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Is There aBank Lending Channel
for Monetary Policy?

Stephen D. Oliner and
Glenn D. Rudebusch

Chief, Capital Markets Section, Board of Governors of the
Federal Reserve System; Research Officer, Federal Reserve
Bank of San Francisco. We thank Ben Bernanke, Lee
Crabbe, Mark Gertler, Simon Gilchrist, Anil Kashyap,
David Romer, and David Wilcox for helpful comments
and Tom Brennan for excellent research assistance.

Using data for the U.S. manufacturing sector, we investi
gate the existence ofa credit channel for monetary policy
that operates through bank lending. Our test is based on
the behavior of the mix ofbank and nonbank debt after a
shift in monetary policy. We allow for a differential re
sponse to monetary policy of the debt mix for small firms
and large firms, and we account for movements in all
major types of nonbank debt (including trade credit and
long-term debt). In contrast to earlier work, we find no
support for a bank lending channel.

The nature of the monetary transmission mechanism
that is, the means by which monetary policy affects the
economy-has long been debated. The most widely ac
cepted channel for monetary policy depends on the inter
est rate sensitivity of spending. In essence, the actions of
the monetary authority affect consumption and investment
through changes in interest rates. 1 In contrast to (or at
times in conjunction with) this interest rate transmission
mechanism, many authors have focused on a bank lending
channel for monetary policy. This lending channel oper
ates when central bank actions affect the supply of loans
from depository institutions ("banks") and, in tum, the
real spending of bank borrowers.

Two conditions must be satisfied for a bank lending
channel to operate: (1) banks do not fully insulate their
supply of loans from changes in reserves induced by the
monetary authority, and (2) borrowers cannot fully insu
late their real spending from changes in the availability of
bank loans. When the first condition holds, a tightening
of monetary policy directly constrains bank lending. That
is, after a fall in reserves, banks do not leave their stock of
outstanding loans unchanged by simply rearranging their
portfolio of other assets and liabilities; instead, the volume
of bank loans declines as part of the adjustment. The sec
ond condition implies that bank loans are an imperfect
substitute for other sources of finance for businesses.
When this condition holds, firms cannot costlessly replace
losses of bank loans with other types of finance,such as
commercial paper, trade debt, or loans from finance com
panies. Simply put, these two conditions embody the no
tion that bank loans are special, reflecting their limited
substitutability with other items on the balance sheets of
both banks and nonfinancial firms.

Empirical work on the existence of a bank lending chan
nel generally has focused on the correlations among ag
gregate output, bank debt, and indicators of monetary
policy.2 This work, however, is plagued by the problem of
identifying shifts in loan demand from shifts in loan sup
ply. Evidence that both output and bank loans fall after a

1. For a recent empirical study that solidly supports this channel, see
Duguay (1994).

2. See, for example, King (1986), Romer and Romer (1990), Bemanke
and Blinder (1988, 1992), and Ramey (1993).



4 FBRSF ECONOMIC REVIEW 1995, NUMBER 2

monetary tightening does not identify whether the decline
in loan volume reflects a constriction of loan supply or a
dampening of loan demand through the traditional interest
rate mechanism.

Kashyap, Stein, and Wilcox (1993), henceforth KSW,
cut through this identification problem by examining rela
tive movements in bank loans and commercial paper after
monetary shocks. The intuition is straightforward: A mon
etary shock that operates through the usual interest rate
channel lowers the demand for all types of finance, while
a monetary shock that operates through a bank lending
channel affects only the supply of bank debt. KSW find
that bank loans outstanding decline relative to commercial
paper after a monetary contraction, which they take as evi
dence for a bank lending channel.

We examine in more detail the evidence from the rela
tive movements of bank and nonbank debt. First, we ana
lyze the mix ofbank and nonbank debt separately for small
and large firms. As is well known, financing patterns dif
fer sharply across these two groups. Only the very largest
corporations issue significant amounts of commercial pa
per; conversely, small firms issue essentially no commer
cial paper, depending instead on banks as their primary
source of finance. With heterogeneous firms, a given
movement in the aggregate debt mix can reflect any num
ber of developments at the firm level. We show that a full
understanding of the mix can be obtained only by account
ing explicitly for heterogeneity.

Second, our analysis accounts for movements in all
types of debt finance. A limitation of KSW's analysis
which the authors themselves recognized-was the use of
commercial paper as the only form of nonbank debt. In
fact, firms obtain nonbank finance from many sources, in
cluding the issuance of longer-term securities, loans from
finance and insurance companies, and trade credit. A nar
row focus on commercial paper may exclude important
shifts in financing patterns after a change in monetary pol
icy. If, for example, firms substitute between commercial
paper and another source of nonbank finance, a narrow
measure of the finance mix will change even though the
actual mix of bank and nonbank debt has not been altered.

Our results provide no support for a bank lending chan
nel. Using data for the U.S. manufacturing sector, we find
almost no evidence that a monetary shock changes the
composition of bank and nonbank debt for either small
firms or large firms. Rather, the main effect of a monetary
contraction is to redirect all types of credit from small
firms to large firms. This shift produces the decline in the
aggregate bank-loan share observed by KSW, because
large firms rely less heavily on bank debt than do small
firms. Thus, given the absence of substitutions away from
bank debt at the firm level, movements in the aggregate

debt mix do not signal the existence of a bank lending
channel.

This result, however, does not rule out other forms of the
credit channel. In particular, much recent work has posited
a propagation mechanism for monetary policy that oper
ates through total credit, with no special role for loans
from depository institutions. This broad credit channel
emphasizes that information asymmetries between bor
rowers and lenders may restrict the supply of debt from all
sources after a monetary shock. Given the relative severity
of information problems for small firms, any constriction
of loan supply likely would hit these firms the hardest. Our
main finding-that monetary contractions induce a wide
spread shift in lending away from small firms-appears
consistent with the operation of a broad credit channel.
However, a full investigation of such a credit channel is be
yond the scope of this paper.3 Here, we tackle a narrower
question-namely, is there evidence for a credit channel
that operates primarily through the supply of bank loans?
We find no such evidence.

This paper is part of a rich literature concerning the dif
ferential effects ofmonetary policy on small and large bor
rowers. Early research on this topic inciudes Meltzer
(1960), Bach and Huizenga (1961), Siber and Polakoff

. (1970), and Ou (1979). Among more recent work, our pa
per is most closely related to Gertler and Gilchrist (1993,
1994). Both their work and ours uses the Quarterly Finan
cial Reportfor Manufacturing Corporations (QFR) as the
basic data source, and we both examine movements in debt
stocks, among other variables. Our paper contributes to
the literature by exploring in depth the information con
veyed by policy-induced changes in the debt mix, an in
quiry not found in the related work.

The paper proceeds as follows. The next section briefly
reviews the bank lending channel for monetary policy.
Then, Section II describes the data set we constructed from
the QFR. Section III presents the various measures of the
mix of bank and nonbank debt that we employ. Section IV
analyzes the response of the mix of short-term debt, in
cluding trade credit, to monetary shocks. We conduct a
similar analysis in Section V for the mix of total debt. Sec
tion VI summarizes the results.

I. OVERVIEW OF THE
BANK LENDING CHANNEL

Because the bank lending channel depends crucially on
the behavior of banks, an analysis of this channel should

3. For assessments of the broad credit channel based on the differential
behavior of small and large firms, see Gertler and Gilchrist (1993, 1994)
and Oliner and Rudebusch (1994).
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A SIMPLIFIED BANK BALANCE SHEET

Changes in Bank Balance Sheets

begin by examining movements in bank assets and liabili
ties after a shift in monetary policy. KSW supplement this
analysis by characterizing movements in the mix of bank
and nonbank debt on the balance sheets of nonfinancial
firms. In this section, we outline the operation of the bank
lending channel and describe the information provided by
both sets of balance sheets.

To understand the bank lending channel, consider the sim
plified bank balance sheet shown below. The assets in this
balance sheet consist of reserves, loans, and market secu
rities, while the liabilities consist of demand deposits and
time deposits. A fraction 't' of demand deposits must be
held in reserves, but there is no reserve requirement on
time deposits.4

This analysis of the bank's balance sheet highlights two
reasons why a bank lending channel for monetary policy
could fail to operate. First, as stressed by Romer and
Romer (1990), during a period of monetary stringency,
banks could offset the shrinkage of demand deposits by
obtaining more time deposits, especially by issuing more
certificates of deposit (CDs). Ifbanks can use zero-reserve
liabilities, such as CDs, to adjust their balance sheets, then
loan supply need not be affected by a decline in reserves.
Second, banks may be able to reduce their holdings ofgov
ernment and private securities to insulate loans from the
impact of tight money. Some degree of insulation is likely
because banks hold securities, in part, for their liquidity.

The actual response of bank balance sheets to monetary
shocks has been documented with aggregate data by
Bernanke and Blinder (1992). They find that six months
after a monetary contraction, holdings of securities and
deposits have fallen sharply, while the amount of out
standing bank loans has changed little. In contrast, two
years after the shock, loans have moved down almost one
for-one with the reduction in deposits, while securities
have been rebuilt nearly to their original level. The even
tual decline in loans foHowing a monetary tightening may
represent a restriction on loan supply via a bank lending
channel. However, the pattern uncovered by Bernanke and
Blinder also can be explained by the effects of the tradi
tional interest rate channel, which induces a drop in loan
demand and thus in the observed volume of bank loans.
Accordingly, in assessing whether a bank lending channel
exists, the evidence from bank balance sheets-while sug
gestive-is ultimately inconclusive.6

Changes in Firm Balance Sheets

KSW argued that the identification problem plaguing the
evidence from bank balance sheets could be solved by
comparing the movements of bank loans and commercial
paper on firms' balance sheets after a monetary shock. As
noted in the introduction, KSW's key assumption is that
the usual interest rate channel would reduce firms' de
mand for bank loans and other debt to an equal degree.
Thus, a decline in bank loans relative to other debt out
standing could be taken as evidence of a constriction in the
supply of bank loans.

LIABILITIES

Time Deposits
Demand Deposits

ASSETS

Reserves
Loans
Securities

One necessary condition for the bank lending channel
to operate is that the supply of bank loans must decline
after a reduction in reserves engineered by the monetary
authority. That is, banks must not fully insulate their sup
ply of loans by simply rearranging their portfolio of other
assets and liabilities. The bank's range of possible reac
tions to a monetary shock can be seen by reference to the
simplified balance sheet. Consider a monetary contraction
undertaken as an open market sale of securities by the cen
tral bank to the banking system, which raises bank hold
ings of securities by one dollar and lowers bank reserves
by the same amount. Assuming no excess reserves, the
fractional reserve requirement mandates that demand de
posits fall by lit dollars. Then, to enforce the balance
sheet identity, time deposits must rise by 1I't' dollars or, on
the asset side, loans and securities together must fall by the
same amount. The bank lending channel requires that loans
bear a substantial portion of this balance sheet adjustment.5

4. Before 1991, banks were required to hold reserves on some time de
posits, but the associated reserve requirements always were lower than
those on demand deposits.

5. Our discussion and analysis are focused only on this one necessary
condition for a bank lending channel. As noted in the introduction, the
other necessary condition is that bank loans and other sources of fi
nance must not be perfect substitutes for all borrowers.

6. Bemanke and Blinder's evidence actually suffers from a second iden
tification problem. Because bank loans are the only form of debt ex
amined in their study, they cannot determine whether the response of
bank loans to monetary policy differs from the response of other forms
of debt. Thus, the evidence they present cannot distinguish the bank
lending channel from what we have called the broad credit channel.
Also, see Morris and Sellon (1995) for a very different and negative as
sessment of the bank balance sheet evidence for a bank lending channel.
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KSW formalized this idea in a simple model in which a
firm selects the optimal mix of bank and nonbank debt to
minimize its cost of debt finance. This cost has two com
ponents. The first is the direct interest payment on the
firm's stock ofbank debt (B) and nonbank debt (N), which
equals rBB + rNN, where rB and rN are the respective interest
rates.? The second component, which partly offsets these
interest costs, is the "relationship" benefit (R) that the firm
derives from bank borrowing.8 KSW specify that

(1) R =f(BID)*D ,

what makes the latter an informative signal about con
straintson the supply of bank loans.

In their empirical work, KSW find that a tightening of
monetary policy induces a drop in the debt mix of non
financial firms, measured as the ratio of bank debt out
standing to the sum of bank debt plus commercial paper.
Guided by equation (3), KSW interpret this drop in the
debt mix as indicating a restriction of bank loan supply,
consistent with the. existence of aba-11k lending channel. lO

In the analysis below, we reconsider KSW's interpretation
of this evidence.

The first-order conditions for Band N imply:

Becausel' is positive, the interest rate spread rB- rN must
be greater than zero for (2) to hold. Now, let MP denote
the stance ofmonetary policy and differentiate (2) with re
spect to Mp, yielding

where D represents total debt (D=B+N) andf(e) is an in
creasing concave function (j' >°andf" < 0). That is, for
a given amount of total debt, the relationship benefit rises
with the bank loan share, subject to diminishing returns.
Using (1), the firm's choice problem is

Min C = rBB + rNN - f(BID)D S.t. B + N = D.
B,N

II. DATA DESCRIPTION

We assembled our data set, which spans the period 1973.Q4
to 1991.Q2, from various issues of the Quarterly Financial
Report for Manufacturing, Mining and Trade Corpora
tions (QFR).l1 The QFR has been published since 1982 by
the Census Bureau. and before then was published by the
Federal Trade Commission and the Securities and Ex
change Commission. The QFRprovides a quarterly bal
ance sheet and income statement for the manufacturing
sector as a whole and for eight size classes based on a sam
ple of more than 7,000 manufacturing companies. I2 The
reported size classes consist of corporations with total
assets (at book value) of less than $5 million, $5 to $10
million, $10 to $25 million, $25 to $50 million, $50 to
$100 million, $100 to $250 million, $250 million to $1 bil
lion, and more than $1 billion.

We condensed the eight asset size classes into one ag
gregate of "small" firms and another of "large" firms. Be
cause the size classes reported in the QFR are defined in
terms of fixed nominal cutoffs, these classes have no con
sistent meaning over a span of twenty-odd years. We cre
ated more meaningful aggregates of small and large firms
through the following procedure. Let Cly) denote the
cumulation of those size classes, starting from the bottom
of the size distribution, that make up ypercent of the man
ufacturing capital stock at time t. 13 For example, Cly)

dMP

1
f"(B/D)

rB - rN =f'(BID).

d(B/D)

dMP
(3)

(2)

Equation (3), the main result from KSW's model, shows
that the optimal debt mix, BID, moves inversely with the
spread between the interest rates on bank loans and non
bank debt (becausef" < 0). Thus, if a tightening of mone
tary policy reduces the supply of bank loans relative to
nonbank loans, the spread of rB over rN would widen, caus
ing the optimal debt mix BID to fall. Conversely, if a
monetary contraction had no effect on relative loan sup
plies, both the spread rB - rN and the debt mix BID would
be unchanged.9 This linkage between rB - rN and BID is

7. KSW's model specified commercial paper to be the only form ofnon
bank debt; however, their model applies as well to a broader measure of
nonbank debt.

8. One aspect of this relationship benefit is the monitoring done by the
bank, which has value because it signals the firm's creditworthiness to
all lenders.

