes by July 2004 did not 
gain any by January 2005, while most of the plazas 
that had no I-PASS lanes in July 2004 received at 
least one by January 2005.25 
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 TABlE 1

Summary statistics and pairwise correlations

	 Among	potential	tollway	commuters

	 	 	 	 	 	 	 	 	 	 	 	 Average	 Average
	 Share	of	 Share	of	 	 	 	 	 Share	of	 Share	of	 	 	 	 share	of	 share	of
	 I-PASS	 I-PASS	 Change	in	 Median	 Share	of	 Share	of	 potential	 likely	 Average	 Average	 Average	 I-PASS	only	 I-PASS	only
	 accounts	in	 accounts	in	 I-PASS	 worker	 of	college	 recent	 tollway	 tollway	 I-PASS	 distance	 solo	 lanes	in	 lanes	in
	 Aug.	2004	 Feb.	2005	 accounts	 income	 graduates	 immigrants	 commuters	 commuters	 tolls	 	to	work	 drive	time	 Jul.	2004	 Jan.	2005

	 	 	 	 (dollars)	 	 	 	 	 (dollars)	 (miles)	 (minutes)

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

(1)             

(2) 0.98            

(3) 0.84 0.93           

(4) 0.70 0.68 0.58          

(5) 0.61 0.58 0.46 0.76         

(6) 0.12 0.14 0.17 0.00 0.13        

(7) 0.70 0.70 0.63 0.45 0.26 0.17       

(8) 0.67 0.67 0.61 0.41 0.21 0.17 0.99      

(9) –0.35 –0.37 –0.36 –0.33 –0.31 –0.37 –0.36 –0.36     

(10) –0.51 –0.54 –0.52 –0.38 –0.35 –0.40 –0.59 –0.59 0.75    

(11) –0.46 –0.48 –0.47 –0.31 –0.27 –0.34 –0.57 –0.58 0.63 0.89   

(12) –0.20 –0.21 –0.20 –0.19 –0.08 –0.08 –0.29 –0.29 0.50 0.26 0.24  

(13) 0.27 0.25 0.19 0.21 0.16 0.08 0.14 0.16 –0.04 –0.12 –0.06 –0.02 

Mean 0.12 0.20 0.08 70,577 0.20 0.05 0.19 0.16 0.80 49.13 53.10 0.17 0.24

Median 0.07 0.14 0.06 68,849 0.15 0.02 0.17 0.15 0.72 41.74 46.88 0.17 0.23

Notes: The shares of I-PASS accounts in August 2004 and February 2005 are taken with respect to the total adult population (aged 16 years and older) in a given zip code. The shares of college 
graduates (aged 25 years and older) and recent immigrants are taken with respect to the total adult population in a given zip code. The U.S. Census defines recent immigrants as those who 
immigrated to the U.S. from 1990 through 2000. Potential tollway commuters are defined as those who	could drive to work and whose residence and work locations suggest tollway commutes.  
The share of potential tollway commuters is taken with respect to the total number of workers in a given zip code, regardless of their current commute mode. Likely tollway commuters are defined as 
those who	do drive to work and whose residence and work locations suggest tollway commutes. The share of likely tollway commuters is taken with respect to the total number of workers in a given 
zip code who drive to work. Workers’ commute routes and modes of transportation are based on the data from the Census Transportation Planning Package 2000.   
          
Sources: Authors’ calculations based on data from the Illinois State Toll Highway Authority and U.S. Census Bureau, 2000 U.S. Census.
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 TABlE 2

Income group summaries

Panel	A.	Summary	statistics	and	I-PASS	acquisition	costs	 	 	 	 	 	
	 	 	 	 	 	 Mean
	 Number	 	 Median	income	 Mean	share	 Mean	share	 distance	to
Income	 of	zip	 Total	adult	 of	a	working	 of	college	 of	recent	 I-PASS
group	 codes	 population	 household	 graduates	 immigrants	 sales	outlet
	 	 (million)	 (dollars)	 	 	 (miles)

Low 152 2.49 53,989 0.12 0.11 7.11
Middle 271 3.41 70,838 0.19 0.08 6.36
High 138 2.45 88,100 0.39 0.06 2.41

Panel	B.	Driving	choices	 	 	 	 	 	
	 	 	 	 	 Mean	
	 	 	 Share	likely	 Share	likely	 commute		 Mean	
Income	 Number	of	 Share	driving	 driving	to	work	 driving	to	work	 of	likely	 distance
group	 workers	 to	work	 on	a	freeway	 on	a	tollway	 tollway	driver	 to	tollway
	 (million)	 	 	 	 (miles)	 (miles)

Low 1.30 0.74 0.64 0.11 43.90 13.41
Middle 2.11 0.85 0.68 0.16 40.26 10.97
High 1.70 0.82 0.59 0.23 32.34 6.58

Notes: In both panels, all reported means across zip codes in a given income group are population-weighted. The low-income group consists of zip 
codes with a median household income below $60,000. The middle-income group consists of zip codes with a median household income between 
$60,000 and $80,000. The high-income group consists of zip codes with a median household income above $80,000. The U.S. Census defines 
recent immigrants as those who immigrated to the U.S. from 1990 through 2000. 
Sources: Authors’ calculations based on data from the Illinois State Toll Highway Authority and U.S. Census Bureau, 2000 U.S. Census.

Summary statistics by income groups
Given the primary importance of income, we 

next present summary statistics of the key variables 
in the I-PASS ownership decision by income group. 
Specifically, we compare characteristics of zip codes 
in which the median income of working households 
was below $60,000, between $60,000 and $80,000, 
and above $80,000; in table 2, we label these income 
groups as low, middle, and high, respectively. As shown 
in panel A of table 2, these three income groups account 
for 152, 271, and 138 zip codes with populations of 
2.5 million, 3.4 million, and 2.5 million residents aged 
16 years and older, respectively. As hypothesized, resi-
dents of wealthier zip codes likely have lower costs 
of acquiring I-PASS information and purchasing the 
transponder: Wealthier zip codes have substantially 
higher education levels, have a lower share of recent 
immigrants, and are located much closer, on average, 
to I-PASS retail outlets (2.4 miles versus 7.1 miles). 

Panel B of table 2 presents the driving choices 
made by members of different income groups. Although 
the residents of high-income zip codes have only a some-
what greater propensity to drive to work, the break-
down between likely tollway and freeway travel is 
quite different. Among residents of high-income zip 
codes, nearly one in four would likely find it advanta-
geous to commute to work via the tollway (again, the 
likelihood is determined by their residential location 

and work destination vis-à-vis the toll road network). 
In contrast, the toll road choice would be appealing to 
only 11 percent of lower-income zip code residents. 
Similarly, the appeal of the Illinois Tollway for non-
work travel, as gauged by the distance to the nearest 
tollway exit, is likely greater for high-income zip 
codes. This difference reflects the strategic choice of 
many high-income households to live in neighbor-
hoods close to the tollway, which serves as a conve-
nient gateway for their workday commutes and 
leisure activities. 

In table 3, we take a closer look at the most ac-
tive tollway users—those who currently drive to work 
and whose residence and work locations suggest toll-
way commutes. Table 3 summarizes the overall com-
muting distance, as well as the monetary toll payments, 
for such drivers, again by the three income groups we 
established in table 2. To derive distance estimates (as 
shown in panel A of table 3), we sum the actual length 
of the tollway segment and the two straight-line off-
tollway segments connecting the two zip codes.26  
Remarkably, our mapping of the tollway and U.S. 
Census information suggests that the median tollway 
commuter in the high-income group travels around 
60 miles per day. The median tollway commute among 
residents of the low-income zip codes is nearly 20 
percent longer (approximately 72 miles per day). 
These differences get magnified substantially in the 



36 2Q/2007, Economic Perspectives

 TABlE 3

Trip distance and toll payments of likely tollway commuters, by income group

Panel	A.	One-way	total	distance	to	work,	including	tollway	and	nontollway	segments	 	    
       
Income	 	 	 	 	 	 Interquartile
group	 10th	percentile	 25th	percentile	 Median	 75th	percentile	 90th	percentile	 range
 (-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	miles	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	)		

Low 26.2 29.9 36.0 44.5 78.9 14.6
Middle 21.9 26.1 34.1 49.9 64.9 23.8
High 21.1 24.0 29.2 33.6 40.2 9.6

Panel	B.	 	Annual	toll	payments	before	the	toll	increase,	assuming	240	workdays	and	
															one	round	trip	each	workday	

Income	 	 	 	 	 	 Interquartile
group	 10th	percentile	 25th	percentile	 Median	 75th	percentile	 90th	percentile	 range
 (-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	dollars	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	)		

Low 244 248 286 374 518 126
Middle 225 255 314 373 457 118
High 215 236 267 323 385 87

Notes: Likely tollway commuters are defined as those who do drive to work and whose residence and work locations suggest tollway commutes. 
The low-income group consists of zip codes with a median household income below $60,000. The middle-income group consists of zip codes with 
a median household income between $60,000 and $80,000. The high-income group consists of zip codes with a median household income above 
$80,000.  
Sources: Authors’ calculations based on data from the Illinois State Toll Highway Authority and U.S. Census Bureau, 2000 U.S. Census.

 TABlE 4

I-PASS ownership ratios, by income group
	
	 Relative	to	 Relative	to	workers	 Relative	to	likely
	 adult	population		 who	drive	to	work		 tollway	commuters
Income
group	 Aug.	2004	 Feb.	2005	 Aug.	2004	 Feb.	2005	 Aug.	2004	 Feb.	2005
	 (	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	percentage	points	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	-	)

Low 2.7 5.2 6.8 13.4 48.2 95.0
Middle 10.6 18.3 20.3 34.8 104.2 179.1
High 26.5 39.9 46.7 70.2 166.0 249.5

Notes: The adult population includes everyone aged 16 years and older (legal driving age in Illinois). The population of workers who drive to work 
is determined on the basis of the Census Transportation Planning Package 2000, “Journey-to-Work.” Likely tollway commuters are defined as those 
who	do drive to work and whose residence and work locations suggest tollway commutes. The low-income group consists of zip codes with a median 
household income below $60,000. The middle-income group consists of zip codes with a median household income between $60,000 and $80,000. 
The high-income group consists of zip codes with a median household income above $80,000.
Sources: Authors’ calculations based on data from the Illinois State Toll Highway Authority and U.S. Census Bureau, 2000 U.S. Census.

tails of the distribution. About 10 percent of tollway 
drivers in low-income zip codes travel in excess of 
150 miles per day just to get to work and back, while 
a comparable figure for high-income zip codes is 
“only” around 80 miles! However, the disparities in 
total toll payments across income groups are not 
nearly as dramatic (see panel B of table 3). Indeed, 
the median drivers in all three income groups pay  
approximately the same amount in tolls. This result 
serves as yet another indicator that low-income toll-
way users spend a smaller fraction of their overall 
commute on the tollway, as they live in neighborhoods 
farther away from the toll road network. 

Table 4 allows us to compare I-PASS ownership 
before and after the change in the price for cash tolls 
across income groups for three different population 
slices: the adult population (that is, those of legal 
driving age, which is 16 in Illinois), the number of 
workers who drive to work, and the number of such 
drivers who would be likely to use the toll roads.27 
The results for these three different denominators  
essentially parallel each other, and thus, we focus on 
the likely toll road commuters for convenience. Even 
prior to the increase in cash tolls (in August 2004), 
the number of I-PASS transponders approximately 
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equaled the number of likely tollway commuters for 
the middle-income group, and exceeded it substan-
tially for the high-income group. In contrast, I-PASS 
penetration among residents in low-income zip codes 
stood at about 50 percent of the likely daily tollway 
commuters. 

The dramatic relative price change on January 1, 
2005, and the concurrent advertising campaign were 
sufficient to boost percentages across all income groups, 
while roughly preserving dramatic differences in rela-
tive levels of ownership. After the toll price change, 
I-PASS penetration among likely tollway drivers reached 
95 percent for the low-income group. Among residents 
of the more affluent neighborhoods, I-PASS owner-
ship vastly exceeded the number of the daily tollway 
commuters, suggesting the appeal of the electronic 
payment option even for the occasional tollway driv-
ers in those areas.

Our tables and maps loosely appear to tell the 
following story. Prior to the change in toll pricing 
structure, residents of high-income zip codes (partic-
ularly those living close to the toll road network) ac-
counted for the lion’s share of I-PASS accounts. 
These consumers used the tollway frequently, and thus 
assigned higher value to convenience and faster travel 
times, even in the absence of cost savings. Once the 
relative prices changed, I-PASS usage rates rose for 
motorists of all types. For drivers residing in low- 
income zip codes, the number of I-PASS accounts  
after the price change nearly matched the number of 
likely tollway commuters, while for high-income zip 
codes such accounts far surpassed the population 
likely to use I-PASS on the daily commute. 

Regression analysis of I-PASS ownership

There are two key questions that cannot be resolved 
with the simple bivariate contrasts presented in the 
previous section. First, did variables associated with 
the daily tollway commute—distance, cost, and con-
gestion—affect the payment choice either before or 
after the pricing change? And second, did different 
aspects of the pricing change—higher cash toll payments 
and exposure to advertising—have a differential effect 
on the payment choice of different income groups? 
These questions can only be entertained in a multi-
variate regression framework, to which we turn next. 