9. See Hall and Thomson (1992) for further analysis of the effect of a
monetary tightening on the interest rate spread. They show that the
spread unambiguously widens when the bank lending channel is at
work-that is, when this channel deepens the contractionary effects of
a monetary tightening.

10. KSW also find that movements in the aggregate debt mix help ex
plain fluctuations in investment spending, which they interpret as sup
porting the second necessary condition for the bank lending channel
(i.e., that some firms depend on bank credit to fund spending).

11. The details of our procedures are provided in Appendix A.

12. As indicated by its title, the QFR also provides data for the mining
and trade sectors. However, the absence of breakdowns by size class
makes the mining and trade data useless for this paper.

13. We define the capital stock to be the sum ofplant, equipment, land,
and mineral rights-the usual measure of fixed capital on financial
statements.



might include all asset size classes up to and including the
$25 to $50 million class. To construct a time series for any
variable for the small-firm group, we first computed the
growth rate of this variable between quarters t-l and t us
ing the data for the aggregate ClY). Repeating this process
quarter by quarter yielded a time series ofgrowth rates. We
linked these growth rates to an initial level of the variable
to obtain the desired quarterly series (in levels) for the
small-firm group. The data series for the large-firm group
were computed simply as the difference between the quar
terly levels for total manufacturing and the small-firm
group.14

For our analysis, we used the 15th percentile of the cap
ital stock distribution (Y =15) as the boundary between the
two size groups. With this value of y, the largest size class
used to calculate growth rates for our small-firm group in
1970 was the $25 to $50 million asset class. By 1990, this
marginal size class had risen to the $100 to $250 million
class, reflecting the upward shift of the nominal size dis
tribution. 15 By allowing the marginal size class in ClY) to
rise over time, we control for the inflation of nominal price
levels.

Although the QFR is a rich source of information on the
cyclical behavior.of manufacturing, it was not designed to
provide consistent series over time. Rather, the QFR is a
sequence of cross-sectional snapshots of the manufactur
ing sector. If one naively links these quarterly snapshots,
the resulting time series will be contaminated by frequent
breaks. These discontinuities mainly reflect changes over
time in the accounting conventions and sampling methods
used by the QFR. Fortunately, these breaks can be elimi
nated: Each issue of the QFR provides restated estimates
for the previous four quarters, which enables one to adjust
the data prior to a level jump. We level-adjusted every se
ries for a given year by the ratio of the restated to the orig
inal value of the series for the fourth quarter. We then
aggregated these adjusted series across size classes by the
method described above, converted the aggregated series
to constant 1987 dollars, and seasonally adjusted the re
sulting constant-dollar series.

14. This description is overly simplified in one respect. Combining the
individual size classes reported in the QFR never yielded an aggregate
with exactly 'Y percent of the manufacturing capital stock. See Appen
dix A for our method of dealing with this issue.

15. Although our small-finn group accounts for a relatively modest
share of the total capital stock in manufacturing, increasing the value
of'Y would shift some rather large finns into the resulting aggregate. In
deed, raising 'Y just to the 20th percentile would yield a small-finn group
that included companies with assets of$250 million to $1 billion in 1990.
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The QFR disaggregates debt into bank loans, commer
cial paper, and other nonbank debt. Bank debt and other
nonbank debt, in tum, are each split by maturity into short
term debt (which has an original maturity of one year or
less) and long-term debt. The QFR also provides data on
trade credit-that is, accounts payable and accounts receiv
able. Although not classified as debt in the QFR, accounts
payable are, in fact, an important form of short-term debt.
Accordingly, some of our measures of the debt mix in
clude accounts payable (which we denote hereafter by
"trade debt").

All our debt series represent gross liabilities for a cer
tain group of firms without regard to the identity of the
lender. For example, our series for small-firm trade debt is
the total trade debt owed by such firms to all suppliers,
which may include other small manufacturing firms. As a
result, an increase in this trade-debt series may not repre
sent a net rise in funds provided to the small-firm group.
Thus, debt mix variables that include trade debt potentially
could give a distorted picture of relative credit supplies. In
light of this potential problem, we examine whether our
results are sensitive to the inclusion of trade debt. 16

III. MEASURING THE MIX OF BANK
AND NONBANK DEBT

Before we examine the response of the mix of bank and
nonbank debt to monetary shocks, it is useful to describe
the range of nonbank financing options available to small
and large firms and the relative importance of bank lend
ing. Table 1 summarizes the composition of debt for our
two groups of manufacturing firms in 1980, a representa
tive year from our sample. The top part of the table shows
the amount outstanding in billions of 1987 dollars for each
type of debt, while the bottom part gives the definitions
and the levels of the various mix variables that we exam
ine below.

Focus first on short-term debt, which consists of trade
debt (TD), commercial paper (CP), short-term bank loans
(B) and short-term "other" debt (0). As can be seen, trade
debt is the dominant form of short-term finance for both
small and large firms, accounting for about two-thirds of
total short-term debt for each group. However, apart from

16. The likelihood that intra-group lending relationships will exist is
much greater for trade debt than for other types of debt simply because
manufacturing finns serve as suppliers of inputs to one another. How
ever, one cannot rule out intra-group holdings of commercial paper or
other nonbank debt, a problem that would affect KSW's commercial
paper series as well as ours. In contrast, our data on bank debt is free of
this problem because the lender clearly is outside the manufacturing
sector.
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TABLE 1

COMPOSITION OF TOTAL DEBT

FOR MANUFACTURING COMPANIES IN 1980

SMALL FIRMS LARGE FIRMS

BILLIONS OF 1987 DOLLARS

Total debt 1 "JC\ I'l L:,..,,= (l
IJ7.L U.JJ./

Trade debt (TD) 44.0 138.3

Bank loans (TB) 55.1 100.2

Short-term (B) 19.5 24.7

Long-term 35.6 75.5

Connnercial paper (CP) .1 19.6

Other debt (TO) 40.0 377.8

Short-term (0) 3.8 12.9

Long-teiTJ1 36.2 364.9

Total short-term debt 67.4 195.5

Total long-term debt 71.8 440.4

RATIO

Measures of short-term debt mix

MIXKsw =B/(B+CP) .99 .56

MIXo =B/(B+CP+O) .83 .43

MIXTD =B/(B+CP+O+TD) .29 .13

Measures of total debt mix

TMIXo =TB/(TB+CP+ TO) .58 .20

TMIXTD =TB/(TB+CP+TO+TD) .40 .16

NOTE: Authors' calculations using Quarterly Financial Report. Short-
term debt is defined as debt with an original maturity of less than one
year; long-term debt is debt with an original maturity of more than
one year.

this common reliance on trade debt, the short-term financ
ing patterns of the two groups differ substantially. In par
ticular, small firms depend on bank loans for a much larger
fraction of their total short-term credit than do large firms.
Furthermore, small firms issue essentially no commercial

paper, while large firms have almost as much commer
cial paper outstanding as they have short-term bank loans.
Finally, both types of firms do have access to other sources
of short-term nonbank debt (O),such as loans from finance
and insurance companies.

Using these short-term instruments, we construct three
measures of the mix of bank and nonbank debt. The first
measure is simply the ratio of short-term bank debt to the
sum of this debt plus com_mercial paper; we denote this
measure by MIXKsw == B/(B+CP) because it follows the
definition used by KSW: However, as we just discussed,
MIXKswomits several important nonbank sources of short
term debt. Accordingly, we employ broader measures of
the mix to capture a wider range of potential substitutions
between bank and nonbank finance. One such measure is
the ratio of short-term bank debt to total short-term debt
(excluding trade debt), which we denote by MIXo ==
B/(B+CP+O). Finally, to allow for an even wider range of
substitutions, our third short-term mix variable is defined
to include trade debt: MIXTD==B/(B+CP+O+TD). The in
clusion of trade debt in the finance mix is justified both by
its relative importance as a source of short-term credit and
by the suggestion of many observers-including KSW
that trade debt functions as a leading substitute for short
term bank loans. 17

We now shift our attention to long-term debt, defined as
debt with an original maturity of more than one year. As
noted above, the QFR reports the long-term component of
both bank loans and "other" debt (commercial paper and
trade debt are exclusively short term). The top part ofTable
I highlights the importance of long-term debt as a source
of funding for manufacturers. Long-term instruments con
stitute the bulk of total bank debt (TB) and total "other"
debt (TO) for both small and large firms. Indeed, long
term debt accounts for just over half of the total debt of
these small firms and more than two-thirds of the total debt
of the large firms.

Although KSW and others in this literature have fo
cused on short-term debt, substitutions between bank and
nonbank debt may well involve instruments with maturi
ties longer than one year. 18 If such substitutions do occur,
the mix of short-term debt alone may not fully character
ize relative loan supplies. In fact, there is direct evidence
that firms consider bank debt to be a substitute for nonbank

17. This view dates back at least to Meltzer (1960), who argued that the
bank lending channel was limited in scope because trade debt extended
by large firms could cushion any fall in bank lending to small firms.

18. Note that the use of a one-year original maturity to distinguish short
term debt from long-term debt is simply an accounting definition used
on balance sheets; it has little economic significance.



debt with maturities greater than one year. Following SEC
regulations, the prospectus for a public bond offering must
disclose the intended use of the proceeds. Frequently,
firms state that the funds will be used to refinance bank
debt. For example, in a study of speculative-grade (junk)
bonds issued from 1983 to 1991, Fridson and Weiss (1992)
found that almost a quarter of all proceeds were earmarked
for paying down bank debt.

Given the importance of long-term debt and the like
lihood of substitutions across the maturity spectrum, we
consider two measures of the mix of total debt, displayed
in the bottom two rows of Table 1. These two measures
are TMIXo == TB/(TB+CP+TO), the ratio of total bank
loans to total debt excluding trade debt, and TMIXTD ==
TB/(TB+CP+TO+TD), the corresponding ratio that in
cludes trade debt.

IV. MONETARY POLICY AND
THE MIX OF SHORT-TERM DEBT

This section examines movements in the mix of short-term
debt stocks to assess whether monetary policy directly
constrains the supply of bank lending. To preview our re
sults, we find no evidence-for either small or large firms
-that bank loans decline as a share of short-term debt af
ter a monetary contraction. This finding casts doubt on the
operation of an important bank lending channeL For ag
gregate manufacturing, we find that MIXKsw and MIXo do
respond significantly to monetary shocks. However, these
aggregate results are driven by a reallocation of both bank
debt and nonbank debt towardlarge firms after a monetary
shock, which reflects a tightening of all types of credit for
small firms, not a constriction of bank lending alone.

The Response of the Debt Mix to Monetary Shocks

Our analysis of the effect of monetary policy on the debt
mix follows the methodology in KSW: 19 We regressed the
change in either MIXKsw, MIXo, or MIXTD on four quarterly
lags of itself, eight lags of a monetary policy indicator (de
noted MP), and a constant: 20

19. This methodology has been criticized by some for failing to distin
guish between endogenous and exogenous policy actions. We also con
ducted a similar analysis with a VAR in Oliner and Rudebusch (1995),
which is not subject to this criticism, and we obtained similar results.

20. This specification is essentially the same as KSW's "bivariate"
specification. Our results, however, were not materially different when
we added lags of the growth of real GDP, as in KSW's "multivariate"
specification.

OLINER AND RUDEBUSCH /BANK LENDING CHANNEL 9

4

(4) /)"MIXj,t =c+ 'L(X;/)"MIXj.t- 1
;=1

8

+ 'L~;MPr-l + Uj,t (j =KSl.v, 0, TD).
i=1

Table 2 reports the sum of the ~; coefficients, as well as the
t statistic for the test of the significance of this sum.21 To
ensure robustness, we employ two indicators of the stance
of monetary policy: changes in the federal funds rate, the
indicator recommended by Bernanke and Blinder (1992),
and a dummy variable for the dates selected by Romer and
Romer (1989, 1994) as marking the beginning of an anti
inflationary tightening of monetary policy by the Federal
Reserve. The Romer dummy variable equals one in the
quarter of the "Romer date" and zero otherwise. Our sam
ple period contains four such Romer dates: April 1974,
August 1978, October 1979, and December 1988.

Under a bank lending channel, we would expect the var
ious measures of mix to decline in response to a monetary
contraction. As shown in the upper block of Table 2, both
MIXKsw and the broader measure MIXo decline for the ag
gregate manufacturing sector after a Romer date or a pos
itive innovation in the federal funds rate. These declines in
mix have marginal significance levels ranging from about
0.04 to 0.15 in a two-sided t test. These results are largely
consistent with those obtained by KSW, who found
based on data for the nonfinancial business sector-that
MIXKsw declined significantly after a tightening of mone
tary policy.

Yet, when we apply this analysis ofMIXKsw and MIXo to
small and large firms, the result are far less supportive of a
bank lending channeL For small firms, the only significant
change in either mix variable is a rise in MIXKsw, which
suggests a shift toward bank finance. And for large firms,
only the decline in MIXKsw after a Romer date is close to
statistical significance. These results for small and large
firms cast doubt on KSW's story of a substitution at the
firm level between bank debt and nonbank debt. Adding
trade debt to the measure of mix further weakens the case
for a bank lending channeL As shown in the final column
of Table 2, MIXTD never changes significantly after a mon
etary shock.

Table 3 examines the movements in the various types of
short-term debt that underlie the results for the debt mix
shown in Table 2. The results in Table 3 were derived by
estimating equation (4), with the log difference of each

21. We also performed exclusion tests, which test whether the ~i coeffi
cients are jointly zero. These tests were no more favorable to the bank
lending channel than the results we report.
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TABLE 2

MIX OF SHORT-TERM DEBT STOCKS: RESPONSE TO MONETARY POLICY

MIXKSW

B/(B+CP)

TOTAL MANUFACTURING

MIXo
B/(B+CP+O)

MIXTD

B/(B+CP+O+TD)

Romer dates

Federal funds rate

LARGE FIRMS

-.072 -.068** -.001
(1.61) (2.07) (.06)

-.011* -.006 .002
(1.68) (1.43) (.99)

Romer dates

Federal funds rate

SMALL FIRMS

Romer dates

Federal funds rate

-.070
(1.50)

-.005
(.83)

.004
(.98)

.002**
(2.62)

-.011
(.35)

.001
(.30)

-.015
(.75)

-.002
(.64)

.003
(.18)

.002
(.84)

-.014
(.94)

.003
(lAO)

NOTES: Results are derived from an OLS regression over 1975.Q2 to199l.Q2 of each mix variable on a constant, four quarterly lags of itself, and eight
quarterly lags of the monetary policy indicator.All variables except the dummy for Romer dates were differenced. Each table entry shows the sum of
the coefficients on the lags of the monetary policy indicator, with the t statistic (in absolute value) in parentheses.
** Significantly different from zero at the 5 percent level.
*Significantly different from zero at the 10 percent level.

debt variable replacing the change in the debt mix. As in
Table 2, we report the sum of the coefficients on eight lags
of each monetary policy indicator, as well as the associ
ated t statistic. The left side of Table 3 reports the results
for bank loans and the other components of short-term
debt, while the rightside reports analogous results for the
debt aggregates serving as the denominator of MIXKsw,
MIXo, and MIXTD , respectively.

Focusing first on total manufacturing, the movements in
the individual debt components are generally insignificant.
Nonetheless, the point estimates indicate a step-up in the
stock of commercial paper (CP) and a smaller rise in other
nonbank debt (0), combined with little change in bank
loans outstanding. The sizable increase in commercial pa
per after a monetary contraction drives down both MIXKSW

and MIXo for aggregate manufacturing, producing the re
sults displayed in Table 2. These patterns for bank loans

and commercial paper in aggregate manufacturing are
broadly in line with those obtained by KSW for the total
nonfinancial business sector. Given this similarity, we be
lieve that the insights developed in the remainder of the
paper can be generalized to the broader sector studied by
KSW:

The results in Table 3 also reveal important differences
in the behavior of small and large firms. For large manu
facturers, short-term debt outstanding-both bank and
nonbank-tends to expand after a monetary contraction,
while these debt stocks generally decline for small manu
facturers.22 Although the changes in debt stocks for both

22. Importantly, this pattern also holds for trade debt. Thus, we find no
evidence that small firms make greater use of trade debt to offset po
tential constraints on the supply of bank loans.



OLINER AND RUOEBUSCH /BANK LENDING CHANNEL 11

TABLE 3

SHORT-TERM DEBT STOCKS: RESPONSE TO MONETARY POLICY

INDIVIDUAL TYPES OF DEBT TOTAL OF BANK LOANS PLus
Bank Loans Commercial Paper Other Debt Trade Debt

(B) (CP) (0) (TD) CP CP+O CP+O+TD

TOTAL MANUFACTURING

Romer dates .008 .139 .048 .001 .013 .053 .010
(.10) (.65) (.23) (.02) (.13) (.59) (.22)

Federal funds rate .006 .076** .023 -.014* .013 .026 -.000
(.47) (2.15) (.74) (1.83) (.82) (1.67) (.00)

LARGE FIRMS

Romer dates .073 .139 .071 .016 .051 .099 .039
(.53) (.64) (.28) (.34) (.39) (.83) (.69)

Federal funds rate .027 .079** .019 -.013 .027 .046** .012
(1.20) (2.17) (.50) (1.48) (1.16) (2.10) (.97)

SMALL FIRMS

Romer dates -.105 -.948* -.095 -.057 -.110 -.093 -.058
(1.54) (1.72) (.67) (1.41) (1.62) (1.55) (1.58)

Federal funds rate -.006 -.166** .007 -.018** -.006 -.006 -.016**
(.63) (2.22) (.31) (2.99) (.67) (.66) (2.82)

NOTES: Results derived from an OLS regression over 1975.Q2 to 1991.Q2 of the log of each debt variable on a constant, four quarterly lags of itself,
and eight quarterly lags of the monetary policy indicator. All variables except the dummy for Romer dates were differenced. Each table entry shows
the sum of the coefficients on the lags of the monetary policy indicator, with the t statistic (in absolute value) in parentheses.
** Significantly different from zero at the 5 percent level.

* Significantly different from zero at the 10 percent level.

small firms and large firms are mostly insignificant, the
difference between the two groups usually is significant.
Thus, we observe a widespread reallocation of short-term
credit from small firms to large firms in response to a tight
ening of monetary policy, a pattern also highlighted by
Gertler and Gilchrist (1993, 1994).23 In addition, our re
sults are consistent with those presented in Morgan (1992)
and Lang and Nakamura (1992). During periods of tight
money, Morgan found an increase in the share of bank

23. In their analysis of the QFR data, Gertler and Gilchrist used net
sales rather than capital stock as the yardstick for defining the small
firm group; they also employed a somewhat different procedure from
ours for seasonal adjustment. Despite these differences, their results
line up with ours, indicating that the observed reallocation of credit to
ward large firms after a monetary contraction is robust to alternative
treatments of the QFR data.

loans made under pre-existing loan commitments, while
Lang and Nakamura found an increase in the share ofbank
loans carrying an interest rate less than prime plus 1 per
cent. Both characteristics are generally associated with
loans to large firms.

To sum up, the QFR data provide strong evidence of a
broadly based reallocation of lending toward large firms
after a monetary contraction. In contrast, there is little sign
of a substitution away from bank debt for either small or
large firms. Hence, the results in Tables 2 and 3 cast doubt
on the existence of a credit channel operating primarily
through bank lending.

Interpreting the Aggregate Mix Results

How can we reconcile the finding ofno significant decline
in any mix variable for either small or large firms after a
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where

holding fixed the mix of debt for both groups. For SHIFT
to be nonzero, not only must the debt growth of small firms
differ from that of large firms, but the mix of debt also
must differ between the two groups. In fact, both of these
conditions hold. Table 1 showed that small firms depend
far more heavily on short-term bank loans than do large
firms, so that MIXs > MIXL . In addition, Table 3 showed
that monetary contractions cause a reallocation of manu
facturing-sector debt aV/ay from small firms~that is,
!!:..D SJDs < !!:..DL/DL. Therefore, SHIFT will be negative, im
plying that MIXA can fall significantly after a monetary
contraction even though MIXs and MIXL do not. The ag
gregate debt mix declines because a monetary contraction
induces a shift in the share oftotal short-term debt toward
large firms, which rely much less on bank loans than do
small firms.

Once we control for the influence of this shift in debt
shares, does there remain any significant effect of mone
tary policy on MIXKsw and MIXo for aggregate manufac
turing? This question boils down to the response of the
FIXED component of each mix variable to a monetary
policy shock. To answer this question, we used equations
(10) and (11) to compute FIXED and SHIFT for both
!!:..MIXKSW and !!:..MIXo (for the sake of completeness, we
also computed this decomposition of !!:..MIXTD).24 We then
estimated equation (4) for the FIXED and SHIFT compo
nent of each mix variable-the same regression that we
ran for the mix variables and the individual types of debt.
Paralleling the presentation in Tables 2 and 3, Table 4 re
ports the sum of the coefficients on the lags of the mone
tary policy indicator from these regressions.

As shown in Table 4, FIXED never declines signifi
cantly after a tightening of monetary policy. In contrast,
SHIFT moves down significantly in every instance except
one. These results are quite damaging to the case for a
bank lending channel. The lack of a significant decline in
FIXED means that our earlier results for MIXKSW and MIXo
for aggregate manufacturing cannot be viewed as evidence
of a substitution away from bank loans toward nonbank
debt. Rather, these measures of the debt mix are heavily in
fluenced by a general redirection of short-term credit to
ward large firms, in which bank loans have no special role.

(7)

Now, because es =DS/DA =DS/(DS +DL), one can show
that

(5)

monetary tightening with the evidence that both MIXKsw
and MIXo decline significantly at the aggregate level? To
address this question, we express the debt mix for aggre
gate manufacturing (MIXA) in terms of the mix for small
firms (MIXS) and large firms (MIXL):

where the superscripts A, S, and L denote aggregate manu
facturing, small firms, and large firms, respectively, Di de
notes total short-term debt for group i U=A,S,L), and es=
DS/DA and eL=DL/DA are the shares of total short-term
manufacturing debt held by small firms and large firms, re
spectively. By appropriately defining total debt, D, the MIX
measures in equation (5) can represent either MIXKsw,
MIXo, or MIXTD; for example, equation (5) would be a de
composition of MIXo if D =B+CP+o.

Equation (5) implies that

(6) !!J.MIXA z eS!!:..MIXs + eL!!:..MIXL

Substituting equations (7) and (8) into (6), we obtain

(9) !!:..MIXA =FIXED + SHIFT

(10) FIXED == eS!!:..MIXs + eL!!:..MIXL

(11) SHIFT==eSel:(MIXS-MIXL)(~S _ ~L).

Equation (9) shows that !!:..MIXA is the sum of two terms.
The first, denoted FIXED, is the share-weighted average of
!!:..MIXs and !!:..MIXL. This is the expression for !!:..MIXAthat
would result if the distribution of manufacturing sector
debt between small and large firms were constant in the
face of monetary shocks. However, when the debt shares
esand eLare altered by monetary policy, the SHIFT term
comes into play. SHIFT captures the pure effect of shifts
in the shares of total debt held by small and large firms,

24. FIXED and SHIFT at time t represent contributions to the change
in MIXA between time t-1 and time t. In computing FIXED and SHIFT
at time t, we used the average values of es, eL, MlXs, and MlXL at t-l
and t.

25. The reallocation of credit from small to large firms may signal a
broad credit channel (as Gertler and Gilchrist, 1993, argue). This inter
pretation would explain KSW's other empirical finding-that the ag
gregate debt mix (which, we have shown, contains information on the
differential flows of credit for small and large firms) helps predict real
activity. Given our result that the first necessary condition for a bank
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TABLE 4

DECOMPOSING CHANGES IN MIX OF SHORT-TERM DEBT STOCKS FOR AGGREGATE MANUFACTURING

MIXKsw MIXo MIXrD
FIXED SHIFT FIXED SHIFT FIXED SHIFT

ROMER DATES -.046 -.018 -.016 -.024* .003 -.004**
(1.42) (l.18) (.65) (1.95) (.27) (2.08)

FEDERAL FUNDS RATE -.003 -.005** """ -.007** .002 -.001**.uvv

(.75) (2.01) (.06) (3.07) (1.15) (2.37)

NOTES: Results derived from an OLS regression over 1975.Q2 to 1991.Q2 of each variable on a constant, four quarterly lags of itself, and eight quar
terly lags of the monetary policy indicator. See the text for the definitions of FIXED and SHIFT. The only variable differenced for the regression was
the federal funds rate; FIXED and SHIFT were not differenced because they are constructed from log differences of debt. Each table entry shows the
sum of the coefficients on the lags of the monetary policy indicator, with the t statistic (in absolute value) in parentheses.
** Significantly different from zero at the 5 percent level.
* Significantly different from zero at the 10 percent level.

Given the similar properties of our data and that employed
by KSW; this reallocation of credit likely explains as well
their finding of a significant drop in MIXKsw after a mon
etary tightening.25

V. MONETARY POLICY AND
THE MIX OF TOTAL DEBT

TABLE 5

MIX OF TOTAL DEBT STOCKS:

RESPONSE TO MONETARY POLICY

TMIXo TMIXTD

TB/(TB+CP+TO) TB/(TB+CP+TO+TV)

-.027* -.012
(1.99) (1.24)

-.003 .001
(1.42) (.58)

This section examines the effect of monetary policy on the
mix of total debt, measured as TMIXo =TB/(TB+CP+TO)
or TMIXTD =TB/(TB+CP+TO+TD). As we discussed in
Section III, a good case can be made for broadening the
analysis to encompass long-term debt. In particular, be
cause substitutions likely occur across the spectrum of
debt maturities, the results obtained from short-term debt
alone may distort the shifts in the debt mix induced by
monetary policy.

OUf empirical analysis of total debt parallels the analy
sis of short-term debt in Section IV. We first regressed the
change in either TMIXo or TMIXTD on four quarterly lags
of itself, eight lags of a monetary policy indicator, and a
constant. Table 5 reports the sum of the coefficients on
the lags of the monetary policy indicator and the associ
ated t statistic. As can be seen, there is almost no evidence
of a significant change in the total debt mix after a mone
tary contraction. For aggregate manufacturing and for
large firms, the results are uniformly insignificant. Small

TOTAL MANUFACTURING

Romer dates

Federal funds rate

LARGE FIRMS

Romer dates

Federal funds rate

SMALL FIRMS

Romer dates

Federal funds rate

-.013
(.94)

.000
(.06)

-.010
(.62)

.001
(.41)

-.010
(.93)

.001
(.47)

-.009
(.69)

.001
(.62)

lending channel does not hold, the predictive power of the debt mix
cannot reflect the existence of a bank lending channel. Indeed, in Oliner
and Rudebusch (1995), we show that it is only the SHIFT component
of the aggregate debt mix that helps predict real activity.

NOTE: See note to Table 2 for description of regressions.
* Significantly different from zero at the 10 percent level.
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firms provide the only evidence of a decline in the debt
mix, with TMIXo falling significantly after a Romer date.

We do not regard this one significant result as grounds
to reject the null hypothesis of no bank lending channel.
First, the other mix responses reported in Table 5 are all
insignificant, which casts doubt on the robustness of the
one significant response. Indeed, in light of the large num
ber of estimated responses given in Tables 2 and 5, a sin
gle significant response might be expected even if the debt
mix did not actually react to monetary shocks (i.e., a type
I error). Second, the lack of confirming evidence in Table
5 for large firms is particularly damaging. Because of their
freer access to nonbank credit, large firms would be more
able than small firms to secure nonbank financing if the
supply of bank loans were constrained. The resulting rise
in nonbank debt (N) in the denominator of the mix mea
sure BI(B+N) for large firms would cause their mix to drop
especially sharply if there were a bank lending channel.
Yet, we find no significant response oflarge-firm mix vari-

abIes to a monetary shock.26 Overall, Table 5 indicates that
the case for a bank lending channel is extremely weak.

Table 6 displays the response of each component of
TMIXo and TMIXTD to a monetary shock; each table entry
again shows the sum of the coefficients on eight lags of the
monetary policy indicator. As a rule, we find that total debt
stocks decline for small firms after a monetary contraction,
but increase for large firms, mirroring the pattern seen in
Table 3 for short-term debt. TMIXo and TMIXTD generally

26. There are two other reasons for discounting the importance of the
one significant change in small-firm mix. First, as shown in Appendix
B, differences in the average maturity of bank and nonbank debt might
have caused the debt mix to move spuriously in this particular case. Sec
ond, we have also analyzed the movements in the mix of total debt flows,
complementing the analysis of total debt stocks in this section. The flow
measure of the debt mix for small firms and large firms never declined
significantly after a monetary contraction. (In the model presented in
Appendix B, one can show that the flow and stock measures of the debt
mix function equally well as indicators of the bank credit channel).

TABLE 6

TOTAL DEBT STOCKS: REsPONSE TO MONETARY Poucy

INoMDUAL TYPEs OF DI!BT TarAL OF BANK LoANs PLus
BanlcLoans Commercial Paper OthcrDebt TradcDebt

(7'8) (CP) (TO) (TD) CP+TO CP+TO+TD

TarAL MANUFAC1t1IllNG

Romcrdales -.034- .139 .016 .001 .002 -.006
(.51) (.65) (.54) (.02) (.08) (.21)

FedcraJ funds rate .012 .076·· ;007· -.014· .008· .005
(1.11) (2. IS) (1.73) (1.83) (1.80) (LOS)

LAROE FIRMS

Romcrdales -.023 .139 .019 .016 .009 .007
(.24) (.64) (.61) (.34) (.29) (.22)

FedcraJ funds rate .019 .079·· .007 -.013 .009· .007
(1.28) (2.17) (1.63) (1.48) (1.89) (1.4S)

SMAlL FIRMS

Romer dales -.09S·· -.948· .017 -.OS7 -.07S·· -.076··
(2.39) (1.72) (.33) (1.41) (2.19) (2.72)

Federal funds rate -.004 -.166" .009 -.018·· .000 -.007
(.69) (2.22) (1.31) (2.99) (.01) (1.62)

NOTE: See note to Table 3 for description of regressions•
•* Significantly different from zero at the S percent level.
* Significantly different from zero at the 10 percent level.