The econometric model and variable selection
Since our dependent variable is expressed as a 

proportion of a zip code’s population that owns an  
I-PASS, we naturally use a grouped logit estimator. 
Assuming that this proportion, (i/p)z, follows a logis-
tic distribution (that is, (i/p)z = Λ(βXz)), where Λ is 

the appropriate cumulative distribution function, al-
lows us to restate it as a log odds ratio, which is lin-
ear in the vector of regressors X. The resulting 
regression specification takes the form:

6) ln[(i/p)z / (1 – i/p)z] = βXz + εz ,            

which is estimated by weighted least squares to account 
for heteroscedasticity induced by aggregating the data 
over geographic units with different characteristics. The 
weights are given by [pzΛ(βXz)(1 – Λ(βXz))]

1/2, where 
pz is population in zip code z, and Λ(βXz) is based on 
first-stage (ordinary least squares, or OLS) estimates 
of β. 

Based on the preceding discussion, the vector of 
explanatory variables X is broken into several sub-
sets. The first group of regressors captures the propor-
tion of households in a given zip code that fall into 
various annual income categories, $15,000–$35,000, 
$35,000–$75,000, $75,000–$150,000, and above 
$150,000, with households whose income is less than 
$15,000 per year constituting the omitted category. The 
next subset is meant to capture the ease of learning 
about and acquiring I-PASS that stems from general 
education and familiarity with existing institutions 
and technology. It consists of the share of a zip code’s 
population that are college graduates, as well as the 
share made up by recent immigrants. The following 
subset is also focused on gauging costs of participa-
tion in the I-PASS program, and it includes the dis-
tance to the nearest I-PASS retail outlet, as well as the 
measure of I-PASS penetration in neighboring zip 
codes. To gauge the likelihood of using the tollway 
for any purpose, we include the distance to the near-
est tollway exit from the zip code of residence. All of 
these variables are applicable to the entire population 
of a zip code, and so they can be thought of as captur-
ing a common component of I-PASS demand among 
all groups in equation 5 (p. 28). 

The final subset of explanatory variables consists 
of the arguments of the I-PASS demand function for 
likely tollway users that commute to work daily, as 
outlined previously in the subsection where we dis-
cussed some accounting identities. These variables 
are available only for workers, and hence would be 
applicable to the I-PASS demand function of com-
muters only.28 Specifically, these variables include 
weighted averages of the commuting time for likely 
tollway drivers, these drivers’ estimated toll costs, 
and the share of I-PASS only lanes encountered along 
the commute route. While the last variable can be 
thought of as a measure of congestion, it also likely 
reflects the supply side of the I-PASS infrastructure. 
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 TABlE 5

I-PASS ownership prior to the toll rate increase for cash, August 2004

Weighted	least	squares	logistic	regression	on	zip-code-level	grouped	data	 	
 
Dependent	variable:	 All	 Greater	Chicago
Share	of	zip	codes	with	I-PASS	relative	to	adult	population	 observations	 area	only
  
Share of households with income in $15,000–$35,000 range 2.53 3.63
 (2.1) (2.0)

Share of households with income in $35,000–$75,000 range 5.18 6.17
 (8.6) (6.6)

Share of households with income in $75,000–$150,000 range 5.44 6.35
 (8.1) (6.3)

Share of households with income above $150,000 3.91 4.76
 (5.8) (4.6)

Share of population with a bachelor’s degree or more 1.41 1.47
 (6.4) (4.9)

Share of recent immigrants  –0.83 –0.85
 (–2.6) (–2.0)

Share with I-PASS in neighboring zip codes in August 2004 1.95 1.82
 (10.8) (7.4)

Distance to the nearest tollway exit –0.07 –0.05
 (–6.9) (–2.4)

Distance to the nearest Jewel-Osco store (miles) –0.02 –0.02
 (–5.9) (–0.9)

Share of likely tollway commuters 0.35 0.19
 (0.5) (0.4)

Average travel time × Share of likely tollway commuters 0.04 0.04
 (3.2) (2.3)

Average toll costs × Share of likely tollway commuters 0.46 0.38
 (0.7) (–0.4)

Average share of I-PASS only lanes in July 2004 ×  
  Share of likely tollway commuters 2.97 3.47
 (1.7) (1.5)
  
Constant –6.89 –7.78
Number of observations 547 271
Adjusted R-squared 0.86 0.84
Root mean square error 0.42 0.40

 
Notes: The t statistics are in parentheses, and the standard errors are not corrected for spatial correlation. The adult population includes everyone 
aged 16 years and older. Likely tollway commuters are defined as those who	do drive to work and whose residence and work locations suggest  
tollway commutes. The second column of results drops all zip codes outside of Cook County, where the City of Chicago is located, and the six 
counties surrounding it. The U.S. Census defines recent immigrants as those who immigrated to the U.S. from 1990 through 2000.
Sources: Authors’ calculations based on data from the Illinois State Toll Highway Authority and U.S. Census Bureau, 2000 U.S. Census. 

As suggested by equation 5, each of these regressors 
is multiplied by the share of likely toll commuters, 
(n/p)z, to account for the fact that they capture only a 
part of total I-PASS demand.

This model is used to analyze the tollway pay-
ment choice under the old, non-price-differentiated 

regime, as well as the choice to acquire the I-PASS 
under the new pricing regime. The null hypotheses—
outlined in the section presenting our simple model of 
payment choice—form our benchmark for evaluating 
estimated regression coefficients. 
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The case of identical marginal prices for cash and 
I-PASS in August 2004

The dependent variable in this case is defined as 
the number of I-PASS transponders registered in a 
given zip code in August 2004 normalized by the 
number of residents aged 16 years and older in that 
zip code. We refer to this variable as “I-PASS owner-
ship rate.” Table 5 presents the results from estimat-
ing equation 6 on the joint Illinois Tollway–U.S. 
Census data set.29 

The first column of results shows the “base case” 
specification. We find strong positive effects of income 
on I-PASS ownership, as higher shares of zip code 
population in each income range above $35,000 are 
associated with higher I-PASS penetration rates in 
August 2004. We further find that zip codes with 
higher education levels have higher I-PASS penetra-
tion rates, even after controlling for direct effects of 
income. The share of population made up by recent 
immigrants has a negative effect on ownership shares; 
presumably, their costs would tend to be higher be-
cause of greater language and institutional knowledge 
barriers to obtaining I-PASS. Although this effect is 
statistically significant, it is not economically large as 
shown later. Still, other variables meant to gauge par-
ticipation costs come in very strongly. In particular, 
all else being equal, I-PASS penetration rates are 
higher for those living closer to I-PASS retail outlets 
(Jewel-Osco grocery stores) and those living “close” 
to zip codes with high I-PASS ownership. The latter 
result may reflect information spillovers from one’s 
neighbors, but since our “neighborhood” variable is 
somewhat crude and is measured contemporaneously, 
we do not focus on it heavily.30

For the subset of “tollway travel” variables, we 
find higher I-PASS ownership for zip codes with 
higher shares of likely tollway drivers, as well as for 
zip codes where such likely tollway drivers face lon-
ger commutes to work. Those with commuting routes 
more heavily saturated with I-PASS only gates are 
only marginally more likely to own I-PASS transpon-
ders (p value of 0.09). These results line up well with 
the hypotheses outlined previously. Interestingly, the 
only “tollway travel” variable not found to affect  
I-PASS choice in August 2004 is toll costs. Since at 
that time there was no cost differential between elec-
tronic and cash toll payments, toll outlays would not 
have been expected to play a role in the I-PASS ac-
quisition decision. 

The base case regression explains a significant 
amount of variation in I-PASS ownership prior to the 
pricing change, with the adjusted R-squared value of 
0.86. Although high R-squared values are not unusual 

in grouped data settings that suppress within-group 
variation, the general consistency of estimated coeffi-
cients with predictions of a simple economic model is 
comforting.

All of the significant variables in the base case 
specification are significant at the 1 percent level or 
better. However, in order to address their economic 
significance, we need to obtain estimates of their mar-
ginal effects on I-PASS ownership. It is difficult to 
interpret the magnitude of reported coefficients as 
marginal effects of X on the probability of I-PASS 
ownership, since the dependent variable is a nonlin-
ear function of this probability. One common choice 
is to report exponentiated coefficients eβ as marginal 
effects for the odds ratio of I-PASS ownership. How-
ever, we choose to predict these effects at mean val-
ues of X by using 

∂
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The strongest marginal effect derives from zip 
code concentration in the $75,000–$150,000 range.  
A zip code that consists of 29 percent of such house-
holds (75th percentile value) is estimated to have an 
I-PASS ownership rate that is 5.1 percentage points 
higher than a zip code in which only 14 percent of 
households fall in this income range (25th percentile 
value). At first glance, an increase of 5.1 percentage 
points may seem insignificant, but one needs to keep 
in mind that the unconditional mean of I-PASS own-
ership as a fraction of population aged 16 years and 
older amounted to only 12.9 percent in August 2004.31 
Relative to this benchmark, the estimated effects of 
moving from one end of the interquartile range to the 
other are as follows: share of college graduates (+1.3 
percent), share of recent immigrants (–0.3 percent), 
distance to nearest Jewel-Osco store (–2.5 percent), 
distance to the tollway (–3.0 percent), commute time 
(+1.4 percent), share of I-PASS only lanes (+0.7 per-
cent), and share of I-PASS penetration rates in neigh-
boring zip codes (+3.0 percent). Thus, the key variables 
appear to be both economically and statistically 
significant.

We also estimate the base case specification on a 
subset of zip codes that constitute the “greater Chicago” 
area. Our definition of greater Chicago is rather infor-
mal, as it simply encompasses Cook County, where 
the City of Chicago is located, and the six counties 
surrounding it. Drivers residing outside of this area 
may differ on a number of dimensions. Importantly, 
fewer of them work in or near Chicago, and thus they 
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rarely encounter the heavy congestion experienced by 
urban and suburban drivers. They also have to pass 
fewer tolls gates on their commutes, suggesting they 
place a somewhat lower value on electronic toll pay-
ment. The second column of results in table 5 suggests 
that the only difference from eliminating these distant 
zip codes is the disappearance of proximity to Jewel-
Osco stores as an explanatory factor. Jewel-Osco 
stores are fairly uniformly distributed throughout the 
greater Chicago area, and thus proximity to them 
does not help differentiate zip code demand for I-PASS. 
This result suggests the possibility that the negative 
coefficient on the distance to a Jewel-Osco store in 
the base case formulation may capture not only the 
higher cost of I-PASS acquisition for those living  
farther away from such a store, but also lower I-PASS  
demand among drivers living outside the greater  
Chicago area who have other commuting alternatives.

The pricing experiment: Doubling of cash tolls and 
using an advertising campaign

We look at the change in I-PASS ownership be-
tween August 2004 and February 2005 to analyze the 
effects of the pricing increase. Given the overriding 
importance of income in the preceding analysis, we 
estimate the regressions of change in I-PASS on three 
distinct income subsamples used in the earlier tables 
and presented in figure 6 (p. 32). To restate, the new 
pricing regime had two distinguishing characteristics: 
a dramatic change in relative prices for cash and elec-
tronic payments and a widespread advertising cam-
paign that presumably lowered participation costs for 
I-PASS acquisition.32 We are interested in whether 
these two effects had different (or any) effects for 
payment choice in each of the income groups. Given 
the very high rates of I-PASS participation among 
residents of wealthy zip codes (see table 4, p. 36)  
prior to the change and the parallel shift in ownership 
thereafter, we hypothesize that the incremental de-
mand in these zip codes derived from incidental toll-
way users who were attracted by the convenience of 
I-PASS use and acquisition. In contrast, we would 
expect the residents of low-income zip codes, whose 
use of I-PASS was much less common prior to the 
price change, to be affected by the toll hike for cash.

The regression results, presented in table 6, help 
to illuminate these hypotheses. Even though we form 
the subsamples on the basis of median household in-
come, nearly every zip code contains households in 
each of the income categories. For all three income 
groups, the effects of income distribution are quite 
uneven and typically not statistically significant. Among 
households in high-income zip codes, the income dis-
tribution is not found to have any effect on the decision 

to acquire the I-PASS after the price change. For 
households in low-income zip codes, the coefficient 
for the fraction in the top income category stands out, 
largely because there are very few such households 
(1.5 percent) residing in these zip codes. Also, in con-
trast with the earlier results, there is no evidence of a 
relationship between education levels and I-PASS 
ownership for any of the income subsamples.

The other variables associated with participation 
costs are neighboring zip code effects and proximity 
to an I-PASS retail outlet. We find strong evidence 
that I-PASS ownership rates in neighboring zip codes had 
a positive effect on the increase in I-PASS use. More-
over, the magnitude of this effect is relatively stron-
ger for low- and middle-income zip codes, suggesting 
a possibility of stronger informal spillover effects there. 
Interestingly, living farther away from a Jewel-Osco 
grocery store is estimated to have a negative effect on 
I-PASS purchases after the toll hike for cash only in 
middle-income and high-income zip codes. 

In contrast, the doubling of cash tolls per se gen-
erated a statistically significant response only among 
residents of low-income zip codes. The comparison 
of coefficients on “average toll costs” across the three 
income groups in table 6 reveals a strong positive ef-
fect of toll costs on incremental I-PASS ownership 
for low-income zip codes and virtually no effect for 
the two higher-income categories. In fact, for middle-
income and high-income zip codes, the likelihood of 
acquiring I-PASS after the pricing change was nega-
tively related to commuting time, suggesting that 
heavy commuters had likely purchased transponders 
well before the new regime went into effect.