TABLE 7

DECOMPOSING CHANGES IN MIX OF TOTAL

DEBT STOCKS FOR AGGREGATE MANUFACTURING

TMIXo TMIXTD

FIXED SHIFT FIXED SHIFT

ROMER DATES -.011 -.004** -.008 -.002**
{ '7"'\ (ry ()A\ ( '7A\ (') 1 ,,\
\.I,J ) \~.V""T} ,.f,"} , ..... .L-' I

FEDERAL FUNDS RATE .001 -.001 * .001 -.0004**
(.31) (1.82) (.71) (2.34)

NOTE: See notes to Table 4 for description of regressions.
** Significantly different from zero at the 5 percent level.
* Significantly different from zero at the 10 percent level.

fail to change significantly after a monetary shock, be
cause total bank loans for each group tend to move in tan
dem with its debt aggregate.

To complete our analysis of total debt stocks, Table 7
presents the decomposition of TiviIXo and TMIXTD into
their FIXED and SHIFT components. Recall that FIXED
represents the change in the debt mix for aggregate manu
facturing after controlling for changes in the shares of debt
held by small and large firms, while SHIFT represents the
effect of any such changes in shares on the aggregate mix
variable. Echoing the results we obtained for short-term
debt, Table 7 shows that a monetary contraction has no sig
nificant effect on the FIXED component of TMIXo or
TMIXTD. This result is not surprising, as Table 5 provided
little evidence of movements in TMIXo and TMIXTD forei
ther small firms or large firms. In contrast, SHIFT declines
significantly for every case shown in Table 7. Thus, for
total debt stocks, there is strong evidence that monetary
contractions induce a significant shift in overall lending
not merely bank loans-away from small firms. Taken to
gether, the results in Tables 5 through 7 for total debt are
inconsistent with the existence of an important bank lend
ing channel, as were the earlier results for short-term debt.

VI. CONCLUSION

The crucial shortcoming of most previous empirical work
on the bank lending channel is the inability to identify
whether movements in bank debt reflect shocks to overall
credit demand or shocks to bank loan supply. KSW attempt
to solve this problem by controlling for demand shocks
with changes in commercial paper outstanding. With this
identification of demand shocks, KSW interpret move
ments in bank loans relative to commercial paper after a
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monetary shock as reflecting changes in bank loan supply.
However, in an economy with heterogeneous agents, ag
gregate results must always be treated with caution. We
find that for both small and large firms bank debt behaves
little differently from nonbank debt after a monetary
shock. This is true regardless of whether trade credit is in
cluded in the analysis. Thus, at the disaggregated level,
there is no evidence that monetary contractions limit the
supply of bank debt relative to other forms of finance. Our
conclusion, like those of Gertler and Gilchrist (1993) and
Eichenbaum (1994), is that the disaggregated data provide
no evidence for a bank lending channel.

We should stress, however, that our results do not rule
out the possibility of "credit crunches" in the banking sec
tor. Indeed, many observers believe that such a credit
crunch began before the onset of the 1990-1991 recession,
brought on by a combination of increased bank capital re
quirements, more stringent regulatory practices, and a
sharp deterioration in bank balance sheets. A number of
studies, reviewed in Sharpe (1995), have tried to determine
why bank lending weakened before the recession and then
remained anemic for several years. Although the results of
these studies are often hard to interpret, Peek and Rosen
gren (1995) have provided compelling evidence that reg
ulatory actions limited the supply of bank loans in New
England during this period. We see no inconsistency be
tween our results and evidence that bank lending is at
times depressed by sector-specific shocks. Our point is
that, at least since the mid-1970s, monetary contractions
have not systematically reduced the supply of bank loans
relative to other sources of credit.

Finally, as noted in the introduction, our evidence is con
sistent with a broad view of the credit channel that em
phasizes the information asymmetries faced by all lenders,
rather than any unique features of bank debt. In this mech
anism, increases in the riskless interest rate induced by the
monetary authority magnify the premium for external debt
charged to certain borrowers. One such class of borrowers
is small firms, which likely face severe credit market im
perfections. Our finding that monetary contractions redi
rect credit away from small firms toward large firms
accords with this view of the credit channel.
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ApPENDIX A

This appendix details several aspects of the procedure for
constructing the debt series used in our empirical work.
See Table A.l for a listing of the QFR series that served as
our source data.

Creating Time Series for the Small-Firm Group

This discussion supplements the brief description in Sec
tion II of our method for creating time series for the small
firm group. First, for each quarter of the sample period, we
identified what we call the "marginal size class." Aggre
gating the size classes starting with the smallest, the mar
ginal size class is the final one that must be included to
obtain an aggregate that holds at least ypercent of the total
capital stock in manufacturing. We denote the resulting
aggregate by CU(y) and denote by CL(y) the aggregate
that contains all size classes up to but not including the
marginal size class. By construction, CU(y) contains y+uP
percent of the manufacturing capital stock, while CL(y)
contains y-roL percent, where uP and COL are both greater
than zero. CU(y) and CL(y) are upper and lovver bounds,
respectively, for the small-firm group. The simplified de
scription in Section II assumed that CU(y) = CL(y) = C(y),
i.e., that an aggregate with exactly ypercent of the manu
facturing capital stock could be formed without splitting
the marginal size class.

TABLEA.l

Now, for each quarter of the sample period, we com
puted the growth rate of a given variable for the small-firm
group as a weighted average of the growth rates for that
variable in CL and CU. The weights applied to the growth
rates in CL and CU are, respectively, cou/(COU+coL) and
coLj(COU+coL). To illustrate the intuition behind these
weights, let y=15, and assume that CU contains 16 percent
of the manufacturing capital stock, while CL contains 12
percent; in this example, cou=l and coL =3, so that a weight
- -
of %is applied to the growth rate of the variable in CU and
a weight of ~ to its growth rate in CL. CU receives the
greater weight because it approximates the desired 15 per
cent share of the manufacturing capital stock more closely
than does CL.

This procedure yields a quarterly series of growth rates
for each debt stock for the small-firm group. When applied
to an initial level, this series of growth rates yields a quar
terly series in levels. The initial level for each debt stock
was taken to be a weighted average of its value in CU and
CL, where the weights are the same as those defined above.

Our last step was to calibrate the resulting level's series,
so that its value in the final period of the sample, 1991.Q2,
equaled the weighted average of its value in CU and C'L in
that period. We retrended each series to hit this final target
value. It should be stressed that this retrending does not
distort the cyclical properties of each series, which are de
termined solely from the quarterly growth rates of the vari
able in CU and CL.

Deflation

SERIES USED FROM THE QUARTERLY FINANCIAL REPORT

VARIABLE

Bank loans,
short-term

Bank loans,
long-term

Capital stock

Commercial paper

Other debt,
short-term

Other debt,
long-term

Trade debt

CORRESPONDING SERIES IN QFR

"Loans from banks," original maturity of one
year or less.

"Loans from banks," sum of (1 ) installments on
long-term debt due in one year or less and
(2) long-term debt due in more than one year.

Sum of "Depreciable and amortizable fixed
assets" and "Land and mineral rights."

"Commercial paper."

"Other short-term debt," original maturity of
one year or less.

"Other long-term debt," sum of (1) installments
on long-term debt due in one year or less and
(2) long-term debt due in more than one year.

"Trade accounts and trade notes payable."

We converted the various series for debt stocks to constant
1987 dollars using the implicit price deflator for GDP from
the Bureau of Economic Analysis. No attempt was made
to revalue the QFR's book-value measures of debt stocks
to current market value prior to deflation.

Each short-term debt series was deflated with the con
temporaneous value of the GDP deflator. In contrast, for
the long-term debt stocks, we used a moving average of
this price measure in order to capture the price levels pre
vailing at the time of original issue for the current stock of
debt. The length of the moving average equaled the ratio
of the book value of long-term debt outstanding to the
book value of long-term debt due within one year; for ex
ample, if $1 million in long-term debt were outstanding
and $100,000 were scheduled for retirement within one
year, the ratio would equal 10 years. This ratio is a rough
measure of the original maturity of the long-term debt and
thus provides an estimate of the age of the oldest debt still
outstanding at a given time. We calculated this ratio for
long-term bank debt and long-term nonbank debt for both
small and large firms.
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Seasonal Adjustment ApPENDIXB

We seasonally adjusted the deflated debt series by regress
ing the natural log of each variable on a constant, a set of
quarterly dummy variables, and a cubic time trend. The
seasonally adjusted measure of each variable was calcu
lated as the original series divided by the exponent of the
estimated coefficients on the quarterly dummies. This re
gression was estimated over a rolling, centered, ll-year win
dow, which allows the seasonal factors to vary smoothly
over time. For example, the seasonal factors for 1980 were
based on estimates from a regression spanning 1975.Q1 to
1985.Q4, while the seasonals for 1981 were generated
from a regression spanning 1976.Q1 to 1986.Q4. For the
first five years of the sample, we truncated the left-hand
side of the window; similarly, for the final five years of the
sample, we truncated the right-hand side of the window.

This appendix analyzes a two-period version ofKSW's (sta
tic) model of the optimal debt mix. Our goal is to assess the
indicator properties of the debt mix for relative loan supplies
when the mix variable combines short-term and long-term
debt.

Variability ofShort-Term and Long-Term Debt

Our concern about combining debt of different maturities
stems from a simple observation: In the QFR data, the
stock of long-term debt fluctuates considerably less over
time than does the stock of short-term debt. The relative
smoothness of long-term debt calls into question KSW's
key assumption-that monetary shocks affect equally the
demand for all types of debt. That is, in response to a mon
etary shock, the observed mix of total debt may be affected
not only by shifts in loan supply, but also by differences in
the degree to which borrowers adjust their desired stocks
of debt. As a result, the share of bank loans in total debt
can change after a monetary shock even when there has
been no shift in the relative loan supplies.

Figure B.1 documents the difference in variability be
tween short-term and long-term debt for aggregate manu
facturing. The figure plots the quarterly growth rate of each
type of debt, expressed as the deviation from the series'

FIGUREB.1

GROWTH OF DEBT FOR AGGREGATE MANUFACTURING
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Adding Adjustment Costs to KSW's Model

(B.2) AN _~(N-No )2
- 2BN No No'

where Boand No are the initial stocks of bank and nonbank
debt, and Band N are the final stocks of debt.

With the inclusion of adjustment costs, the choice prob
lem in KSW's model becomes

mean growth rate over 1974.QI-1991.Q2; a smoothly
growing series would appear as a horizontal line at zero.
Even with the inclusion of trade debt in the short-term debt
measure, the standard deviation of its quarterly growth rate
is still twice that of long-term debt.

The more stable growth of long-term debt likely results
from factors that make such debt costly to adjust. One such
factor could be the provisions in contracts for publicly is
sued bonds that constrain the borrower's ability to pay down
outstanding long-term debt.27 With restrictions on repay
ment, borrowers will refrain from using long-term debt to
meet what they perceive to be relatively short-term changes
in funding· needs, such as those that might arise from a
change in monetary policy. Thus, a restriction on down
ward adjustments could cause long-term debt to be sticky
in both directions.

We now explore how KSW's basic equation relating the
debt mix to relative loan supplies, equation (3) in the text,
would be affected by the inclusion of long-term debt in the
mix variable. To model the effect of long-term debt, we
add costs of adjustment for debt stocks to KSW's model
and assume that the costs are greater for long-term debt
than for short-term debt. With this setup, the adjustment
costs for bank and nonbank debt will differ to the extent
that they have unequal average maturities. To capture the
effects of maturity differences, we specify that the adjust
ment costs of bank (B) and nonbank (N) debt depend in
versely on the proportion of outstanding debt of that type
retired each period (B;, i=B,N). We embed this dependence
on the retirement rate in an otherwise standard specifica
tion of quadratic adjustment costs:

(B.I) A <I> (B-Bo)2
B = 2Bs ----s;;- Bo

dB/dMP)
Bo .

d(B/D)

dMP
(B.6)

where Boand No are predetermined. The first-order condi
tions for Band N yield

I (I N - No IB - Bo)(B.3) rB-rN =f (B/D) +<1> - ---- •
BN No BB Bo

Differentiating (B.3) with respect to the stance of mone
tary policy implies

d(rB - rN) = ("(B/D) d(B/D)
dMP •. . dMP

+ <I> (1.- dN/dMP _~
ON No Os

I d(rB - rN)
Q1 dMP

- ~~ (OB - OD) dD/~MP ,

where 0D =(BID)OB + (NID)ON' a weighted average of the
retirement rates for bank and nonbank debt,

(Bo4)

To write (B A) in a form that highlights the implications for
the mix variable BID, assume that the changes in the debt
stocks are small, so that No and Boin (B A) can be replaced
by Nand B, respectively. In addition, note that N=D-B
implies

Qo=<l>D/(OSONN) > 0 , and

Q 1 =f"- (QoOvDIB) < 0 .

Equation (B.6) characterizes the response of the debt
mix BID to a monetary contraction in the presence of ad
justment costs. In general, the movement in the debt mix
depends not only on the change in the interest rate spread
rS-rN' but also on 0S-0D and the change in total debt in
duced by a monetary contraction (dDldMP). These addi
tional influences break the direct link between the debt
mix and the rate spread, which may make the debt mix an
unreliable indicator of changes in bank loan supply.

However, under either of two conditions, the debt mix
depends solely on the spread rS-rN even in the presence of
adjustment costs. These conditions are:

(B.5) dN/dMP dD/dMP D dB/dMP B
N D N B N

Substituting (B.5) into (Bo4), and then rearranging terms,
we obtain

s.t. B+N= D,

Mine= r B+r. N+~(B-BoJ2
RN B N 2~L & &

+~(N-No J2 - f(B/D)D
2BN No No

27. Examining a large sample of bonds issued by U.S. industrial corpo
rations over 1977-1990, Crabbe (1991) found that 39 percent of these

bonds (measured in terms of initial face value) were noncallable-that
is, could not be paid down before maturity. Moreover, even for callable
bonds, the terms of the debt contract usually prohibited repayments for
several years after issuance.



CONDITION 1: Bank and nonbank debt have the same orig
inal maturity: ()B = ()N =()D'

In our model, this equality implies that all types of debt
have the same adjustment costs. Because the adjustment
costs equally impede changes in all debt stocks, the mix of
debt is unaffected by the adjustment costS.28

CONDITION 2: A monetary shock leaves total loan volume
unchanged: dDldMP =0.

Under this condition, differences in adjustment costs
across debt types are irrelevant, because the firm does not
adjust its total debt stock.

When either condition holds, (B.6) reduces to

(B.7) d(BID) = 1 d(rB - rN)
dMP Q 1 dMP

Because Q 1 < 0, (B.7) has the same form as the basic equa
tion derived by KSW (equation (3) in the text). Thus, under
either Condition 1 (Cl) or Condition 2 (C2), movements
in the debt mix BID remain a valid indicator of changes in
bankloan supply.

Because Cl cannot be assumed to hold when the mix
variable combines short-term and long-term debt, C2 be
comes the key condition for assessing the indicator prop
erties of the total debt mix for relative loan supplies. When
C2 holds, the results reported in Section V for the total
debt mix can be regarded as valid tests of the bank lend
ing channel; conversely, when C2 does not hold, the results
may have little power to distinguish the bank lending chan
nel from the null hypothesis of no change in relative loan
supplies.

The final two columns of Table 6 contain the informa
tion needed to check condition C2 for the total debt mix
namely, whether a monetary contraction leaves total loan
volume unchanged. For the most part, the changes in total
debt shown in these columns of the table are not signifi
cantly different from zero, indicating that C2 holds. Thus,
in the context of this model, most of the results reported in
Table 5 for the total debt mix provide useful information
about relative loan supplies. However, in a few cases, Table
6 does show a significant movement in total debt, notably
the decline found for small firms after a Romer date. For
these cases, C2 does not hold, and the corresponding re
sults in Table 5 for the effect of monetary contractions on
the debt mix should be disregarded. Importantly, this set
ofresults includes the only instance of a significant decline
in the debt mix in Table 5.

28. This condition, which holds (at least approximately) when the mix
is constructed exclusively from short-term debt, provides the theoreti
cal basis for our analysis of the short-term debt mix in Section Iv.
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Stocks versus Flows for Constructing the Debt Mix

One might wonder, as we did, whether the problems with
a mix variable constructed from total debt stocks could be
alleviated by switching to a mix variable constructed from
total debtflows. Our intuition was as follows. Although the
adjustment of long-term debt stocks to a monetary shock
might be quite slow, the proportionate changes in gross
flows for such debt would be considerably larger and might
be ofthe same magnitude as the changes in flows for short
term debt. However, we found that this intuition, while
qualitatively correct, does not yield a superior measure of
the debt mix. One can derive the flow counterpart to (B.6),
which shows that the flow-based mix depends solely on the
interest rate spread rB-rN under exactly the same condi
tions as does the stock-based mix; the derivation of this re
sult can be obtained from the authors on request. Because
nothing is gained by using the flow mix instead of the
stock mix, we conducted all tests in this paper with the mix
of total debt stocks.
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Inflation Uncertainty and Excess Returns
on Stocks and Bonds
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This paper investigates the relation between inflation un
certainty and excess returns on stocks and bonds. It quan
tifies the effect ofinflation uncertainty by comparing actual
excess returns with those expected by a hypothetical naive
investor who treats inflation forecasts as if they were
known with certainty. The evidence suggests that ignoring
inflation uncertainty results in only small pricing errors,
on average.

It is well known that there is a positive relation between the
level and variability of inflation (e.g., see Taylor 1981, Ball
and Cecchetti 1990, or Evans 1991). Some economists and
policymakers interpret this as evidence that rates of infla
tion such as those experienced in the United States in the
late 1970s and early 1980s impose significant costs on so
ciety by increasing the degree of inflation uncertainty. For
example, one argument goes as follows: when there is
greater uncertainty about inflation, investors may be less
eager to hold long-term bonds because their prices are
more sensitive to unexpected changes in inflation than
are the prices of short-term bills. Thus, when inflation is
high, long-term bonds may have to offer a premium in the
form of higher expected real returns in order to compen
sate investors for incurring greater inflation uncertainty.
Furthermore, if investment declines when long-term real
interest rates rise, inflation uncertainty may reduce the
level and possibly the growth rate of output in the long run
by reducing the rate of capital accumulation.

While it may be true that there is a positive relation be
tween the level and variability of inflation, this does not
necessarily imply that there is a positive relation between
the level of inflation and risk premiums on financial assets.
The reason is that the risk premium on a security depends
not on the variance ofits own real return, which may depend
on the variance of inflation, but on the covariance between
its real return and the stochastic discount factor. For ex
ample, in Lucas's (1978) consumption-based capital asset
pricing model, the risk premium on a security is related to
the covariance between its own real return and the mar
ginal rate of substitution between consumption today and
consumption tomorrow. Evidence on the relation between
the level and variance of inflation tells us nothing about the
relevant covariance term and thus contains little informa
tion about the relation between inflation and risk.

This paper investigates one aspect of the relation between
inflation uncertainty and risk. It asks whether accounting
for inflation uncertainty is important for understanding the
equity and term premium puzzles. The equity premium
puzzle refers to the fact that the average annual return on
stocks is roughly 6 percentage points higher than the aver
age return on Treasury bills. Similarly, the term premium
puzzle refers to the fact that the average annual holding
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return on Treasury notes is roughly 45 to 65 basis points
higher than the average holding return on Treasury bills.
The equity and term premiums probably arise because
stocks and long-term bonds are riskier than short-term
bills, but they are regarded as puzzles because it is diffi
cult to find economically appealing, quantitative models
of risk premiums (see Mehra and Prescott 1985; Backus,
Gregory, and Zin 1989; or Cochrane and Hansen 1992).

This paper follows Labadie (1989) and Giovannini and
Labadie (1991) by investigating the quantitative impor
tance of inflation uncertainty for the equity and term pre
mium puzzles. Using a variety of standard parametric
models, they found that accounting for inflation uncer
tainty increases the equity premium but still produces a
value that is small relative to the one found in sample. They
also found that the inflation risk premium is rather small,
on the order of 10 to 15 basis points. In their model, the aver
age real return on nominal bills is only slightly greater than
the risk-free real rate, and most of the variation in returns
on risky assets is due to variation in the risk-free rate.

Their results are conditional on a discount factor speci
fication that is a bit problematic, however. In particular,
Hansen and Singleton (1982) and Hansen and Jagannathan
(1991) showed that their discount factor model yields fore
castable risk-adjusted excess returns, which suggests
either that the model does not price risk correctly or that
financial markets are inefficient. Furthermore, Cochrane
and Hansen (1992) showed that many other parametric
discount factor models also suffer from this problem.
Hence, there is little reason to believe that any of the stan
dard parametric models adequately price risk.

This paper complements the research of Giovannini and
Labadie by trying a nonparametric or preference-free ap
proach. The basic idea is to conjure up a hypothetical naive
investor who ignores inflation uncertainty when pricing
nominal securities. Our naive investor makes systematic
pricing errors because he implicitly sets inflation risk fac
tors equal to zero. I estimate these pricing errors by com
paring actual equity and term premiums with the ones that
our naive investor would expect. Large inflation pricing
errors imply that inflation uncertainty is important for
understanding excess return puzzles.

It turns out that mean inflation pricing errors can be esti
mated using only minimal assumptions about the discount
factor. Specifically, mean pricing errors can be expressed
as a function of a number of observable sample moments
plus a single unknown parameter, the mean discount fac
tor. Instead of specifying a complete parametric model for
the discount factor, I only need to calibrate its mean. I
specify a range of reasonable values for this parameter and
then estimate inflation pricing errors for a number of val
ues on that range. The advantage of this approach is that it

imposes weaker maintained assumptions than those used
in prior work.

Using post-war U.S. data, I find that inflation pricing
errors are quite small relative to observed equity and term
premiums. The results are robust with respect to variation
in the mean discount factor as well as to various splits of
the post-war sample. Inflation pricing errors are also esti
mated with a reasonable degree ofprecision, so it is unlikely
that the results are due to sampling error. Thus, the paper
fails to find evidence that inflation uncertainty is important
for excess return puzzles.

The rest of the discussion is organized as follows. Sec
tion I explains how inflation pricing errors are calculated.
Section II describes the data and reports the empirical
results. The paper concludes with a brief summary.

I. ASSET PRICING CONDITIONS
AND INFLATION PRICING ERRORS

It is useful to begin by defining some notation. Let Pt de
note the nominal price level, and let 0t be the nominal
price of a j-period discount bond. The nominal yield to
maturity, Yjt, is implicitly defined by the equation

0t = (1 + Yjtt
j

.

The nominal one-period holding return on aj-period dis
count bond is defined as the return earned by buying the
security at the beginning of the period and selling it at the
end. For a j-period discount bond, the gross one-period
holding return is

hjt =bj_1,t+lbjt. 1

The gross nominal one-period holding return on an equity
is

hjt =(Vjt+1 + djt+1)/~t ,

where ~t is the nominal equity price and djt is the nominal
dividend.

Finally, let mt denote the one-period stochastic discount
factor.· For example, in the consumption-based capital as
set pricing model (Lucas 1978), mt is the intertemporal mar
ginal rate of substitution between consumption this period
and consumption next. Similarly, under certain conditions,2
one can use Cochrane's (1991) production-based asset pric
ing model to express the discount factor as a function of in
tertemporal marginal rates of transformation.

1. For long-term bonds, which generally pay coupons, I use data on
yields to maturity for equivalent discount bonds (see McCulloch 1990
and McCulloch and Kwon 1993).

2. Real and financial returns must each span the underlying state space.



I assume that there are a great many investors who dis
count future payments at the same rate, that these investors
have rational expectations, and that financial markets are
complete and efficient. This framework subsumes a wide
class of asset pricing models. In fact, Cochrane and Han
sen point out that as long as the law of one price holds, one
can always interpret asset returns using this framework. 3

These assumptions imply the conditional moment re
strictions that follow. First, pick some nominally riskless,
short-term discount bond to serve as a benchmark security.
The 3-month Treasury bill is a good choice for the bench
mark security, as the probability that the U.S. government
will default on Treasury bills is essentially zero. The con
ditional moment restriction for the benchmark security is

(1)

where hIt is the gross nominal one-period return on the
benchmark security and Et denotes the conditional expec
tation based on information available at time t. Since 3
month Treasury bills are nominally riskless, this condition
can be factored into
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In this case, risk averse investors would hedge against un
expected movements in inflation by buying indexed bonds,
which would therefore sell at a premium relative to nomi
nally riskless bills.4 Hence, O'm1t can be interpreted as an
inflation risk premium.

For all other securities, the principle of no-arbitrage im
plies that risk adjusted, real excess returns are unpre
dictable:

(4)

where Sjt== (hjt - hIt) denotes the nominal excess holding re
turn on security j relative to the benchmark security. The
law of iterated expectations implies that this must also
hold unconditionally. Taking a second-order approxima
tion, one can write the unconditional no-arbitrage restric
tion as

IlmO'1tS + Il1tO'ms + IlsO'm1t + Ilmll1tlls =0 .5

By rearranging the no-arbitrage condition and using equa
tion (3), one can derive the following expression for mean
nominal excess returns:

(2) (5)

or

Etmlpt1pt+l) =bIt·

Using the law of iterated expectations, it follows that this
must also hold unconditionally:

Emlpt1pt+l) = EbIt ·

Expanding the expectation term on the left-hand side
yields

(3)

where Ilx denotes the mean of the variable Xt and O'xy de
notes the covariance between the variables Xt and Yt. The
variable 1tt denotes the reciprocal of the gross inflation rate
(i.e. 1tt == pJpt+I)'

Equation (3) is a generalization of the Fisher equation.
To a first order approximation, 1l1l/llb is the mean gross real
return on a nominally riskless bond. Similarly, to a first or
der approximation, 1/1lm is the mean gross real return on
a hypothetical indexed bond. If O'm1t is zero, the price of a
nominal bond equals the price of an indexed bond with an
adjustment for expected inflation, thus yielding the Fisher
equation. If O'm1t is negative, the ex post real return on a
nominal bill covaries negatively with the discount factor.

3. Apart from the law of one price, the model does not have any testable
implications if the discount factor is left unspecified, so the general
framework cannot be refuted.

Nominal excess returns depend on three covariance
terms: O'ms' O'm' and O'm1t. First, a security whose nominal
excess return covaries positively with the discount factor
(O'ms >0) provides a hedge against unexpected movements
in mt and thus pays a lower nominal return than the bench
mark secqrity. Second, holding the real risk premium con
stant, a security whose nominal excess return covaries
negatively with inflation (O'1ts> 0) would pay lower nominal
excess returns on average, because the mean real excess ree.
tum is an increasing function of O'm (this follows from
Jensen's inequality). Third, as explained above, the ratio
Ilmll1t1llb can be interpreted as a measure of the degree of
inflation risk on nominally riskless bonds.

Now suppose that an investor were to price securities in
a naive manner, ignoring inflation uncertainty. Our naive
investor would factor the no-arbitrage condition for excess
returns into

(Pt1pt+I)EtmrSjt =0,

which implies that

4. For example, in simple versions of the consumption-based CAPM,
the discount factor is higher than expected when future consumption is
lower than expected. A security that tends to pay low returns when con
sumption is lower than expected amplifies consumption risk. Such se
curities would sell at a lower price than an indexed bond.

5. This is exact if the joint distribution for mt , Pt /Pt+1, and Sjt is syIIlIIletric.
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Using the law of iterated expectations and expanding the
latter condition yields

(6)

If we compare equation (6) with equation (5), we see that
the naive investor is making two mistakes. First, he uses the
Fisher equation, ~m~1t=~b' to price nominal bills. That is,
he ignores the inflation risk premium. This error vanishes
if am1t =0. Second, the naive investor ignores Jensen's in
equality when computing expected real returns; hence he
implicitly sets O'1ts=O. This error vanishes ifnominal excess
returns are uncorrelated with inverse gross inflation. If in
flation pricing errors are large, it follows that the naive
investor would make big losses by ignoring inflation un
certainty. Hence large pricing errors imply that inflation
uncertainty is important for understanding excess return
puzzles.

To compute the average pricing error, we need to esti
mate -O'ms/~m and compare it with ~s' I use a nonparamet
ric approach. Looking back to equation (5), we see that ~s

depends on three observed moments (~b' ~1t, and a1ts) and
on two unobserved moments (~m and O'ms)' If we plug in
estimates of the observed moments, equation (5) defines a
trade-off between admissible values of ~m and ams' I cal
ibrate a variety of plausible values for ~m and then back
the corresponding value for O'ms out of equation (5). This
generates a range of plausible values for fls = -am/Ctm'

Then I calculate the mean inflation pricing error by sub
tracting fts from the sample mean, Cts.

II. EMPIRICAL ANALYSIS

This section contains the main empirical analysis. It be
gins by listing the data sources and by describing how
stock and bond returns are adjusted for taxes. Then it ex
plains how the mean discount rate is calibrated. Finally,
it reports estimates of inflation pricing errors for excess
returns on stocks and bonds.

Data Sources

The data consist ofquarterly observations of returns on the
S&P 500, returns on various long- and short-term Treas
ury bonds, and the CPI inflation rate. The sample covers
the period 1947 to 1990. Data on the Treasury yield curve
are taken from McCulloch (1990) and McCulloch and
Kwon (1993), and data on the S&P 500 are published in
Ibbotson (1991). The inflation rate was calculated from a
CPI series that treats housing on a rental-equivalent basis;
see Huizinga and Mishkin (1984) for details.

Adjustments for Taxes

The theory outlined in the previous section ignores one
important consideration, viz., the effect of taxes on asset
pricing conditions. Since investors care about after-tax re
turns, pre-tax returns need not satisfy the no-arbitrage con
ditions even in an efficient capital market. Although this
is an important issue, there has been little research on how
to modify asset pricing models in order to account for
taxes, perhaps because the tax code is so enormously com
plex. Instead, the asset pricing literature follows one of
two standard approaches. The first is to ignore taxes com
pletely and work with pre-tax return data. The second is to
make some simple assumptions about the tax code and
then to work with approximate after-tax returns.

This paper adopts the latter approach.6 Both the theory
and the data need some modification. First consider the
modification to the theory. The pricing condition for the
benchmark security (equation 1) and the no-arbitrage con
dition for excess returns (equation 4) both go through as
long as returns are calculated on an after-tax basis. But I
need an additional assumption to identify the parameter
CJmn0 The additional assumption is that the tax rate on Treas
ury bill returns is known at the beginning of the holding
period. If this assumption is satisfied, then the after-tax
nominal return on the benchmark security is also riskless,
and the conditional moment restriction can then be fac
tored as in equation (2). In this case, it follows that

~m~1t + O'm1t =E(lIfi1t) ,

where fi lt denotes the gross after-tax nominal return on the
benchmark bill.