In sum, we find some evidence that, on average, 
low-income zip codes responded to the cost doubling 
aspect of the toll pricing change, while medium-in-
come and high-income neighborhoods were affected 
by the convenience of I-PASS acquisition through 
heavily advertised retail outlets. This breakdown is 
consistent with the picture presented in the summary 
tables, where the number of I-PASS accounts relative 
to the number of likely regular tollway users (that is, 
commuters) was extremely high in wealthy zip codes 
even prior to the price change. Consequently, incre-
mental I-PASS use could only have come from more 
occasional users who responded to the advertising 
campaign. I-PASS ownership in low-income zip codes 
also rose to include nearly all regular tollway com-
muters, who were apparently held back by high par-
ticipation costs (whether real or perceived) and who 
were faced with the prospect of nominal toll outlays 
being doubled if they continued to shun the electronic 
payment option. 
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 TABlE 6

Change in I-PASS ownership following the toll rate increase for cash

Weighted	least	squares	logistic	regression	on	zip-code-level	grouped	data	 	 	  
  
Dependent	variable:	Change	in	share	of		 Low-	 Middle-	 High-
zip	codes	with	I-PASS	relative	to	adult	population	 income	 income	 income
   
Share of households with income in  –0.733 2.197 –4.403
  $15,000–$35,000 range (–0.3) (1.4) (–0.53)

Share of households with income in  2.599 4.611 –0.158
  $35,000–$75,000 range (2.6) (4.3) (1.75)

Share of households with income in  5.625 3.896 0.504
  $75,000–$150,000 range (5.6) (4.0) (0.52)

Share of households with income  18.102 5.791 –0.170
  above $150,000 (18.1) (2.5) (0.63)

Share of population with a bachelor’s degree  –0.214 0.116 –0.744
  or more (–0.3) (0.3) (0.21)

Share of recent immigrants 0.359 –0.035 –0.495
 (0.7) (–0.1) (0.42)

Share with I-PASS in neighboring zip codes  1.447 1.440 0.553
  in August 2004 (5.7) (5.7) (2.69)

Distance to the nearest tollway exit –0.058 –0.059 –0.063
 (–4.2) (–5.9) (5.7)

Distance to the nearest Jewel-Osco store (miles) 0.008 –0.010 –0.029
 (1.7) (–2.6) (–3.16)

Share of likely tollway commuters –5.095 5.600 4.871
 (–0.9) (4.4) (2.23)

Average travel time × Share of likely tollway commuters 0.002 –0.101 –0.082
 (0.0) (–3.8) (–0.68)

Average toll costs × Share of likely tollway commuters 4.614 0.931 –0.262
 (2.1) (0.9) (1.74)

Average share of I-PASS only lanes in January 2005 ×  20.031 –0.584 –2.063
  Share of likely tollway commuters (2.3) (–0.2) (0.77)

Constant –5.637 –6.462 –1.361
Number of observations 137 263 151
Adjusted R-squared 0.78 0.78 0.51
Root mean square error 0.41 0.38 0.32

 
Notes: The t statistics are in parentheses, and standard errors are not corrected for spatial correlation. The new I-PASS owners are defined as 
February 2005 owners less the August 2004 owners. The adult population includes everyone aged 16 years and older. Likely tollway commuters  
are defined as those who do drive to work and whose residence and work locations suggest tollway commutes. The low-income group consists of  
zip codes with a median household income below $60,000. The middle-income group consists of zip codes with a median household income  
between $60,000 and $80,000. The high-income group consists of zip codes with a median household income above $80,000. The U.S. Census 
defines recent immigrants as those who immigrated to the U.S. from 1990 through 2000.
Sources: Authors’ calculations based on data from the Illinois State Toll Highway Authority and U.S. Census Bureau, 2000 U.S. Census.

Conclusion

In an attempt to accelerate the adoption of its 
electronic payment system, the Illinois State Toll 
Highway Authority adopted a new toll pricing struc-
ture at the beginning of 2005 that strongly penalized 
cash payments. While in nominal terms the tolls were 

doubled for cash, as a percent of overall explicit and 
implicit outlays for autos, this toll hike was relatively 
small. Nonetheless, the pricing change induced a very 
broad spectrum of drivers to switch to electronic pay-
ment. Without more detailed information on those who 
use the toll roads but continue to pay with currency,  
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11The Illinois Tollway conducted the origin–destination survey 
along toll plazas on I-88, with the survey instrument handed out to 
motorists paying cash tolls or mailed out to I-PASS users. The  
response rates for the two groups were 24 percent and 76 percent, 
respectively. In addition to questions on trip purpose, drivers were 
asked about the origin and destination of their travel, zip code of 
residence, frequency of toll trips, and participation in the I-PASS 
program.

12Whereas the costs of acquiring and maintaining an electronic 
transponder are similar for commuters and leisure drivers, greater 
tollway utilization by the former group necessarily generates high-
er monetary and time savings. 

13I-PASS payers have additional choices as they approach plaza 
gates. They are free to choose any gate, which will automatically 
register their payment electronically. Ordinarily, the I-PASS gate 
will be the fastest, but motorists have the option of choosing another 
gate when it is seemingly going to be faster.

14The assumption of work hours as a perfectly flexible decision vari-
able of households has received less and less empirical support in 
the recent research in the labor supply literature. For two recent exam-
ples, see Altonji and Usui (2005) and Aaronson and French (2004).

15One could assume that all remaining cash payers are transient 
drivers who view their tollway trips as one-time events. At the 
peak of the morning rush hour after the price hike, the fraction of 
cash payers (15.6 percent) seems too large for that to be a fully  
satisfactory explanation.

16Another disadvantage of I-PASS is the potential loss of privacy, 
which distinguishes it from cash; see appendix 3. Some motorists 
place a very high value on their anonymity, which can be modeled 
through their preferences. While we acknowledge the relative prev-
alence of such tastes, we do not seek to quantify them empirically.

17The algorithm for gauging the likelihood of the tollway commute 
is described in detail in appendix 2.

NOTES

it is difficult to know how to convert a significant pro-
portion of the remaining drivers to I-PASS, at least 
without a further substantial increase in relative costs. 

However, we find that following the price change, 
the number of I-PASS accounts among residents of 
low-income zip codes nearly reached the number of 
likely tollway commuters (presumably the group with 
the most intense demand). For residents in more afflu-
ent locales, I-PASS ownership levels greatly exceed-
ed the number required to satisfy tollway commuting 
demand. The high levels of I-PASS ownership after 
the price change reflect occasional, non-work-related 
tollway use, which is likely more important in more 
affluent neighborhoods in part because they are often 
located relatively near the tollway. A variety of evidence 

suggests that income was an important determinant of 
I-PASS ownership. Our regression evidence further 
suggests that cost was a consideration for the low- 
income group, but not for the more affluent groups 
that were influenced by the ease of getting I-PASS. 

The verdict on whether the price increase and the 
attendant jump in I-PASS ownership will result in 
congestion relief has to wait until the conclusion of 
the open road tolling construction program. However, 
the results of this natural experiment do suggest that a 
combination of mass marketing and toll price chang-
es can redirect enough drivers from cash to electronic 
payment to allow congestion relief to move from the 
drawing board to the roadway.   

1A number of recent papers have studied other aspects of designing 
and implementing congestion relief policies. For instance, Small, 
Winston, and Yan (2005) obtain estimates of commuters’ value of 
time using data on choices of the commuters who participate in the 
variable-pricing experiment in Orange County, CA. Small, Winston, 
and Yan (2006) focus on the design of optimal pricing policies, 
taking into account their political sustainability.

2In this article, both the system of roads and the Illinois State Toll 
Highway Authority itself are referred to as the Illinois Tollway.

3Open road tolling, also called “no-stop” tolling, refers to a toll 
road system on which payments are collected electronically from 
vehicles traveling at highway speeds. 

4Although I-PASS is currently used as a congestion pricing mecha-
nism for trucks, it is not currently used for this purpose for passen-
ger cars.

5Texas Transportation Institute (2005).

6The Illinois Tollway is located in the northern part of the state 
with spokes going north to Wisconsin, west to Iowa, and south to 
northwestern Indiana from Chicago.

7This argument only works up to a point, since making roads less 
congested may invite enough new motorists to make traffic worse 
than it had been before. The behavioral response to a change in a 
decision-making environment is similar in spirit to the study by 
Peltzman (1975) on whether mandatory seat belt use generates an 
overall reduction in road fatalities. 

8Governor Rod Blagojevich unveiled the plan on August 25, 2004, 
and the board of directors for the Illinois Tollway approved it on 
September 30, 2004.

9Open road tolling (no-stop toll payment collection) had been im-
plemented at most toll plazas by the end of 2006.

10A detailed account of the assumptions used for this imputation is 
available on request.
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18We also consider the case of separate demand functions for every-
day and occasional commuters (nd,t and nnd,t).

19The “zip code data” are actually reported by the U.S. Census-de-
fined geographic areas called zip code tabulation areas (ZCTAs), 
which cover essentially the same geography with some minor dif-
ferences. For a description of ZCTAs see www.census.gov/geo/
ZCTA/zcta.html. For simplicity, we refer to ZCTAs as zip codes 
throughout this article.

20Stata programs used in constructing this data set are available 
upon request. 

21We used the travel time for those who drive alone to work, since 
it seems to be the purest measure of the travel time between the or-
igin and destination. The travel time for those who carpool, for ex-
ample, could include several stops and would not be representative 
of the actual commute.

22In some cases the Illinois Tollway was not able to filter out com-
mercial I-PASS accounts if the registrant gave a business address 
but applied under his/her own name. Therefore, there are a handful 
of zip codes that have too many I-PASS accounts per person to be 
plausible for personal use (a ratio of above one transponder per 
person). These zip codes are indicated as white areas in the maps 
and are ignored in the analysis.

23 The three income groups (below $60,000, between $60,000 and 
$80,000, and above $80,000) are made up of 152, 271, and 138  
zip codes, respectively. The cutoff points represent the 25th and 
75th percentiles of working household income in the zip codes in 
our sample. Since figure 6 is centered on a smaller seven-county 
area, the income grouping appears biased toward the higher-income 
groups. 

24Mainline plazas are not entry or exit points but rather through 
points where tolls are collected. Plazas at onramps and offramps 
are more likely to serve users from the distinct areas where they 
are located, whereas mainline plazas would likely serve users  
from any area geographically preceding it (in other words, main-
line plazas would serve a more diverse population). It is also likely 
that mainline plazas see a higher rate of incidental travelers who 
drive longer distances than plazas at onramps and offramps.

25Around 70 percent of those plazas that did not have I-PASS lanes 
in July 2004 did receive at least one by January 2005. Only 25 per-
cent of those with at least one I-PASS lane in July 2004 received 
one more by January 2005. Overall, most plazas did not increase or 
decrease their total number of I-PASS lanes.

26Here, as elsewhere in this article, distance is measured between 
the centroids of two zip codes.

27Some workers live in an area where taking the Illinois Tollway to 
work is an option. However, they report that they currently use 
some alternative transportation, such as light rail, train, or bus.

28For commuters judged likely not to use toll roads, the imputed 
cost and tollway congestion variables would be zero. Thus, their  
I-PASS demand would derive from characteristics unrelated to 
their work commute, similar to retirees, students, and other seg-
ments of the population without a daily commute to work.

29Most of the explanatory variables are time-invariant; that is, they 
are taken from the 2000 U.S. Census and are thus common to re-
gressions explaining I-PASS ownership at either of the two dates 
for which we have data (August 2004 and February 2005). The few 
variables that could be obtained separately for 2004 and 2005 in-
clude: the share of I-PASS only lanes along a commute route and  
I-PASS ownership in neighboring zip codes. Note that the first of 
these variables combines time-invariant origin–destination data 
from the U.S. Census with time-specific data from the Illinois 
Tollway that reflect current lane configuration. 

30One way to check for the importance of simultaneity is to run a 
regression for February 2005 I-PASS ownership using the August 
2004 fraction of households with I-PASS in neighboring zip codes 
as a control. This regression (not shown) produces effectively the 
same results; this is not surprising given the very high autocorrela-
tion (0.98) in I-PASS penetration rates. Also, omitting the neighbor-
ing zip codes’ I-PASS rates altogether does not have a qualitative 
effect on any of the estimated coefficients.

31Recall that the much higher figures of 40 percent to 45 percent  
I-PASS usage before the pricing change referred to the share of all 
tollway traffic paying tolls electronically. Clearly, tollway users repre-
sent only a small fraction of the population aged 16 years and older.

32The advertising campaign made it easy to acquire information 
about the features of I-PASS accounts and to learn about the 
Illinois Tollway’s plans for changes in lane configurations that fa-
vored electronic payments. The campaign also made obvious the 
large relative difference in cash toll prices, with the words “twice 
as much” and “double the cost” featured prominently in media 
coverage of the impending change.
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APPENDIx 1. CONVERTING THE PAYMENT MODE MODEL TO AN ECONOMETRIC MODEL: AN 
ILLUSTRATIVE ExAMPLE

To map the simple framework of equation 4 (p. 26) to 
data, one needs to assume a specific functional form for 
preferences. As an example, we analyze the constant 
elasticity of substitution (CES) preference specification.1 
Let the I-PASS choice correspond to a cost and time pair 
{tT, cT}. Suppose that commuting costs cT consist of a 
fixed setup cost (F), opportunity or carry cost (O), mar-
ginal per plaza cost (mT), and the number of toll gates 
taken over the unit of time in our analysis (N). More-
over, assume that setup costs are a function of an indi-
vidual’s demographics, such as education level and/or 
access to low-cost subscription technologies, for exam-
ple, the Internet. 

Then for the I-PASS transponder choice T of indi-
vidual i, equation 3 (p. 26) becomes

A1) ( , ) ,,G V w H O F E w N mi T i i i i i i T= + × − − − ×

where the fixed costs F are a function of education Et 
and wages wi.

And for the other two lane choices, the exact 
change lane or attendant lane, equation 3 becomes

A2) .,G V w H N mi e i i i i T= + × − ×

It also does not seem unreasonable to assume that for 
many the time spent at work is an increasing function of 
wage. For example, salaried employees in at least some 
professional occupations (for example, consultants, at-
torneys, and architects) are more often required to work 
longer hours or put forth a greater intensity of effort. 
Under this assumption, and keeping in mind that both w 
and H are exogenous, we can restate equation 2 (p. 26) as 

A3) L H w N t Li T i i T, ( ) ( ) .= × − − × ×24 60
 

Let the CES utility be given by the following: 

U G L G h L( , ) [ ] ,/= + ×− − −ρ ρ ρ1

where h is the relative price of leisure (G is a numeraire), 
and the elasticity of substitution between consumption 
and leisure is (1/1 + ρ). To introduce uncertainty in this 
preference framework, assume that h is measured with a 
multiplicative error ε, which is lognormally distributed.2 
Using equation 4, the probability of signing up for an  
I-PASS, which costs more but saves on travel time, is 
equivalent to:
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Using the expressions for L, G , and c(t) from equations 
A3 and A1 and approximating c′(t) by ∆c, we obtain:
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Our discussion here has focused on the choice be-
tween the I-PASS and a single alternative (say, the exact 
change toll). Consequently, the binary specification in 
equation A4 can be estimated in a simple logit framework, 
using an estimator adjusted for grouped data. The major 
advantage of this approach is that it allows us to simpli-
fy the machinery for empirical analysis considerably 
while still being able to identify parameters of interest.

1Other preference specifications would produce the same qualita-
tive predictions, but differ in terms of the economic interpretation 
of the coefficients. 
2Alternatively, we can assume that G and/or L are measured with 
error. A prime candidate for measurement errors is participation 
costs F, many of which are implicit.
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The U.S. Census provides detailed information on home-
to-work commutes at the level of census tract, a geographi-
cal unit that is generally much smaller in size than a zip 
code. Census tracts are not necessarily fully contained in 
a given zip code but can overlap one or more zip codes. 
Furthermore, a zip code in our sample generally contains 
several census tracts or parts of several census tracts. These 
overlaps present the obvious problem of ascertaining 
how to equate the census tract data to zip-code-level data. 

In order to transform these data from census tract to 
zip code, we employed the mapping software, Maptitude. 
From this software, we were able to obtain the propor-
tion of each census tract in each of the zip codes that it 
overlaps. Because we did not know the geographic dis-
tribution of workers over a given census tract, we made 
the simplifying assumption that they were evenly dis-
tributed. This assumption allowed us to cleanly allocate 
workers in a given census tract to each of its correspond-
ing zip codes by the proportions of their relationships. 
Since the data come in pairs relating to a commute pat-
tern, this allocation must be performed for both the ori-
gin and destination census tracts. Once all of the workers 
of these census tract commute pairs were assigned pro-
portionally to zip code commute pairs, the worker data 
could be summed up by unique zip code pairs. We then 
calculated a weighted average of travel time and income, 
using as weights the proportion of workers in a specific 
census tract pair to total workers residing in a given zip 
code. In the end, we know who goes to work where, whether 
they drive there, how much time it takes, and how much 
money they earn by zip codes. At this point, we do not 
know, however, what path they take to get there.

Since the Illinois Tollway is the focus of our study, 
we needed to find a way to determine whether it would 
be reasonable for a commuter to take it to work. We de-
cided to first determine what a tollway trip would entail 
for each zip code of residence going to all zip codes with-
in our sample. Again, we used Maptitude to assist in this 
determination. First, we used this mapping software to 
create a file that contained the longitude and latitude of 
the center points of all zip codes in our sample. From 
this file, we were able to determine the straight-line dis-
tance (as the crow flies) between all of our zip code pairs 
and what direction the destination is from the origin.

Next, Maptitude includes a point layer that details 
the longitude and latitude of all exits on all highways as 
well as toll plaza points on tollways.1 We merged these 
data with information from the Illinois Tollway’s web-
site detailing which of these points allow a vehicle to get 
on or off the tollway and in what direction. The file on zip 
code geography was matched to the exit file. We then se-
lected the two closest onramps to each origin zip code 
and the two closest offramps to each destination zip 
code that allowed the commuter to go in the direction of 
her commute. Next, we summed up the distance from 

the center point of the origin zip code to the entry point, 
the distance between all points on the path between the 
entry and exit points on the tollway, and the distance 
from the exit point to the center point of the destination 
zip code, giving us the total distance of the tollway com-
mute. Since we did this for each of the entry–exit point 
combinations, we determined up to four unique paths.2 
We then picked the shortest commute pattern for each 
zip code pairing using the tollway.

While this allows us to know how a commuter liv-
ing in one zip code and working in another would travel 
to work using the tollway, we still did not know whether 
they were likely to take this path or drive on more con-
venient freeways at their disposal. To resolve this, we 
need a model of tollway versus freeway choice. Clearly, 
commuters living farther away from the tollway are less 
likely to use the tollway as their commuting venue than 
those living closer. After a variety of trial-and-error cal-
culations, we decided to exclude zip codes that were 
more than 40 miles from the toll road. For those driving 
to work and living within a 40-mile radius, however, it 
would still not necessarily be economical to use the toll 
road if the time spent on other nontollway roads was 
sufficiently shorter. But distance alone is not the only 
consideration: More direct routes would entail less driving 
but would often include more congestion—that is, on 
such routes, motorists might encounter a greater number 
of irritations along the way in the course of numerous 
daily commutes. 

To account for these possibilities, we settled on a 
simple geometric metric to determine whether the toll-
way was a feasible choice or not. If the distance of the 
straight line (as the crow flies) between the A and B zip 
code centroids, say, ABcf

 

, was at least X percent of the 
distance from the center of zip code A to zip code B using 
the tollway, ABtw

 

,  then the motorist would use the 
tollway. That is, if AB X ABcf tw

   

> × ,  then the motorist 
would use the tollway; otherwise the motorist would 
not. The value we settled on for X is described in the  
following paragraphs.

We used MapQuest to determine whether this com-
mon online direction tool would indicate using the toll-
way between each of our zip code pairs. A comparison 
of MapQuest predictions with the simple geometric 
measure revealed a fair number of inconsistencies. In 
most cases, for zip code pairs that were designated for 
tollway travel by the “crow flies” model, but not by 
MapQuest, the total distance traveled was relatively 
large. Similarly, the opposite was true when travel dis-
tances were relatively small. 

We then needed a way to determine which of the 
two approaches was a better predictor of tollway use. 
We chose to do this by comparing the average number 
of vehicles that entered and exited the tollway on each 

APPENDIx 2. CONSTRUCTING ZIP CODE MEASURES FOR DAILY COMMUTES AND TOLLWAY VERSUS 
FREEWAY CHOICE 
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onramp and offramp during the rush-hour period with 
the number of workers we expected to do so based on 
each of the two models. Both methods worked fairly 
well, but the “crow flies” model had a better fit for lon-
ger distances and the MapQuest method for shorter 
ones. Because MapQuest calculates paths based on per-
fect driving conditions, this discrepancy may be ex-
plained by the fact that during rush-hour commutes, the 
longer one travels, the more opportunities there are for 
adjusting one’s route in response to road conditions.3

Finally, we decided to combine the two methods, 
allowing MapQuest to indicate tollway use for shorter 
distances and the “crow flies” method for longer distances. 
The cutoff that we found to maximize the latter method’s 
precision was 0.49. In other words, it was assumed that 
in a populated area, such as the greater Chicagoland area, 
there would be another route between the two points that 
would take less than the tollway travel time if the toll-
way route is more than about twice the direct distance. 
Overall, the distance threshold that maximized the accu-
racy of the combined model was 18 miles. In sum, if the 
distance between two zip code center points was less 
than or equal to 18 miles, we let MapQuest determine if 
the tollway was the preferred route; if the distance be-
tween the zip codes was greater than 18 miles, our 

“crow flies” model would indicate toll road use if the 
path along the toll road was less than twice as long as 
the actual distance between the zip code pair. This hy-
brid model had a correlation of around 0.8 with the rush-
hour vehicle data. 

1In many cases, exits and toll plazas are the same points. There are 
numerous exits that do not have toll plazas. Also, there are toll pla-
zas at points along the tollway that are not exits, but simply collec-
tion points. 
2In cases where the origin zip code is closest to a tollway that does 
not intersect with the tollway to which the destination zip code is 
closest, the commute was deemed impossible given these exit pair-
ings. Therefore, there would not be four unique commuting pat-
terns in these cases. The chance of this occurring is what led us to 
find up to four commuting possibilities, with the hope of getting at 
least one possible tollway commuting path. If all four paths are de-
termined impossible, we assume that the commuter does not take 
the tollway to get to work.
3There is also a geographic reason why the “crow flies” approach 
works in the outer counties. In the absence of natural barriers on 
the flat Illinois prairie, outer counties have a grid-like pattern of 
town, county, and state roads, which almost always provides sim-
ple alternatives to toll or interstate roads and which natives from 
the region intuit. In urban areas, these alternatives are more diffi-
cult to divine without local knowledge that takes into account the 
existence of more barriers to the free flow of traffic. 

1In many cases, respondents provided more than one answer. As a 
result, there were over 50 percent more responses than there were 
respondents.
2I-PASS records can be subpoenaed in both civil and criminal court 
proceedings. Some respondents were worried that their individual 
travel information could be used against them. In particular, they 
speculated that it could be used to fine them for speeding on the 
tollway, which is not actually the case. 

APPENDIx 3. SURVEY INFORMATION ON REASONS WHY ILLINOIS TOLLWAY DRIVERS DO NOT HAVE  
I-PASS AND WHAT WOULD CONVINCE THEM TO GET IT 

In late November and early December of 2004, just be-
fore the price hike, surveys were distributed to Illinois 
Tollway users at five locations: one plaza each on the 
North-South Tollway (I-355) and the North Tri-State 
Tollway (I-94/I-294) and three locations around I-55, 
which lies near the Illinois Tollway. The survey collect-
ed information about the origin and destination of a par-
ticular trip, the purpose of the trip, the trip’s frequency, 
vehicle occupancy, and vehicle type. Respondents were 
asked whether they owned an I-PASS. Those who did 
not own an I-PASS were asked two final survey ques-
tions: Why have you not purchased I-PASS and what would 
convince you to purchase I-PASS? Respondents were al-
lowed to choose from a provided list of multiple choice 
answers or substitute their own answer if the multiple 
choice categories did not represent their own beliefs.1

The predominant response to the first question (why 
have you not purchased I-PASS?) was that the respon-
dent had not (yet) made the effort. One interpretation of 
this response is that the majority of those surveyed did 
intend to purchase I-PASS, but were late responders. Re-
call that the toll price hike was scheduled to go into ef-
fect a few weeks later. Those respondents who made more 
than one trip per week still answered that summoning up 
the effort to get a transponder was the main inhibitor. 

While this answer was the second most popular answer 
for those who traveled less frequently than weekly, they 
most often answered that they had not purchased an I-PASS 
because they rarely used the toll roads. In over 20 per-
cent of returned surveys, respondents wrote in their own 
answers. Of these, privacy was by far the most cited 
reason for the hesitation or refusal to purchase I-PASS.2

The majority of the responses to the second ques-
tion (what would convince you to get an I-PASS?) match 
up well with the basic findings of our research. Namely, 
most drivers answered that they would purchase I-PASS 
to avoid paying higher tolls. More importantly, this re-
sponse held across all motorists in terms of frequency 
of trips, suggesting that further penetration of I-PASS 
was likely to happen across all groups of Illinois Tollway 
motorists. 
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Introduction and summary

Do people run down their assets after retirement? This 
is an important question for a number of reasons. First, 
the elderly have a lot of wealth: Households with heads 
who are 65 years old and older have more than one-
third of all U.S. household wealth. Given that the baby 
boomer cohort is approaching retirement age, this 
fraction will likely increase. Whether the baby boom-
ers run down their wealth has important implications 
for all of us. Some have argued that when the boomers 
retire, they will run down their assets. They will wish 
to sell their assets, which will in turn drive down the 
price of assets. Poterba (2001) refers to this as the 
“asset market meltdown hypothesis.” As Poterba 
points out, however, this depends critically upon how 
quickly the elderly actually run down their assets.

In this article, we provide evidence that households 
run down their assets after retirement. We track a group 
of elderly households over the 1996–2004 period, and 
find that assets for these households decline modestly 
over the sample period. However, the U.S. experienced 
a remarkable run-up in housing prices from 1996 through 
2004. Thus, the fact that assets declined modestly does 
not mean that households planned to run down their 
assets modestly. Instead, it could be that households 
planned to run down their assets rapidly, but enjoyed 
high asset returns. Thus, using these measured asset 
profiles might give us a very misleading picture of what 
the baby boomers may do with their wealth. We find 
that, had there been no run-up in asset prices, assets 
would have declined substantially over the sample period.