The assumption that tax rates are known at the beginning
of the holding period may be unrealistic. Nonetheless,
there are two reasons why I believe that it provides a work
able approximation. First, most tax reforms provide ad
vance notice of changes in tax rates, so the assumption is
often satisfied. Second, and more importantly, this as
sumption is used only for identifying O'm1t' and the basic
conclusions are not sensitive to the value of this parameter.

Now consider the adjustments to the data. McCulloch
(1990) and McCulloch and Kwon (1993) adjust the term
structure data by assuming that coupons and Treasury bill
returns are taxed at the marginal rate on ordinary income
and that capital gains on Treasury bonds are taxed at the
going capital gains rate when the bonds mature; see Mc
Culloch (1975) for details.

I follow a similar approach when adjusting for taxes on
stock returns. I assume that dividends are taxed as ordinary
income in the year in which they are paid out. Accounting

6. Pre-tax data yield the same results.



for capital gains taxes is more difficult, since capital gains
are taxed when they are realized rather than when they oc
cur. Since capital losses offset prior, unrealized capital
gains but do not offset ordinary income, investors have an
incentive to defer capital gains in order to offset potential
future losses. There is no simple way to account for this
deferral option. Instead, I assume that investors smooth
capital gains over various arbitrary holding periods, rang
ing from one to five years, and then pay the capital gains
tax rate that is in effect at the end of the averaging period.
While this assumption is arbitrary, it goes a long way to
ward capturing the incentive to smooth capital gains and
losses. Fortunately, the precise length of the averaging
period does not affect the results.

Calibrating the Mean Discount Factor

The inflation pricing error is a function of the mean dis
count factor, which is unobservable. However, this para
meter can be restricted to a fairly tight range by appealing
to the results of Cochrane and Hansen (1992). Using post
war quarterly data, they show that J.lm must lie between
0.98 and 1.03 in order to ensure that the discount factor is
always non-negative. Furthermore, they also show that if
I-lm is very far from 0.998, the variance of the discount fac
tor must increase substantially in order for observed re
turns to be consistent with the unconditional asset pricing
conditions.

The latter result is illustrated in Figure 1, which shows
Hansen-Jagannathan bounds computed from quarterly
real holding returns on 3- and 12-month Treasury bills, S
and lO-year Treasury notes, and the S&P 500. For various
values of I-lm (plotted along the horizontal axis), the
Hansen-Jagannathan bound shows the minimum standard
deviation of mt (plotted along the vertical axis) that is con
sistent with the unconditional moment conditions for these
securities.?

The solid line shows Hansen-Jagannathan bounds for
the period 1947-1990, the dotted line shows the results
for the sub-period 1947-1970, and the dashed line shows
the results for the sub-period 1971-1990. Over the whole
sample, the variance of the discount factor is minimized
for J.lm =0.998, and the minimized value is am =0.343. The
discount factor is measured in units of inverse gross re
turns, so the discount factor is considerably more volatile
than stock returns. Furthermore, as we move away from
I-lm= 0.998, the volatility of the discount factor increases
rapidly. Similar results apply to both sub-periods. During
the first part of the sample, am is minimized for J.lm =

7. Adding additional securities tightens the bound.
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FIGURE 1

HANSEN-JAGANNATHAN BOUNDS
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0.9988, and the minimized value is 0.511. In the second
part of the sample, am is minimized for J.lm =0.9968, with
a minimized value of 0.290. Again, the volatility of the
discount factor rises dramatically as we move away from
the minimum.

These results indicate either that the mean discount fac
tor is somewhere around 0.997 or 0.999 or that the dis
count factor is enormously volatile. The former hypothesis
seems fairly plausible, since these discount factors imply
that the mean riskless real interest rate is somewhere
around 0.5 to 1.2 percent per year. The latter hypothesis
seems less plausible, since generating this much volatility
in discount factors is a major theoretical problem (e.g. see
Cochrane and Hansen). Thus, in what follows, I assume
that J.lm is close to 0.998.

Inflation Uncertainty and the Equity Premium

Table 1 reports inflation pricing errors for quarterly excess
returns on the S&P 500, with empirical 95 percent confi
dence intervals shown in parentheses.8,I experimented with

8. The Monte Carlo simulations were conducted as follows. First, for
each sample period, a vector autoregression was estimated for inverse
gross inflation, nominal Treasury bill prices, and excess returns. The
estimated models were then used to generate artificial data, and an
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alternative capital gains smoothing periods, ranging from
I to 5 years and found that the results were robust. Thus
Table 1 focuses on results for the I-year smoothing period.

The first column reports results for the period 1947
1990. During this period, the mean equity premium was
116.7 basis points per quarter, and the estimated inflation
pricing errors ranged from 0.4 to 1.6 basis points. This
suggests that inflation uncertainty accounts for only a very
small fraction of the equity premium. Furthermore, the
upper 2.5 percent probability bounds for the inflation pric
ing error range from 2.5 to 3.3 basis points, so there is very
little chance that this conclusion is due to sampling error.

The second and third columns report results for the sub
periods 1947-1970 and 1971-1990. These dates were chosen
more or less arbitrarily to split the sample into low- and
high-inflation eras. Although the mean equity premium
varies substantially across the two sub-samples, inflation
pricing errors do not. For example, the mean quarterly
equity premium fell from 187.8 basis points in the low
inflation period to 31.5 basis points in the high-inflation
period. On the other hand, estimates of the inflation pric
ing error changed very little, ranging from -1.3 to 0.6 basis
points during the lovv'-inflation period and from 1.4 to 1.7
basis points during the high-inflation period. Thus, even
though there was much more inflation uncertainty during
the latter half of the sample, inflation pricing errors were
not dramatically larger.

The estimates for the split samples are less precise than
for the whole sample because there are less data. But the
probability bounds still suggest that inflation pricing errors
are small. For example, during the low-inflation subperiod,
the upper 2.5 percent probability bounds range from 0.9 to
2.7 basis points. In the high-inflation subperiod, the upper
probability bounds are a bit higher, ranging from 3.2 to 3.6
basis points. Even so, inflation pricing errors appear to be
a relatively small fraction of the total equity premium.

Inflation Uncertainty and Term Premiums
on Treasury Bonds

Table 2 reports inflation pricing errors for quarterly excess
holding returns on various Treasury bills, notes, and bonds.
Empirical 95 percent confidence intervals are shown in
parentheses.

Panels A through C report results for 6-, 9-, and 12
month Treasury bills, respectively. During the period
1947-1990, mean excess holding returns were roughly 10

inflation pricing error was calculated for each artificial data set. The
pricing errors were then compiled into an empirical probability distri
bution, and the upper and lower confidence bounds were read off from
that distribution.

TABLE 1

PRICING ERRORS AND THE EQUITY PREMIUM

1947-1990 1947-1970 1971-1990

Ile 116.7 187.8 31.5

Ile-ile (.99) 0.4 -1.3 1.4
(-0.8,2.5) (-3.1,0.9) (-0.1,3.3)

Ilee-ile (.995) 1.0 -0.4 1.6
(0.1,2.6) (-1.6, 1.5) (0.3,3.2)

Ile-ile (.998) 1.3 0.2 1.7
(0.5,3.0) (-0.9,2.1) (0.3,3.4)

Ile-ile (1.0) 1.6 0.6 1.7
(0.7,3.3) (-0.5,2.7) (0.2,3.6)

O'"elll" 1.2 0.4 1.6
(0.5,2.6) (-0.7, 1.5) (0.4,3.0)

NOTE: This table reports mean equity premiums and pricing errors for
various time periods and values of the mean discount factor. The entries
are measured in basis points per quarter, and empirical 95 percent con
fidence intervals are shown in parentheses.

to 12 basis points per quarter. The corresponding inflation
pricing errors were roughly one-tenth of a basis point or
less. Mean excess holding returns were higher during the
second half of the sample than during the first half, but
the point estimates suggest that inflation pricing errors
were still only a fraction of a basis point. The 2.5 percent
upper probability bounds are also quite small relative to
the mean term premiums.

Panels D through G report results for Treasury notes
with maturities of 2, 3, 4, and 5 years, respectively. For the
sample as a whole, mean excess holding returns were
roughly 13 to 16 basis points per quarter. Inflation pricing
errors on these securities were also quite small. For exam
ple, for the benchmark discount factor 11m =0.998, infla
tion pricing errors range from 0.3 basis points on 2-year
notes to 0.6 basis points on 5-year notes. The upper 2.5
percent probability bounds are also small. For the bench
mark value of 11m they range from 0.5 basis points for
2-year notes to 1.0 basis points for 5-year notes.

Term premiums on medium-term notes were also quite
a bit larger in the second half of the sample than in the first.
For example, while mean excess returns ranged from 2 to
9 basis points per quarter during the period 1947-1970,
they ranged from 25 to 28 basis points per quarter during
the period 1971-1990. The point estimates for the inflation
pricing errors also increased in magnitude, but they were
still small relative to the total term premium. For example,
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for I-Lm =0.998, the point estimates ranged from 0 to 0.1
basis points during the low-inflation decades and from 0.6
to 1.4 basis points during the high-inflation decades. The
upper probability bounds were larger during the second
half of the sample, but they were also small relative to the
total term premiums. For example, for!lm =0.998, the up
per probability bounds ranged from 0.2 to 0.3 basis points
in the first half of the sample and from 1.2 to 2.5 basis
points in the second half.

Finally, Panel H reports results for excess returns on 10
year Treasury bonds. For the sample as a whole, the mean
term premium was 7.8 basis points, and the estimated in
flation pricing error was I basis point, with an upper prob
ability bound of roughly 1.8 basis points. But the mean
term premium appears to be an average of two distinct re
gimes. During the first half of the sample, the mean excess
holding return was -13 basis points per quarter, and the in
flation pricing error was only a fraction of a basis point.
During the second half of the period, the mean excess hold
ing return was 33 basis points per quarter, and the inflation
pricing error was roughly 2 or 2.5 basis points.

These results suggest that an investor who paid no atten
tion to inflation uncertainty \vould have made relatively
small pricing errors on Treasury securities. This holds for
the sample as a whole and for the high inflation sub-period.

III. CONCLUSION

This paper investigates the relation between inflation un
certainty and excess returns on stocks and bonds. It com
plements prior research by weakening the maintained
assumptions used to isolate the effects of inflation uncer
tainty. The empirical analysis is non-parametric, so the
results cannot be dismissed on the grounds that standard
discount factor models have difficulty pricing risk.

The paper quantifies the effects of inflation uncertainty
by comparing mean excess returns with the values ex
pected by a hypothetical naive investor who treats inflation
forecasts as if they were known with certainty. One way to
interpret this exercise is to ask, "How badly would I do
if I were to ignore inflation uncertainty completely when
pricing financial assets?" The evidence suggests that this
would result in only small pricing errors, on average.

Our naive investor implicitly relies on two simplifying
assumptions. First, he uses the Fisher real return rather than
the exact real return. Second, he assumes that 3-month
Treasury bills are riskless. Both are simplifications that
macroeconomists often use in applied work. Anyone who
resorts to these simplifying assumptions implicitly adopts
a prior that inflation uncertainty is unimportant for excess
return puzzles. The evidence reported in this paper sug
gests that this may not be such a bad prior.

Finally, two caveats are in order. First, the empirical
analysis is limited to estimates of unconditional pricing er
rors. It is possible that conditional pricing errors are large
and variable but have mean zero. If so, inflation uncertainty
could be important for time-varying risk premiums, but my
analysis would fail to detect it. Breaking the sample in two
represents a small step toward investigating conditional
pricing errors, but further use of conditioning information
would clearly be desirable.

A second caveat concerns the framework for analysis.
This paper interprets failures of parametric discount factor
models as failures of the parameterization rather than as a
failure of the framework. Other researchers interpret the
failure of parametric models as a failure of the framework
and have begun to explore models based on incomplete
markets and cognitive misperceptions. Those models might
deliver different results about the importance of inflation
uncertainty.
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Recent years have witnessed widespread media attention
and policy debate regarding the causes and consequences
ofpopulation flight from California. While some analysts'
reports link the reversal in California migration flows to
cyclical swings in the state economy, other commentaries
focus on alleged deterioration in California amenities and
quality of life. This paper employs a logistic migration
model to evaluate the role ofeconomic and other location
specific effects in the determination of California domes
tic migration flows. The model is estimated using data for
each of the 50 U.S. states for the 1981-1992 period. Vari
ous simulations of the model for the California case are
then undertaken to indicate the effect ofevolution in eco
nomic conditions and other location-specific effects on
Califoraia net migration. A baseline simulation predicated
on a reversion in the state's unemployment rate, wage, and
house price differentials to average levels observed in the
1981-1992 period suggests a substantial slowing in Cali
fornia out-migration. Further, deterioration in California
location-specific fixed effects, as estimatedfrom the other
wise unexplained portion of the acceleration of out-mi
gration in the more recent 1989-1992 period, serves to
dampen the simulated improvement in California net mi
gration only modestly. Overall, our research findings sug
gest that a large part of the unprecedented and sizable
domestic out-migration from California is temporary, to
be largely reversed in the context ofa rebound in the Cal
ifornia economy.



In recent years, widespread attention has been paid to
the population flight from California. In marked contrast
to previous periods, when large migration flows into Cali
fornia were the norm, the state recently has experienced a
sizable net out-migration of residents, most notably to
neighboring states. The reasons for this flight from Cali
fornia have been the subject of much debate. Some ob
servers link the reversal in California migration flows to
changes in the state economy, including the sizable cut
backs in defense and aerospace employment, which ad
versely affected the job and income prospects of many
California residents. Moreover, the relatively high price of
housing in California has long been a well-publicized con
cern for potential in-migrants, and many out-migrants
from California are said to be attracted by lower house
prices elsewhere. Finally, some analysts allege that there
has been a deterioration in the California quality of life,
due to such factors as increased congestion, diminished
funding of public services and infrastructure, and height
ened awareness of problems of public safety, such as vio
lence and earthquakes.

This study evaluates the influence of economic and
other location-specific conditions on California rnigration
flows. In particular, the research quantifies the importance
of labor market, income, house price, and other location
specific effects in a general model of state-to-state gross
migration flows. We then apply the model directly to Cali
fornia's case to assess the proportion of the recent net out
migration that might reflect the alleged deterioration in
California amenities and to determine whether a narrow
ing of the gap in economic activity between California and
other states would lead to a reversal of the population flight
of recent years.

From a state policy perspective, the likelihood of a re
versal in the strong domestic net out-migration from Cal
ifornia has important implications. For example, forecasts
of California net migration significantly influence the de
bate over projected California budgetary deficits. In this
regard, Bowman, et aI., (1994) argue that migration pro
jections from the State Department of Finance, which as
sume a surge in domestic net migration to California once
the state's recession ends, lead to an overstatement of the
cyclical portion of the state's budget deficit; Bowman, et
aI., argue that a sizable portion of the current state budget
deficit is structural and will not be significantly amelio
rated by a reversal in population flows.