Related literature and contributions of our article
The question of whether the elderly run down 

their assets has been debated at least since Modigliani 
and Ando (1957), in part because the answer to the 
question provides key insights as to why people save 
over the course of their lives.

There are two main reasons why the elderly 
maintain high levels of assets after retirement. First, 
the elderly presumably maintain assets to finance 
consumption after retirement. Furthermore, given 
that the elderly are presumably unsure of the age at 
which they will die and are unsure of the medical  
expenses they may incur after retirement, they must 
maintain additional assets to insure themselves against 
these risks. Second, the elderly may be slow to reduce 
their assets during retirement because they wish to 
bequeath some of their assets to their children, rela-
tives, friends, or charities. Determining the extent of 
asset rundown during retirement is important for un-
derstanding whether these motivations are important. 

Better understanding these savings motives will 
help us to better inform policymakers as to the likely 
effects of changing tax and transfer systems within 
the United States. For example, consider a policy  
issue where it is important to consider savings motives 
of individuals at the end of their lives: estate taxation. 
The estate tax is a tax on assets that remain after an 
individual dies and, for this reason, is sometimes 
called the “death tax.” On July 7, 2001, President 
George W. Bush signed into law the Economic Growth 
and Tax Relief Reconciliation Act, which raised the 
estate tax exemption level and reduced the tax rate 
on estates starting in 2002. Before the Economic 
Growth and Tax Relief Reconciliation Act was passed, 
only estates valued over $675,000 were taxed. The 
exemption rose to $1,000,000 in 2002, then rose again 
to $1,500,000 in 2004, and is currently $2,000,000  
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(because the exemption level is per person, this trans-
lates into $4,000,000 per couple). Given the current 
$2,000,000 exemption level, only 0.5 percent of all  
estates are subject to the estate tax, according to the 
Urban–Brookings Tax Policy Center. Under current law, 
the estate tax exemption level will rise to $3,500,000 
in 2009, and the estate tax will be completely repealed 
in the year 2010 and will be reinstated in 2011. There 
are proposals to repeal the tax permanently, although 
these proposals have stalled in the U.S. Congress. 

Whether or not repealing the estate tax increases 
or reduces gross domestic product (GDP) depends 
critically on the strength and type of the bequest motive. 
If individuals have no bequest motive, indicating they 
do not value the estate that they leave to their children, 
the estate tax will not affect the economic behavior of 
elderly households.1 The alternative to taxes on assets 
left after death is a tax on assets while alive (income 
tax). In contrast to estate taxes, income taxes will likely 
reduce savings and work effort, which causes economic 
inefficiency, or “dead weight loss.” It is likely that any 
loss of federal income due to a repeal of the estate 
taxes will force an increase in income taxes. There-
fore, assuming that progressivity is a desirable feature 
in a tax system and distortions on work decisions and 
savings are undesirable, the repeal of the estate tax 
might be seen as undesirable; that is, the decrease in 
estate taxes reduces progressivity, while the increase 
in the income tax distorts work and savings decisions.

On the other hand, if parents have a strong desire 
to leave a bequest, then taxing estates may reduce na-
tional savings. This reduction may reduce the capital 
stock and thus wages. If bequest motives are impor-
tant, then eliminating the estate tax may raise national 
wealth and income. 

In our analysis, our conclusions differed dramati-
cally depending on whether we used the simple life-
cycle model or one that assumes a bequest motive. 
This indicates that understanding bequest motives is 
important to making policy decisions. An important 
first step for determining the strength of the bequest 
motive is to determine whether individuals decumulate, 
or run down, assets at the end of their lives. The ab-
sence of asset decumulation is potential evidence that 
bequest motives are important. The goal of this article 
is to provide new evidence on the extent to which 
households run down their assets near the end of the 
life cycle. Using data from Asset and Health Dynamics 
Among the Oldest Old (AHEAD)—a survey collected 
by scholars at the University of Michigan—we docu-
ment asset growth at each age for members of different  
cohorts. This allows us to consider the quantitative 
importance of the asset decumulation puzzle.

Most recent research has found that assets de-
cline with age. However, the estimated rate at which 
assets decline differs from study to study. These dif-
ferences across studies arise because of both differences 
in data and methods to calculate assets at different 
ages (see Hurd, 1990, for a review, and Shorrocks, 
1975, and Anderson, French, and Lam, 2004, for dis-
cussions of key methodological issues). 

This article builds upon Anderson, French, and 
Lam (2004), who also investigate the importance of 
asset rundown by using AHEAD data. First, we use 
AHEAD data from 2002 and 2004, whereas Anderson, 
French, and Lam only used data to 2000. Second, we 
conduct a more comprehensive analysis of the rates 
of return faced by sample members.2 Third, we show 
asset profiles, adjusted by rates of return on a year-
by-year basis. 

Asset rundown as predicted by the life-cycle model
In this section, we briefly describe the amount of 

asset rundown that we would expect to see if people 
behaved according to the life-cycle model. We calibrate 
a simple life-cycle model, as described in appendix 1. 
Individuals in the model make consumption and sav-
ings decisions depending on their current assets, their 
perceived income and medical expenses in the future, 
their expectation for how long they will live, and 
their decision to have a bequest motive or not.

A model can help us to frame the questions we 
need to ask in order to understand why people build 
up their savings. A model that is calibrated to the data 
can also illuminate the likely causes of why individu-
als run down their assets so slowly. In this section, we 
provide evidence that uncertain life expectancy, un-
certain medical expenses, and bequest motives are all 
potentially important savings incentives at the end of 
the life cycle.

We begin with the simplest version of the model 
and then move to more complex models. First, we 
present the case in which individuals face no medical 
expense risk, have no bequest motive, and are certain 
to live 12 years (to 82), which is the average life ex-
pectancy for a man aged 70. Panel A of figure 1 pres-
ents the asset profile implied by this model and 
highlights its key implication: Assets at age 82, the 
age of certain death, are equal to zero. This implica-
tion of the life-cycle model is at odds with the data, 
as we describe later.

Panel B of figure 1 presents the asset profile im-
plied by a model augmented to include mortality risk. 
Life expectancy is still 12 years, but there exists the 
possibility of living much longer. Panel B shows that 
individuals run down their assets much more slowly 
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when the model is augmented to account for uncer-
tain life expectancy. Because individuals are risk 
averse, they do not wish to outlive their financial re-
sources, a point made by Davies (1981). By holding 
assets until a very old age, they insure themselves 
against the risk of outliving their financial resources.3 
Nevertheless, the model still predicts that by age 95, 
assets are near zero. Conditional on being age 70, there 
is only a 4 percent chance of surviving to age 95. 
Moreover, mortality rates exceed 20 percent by age 95. 
Therefore, this model indicates that individuals are 
willing to bear the risk of low consumption at age 95 on 

the off chance that they survive to that age. However, 
as we show later, this does not fit what is actually ob-
served; many people still hold considerable levels of 
assets, even at age 95. Therefore, it seems that uncer-
tain life expectancy alone cannot explain the slow 
rate of asset decumulation we observe in the data.4 

Panel C of figure 1 presents the asset profile im-
plied by a model augmented to include medical ex-
penses, as well as mortality risk. The risk of catastrophic 
out-of-pocket medical expenses also helps explain the 
absence of asset rundown. Even in the presence of so-
cial insurance (Medicare and Medicaid), households 

FIguRE 1

Asset profiles

A. With no uncertainty or bequest motive
average assets in thousands of dollars

age

B. With life expectancy uncertainty
average assets in thousands of dollars

C. With life expectancy uncertainty and medical   
 expense uncertainty
average assets in thousands of dollars

D. With life expectancy uncertainty, medical   
 expense uncertainty, and bequest motive
average assets in thousands of dollars

Note: All dollar values are in 1998 dollars.
Source: Authors’ calculations based on data from the Asset and Health Dynamics Among the Oldest Old.
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still face potentially substantial out-of-pocket medical 
expenses (for estimates, see De Nardi, French, and 
Jones, 2006; Brown and Finkelstein, 2004; French 
and Jones, 2004a; Palumbo, 1999; and Feenberg and 
Skinner, 1994). Moreover, nursing home expenses are 
potentially large and virtually uninsurable. French 
and Jones (2004a) find that in any given year, 1 per-
cent of all households incur a medical expense shock 
that costs $44,000 over their lifetimes and 0.1 percent 
of all households incur a medical expense shock that 
costs $125,000 over their lifetimes. Because the med-
ical expenses associated with health problems are 
persistent and the risk of incurring such expenses re-
peatedly could financially decimate a household, this 
could cause a household to keep a large amount of as-
sets in order to buffer itself against the possibility of 
catastrophic medical expenses. Therefore, the risk of 
catastrophic medical expenses might generate precau-
tionary savings on top of those accumulated against 
the risk of living a very long life. Panel C shows that 
individuals run down their assets much more slowly 
when faced with medical expense risk. Nevertheless, 
they still run down their assets much more quickly 
than we see in the data.

Lastly, panel D of figure 1 presents the asset pro-
files implied by a model augmented to include a be-
quest function, as well as medical expenses and 
mortality risk. Unsurprisingly, asset rundown at the 
end of the life cycle is even slower when we augment 
the model to include a bequest function. In short, uncer-
tain life expectancy, uncertain medical expenses, and 
bequest motives all potentially play a part in asset run-
down. Therefore, while a relatively slow rate of asset 
rundown is not necessarily evidence of a bequest mo-
tive, it is consistent with having a bequest motive.

Data
In order to estimate the extent of asset rundown, 

we use data from the Asset and Health Dynamics 
Among the Oldest Old data set. The AHEAD is a 
sample of noninstitutionalized individuals aged 70  
or older. A total of 8,222 individuals in 6,047 house-
holds were interviewed for the AHEAD survey in late 
1993/early 1994. These individuals were interviewed 
again in early 1996, 1998, 2000, 2002, and 2004.5 
The AHEAD data include a nationally representative 
core sample, as well as additional samples of blacks, 
Hispanics, and Florida residents.

The AHEAD has comprehensive asset measures 
for each time that sample members are interviewed.  
It has information on the value of housing and real 
estate, autos, liquid assets (which include money 
market accounts, savings accounts, and Treasury 

bills), individual retirement accounts (IRAs), Keogh 
plans, stocks, the value of a farm or business, mutual 
funds, bonds, and other assets and investment trusts. 
Our measure of wealth is the sum of all these assets, 
less mortgages and other debts. Following common 
practice (for example, Hurd, 1989, and Attanasio  
and Hoynes, 2000), we exclude pension and Social 
Security wealth. Because assets appear to be signifi-
cantly underreported in the first wave, in 1993/1994 
(see Rohwedder, Haider, and Hurd, 2004), we begin 
our analysis with data from the second wave, in 1996.

There are three important problems with our as-
set data. The first is that the wealthy tend to underre-
port their wealth in virtually all household surveys 
(Davies and Shorrocks, 2000). This leads us to under-
state asset levels at all ages. However, Juster, Smith, 
and Stafford (1999) show that the wealth distribution 
of the AHEAD matches up well with aggregate val-
ues for all but the richest 1 percent of households. A 
second important problem with our data is that it 
spans the years 1996–2004, a period in which there 
was a rapid rise in asset prices. This makes it difficult 
for us to distinguish between intended asset growth 
through active savings versus unintended asset 
growth through unexpectedly high returns. Tackling 
this issue is the goal of our article.

Our data also suffer from attrition—people leav-
ing the sample over time—a problem common to all 
panel data sets. In the AHEAD, attrition is largely due 
to death: Reported deaths are confirmed using the  
National Death Index. However, in some cases, inter-
viewers are unable to track down sample members as 
they move from house to house, and some individuals 
refuse to give follow-up interviews. If the people who 
are difficult to contact differ systematically from 
those we are able to keep track of, “nondeath” attri-
tion could distort the composition of our sample. If, 
for example, it is more difficult to track down poor 
individuals, poor households will be dropped from 
the sample at greater rates than rich ones. 

The third problem with the asset data is that it is 
not clear whether to include the amount held in trust 
accounts. The final wealth question asked of AHEAD 
respondents is whether they have a trust account. 
About 10 percent of all respondents have a trust ac-
count. In 2002, respondents were asked whether the 
value of the trust was included in their previously de-
scribed assets (such as stocks and bonds). Only 6 per-
cent of those with a trust (that is, slightly over 0.6 
percent of the full sample) reported that the value of 
the trust was not already reported in the form of other 
assets. In other words, stock market wealth that is held 
in a trust account is usually reported as stock market 



52 2Q/2007, Economic Perspectives

Household wealth, by asset type
TaBlE 1

 1996 1998 2000 2002 2004

Housing 85,179 87,858 92,875 96,301 106,296
Liquid assets 55,513 49,677 52,094 62,211 57,775
Stocks 54,664 55,785 56,298 48,457 53,456
Automobiles 5,356 5,997 5,562 5,222 4,767
Businesses 15,007 11,369 11,685 16,324 12,883
Individual retirement
 accounts 12,512 12,617 14,481 12,475 12,126
Other assets 3,951 5,448 4,798 3,983 5,813
Debt 3,862 4,195 3,811 4,128 4,884
Total assets 228,322 224,557 233,983 240,845 248,233
Observations 4,408 3,803 3,253 2,723 2,304
     
Notes: The value of estates are not included here. All dollar values are in 1998 dollars. Columns may not total because of rounding.
Source: Authors’ calculations based on data from the Asset and Health Dynamics Among the Oldest Old.

simple versions of the life-cycle model. However, one 
potential reason that assets did not fall is the run-up in 
asset prices. This section describes the run-up in asset 
prices. All asset prices described henceforth are deflated 
by the Personal Consumption Expenditure deflator.

Figure 2 shows growth in the stock market. Spe-
cifically, it shows the annual total return from both 
dividends and price growth on a broad portfolio of 
stocks (as measured by the Center for Research in  
Security Prices, or CRSP, at the University of Chicago’s  
Graduate School of Business). The CRSP stock mar-
ket index measures the growth of a portfolio of stocks 
that includes all stocks in the New York Stock Exchange 
(NYSE), American Stock Exchange (AMEX), and 
National Association of Securities Dealers Automated 
Quotation (NASDAQ) indexes. It is a broader measure 
of stock prices than the Standard & Poor’s (S&P) 500 
or the Wilshire 5000 indexes, although the returns 
from the CRSP stock index and these other two indexes 
look similar. Figure 2 shows not only the annual re-
turn but also the average return over both the 1950–95  
and 1996–2003 periods. Figure 2 shows not only that 
stocks grew at roughly the same rate over the 1996–2003 
period as they did over the 1950–95 period. For ex-
ample, the CRSP index grew at an average annual 
rate of 9.3 percent over the 1996–2003 period, com-
pared with 9.7 percent over the 1950–95 period. 

Figure 3 shows the total return from owning a 
home. The total return includes house price apprecia-
tion and the value of the service flow from housing 
(that is, the value of rent that homeowners need not 
pay), less maintenance costs and property taxes. Most 
of the variability in the series is from variability in 
housing price growth. For price growth rates between 
1950 and 1971, data are from the price index for pri-
vate residential investment divided by the price index 

wealth. Because we do not want to double count this 
wealth, we do not include the value of trusts in our mea-
sure of assets. This is an important difference between 
our article and Anderson, French, and Lam (2004). 

Two additional problems arise from the fact that 
assets are a household-level variable rather than an 
individual-level variable. First, some of the house-
holds in our sample consist of two unmarried individ-
uals. Because it is not clear how these respondents 
might answer the asset questions, we drop these house-
holds. Second, many sample members get married or 
divorced over the sample period. Therefore, changes 
in wealth over time reflect not only savings decisions 
(the object of interest in our article) but also house-
hold formation decisions. To counter this problem, 
we drop individuals who get married or divorced dur-
ing the sample period. To sum up, we keep only those 
households that were either married or single living 
alone in the first wave and that changed household 
structure only because of death.6

Table 1 reports some descriptive statistics for our 
sample. We are left with 4,408 households alive in 1996 
for the main analysis, of whom 2,304 have at least one 
surviving member in 2004. Mortality rates observed 
in the data are similar to average mortality rates for 
the United States, conditional on age (see Anderson, 
French, and Lam, 2004).

Table 1 shows average reported assets in each wave, 
by type of asset. Housing is the largest component of 
assets, although liquid assets (such as bonds) and stocks 
are also important components of households’ portfo-
lios. The numbers are expressed in 1998 real dollars.7

The run-up in asset prices 
Table 1 shows that assets do not fall over the sam-

ple period, which is contrary to the predictions of the 
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1.7 percent in the 1950–95 period.  
Appendix 3 provides details of the con-
struction of figure 4. Figure 5 shows the 
return from short-term Treasury bills, 
which averaged 2.4 percent in the 1996–
2003 period, versus 1.9 percent in the 
1950–95 period. Thus, we can see that 
the rates of return on most assets were 
above average over the sample period. It 
is therefore likely that many households 
received unanticipated increases in 
wealth. 

Household portfolios 
Table 2 shows average portfolio 

shares in our AHEAD data.8 It shows that 
in our AHEAD sample in 1996, 37 per-
cent of household wealth was held in 
housing and another 27 percent of house-
hold wealth was held in stocks.9 Much of 
the remainder of household wealth is held 
in assets that likely did not grow very 
much over the sample period, such as 
short-term bonds.

Table 2 also shows portfolio shares 
in the Federal Reserve Board’s Flow of 

for all personal consumption expendi-
tures, as measured in the national income 
and product accounts (NIPAs). For hous-
ing price growth after 1971, data are the 
price series from the U.S. Office of  
Federal Housing Enterprise Oversight’s 
(OFHEO) Conventional Mortgage Home 
Price Index, which measures the price 
change for resold single-family homes. 
Because the OFHEO index measures the 
price of the same houses over time, the 
index accounts for the fact that the quali-
ty of houses may have changed over 
time. Details are provided in appendix 2. 

The main reason for the variability in 
the return from housing is in the variabil-
ity of house price appreciation. Figure 3 
shows that housing prices grew much 
more rapidly over the 1996–2003 sample 
period than over the previous 45 years; 
the total return from housing was 8.0 per-
cent over the 1996–2003 period, versus 
4.7 percent over the 1950–95 period. 

Figure 4 shows that the total return 
from bonds (the return includes coupon 
payments) with long maturities was 5.1 
percent in the 1996–2003 period, versus 
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Funds Accounts of the United States.  
The flow of funds accounts are arguably 
the best measure of the wealth of the 
United States. Note that average shares in 
housing, liquid assets, and stocks are sim-
ilar between the two data sets. However, 
there are differences between the shares 
in the AHEAD and the flow of funds ac-
counts that are worth noting. Most impor-
tantly, AHEAD respondents have less 
business wealth and debt than the general 
population represented in the flow of 
funds accounts. The differences likely 
arise for two reasons. First, AHEAD re-
spondents are old, and old people have 
less business wealth and debt than young-
er people. Second, the AHEAD oversam-
ples the poor, who have very little 
business wealth. 

Calculating rates of return
In this section, we describe our ap-

proach to estimating rates of return. The 
key equation to understanding the ap-
proach is the following:

1)  A(it + 1) = (1 + r(it)(1 – τ(it)))A(it) 
  + S(it), 

where A(it + 1) is individual i’s level of 
assets at time t + 1, A(it) is her level of 
assets at time t, r(it) is her return on as-
sets between t and t + 1, τ(it) is the tax 
rate on capital, and S(it) is her savings 
rate (that is, the difference between con-
sumption and post-tax nonasset income). 

We take a weighted average of re-
turns in different assets to infer the total 
return. Specifically, let there be K differ-
ent types of assets, and suppose that in 
time t a quantity A1(it) is invested in asset 
1, A2(it) is invested in asset 2, … , AK (it) 
is invested in asset K, and between time t 
and t + 1, the various assets have returns 
of r1(t), r2(t), … , rK(t). Thus, we allow 
for heterogeneity in rates of return be-
cause different households have different 
portfolios. However, conditioning on the 
portfolio, we assume all individuals have 
the same return. We assume 

2) r(it) = [r1(t)s1(it) + … + rK(t)sK(it)], 

where s1(it) =A1(it)/A(it), … , sK(it) = 
AK(it)/A(it). We use the rate of return  
series shown in figures 2–5 and the 
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Share of total assets, by various types
of assets, 1996

TaBlE 2

 AHEAD Flow of funds
  
Housing 0.37 0.36 
Liquid assets 0.27 0.25 
Stocks 0.27 0.30 
Autos 0.02 0.11 
Businesses 0.06 0.16 
Other assets 0.02 0.01
Total debt 0.01 0.20  
  
Notes: The shares are of gross assets, not net assets; that is, 
the debt of each asset type is not included. The Asset and Health 
Dynamics Among the Oldest Old (AHEAD) survey measures wealth 
in individual retirement accounts (IRAs), but not the composition of 
that wealth. We assume that 60 percent of IRA wealth is in stocks 
and 40 percent is in liquid assets.
Sources: Authors’ calculations based on data from the Asset and 
Health Dynamics Among the Oldest Old and Board of Governors of 
the Federal Reserve System, Flow of Funds Accounts of the United 
States.

household-level wealth shares to calculate the house-
hold-level rates of return in equation 2.10

Figure 6 shows average returns using this method 
with the shares described in table 2.11 It 
also shows average returns from an alter-
native method for which we use aggre-
gate data. The close relationship between 
the two series gives us confidence in our 
methods. Regressing the first series upon 
the second yields an R-squared of 0.86.12 
Thus, we take this as evidence that both 
procedures provide reasonable estimates 
of year-specific returns.

To derive our alternative method, as-
sume that everyone faces the same inter-
est rate in year t, defined as r(t). Define 
A(t + 1) as total assets in the U.S. econo-
my at time t + 1, A(t) as total assets at 
time t, S(t) as total savings at time t, and 
τ(t) as the average tax rate on capital. As-
suming that the capital tax rate is uncor-
related with assets, we can rearrange 
equation 1 and solve for r(t):

3)  r(it) = r(t) = (A(t + 1) – A(t) – S(t))/ 
  (A(t) (1 – τ(t)) ) .

Thus, if we know A(t + 1), A(t), S(t), and 
τ(t), we can infer r(t). In our analysis in 
the following section, we use data from 
the flow of funds accounts to infer A(t + 1), 
A(t), and S(t), and we assume τ(t) = 0.2, 
which allows us to infer r(t). Specifically, 

we take aggregate assets and savings (savings are 
measured as personal savings plus undistributed cor-
porate profits) from the flow of funds accounts for the 
period 1950–2003. 

Estimating expected and realized returns 
In this article, we provide some evidence on what 

would have happened to asset changes if there had 
been no sharp run-up in asset prices. In order to do 
this, we need to place sharp restrictions on individual 
behavior. Here, our key maintained assumptions are 
twofold. Our first assumption is that asset prices over 
the 1996–2003 period were expected to be equal to 
the average asset price change in the 1950–95 period. 
Although there is some mixed evidence on whether it 
is possible to forecast asset returns (see Cochrane, 1997, 
for a review), we view this assumption as reasonable. 
Our second assumption is that there is no savings re-
sponse to the run-up in asset prices. This second as-
sumption is probably less plausible. It seems likely 
that as households became richer, they consumed 
some of their newfound wealth. Furthermore, there is 
strong empirical evidence that increases in wealth do 
lead to higher consumption (Dynan and Maki, 2001). 
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It is likely that failure to account for an individu-
al’s consuming her newfound wealth will lead us to 
overstate the importance of rate of return shocks. The 
reason for this is straightforward. Both theory and ev-
idence suggest that unexpected wealth gains today will 
be partly spent in the near future. If all unexpected 
wealth gains were spent immediately, then unexpect-
ed wealth gains would not affect the level of wealth, 
and we would not have to make any adjustments to 
account for asset return shocks. However, we assume 
that all of the unexpected wealth gains will be saved. 
Thus, our procedure “overadjusts” for wealth gains 
and helps put an upper bound on the importance of 
rate of return shocks on intended asset decumulation.

We generate cumulative returns under two sce-
narios: 1) given the realized returns over the 1996–2003 
period, and 2) given the returns had they been at their 
historical average (based on the 1960–95 period). The 
difference will allow us to measure the size of the 
wealth shock for every year of our data.  Although we 
have data back to 1950 for many series, we used data 
back only to 1960 because the data for 1950–59 are 
of lower quality. However, using data going back to 
1950 produced similar results. 

We assume that individual’s expectations of fu-
ture returns in the stock and housing markets comes 
from looking at historical returns. Specifically, we  
assume that an individual’s expected return over the 
1996–2003 period is merely the average return over 
the 1960–95 period for each asset. The difference be-
tween the historical return and our estimated return 
(weighted by its share of the household’s portfolio)  
is our measure of the wealth shock in any given year. 
Specifically, we use the 1996 portfolio shares and rates 
of return over the 1960–95 period to infer wealth 
shocks over the 1996–2003 period.

Using the asset-specific returns listed previously, 
we generate cumulative asset returns using the fol-
lowing approach. As before, let asset type k have re-
turn rk(t) at time t. Then 1 + rk(t) is the dollar value  
of assets priced $1 at time t. Thus, if $1 of asset k at 
time t were held until time T, then the asset would be 
worth (1 + rk(t))*(1 + rk (t + 1))* … *(1 + rk(T – 1)) 
at time T. Using this formula we can solve for a 
household’s wealth for different times in the future. 
Using equation 1, we can write for each household

4) A(it + 1) = (1 +  r(it)(1 – τ(it)))A(it) + S(it),
A(it + 2) = (1 + r(it + 1)(1 – τ(it + 1)))A(it + 1)  

   + S(it + 1) 
 = (1+ r(it + 1)(1 – τ(it + 1)))(1 +  r(it) 

   (1 – τ(it)))A(t) + (1+ r(it + 1) 
   (1 – τ(it + 1)))S(it) + S(it + 1),

where r(it) is defined in equation 2.

Now define r*k(t + j) as the time t expectation  
of time t + j returns on asset k. Recall that we assume 
that this is the average historical return on asset k  
before time t – 1. Given this assumption, r*k(t + j) =  
r*k(t + j + 1) for all j > 0. In practice, we use the 
1960–95 sample periods to construct r*k(t + j) for the 
different K assets. Furthermore, we define r*(it) = 
s1(it) r*1(t) + s2(it) r*2(it) + … + sK(it) r*K(t).