Moreover, an understanding of California migration
trends would be helpful for business planning and public
policy development throughout the West. The recent exo
dus from California imparted some spillovers on neigh
boring states, and decisionmakers would like to know
whether the exodus is likely to persist. On the plus side,
migrants from California served to spur job growth in des-
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tination states, by augmenting the labor force and through
the multiplier effects of their spending. Moreover, the fi
nancial and human capital brought by ex-Californians
boosted local investment in housing and other sectors in
the destination states. In contrast, the influx of Californi
ans into neighboring states has generated a host of com
plaints as well, mainly centered on rising house prices and
increased congestion.

The theoretical model we use to explain migration pat
terns is unique in several senses. First, we explain both in
flows and outflows of people from each state-the gross
migration patterns-whereas most preceding studies of
time-series migration patterns explain only the net flows.
Second, we parameterize the unobserved amenity values
of residing in particular locations as fixed effects. Green
wood, Hunt, Rickman, and Treyz (1991) also have applied
a fixed effects approach to measuring relative amenities,
but their work is in a net migration context. The closest
precedent to our approach to modeling gross migration
flows is Frees (1993), who also uses fixed effects. However,
his estimating equations are less directly tied to a theoret
ical model than our equations are, and he does not focus
on the gross migration model's implications for net Cali
fornia migration, as we do.

The model we estimate closely fits the actual California
net migration experience over the 1981-1992 period, for
which comprehensive estimates of interstate migration are
available. Separate data from the U.S. Bureau of the Census
and the California Department of Motor Vehicles (DMV)
suggest that net out-migration from California acceler
ated further in 1993 and 1994, which also is consistent with
the model's predictions. Looking ahead, simulations of the
model suggest that a narrowing of the gap between eco
nomic conditions in California and other states would result
in a sharp reduction in net migration out of California. We
also estimate a variant of the model that allows for a recent
shift in the California-specific fixed effects, so as to test for
the perceived deterioration in the state's quality of life or
other structural shifts. Because the model fits well without
such an allowance for structural change, the results suggest
that only a relatively small portion of the recent net out~

migration is due to structural change.
The organization of the paper is as follows. The next

section presents recent trends in migration and economic
activity as pertains to California and the West. Section II
describes specification, estimation, and findings of a lo
gistic model of the determinants of U.S. state-to-state mi
gration. In Section III, the model is simulated for a number
ofpossible future paths of the California economy, and the
implications for the state's migration balance are described.
Our brief concluding section reviews the major findings of
the paper, and an appendix discusses the robustness of the
results to alternative econometric specifications.
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FIGURE 1

Source: Components ofPopulation Change
U.S. Bureau of the Census and State Department ofFinance

2. The Twelfth District of the Federal Reserve System comprises
Alaska, Arizona, California, Hawaii, Idaho, Nevada, Oregon, Utah,
and Washington.
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The sharp reversal in California net domestic migration
flows was spurred in part by state-level variations in the ex
tent and timing of business cycle fluctuations. In the early
1990s, employment opportunities were reduced substan
tially during the severe downturn in the California econ
omy, with especially sizable layoffs in aerospace and other
defense industries. As shown in Table 1, during the 1989
1992 period of weakness the unemployment rate in Cali
fornia averaged 6.9 percent, well in excess of the average
rate recorded by other states of the Twelfth District and by
the United States as a whole.2 In contrast, in the earlier
periods of net in-migration to California-the 1981-1983
recession and 1984-1988 expansion-the California un
employment rate was a bit below the average unemploy
ment rate in the remainder of the Twelfth District and
about the same as the average unemployment rate in the
United States.

House prices and other components of the cost of living
have continued to run quite a bit higher in California than
in other states. To a certain extent, the labor force has been
compensated for the higher cost of living by higher nomi
nal wages and salaries. For example, in 1981-1983, per

CALIFORNIA NET DOMESTIC
AND INTERNATIONAL MIGRATION

(THOUSANDS OF PERSONS)
In the last few years, California has experienced a net out
migration of people for the first time in the post-World War
II period (see Figure 1). In focusing on the likelihood that
such outflows will persist, this article will address only
California domestic migration-that is, the movement of
people between California and other U.S. states-which
has been the source of the recent net outflow; the article
will not explicitly address immigration across national
borders which is estimated to have been more stable. 1

1. Throughout the 1980s, a net increase of more than 200,000 immi
grants from abroad per year was augmented by somewhat less than
100,000 net domestic arrivals. More recently, the flow of immigrants
has continued strong, but net domestic migration to California turned
negative. Recent Census Bureau estimates place the net outflow of the
sum of domestic and international migrants from California at about
70,000 persons in fiscal year 1992-1993 and at about 140,000 people
in fiscal year 1993-1994. The IRS data on address changes, which pro
vide the basis for the Census Bureau domestic migration estimates,
show a fiscal year 1987-1988 peak in net domestic migration, followed
by substantial net outflows in recent years (Figure 2)

Although we do not explicitly model the influence of immigrant
arrivals on the domestic migration decision, the effects of immigration
are included implicitly, insofar as they affect our measured economic
conditions or the amenity values of residing in particular locations,
which we parameterize and estimate statistically. However, our study is
relatively aggregative and omits potential influences of immigration on
domestic migration that could appear in a more disaggregative study.

For example, an important strand of the literature on the economics
of immigration-recently reviewed well by Borjas (1994)-focuses on
the impact of immigrants on the earnings and employment of original
residents (natives). A common argument in this literature is that an in
flux of lower-skilled, lesser-educated immigrants should have a larger
impact on lower-skilled, lesser-educated natives than on higher-skilled,
better-educated natives. Although empirical results on this phenome
non are mixed, Frey's (1993, 1994) studies of the 1990 Census results
did show that states such as California which received large immigrant
inflows in the late 1980s had relatively large outflows of less-skilled,
lower-paid native workers, which is consistent with a strong labor
market substitution effect. However, using more recent data from State
of California tax returns, Bolton (1994) suggests that there might have
been some shift in the income distribution of migrants from California.
Although the 1990 Census data show that the median income of those
who left California in the 1985-1990 period was less than the statewide
median income, Bolton's more recent data show that between 1989 and
1992 domestic out-migrants from California had a higher average
income than the statewide average. The prevalence of relatively high
wages among recent out-migrants is consistent with either the (con
tentious) view that the out-migrants seek to avoid the public fiscal
distress (higher taxes, lower levels of government service) associated
with high rates of immigration or the view that recent adverse shocks
to California labor demand have been concentrated in traditionally
high-paying industries, such as aerospace.

1. MIGRATION OVER THE ECONOMIC CYCLE:
CALIFORNIA AND THE TWELFTH FEDERAL
RESERVE DISTRICT
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TABLE 1

STATE CHARACTERISTICS

UNEMPLOYMENT RATE WAGES AND SALARIES PER CAPITA HOUSE PRICES
(percent) (thousands of $ per year) (thousands of $)

81-83 84-88 89-92 81-83 84-88 89-92 81-83 84-88 89-92

California 9.0 6.5 6.9 7.8 10.1 12.2 121.7 155.6 211.5

12th District 9.5 7.0 5.8 6.8 8.3 10.5 88.3 108.4 137.1

US 9.0 6.7 6.3 6.8 8.8 11.0 79.4 104.6 133.2

NOTES: The statistics for the aggregate groups, the 12th District except California and the United States, are population-weighted averages of the
statistics for the individual states. The United States group excludes the District of Columbia.

capita wage and salary income in California averaged
about $1,000 per person higher than in other states, and
nominal incomes have grown at about the same pace in
California as in other states since then. However, with
house prices rising much faster in California than in other
states, wage rates adjusted for the cost of living became
relatively more attractive elsewhere. By 1989-1992, the
average of new and existing home prices (on mortgage
transactions) in California had increased to $211,500,
pushing the ratio of wages to house prices down to 5.8 per
cent from 6.4 percent in 1981-1983. In contrast, for the
Twelfth District except California, the average ratio of
nominal wages to house prices has held steady at 7.7 per
cent since the 1981-1983 period.

States neighboring California were the primary recipi
ents of the sizable and unprecedented net population out
flows of population from the state during the early 1990s.
Among states of the Twelfth District, the largest net out
flows during the 1989-1992 period were to Washington,
Oregon, and Nevada. Relative to state population levels as
recorded in the 1990 decennial census, Californians relo
cating in Nevada and Oregon constituted a fullS and 3 per
cent of destination state population, respectively.

Shorter distances undoubtedly are an important reason
that flows to adjacent states from California were large.
However, some of the largest recent net outflows of popu
lation from California also have been to other District
states at better positions in their regional business cycles,
to states with relatively high wages, and to states with more
affordable housing (Table 2),3 The California net migra-

3. A few transformations of the data are useful in illustrating this point.
For one thing, states can have markedly different long-run average

tion flows were particularly large to nearer, more populous
District states with relatively large unemployment dif
ferentials (computed as California less other state). For
example, the unemployment rate differential between
California and Nevada widened to 1.3 percentage points in
1989-1992, about % percentage point more than the long
run average differential; during that same period, net mi
gration to Nevada accelerated to more than 16,000 persons
per year.

In all regions, nominal wages and salaries per capita
and house prices have trended upward, so unadjusted wage
or house price differentials between states are not very
comparable over time. Accordingly, in Table 2 (and the
econometric modeling that follows), we normalize each
state's wage and house price by the average for the United
States in that year. The entries in the second and third rows
of Table 2 show the differentials between California and
other states in relative wages and relative house prices.
Consistent with our earlier comment that wages in Cali
fornia increased at about the same pace as wages in the
average of other states in the District, there also has been
little change over time in relative wage differentials on a
state-to-state basis. For example, in the 1989-1992 period,
California's relative wage differential with Nevada was

unemployment rates, so the raw unemployment rate differential is not
always a reliable guide to the states' relative positions in their regional
business cycles. For example, the unemployment rate in Alaska has
averaged about 1% percentage points more than the California unem
ployment rate, owing, in part, to the geographic segmentation of labor
markets within the expansive Alaskan territory. In contrast, Hawaii has
tended to have a relatively low unemployment rate. Thus, in interpret
ing the 1989-1992 unemployment rate differential between California
and other District states, it is useful to compare the current differentials
with the mean unemployment rate differentials.
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TABLE 2

STATE-TO-STATE DIFFERENTIALS BETWEEN CALIFORNIA AND OTHER TWELFTH DISTRICT STATES

ALASKA ARIZONA HAWAII IDAHO NEVADA OREGON UTAH WASHINGTON

1981-1992:

Unemployment rate -1.78 .80 2.92 .12 .50 -.50 1.55 -.65

Relative wage -.39 .24 .01 .41 -.03 .25 .30 .12

Relative house price .31 .51 -.17 .63 .38 .65 .54 .48

Distance 2363 357 2568 671 228 827 580 961

1989-1992:

Net migration-Actual -.11 -9.60 -.68 -5.27 -16.36 -20.89 -2.96 -23.48

Unemployment rate -1.04 .93 3.72 .96 1.30 .67 2.14 .63

Relative wage -.18 .25 -.08 .38 -.03 .22 .29 .08

Relative house price .59 .69 -.28 .69 .49 .76 .64 .48

1993-1994:

Net migration-Implied -4.38 -46.84 -10.93 -5.55 -18.60 -14.16 -7.30 -29.48

Unemployment rate 1.06 2.85 3.99 3.19 2.49 2.41 5.19 2.09

Relative wage -.22 .17 -.15 .27 -.11 .12 .17 .01

Relative house price .32 .66 -.62 .80 .49 .56 .46 .43

At 1981-1992 Mean:

Net migration-Implied -1.87 -23.43 -.90 -.94 -9.45 -4.85 .51 -10.65

NOTES: The unemployment rates are measured as a percentage of the labor force. The relative wages and house prices are proportions of the national
average wage and house price. Distance is in miles. Net migration is in thousands of address changes per year, with fiscal year data shown as if it per-
tained to the calendar year at the beginning of the fiscal period.

3 percent of the national wage, the same as the long-run
average differential. Over the sample period, the California
house price differential widened noticeably with respect to
all other District states except Hawaii and Washington.4

4. House prices increased much faster in Hawaii than in California over
the sample period. Although Washington house prices were near the
national average at the beginning of the sample period, they increased
faster than the national average in the late 1980s, leaving the California
Washington house price differential close to 48 percent of the national
average throughout the sample period.

II. THE DETERMINANTS
OF PLACE-TO-PLACE MIGRATION

The data used in this paper are a combination of Internal
Revenue Service data on place-to-place migration flows
and other published information on state-level economic,
geographic, and population characteristics. State level mi
gration flows for the 1981-1992 period are taken from IRS
data covering people filing tax returns or listed as exemp
tions on others' tax returns. for consecutive years. State
to-state empirical migration rates are computed as the
number of individuals moving from state i to state j in year



t, as a percentage of the total number of people initially re
siding in the origin state i in that year.5 For each ofthe 12
years of the analysis, the result is a 50x50 contingency
table (exclusive of the District of Columbia) for which the
off-diagonal elements represent estimated place-to-place
regional migration probabilities. OUf in-sample analysis
focuses on these 29,400 off-diagonal elements.6

Following Fields (1979, 1982), Schultz (1982), and Gab
riel, Shack-Marquez, and Wascher (1992, 1993), among
others, we choose a logistic specification for the multivari
ate choice problem.? Given the choice among a finite num
ber of destinations, individuals are assumed to choose the
location yielding the highest expected net discounted re
turn on migration.8 Specifically, the probability of migra
tion from state i to state j in period t, ITijt, is assumed to be

(1) ITijt = exp(Zijt)/[~kexp(Zikt)] i,j = 1, ... ,50; t = 1, ... ,'t ,

where the Z variables are indices of the expected return to
moving to particular places. The common normalization
factor, ~kexp(Zikt)' constrains these individual probabili
ties to sum to unity.9

5. A clarification of the dating of our variables is in order. The IRS mi
gration flows labeled, for example, with fiscal year 1991-1992 or calen
dar year 1992 pertain to address changes between the filing periods for
the 1991 and 1992 tax years; this reflects address changes from roughly
April 1992 to April 1993. The population variable labeled 1992 is an
estimate for July 1, 1992, and the economic variables labeled 1992 are
annual averages of economic conditions throughout that calendar year.

6. In the regressions reported below, only 29,292 of the 29,400 obser
vations are used. We lose about 100 observations due to nonavailability
of the housing price data for one of the states in a single year and a few
observations from censoring in the IRS data to honor nondisclosure
restrictions.

7. Despite the richness of the IRS dataset, relatively little research has
taken advantage of the state-to-state gross migration time series. One
exception is Frees (1992, 1993), whose primary interest has been in de
veloping short-term forecasting models of gross migration rates. Frees
(1992) explores univariate time-series models and shows that origin
destination-specific fixed effects can explain a substantial portion of the
variance in out-migration rates. Frees (1993) also considers the po
tential usefulness of selected economic variables in short-term fore
casting; he shows that the inclusion of changes in income and
employment as explanatory variables only marginally improves upon a
random walk model for forecasting origin-destination-specific migra
tion rates. However, it is difficult to interpret the role of underlying eco
nomic and other forces driving migration in Frees' models with
profligately parameterized fixed effects.

8. Implicitly, the choice of remaining in the region is subsumed in this
decision process as is the case when the net discounted return on mi
gration is less than or equal to zero for all possible destinations.