Analogous to equation 4, we can generate 

5) A*(it + 2) = (1 + r*(it + 1)(1 – τ(it + 1)))A*(it + 1) 
   + S(it + 1) 
  = (1 + r*(it + 1)(1 – τ(it + 1))) (1+ r*(it)
   (1 – τ(it)))A*(t) + (1+ r*(it + 1)
   (1 – τ(it + 1)))S(it) + S(it + 1),

where A*(it) is the asset level we would have ob-
served if asset returns were at their historical averag-
es. We set A*(it) = A(it) for t = 1996 because this is 
our initial time period. We assume that r*(t + 2)S(it) = 
r(t + 2)S(it) in equation 5. Combining equations 4 and 
5 yields 

6) A(it + 2) – A*(it + 2) = 
  [(1 + r(it + 1)(1 – τ(it + 1)))(1 +  r(it)
  (1 – τ(it))) – (1 + r*(it + 1)(1 – τ(it + 1)))
  (1 + r*(it)(1 – τ(it)))] A(t).

By assumption, this is the unanticipated capital 
gain. The same approach can be used to calculate the 
difference between actual and expected returns at any 
arbitrary horizon.

Life-cycle asset profiles in the cross section
Given that most studies use cross-sectional data 

to estimate the life-cycle profile of assets, we begin 
by repeating this exercise. By initially replicating the 
results of other studies, we can infer whether our re-
sults differ from previous results because we use dif-
ferent data or because we use different estimation 
techniques. Figure 7 shows mean household assets, 
by five-year age cohorts of the head of household 
(starting with age 70–74 and ending at age 90–94) 
from the 1996, 1998, 2000, 2002, and 2004 waves of 
the AHEAD. For 2000 and 2002, we have insufficient 
observations to infer assets for those aged 70–74, and 
in 2004 we have insufficient observations to infer as-
sets for those aged 70–74 and 75–79.13

There are several things that we can note from 
figure 7. First, later cross sections show higher assets 
than earlier cross sections at each age. For example, 
for those aged 75–79, the 1996 cross section shows 
assets equal to $225,000, the 1998 cross section shows 
assets equal to $234,000, the 2000 cross section 
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shows assets equal to $298,000, and the 2002 cross 
section shows assets equal to $299,000. Second, fig-
ure 7 shows that in each cross section, older heads of 
households have lower assets than younger ones. For 
instance, the 1996 asset profile shows average assets 
of $276,000 for those aged 70–74 and $170,000 for 
those aged 90–94. Asset profiles for other years also 
show lower assets at older ages.

Because the distribution of assets is skewed (that 
is, a small number of households have very high as-
sets), mean assets can give a misleading depiction of 
the asset distribution at each age. Nevertheless, medi-
an and mean asset profiles have similar shapes. For 
example, in 1996, median assets were $117,000 for 
households aged 70–74 and only $44,000 for heads 
of households aged 90–94. These results suggest that 
assets do decline with age. Recall, however, that 
those aged 90–94 in a given year were born 20 years 
earlier than those aged 70–74 in the same year.

Because of a lack of panel data, cross-sectional 
data have often been used to infer life-cycle savings 

decisions. Until recently, panel data on 
wealth were not available, so most analy-
ses of the life cycle were based on single 
cross sections by necessity (see Hurd, 
1990, who mentions the rare exceptions). 
In the next section, we discuss some of 
the problems associated with using a 
cross-sectional profile to infer the evolu-
tion of wealth over the life cycle.

Estimation issues
We estimate life-cycle asset profiles 

of households. However, there are three 
main problems with the estimation of 
life-cycle asset profiles. Here, we discuss 
these problems, as well as our approach 
to dealing with them.

First, in cross-sectional data, we ob-
serve individuals who were born at differ-
ent times (that is, older people were born 
in earlier years than younger people). 
Households from older cohorts have, on 
average, lower real lifetime earnings than 
households from younger cohorts. Thus, 
we would expect the asset levels of 
households in older cohorts to be lower 
than those of younger cohorts in any  
given year. Therefore, comparing older 
households with younger households in  
a particular year leads the econometrician 
to overstate assets when they are young 
and to understate assets when they are 
old. In other words, this will potentially 

lead the econometrician to infer that individuals run 
down their assets near the end of their lives when this 
is not actually the case. For example, over the 1950–
2003 period, per capita income in the United States 
grew on average 1.7 percent per year. Therefore, two 
cohorts born 20 years apart tend to have lifetime in-
comes that are different by a factor of 1.01720 = 1.40. 
In other words, members of the cohort who were 
aged 70–74 in 1996 are likely to have average life-
time incomes that are 40 percent higher than those of 
the cohort who were aged 90–94 in 1996.

A second econometric problem occurs because 
people with lower income and wealth tend to die at 
younger ages than those with higher income and wealth. 
Therefore, the average survivor in a cohort has higher 
assets than the average deceased member of the cohort. 
As a result, “mortality bias” leads the econometrician 
to overstate the average lifetime income of members 
of a cohort. This bias is more severe at older ages, 
when a greater share of the cohort members are dead. 
The econometrician is forced to treat the level of assets 
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of surviving members (who, on average, have had 
higher assets) as indicative of the entire cohort, had 
all members survived. This leads the econometrician 
to increasingly overstate assets as individuals become 
older. Using AHEAD data, Anderson, French, and 
Lam (2004) show that the probability of death for 80-
year-old men who are at the 80th percentile of the wealth 
distribution is 7.0 percent, whereas the probability of 
death for 80-year-old men whose wealth is at the 20th 
percentile of the wealth distribution is 10.1 percent. 
Using data from the U.S. Census Bureau’s Survey of 
Income and Program Participation, Attanasio and 
Hoynes (2000) find even steeper wealth gradients.

We solve both of these problems by using panel 
data, which allow us to track the same households 
over time. Our profiles are estimated using the growth 
rate of assets for surviving households in different 
years. Because we are tracking the same households 
over time, we are obviously tracking members of the 
same cohort over time. Because we estimate growth 
rates for surviving households, our estimates do not 
suffer from mortality bias. In the next section, we de-
tail these procedures.

While tracking the same households over time 
solves the two problems discussed previously, it also 
creates a problem. As we have pointed out before,  
asset growth of a household represents not only antic-
ipated asset growth through saving but also unantici-
pated asset growth. It is precisely this problem that 
our methods in this article are designed to address. 

Estimation methodology
Figure 8 presents estimates of the life-cycle asset 

profile for four different five-year birth cohorts, using 
both fixed effects (FE) and ordinary least squares 
(OLS). Anderson, French, and Lam (2004) describe 
some of the differences in the two methods. 

Consider a set of individuals referenced by i ∈  
{1, … ,I} who were born on December 31, 1921 (in 
practice, we use five-year cohorts, this one having 
been born in 1919–23). We observe these individuals 
in 1996, 1998, 2000, 2002, and 2004. Therefore, we 
observe members of this cohort at age 74, 76, 78, 80, 
and 82. We denote their age by a ∈ {74, … ,82}. As-
sets of a particular individual at a certain age, denoted 
Aia are determined by the following function:

7) Aia= fi + β(a) + uia ,

where fi is the individual’s fixed effect, which includes 
all age-invariant factors, uia is a residual, and β(a) is a 
function of a. Note that for a given individual, assets 
can change only because of changes in age, or changes 

in uia. When using a fixed effects estimator, uia and 
β(a)  are uncorrelated by construction. As a result, we 
can obtain consistent estimates of β(a) that are uncon-
taminated by individual heterogeneity. 

We wish to estimate the function β(a), which 
measures how assets change as individuals age. In the 
section titled “Asset rundown as predicted by the life-
cycle model,” the results indicate that understanding 
β(a) will help us better understand savings motives 
after retirement. We estimate the function using a full 
set of dummy variables, that is,

8 1
76 78 80 82

) ( ) { } ,
{ , , , }

β βa age a uage
age

ia= × = +
∈

∑

where 1{.} represents an indicator function that is 
equal to 1 when the statement in parentheses is true 
and is 0 otherwise.14

The fixed effect  fi and the residual uia merit fur-
ther discussion. The residual captures variation in 
wealth arising from short-term contingencies, such  
as medical expenses. It also captures the difference 
between the true level of assets and reported assets; 
that is, it is possibly a measurement error. 

The fixed effect captures objects such as lifetime 
earnings. Individuals with high lifetime earnings like-
ly have high wealth at every age. The fixed effect is 
potentially correlated with the probability of being 
observed at older ages because poor people (that is, 
those with a low value of fi) die at younger ages. By 
using a fixed effects estimator, we can obtain consis-
tent estimates of the βage parameters. Our fixed effects 
estimator estimates equation 7 for every cohort. 

We also estimate a variant of equation 7 using 
OLS. Specifically, we estimate

  
9) Aia= f + β(a) + uia ,

where β(a) takes the functional form in equation 8. 
Note that f is common to everyone within the cohort, 
so that uia  now includes higher asset levels coming 
from things such as lifetime wealth. Thus, uia is likely 
correlated with the probability of being observed at 
older ages, and thus estimates of the βage parameters 
are inconsistent.

Life-cycle asset profiles
Figure 8 presents estimates of the life-cycle asset 

profile for four different five-year birth cohorts using 
both FE and OLS. The connected lines show how as-
sets change over time for members of specific cohorts. 
These life-cycle profiles are for the cohorts born in 
1919–23, 1914–18, 1909–13, and 1904–08 (or those 
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aged 72–76, 77–81, 82–86, and 87–91 in 1996, respec-
tively). Note that in 1996, mean household wealth was 
$256,000 for those aged 72–76, $220,000 for those 
aged 77–81, $194,000 for those aged 82–86, and 
$176,000 for those aged 87–91. In other words, wealth 
of the oldest cohort was 31 percent lower than wealth 
of the youngest cohort in 1996. One could argue that 
this is evidence of asset rundown within households. 
Recall, however, that households aged 87–91 in 1996 
were born 15 years earlier than households aged 72–76 
in 1996. If aggregate income grows 1.7 percent per 
year, then the lifetime income of the oldest cohort is 
26 percent lower than that of the youngest cohort. 
Therefore, the fact that the 1996 wealth level is 31 per-
cent lower for the cohort aged 87–91 relative to the 
cohort aged 72–76 is not necessarily evidence of a 
rundown in assets (although recall that mortality bias 
works in the opposite direction and indicates that the 
cross-sectional evidence may be consistent with a 
modest rundown). When tracking assets of households 
within a cohort, note that assets do not run down over 
the length of the panel when using an OLS estimator. 

For example, assets increase about 6 per-
cent between 1996 and 2004 for the co-
hort born in 1919–23 (or aged 72–76 in 
1996). 

Next, consider the fixed effects pro-
files. Fixed effects profiles show less as-
set growth with age. For example, assets 
decline 12 percent between 1996 and 
2004 for the cohort born in 1919–23. If 
no members of the sample left the survey 
because of death or other reasons, OLS 
would produce the same results as fixed 
effects. However, because sample mem-
bers die, the two profiles are different, es-
pecially for the older cohorts with higher 
mortality rates. Because the fixed effects 
estimator estimates asset growth for the 
same households, it does not suffer from 
mortality bias.

The question remains, however, 
whether these run-ups in assets were an-
ticipated. Because the sample period was 
1996–2004 and the fixed effects profiles 
track asset growth over the sample period, 
the fixed effects profiles still suffer from 
mixing anticipated asset gains with unan-
ticipated asset gains from the stock and 
housing markets, as mentioned previously. 
Figure 9 shows the fixed effects profiles, 
as well as the fixed effects profiles that ad-
just for the run-up in asset prices by using 

the methods described earlier. Specifically, the adjust-
ed profiles show what would have happened to assets 
if there had been no run-up in asset prices and sav-
ings rates had been unchanged. The adjusted profiles 
indicate that, had there been no run-up in asset prices, 
there would have been steep declines in assets over 
the sample period. When adjusting for return shocks, 
assets decline 35 percent between 1996 and 2004 for 
the cohort born in 1919–23. Other cohorts also have 
large asset declines after adjusting for asset returns. 
Between 1996 and 2004, the adjusted fixed effects as-
set profiles decline 27 percent, 41 percent, and 51 per-
cent for the cohorts born in 1914–18, 1909–13, and 
1904–08, respectively. In short, asset profiles decline 
dramatically after adjusting for both mortality bias 
and rate of return shocks.

Table 3 summarizes our results. It shows several 
things. First, the OLS estimates indicate that assets 
rise between 1996 and 2004. Second, fixed effects es-
timates indicate that assets fall with age. Third, mak-
ing adjustments for rate of return shocks indicates that 
individuals would likely have reduced their assets 
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Wealth profiles: Ordinary least squares and
fixed effects estimates

thousands of dollars

Notes: OLS means ordinary least squares. FE means fixed effects. The 
average age of each cohort in 1996, 1998, 2000, 2002, and 2004 was 
used to plot this figure. All dollar values are in 1998 dollars.
Source: Authors’ calculations based on data from the Asset and Health 
Dynamics Among the Oldest Old.
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Estimated wealth change by cohort and 
estimation technique, 1996–2004

TaBlE 3

    Percent
 Average  Percent Percent change,
 age in change, change,  adjusted
Year of birth 1996 OLS FE FE

1919–23 74 0.06 –0.12 –0.35
1914–18 79 0.07 –0.05 –0.27
1909–13 84 0.13 –0.15 –0.41
1904–08 89 0.09 –0.37 –0.51

Notes: OLS means ordinary least squares. FE means fixed effects.
Source: Authors’ calculations based on data from the Asset and Health Dynamics  
Among the Oldest Old.

rapidly had there been no run-up in asset prices.  
Finally, older cohorts tend to have more rapid asset 
decumulation than younger cohorts. 

The estimates in this article are similar to esti-
mates in other studies that use panel data and account 
for mortality bias. Hurd (1990) summarizes the earli-
er literature on asset decumulation. For 
example, Hurd (1990) reports that over 
the 1969–79 period, wealth declined 13.9 
percent among retirees when using data 
from the University of Michigan’s Retire-
ment History Survey. This is roughly sim-
ilar to our fixed effects estimates where 
we did not control for the run-up in asset 
prices. Diamond and Hausman (1984), 
using data from the U.S. Bureau of Labor 
Statistics’ National Longitudinal Survey 
of Mature Men, find that wealth declines 
5 percent per year after retirement during 
the years 1966–76. There are several im-
portant differences between our article 

and these earlier studies. First, the earlier 
studies do not attempt to adjust for rate of 
return shocks. Second, these earlier stud-
ies measured asset changes during a time 
when households received negative re-
turn shocks. Finally, these earlier studies 
did not have much information on the de-
cisions of households with heads aged 80 
and older. Using data from the Federal 
Reserve Board’s Survey of Consumer  
Finances for the years 1983–95, Poterba 
(2001) compares those aged 70–74 versus 
those aged 75 and older. He finds that 
those aged 75 and older have 18 percent 
less wealth than those aged 70–74. His 
estimates control for cohort effects, but 
not mortality bias or rate of return shocks. 
Using data from the Survey of Consumer 
Finances, Sabelhaus and Pence (1999) 
account for mortality bias and find some-
what sharper declines in assets.

Conclusion

A key implication of the life-cycle 
model is that assets are run down as indi-
viduals near death. This article presents 
new evidence on asset rundown at the 
end of the life cycle. We show that older 
individuals have lower assets than young-
er individuals when observing individuals 
at different ages at a single point in time. 
We also show that wealth declines mod-

estly with age when tracking the same individuals as 
they age. Because we track households over the 1996–
2004 period, we observe individuals in 1996 and the 
same individuals eight years later, in 2004. Although 
we can measure the asset growth of the exact same 
people, we do not know whether assets grew because 
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Wealth profiles: Fixed effects and
adjusted fixed effects estimates

thousands of dollars

Notes: FE means fixed effects. The adjustment accounts for the run-up in 
asset prices over the period 1996–2004. The average age of each cohort in 
1996, 1998, 2000, 2002, and 2004 was used to plot this figure. All dollar 
values are in 1998 dollars.
Source: Authors’ calculations based on data from the Asset and Health 
Dynamics Among the Oldest Old.
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of intentional savings decisions or because of the run-
up in asset prices over this period. Using the methods 
described in this article to adjust for the run-up in as-
set prices, we find that assets fall rapidly with age. 
Thus, both methods indicate that assets fall substantially 
with age. Although assets decline with age, the simplest 

versions of the life-cycle model predict even faster asset 
decumulation. Instead, we also show that our results 
fit better with versions of the life-cycle model that are 
augmented to include life expectancy and medical ex-
pense uncertainty, as well as bequest motives.

NOTES

1However, it might affect the savings decisions of the children; see 
Gale and Perozek (2001). Gale and Perozek also point out that the 
presence of a bequest motive does not imply that the estate tax re-
duces national savings. Whether the estate tax raises or lowers na-
tional savings depends upon the type of bequest motive, as well as 
the decisions of children.

2Specifically, we do more to take into account rates of return from 
investments other than housing and stocks, such as bonds. Also, we 
investigate more aspects of the return to housing, such as the value 
of the service flow provided by housing. We also match our esti-
mated returns in the flow of funds accounts to provide evidence on 
the quality of our estimated return procedures. Lastly, we exclude 
the value of trusts from our asset measure. This last point is de-
scribed further in the data section.

3An alternative of self-insuring against the risk of long life is to 
purchase annuities. However, very few people purchase annuities, 
potentially because administrative costs and adverse selection 
make them very expensive.

4Survivor probabilities are from the U.S. life tables (Arias, 2006).

5We assume that the interviews happened on January 1 of each 
year; for example, for the 1996 wave, we assume the interviews 
were held on January 1, 1996. Different people were interviewed  
at different times of the year. In all waves, at least 75 percent of all 
AHEAD households were interviewed within a few months of the 
assumed interview date (for example, between November 1995 
and March 1996 for the 1996 wave).

6We also drop AHEAD cases that overlap with the University of 
Michigan’s Health and Retirement Study. Of 5,990 households in 
the AHEAD, we drop 353 households because of this criterion.  
We also drop 678 households that left the sample for reasons other 
than death. This leaves us with 4,959 households. We also drop the 
first wave, because the first wave’s asset data are suspect. Because 
549 households have all members die by 1996, we are left with 
4,410 alive in 1996 for the main analysis, of whom 4,408 have use-
ful asset information. Of those 4,408 households, 2,304 households 
had at least one member still alive in 2004 and 2,104 households 
had all members die by 2004. 

7In order to be comparable to the rest of the literature, we do not 
include the value of the estate for those who die. See French,  
De Nardi, Jones, Baker, and Doctor (2006) for how including the  
value of the estate potentially affects estimates of asset rundown. 
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alternative approach shows a greater share of the average house-
hold’s portfolio in housing, liquid assets, and debt.

9Another 4 percent of wealth was in IRAs. Cheng and French 
(2000) find that 60 percent of all IRA wealth was held in stocks 
during our sample period, so it is likely that about 27 percent of 
household wealth was held in stocks directly or through IRAs. 

10To derive equation 2, note that equation 1 can be rewritten as 

A(it+1) = [(1+ r1(t)(1 – τ(it)))A1(t) + … + (1+ rK(t) (1 – τ(it)))AK(it)]  
  + S(it)  
 = A(it) + [(r1(t)(1 – τ(it)))A1(it) + … + (rK(t)(1 – τ(it)))AK(it)]   
  + S(it)  
 = (1 + [r1(t)s1(it) + … + rK(t)sK(it)] (1 – τ(it))) A(it) + S(it),

which is equation 1, with equation 2 substituted for r(it). 

11We assume that the return on debt and autos is 3 percent. We as-
sume that business wealth is split 15 percent and 85 percent be-
tween stocks and housing, respectively, which seemed to match 
growth in the flow of funds accounts better than any other combi-
nation of stocks and housing. Although it is difficult to know 
whether liquid assets, such as bonds, are short or long maturity in 
the flow of funds accounts, our best estimate was that 31 percent 
was in short-term financial instruments and the other 69 percent 
was in long-term instruments. 

12However, the series derived using portfolio shares gives a higher 
average return (average of 5.8 percent) than the flow of funds ac-
counts measure (average of 0.6 percent) over the sample period. 
The reason for the discrepancy is at least partly due to the flow of 
funds accounts’ measure of savings. The flow of funds accounts’ 
measure of income includes rent, dividends, and interest. Ideally, 
the savings measure would be free of rent, dividends, and interest, 
as they are part of the return from assets. Furthermore, the flow of 
funds accounts’ consumption measure does not include the service 
flow from owner-occupied housing. Thus, the flow of funds ac-
counts overstate our savings measure, and thus understate the re-
turn from assets. On the other hand, our return measures are not net 
of brokerage fees and administrative costs, so our method using 
shares may overstate the return households face.

13The reason for the lack of observations is that the core sample 
was age 70 and older in 1994, and thus age 76 and older by 2000.

14Because we have a fixed effect for each household, the age 74 co-
efficient is captured in the intercept term fi; the age 74 wealth level 
is just the average fixed effect for individuals aged 74.
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APPENDIX 1:  A MATHEMATICAL REPRESENTATION OF THE LIFE-CYCLE MODEL 

In order to fix ideas about the life-cycle model, we discuss 
a parameterized mathematical model of how individuals 
consume and save over their lives. In the figure 1 (p. 50), 
we show the implied consumption and wealth profiles 
for a given initial value of wealth and for income over 
the life cycle. Assume that there is no uncertainty about 
income, or medical expenses, although we will allow for 
uncertainty about age of death. The model is similar to 
that of Palumbo (1999), although it also allows for a 
bequest function, as in Hurd (1989).

Specifically, consider a household head seeking to 
maximize his expected lifetime utility at age t, t = 70, 
71, 72, ... . Each period that he lives, the individual receives 
utility, Ut, from consumption, Ct. Furthermore, assume 
that his preferences are of the constant relative risk  

aversion form, so that U
C

t
t= ( )
−

−1

1

γ

γ
and Ut = lnCt if γ = 1. 

The parameter γ is called the coefficient of relative risk 
aversion. The greater the value of γ, the more risk averse 
the individual. Most estimates of γ are between 1 and 5. 
A value of γ equal to 1 implies that an individual would 
be indifferent to consuming $14,140 this year or con-
suming a sum determined by the following lottery: with 
probability 1/2 consume $10,000 this year and with prob-
ability 1/2 consume $20,000. Note that this lottery has 
an expected payout of 1/2 × $10,000 + 1/2 × $20,000 = 
$15,000. If the individual has γ equal to 5, an individual 
would be indifferent to consuming $11,700 this year or 
consuming a sum determined by the lottery described 
here. In other words, the greater the value of γ, the greater 
the amount the individual is willing to pay to avoid the 
risk associated with a lottery.

When the individual dies, he values bequests of 
assets, At, according to a constant relative risk aversion 

bequest function b A
C

t B
t( ) = ( )
−

−

θ
γ

γ1

1
. The greater the 

value of θB, the stronger the bequest motive. We know 
very little about this parameter.

Let st denote the probability of being alive at  
age t, conditional on being alive at age t – 1, and let 

S j t s s
t

k t
j

k,( ) = 



 =∏1 denote the probability of living 

to age j  ≥ t, conditional on being alive at age t. Let T = 95 
denote the terminal period, so that sT+1 = 0.

We assume that preferences take the form
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where Et is an expectations operator and β is the time dis-
count factor. The smaller the value of β, the more individu-
als discount the future relative to the present. Most esti-
mates of β are between 0.95 and 1.

Furthermore, assume that individuals have the follow-
ing asset accumulation equation:

A2) At+1 = (1 + r) (At + Yt – mt – Ct), At+1 ≥ 0,

where r is the interest rate, Yt is income, and mt is the 
medical expenses. Assets must always be nonnegative in 
all periods.1 In this article, we present simulations from 
this model.

When presenting profiles implied by the model, 
we consider a value of γ equal to 3 and β equal to 0.95. 
Throughout the article, we will assume that assets in 
the bank receive a 4 percent rate of interest. Initial as-
sets at age 70 are $300,000 (which is close to the mean 
for our sample), and income at each age is $20,000 
(which is close to the mean in our sample).

1If the nonnegativity constraint on assets implies consumption be-
low $5,000 (which is a conservative estimate of the Supplemental 
Security Income, housing, and Medicaid benefits the elderly can 
receive), we set consumption equal to $5,000. See French and 
Jones (2004b) for more on this.
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APPENDIX 2: HOUSING RETURNS

would rent for if they were to rent them out. These two 
series are useful because they allow us to calculate growth 
in rents and housing, although they do not allow us to 
calculate the level of rents to house prices. Using these 
two series, we can calculate the relative inflation rates in 
the two series. We find the relative price of rents relative 
to housing (normalized to 1 in 2005) and multiply this 
by the 3.05 percent return in 2005. Using this series, we 
find that the return from the service flow from housing 
was 4.37 percent in 1982 and then fell to 3 percent in 2005. 
We assume the return from the service flow to housing was 
also 4.37 percent in all years before 1982. Figure A1 
shows our values for both house price inflation and also 
for house price inflation plus the service flow from hous-
ing, less the costs.

For price growth rates between 1950 and 
1971, data are from the price index for pri-
vate residential investment divided by the 
price index for all personal consumption 
expenditures, as measured in the NIPAs. 
For housing price growth after 1971, data 
are the price series from the Conventional 
Mortgage Home Price Index from the U.S. 
Office of Federal Housing Enterprise  
Oversight, which measures the price change 
for resold single-family homes. Because the 
OFHEO index measures the price of the 
same houses over time, the index accounts 
for the fact that the quality of houses may 
have changed over time.

We calculate the service flow from 
housing, less the costs, using the following 
approach. We begin by measuring the ser-
vice flow from housing in 2005. Smith and 
Smith (2006) collected data in 2005 from  
ten metropolitan areas in the United States, 
and documented an average price of a house 
and the equivalent rental price for the same 
(or similar) property for each of those areas. 
They find that in 2005, the average annual 
rent on a house was 6 percent of its value. 
We made several assumptions about the 
annual costs associated with homeownership. In particu-
lar, we assumed that the total annual costs of owning a 
home were equal to 3 percent (1 percent for mainte-
nance, 1 percent for taxes, and 1 percent for transaction 
fees, assuming that total transaction fees were 6 percent 
and owners sold the house after 6 years of residency). 
Thus, we infer that the annual service flow of housing, 
net of costs, was 3.05 percent of the average house price 
in 2005.

Unfortunately, we are aware of no time series of 
rents, less the costs, for housing. However, we have time 
series on changes in rents (from the Consumer Price Index, 
or CPI, owners’ equivalent rent index, which began in 
1982) and changes in home prices (from the OFHEO). 
The CPI owners’ equivalent rent index is constructed from 
a survey that asks homeowners how much their homes 
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