9. The logistic specification is quite useful for application to time
series of aggregated place-to-place migration data, such as in this study.
However, some weaknesses are likely to become more apparent if the
logistic specification were used to model the multi-dimensional dis-
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For derivation of an estimating equation, we restate
equation (1) in terms of the (logarithm of) the ratio of the
probability ofmigrating from state i to state j in year t (ITijt)
to the probability of remaining in state i (IT iit). Equation
(1) implies that this logarithm of the odds ratio is simply
the difference between an index of the expected return to
moving to that specific state j (Zijt) and the expected return
to remaining in the origin state i (ZUt):

(2) In(ITij/ITUt) = Zijt- Ziit i,j = 1,... ,50; i:;t: j and t = 1,... ,'t.

Accordingly, we use the logarithm of the ratio of the
empirical migration rate to the rate at which individuals
remain in the origin state as the dependent variable, l'ij t. 10

In specifying the index variables, Zijt' we assume that the
value of migration between two states varies directly with

crete choices of individual households. For example, the logistic spec
ification assumes the "independence of irrelevant alternatives" (IlA),
which means in the migration context that the economic conditions in
areas other than the ultimately chosen destination have no effect on the
desirability of residing in the chosen destination.The most likely form
of violation of llA concerns repeat migration. Individuals moving for a
second time are much more likely to return to their initial origin state
than to move on to other states, other conditions equal. For potential
repeat migrants, the evolution of economic conditions in the initial ori
gin state likely affects the evaluation of alternative destinations, and the
logistic specification would not incorporate such dependence.

10. The empirical migration rate, or relative frequency of migration, is
the number of migrants from state i to state j in year t (II ijt) as a pro
portion of the population in the origin state i in year t. The depend
ent variable, Yijt, expresses (the logarithm of) this migration rate as a
proportion of the migration rate for the diagonal cells, II iit, which cap
ture the fraction of individuals remaining in the origin state. Unfortu
nately, the information needed to construct the diagonal cells is directly
available only for selected years in the IRS dataset counting exemptions
on matched returns. However, the numerator for the diagonal cells, Miit,
can be constructed indirectly as Miit = (PO!';t- Lq"iMiqt), where PO!';t
is the Census estimate of the noninstitutionalized resident population
in the origin state, and the Miit and Miqt variables are migration flows de
nominated in terms of numbers of people, not migration rates. One
drawback of this approach is that the IRS migration data and Census
population estimates are not fully consistent; in fact, our constructed
estimate of the remaining population likely overestimates the true num
ber of stayers by a noticeable amount. We infer this because over the
1990-1992 period for which the diagonal cells of the IRS dataset are
available, the implicit population level of matched exemptions (LMiqt)
for California is only about 77 percent of the Census Bureau's estimate
of the actual population level in California. For all U.S. states, the cov
erage ratio averages about 80 percent and ranges from about 75 percent
to 90 percent, and the state-specific coverage ratios appear to be quite
persistent over time.

There are a number of reasons why the count ofmatched exemptions
tends to fall short of the actual population. First, not all individuals are
required to file federal taxes, and some required filers fail to comply.
Second, as discussed by Frees (1992), typically a small fraction of the
returns for a given year have not yet been received when the matching
process is executed. Third, the returns are matched based on the Social
Security number of the primary filer, and data entry and other errors can
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economic opportunity and location-specific amenities in
the destination region and inversely with economic condi
tions and location-specific amenities in the origin region.
Also, irrespective of the characteristics of potential des
tinations, origin region populations are assumed to have
different propensities to migrate, depending on, for exam
ple, individuals' positions in the overall life-cycle. The em
piricalliterature suggests that the migratory propensity of
individuals-the raw tendency of households to move
peaks when such individuals are in their 20s and also is
higher for people with a college education; moves are es
pecially common at times of career job choice and mar
riage. As individuals mature, have families of their own,
and develop job, neighborhood, and social ties, mobility
declines. We attempt to capture the life-cycle phenomenon
concisely by focusing on the population age structure.

More specifically, the index Zijt is comprised of a lin
ear combination of the relevant economic and location
specific amenity-related characteristics of the origin and
destination states (Xit and Xjt), the transactions costs of
moving between i and j (Dij)' and a population age-struc
ture proxy for individual traits associated with the propen
sity to migrate ('lit):

=AXit + <I>Xjt + "(F;t + (5Dij' i i:- j;

i=j;

i,j = 1, ... ,50 and t = 1, ... ,'t.

Equation (1) can be rewritten in terms of the difference be
tween the elements of Zijt and Ziit asH

(4) In(IIij/IIiit) =<I>(Xjt - Xit) + 2y Tit + (5Dij .

This particular specification implies that the origin and
destination economic and amenity conditions, X, operate
symmetrically on migration, with <I> representing the pa
rameter vector associated with differentials between origin
and destination state conditionsP The symbol y represents

inhibit proper matching on this basis. Nevertheless, the IRS data appear
to be the best available source for estimates of interstate migration. See,
for example, Wetrogan and Long (1990) for a comparison with other
sources.

11. Note that both 1;, and Dij remain in the model after the normaliza
tion is made. In the first case, this occurs because elements of 1;, that
are positively associated with the general propensity to migrate have a
positive influence on any Zij' for which i 01= j, but a negative influence on
any Zii/ and hence do not cancel out when the difference is taken. In the
second case, we assume that there are no transactions costs associated
with not migrating (Du= 0) so that this variable does not appear in Zu,.

12. Alternatively, asymmetries in information flows about economic and
other conditions in the origin and destination regions or asymmetries in

the parameter vector associated with origin population
characteristics proxying the propensity to migrate. Trans
actions costs associated with migration are assumed to be
time-invariant in our specification; (5 represents the param
eter associated with this effect.

Adequately measuring the relevant economic and amen
ity conditions is difficult. With regard to measurable
economic conditions, in addition to job prospects, the cost
of-living and wage levels in an area clearly are important
in the migration decision. However, amenities are capital
ized to some extent in house prices and wage rates, so con
trolling for differences in amenities across areas also is
important to modeling the effects of differences in such
measurable economic conditions. One approach is to fol
low Blomquist, Berger, and Hoehn (1988), among others,
in trying to identify and measure explicitly the large num
ber of relevant location-specific amenities important to po
tential migrants.13 However, such an approach likely would
impart problems of omitted and misspecified amenity vari
ables into the analysis. Another problem with including
explicitly measured amenities in a migration analysis is
that not all amenities are freely provided and fully capital
ized in house prices and wage rates. For example, Gyourko
and Tracy (1991) point out that fiscal differentials-varia
tions in the extent to which amenities are priced through
taxation and other fiscal means-also have a strong in
fluence on quality-of-life index values. Such state fiscal
conditions also should be included in any explicit attempt
to sort out the pecuniary and nonpecuniary influences on
migration.

Absent comprehensive information on amenity-related
variables by state, we parameterize amenities using a fixed
effects approach, akin to the Greenwood, Hunt, Rickman,
and Treyz (1991) use of fixed effects in a net migration
model. Specifically, we represent the amenities in destina
tion location j by a single parameter, A1, and amenities in
the origin location i by the parameter A~.14 We further
assume that the composite index of the effective attrac
tiveness of an area, <l>X, can be represented as a linear

the returns to migration may give rise to unequal effects on migration
from origin and destination variables. In the empirical investigation that
follows, we report on the effect of relaxing the symmetry restriction on
the migration coefficients.

13. For example, the degree of air pollution can be approximated by the
amount of particulates in the air, the pleasantness of the weather can be
represented by data on temperatures and rainfall, and the quality of pub
lic schools can be approximated by educational testing results or meas
ures of educational expenditures.

14. In contrast to the directional migration specification contained in
this paper, the Greenwood, Hunt, Rickman, and Treyz (1991) paper was
limited to an analysis of net migration. Accordingly, the authors did not



combination of the amenity parameter and three measures
of economic conditions~the unemployment rate (U), the
relative wage rate (W), and the relative house price (P):15

(5) <I>Xst =A~ + ~1 u,t + ~2 tv.t + ~3 I:t

for s indexing origins (i)

<I>Xst =Ads + ~1 u,t + ~2 tv.t + ~3 I:t

for s indexing destinations (j).
Accordingly, the state-to-state migration model that we es
timate is:

(6) lijt =a + ~1 ([1t- qt) + ~2(~t-lV;t) + ~3 (EJt- Itt)

+ 2yTit + 8Dij + LsA~F;s - LsA~Fjs + tijt,

where the index of states (s) in the sum over the state-level
dummy variables (F) runs from the first to forty-ninth
state; Wyoming is the reference state subsumed in the
estimate of the intercept a. Thus, the analysis implicitly in
cludes 100 fixed effects, one for each state as a migration
origin and one for each state as a migration destination. We
represent the propensity to migrate by a linear combina
tion of a vector, T, of origin state population age structure
variables. Transactions costs, D, are proxied by the dis
tance between the most populous city in the origin state
and the most populous city in the destination state. 16 The
error term in equation (6), t, captures measurement and
specification error.

Estimation results are shown in Table 3. The model ex
plains approximately 80 percent of the variation in the

distinguish between the amenity value for a location as an origin and
its amenity value as a destination. We choose not to impose equality of
the fixed effects for a place as an origin and as a destination, in part be
cause the local fiscal situation depends on whether a resident is coming
or going. For example, according to California's Proposition 13, home
owner property tax assessments vary substantially as a function of the
timing of the purchase of the home. In general, our results suggest the
inappropriateness of the restriction of equal fixed effects for a place as
an origin and a destination.

15. The relative wage and relative house prices are defined as described
in the discussion of Table 2, as that state's nominal wage or house price
as a proportion of the national average wage or house price in the given
year.

16. The distance measures were computed from the longitudinal and
latitudinal co-ordinates of the most populous cities in the states, using
the information supplied in the U.S. City SAS map dataset. The wage
variable is computed from BEA's measures of state-level personal in
come; the population levels implicit in the published estimates of over
all per capita income were used to convert the published estimates of
wage and salary income to a per capita basis. The house price variable
is the average price ofhomes involved in selected mortgage transactions
in the state as published by the Department of Housing and Urban De
velopment. The estimates of the population age structure were com
piled from a variety of Census Bureau sources.
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standardized probability of state-to-state migration over
the 1981-1992 period. In general, the coefficient estimates
are consistent with a priori expectations. A high unem
ployment rate in the destination state relative to the origin
state decreases migration, while relatively high wages in
the destination state increase migration. I? In addition to
having the appropriate signs and being precisely esti
mated, the coefficients on the unemployment and wage
differentials appear to be important in explaining inter-
state population flows. In contrast, the coefficient on state
level house price differentials is not significantly different
from zero.18

The results also suggest higher migratory propensities
among younger household heads. As indicated in Table 3,
beyond the baseline 0-17 years age category when in
dividuals tend not to be household heads, the estimated
coefficients decline monotonically with the age of the
origin region population and turn negative and sizable for
the 45 years and older age groups. This is not surprising,
as the expected economic return to migration is a dis
counted stream of income over the remaining work years
in the destination region, and this discounted value is less
likely to exceed the transactions costs of moving if the
income stream under consideration is of short duration.

Space limitations preclude presentation and discussion
of the full set of state-level fixed effects, although Table 3
does show the estimated fixed effects for California. Rela
tive to the baseline state (Wyoming), California is both

17. Strictly speaking, the statement that a high unemployment rate in the
destination state relative to the origin state decreases migration applies
in terms of deviations from state-specific mean unemployment rates.
For simplicity of exposition, we have motivated the fixed effect param
eters solely in terms of amenity values, but, in practice, the estimates of
the fixed effects also will control for other state characteristics, such as
high average unemployment rates.

18. The lack of significance of house price differentials in the determi
nation of place-to-place migration flows is somewhat at odds with the
results in Gabriel, Shack-Marquez, and Wascher (1992), which indi
cated that relatively high destination house prices deterred migration,
whereas high origin region house prices have little effect on migration.
The earlier findings were derived from a purely cross-sectional model
for the late 1980s, using quality-adjusted new house price data for the
nine census divisions; location-specific fixed effects were not included
in the analysis. Because the constant-quality house price series are not
available for existing homes or at the state level, the more geographi
cally disaggregate, time-series analysis presented here uses non-quality
adjusted prices of a composite of new and existing houses.

In addition, we impose the symmetry restrictions in this study, pri
marily for expository convenience. If the symmetry restrictions on the
unemployment rates, wages, and house prices are relaxed, the overall fit
of the model barely changes, and the estimated coefficients on the un
employment rates remain near the estimated values from the restricted
version. The house price coefficients remain indistinguishable from
zero.
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TABLE 3

ESTIMATES OF THE LOGISTIC MODELS OF STATE-TO-STATE MIGRATION

ESTIMATED COEFFICIENTS

EXPLANATORY VARIABLE

Unemployment rate differential (PI)

Relative wage differential (P2)

Relative housing price differential (P3)

Distance (0)

Population age structure

Without Structural Change

-.053
(-20.71)

.346
(7.13)

.009
(.35)

-.001
(-172.65)

With Structural Change

-.053
(-20.64)

.343
(7.04)

.011
(.44)

-.001
(-172.65)

18-24 years (2YI)

25-44 years (2Y2)

Califomia-as-origin (Ns)

Califomia-as-destination (Ads)

Memo:

4.620 4.496
(4.02) (3.85)

1.061 1.026
(Ll5) (Ll1)

-2.469 -2.510
(-1.66) (-1.67)

-4.115 -4.152
(-3.26) (-3.26)

Full-sample 1981-1988 1989-1992
.450 .439 .458

(7.90) (7.06) (7.13)

3.844 3.872 3.784
(94.16) (87.62) (68.94)

Goodness of fit (R2) .79 .79

NOTES: The OLS regression was fitted through 29,292 observations on the dependent variable, Yijt, over the 1981-1992 sample period. Additional
explanatory variables included, but not shown above, were an intercept and fixed effects for each other state (except Wyoming) as an origin and as
a destination. Conventional t-statistics for the hypothesis of a zero coefficient are shown in parentheses.

more likely to be an origin and more likely to be a desti
nation, other things equal. More important, relative to all
other states, the estimated fixed effect for California-as
origin is near the middle of the range. In contrast, the
estimate of California-as-destination is quite high and is
exceeded only by Florida-as-destination. Correspondingly,
the model implies that there would be a strong net in
migration to California if unemployment rates, wages,

house prices, and age structures were equalized across
states.

As reported in the second column of Table 3, we also
evaluated the temporal stability of the California fixed
effects estimates. Specifically, the migration model was re
estimated with interactive terms on the California origin
and destination fixed effects, one set for the pre-1988 pe
riod of net in-migration to California and another set for
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FIGURE 2

CALIFORNIA NET DOMESTIC MIGRATION

(THOUSANDS OF ADDRESS CHANGES)
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migration equations such as (6) change as variables are added incre
mentally to the regression specification. Proceeding in order of impor
tance, the fixed effects contribute 56 percentage points to the R2.
Adding the distance variable boosts the explanatory power about 22
percentage points further, to 0.78 of the variance in the dependent vari
able. The unemployment differential explains only about 1. percentage
point of the variance in the dependent variable, and the remaining eco
nomic variables explain even less. These statistics are indicative of the
fact that the cross-sectional variance in the dependent variable dwarfs
the portion of the variance in the dependent variable due to changes in
economic conditions over time.

to a simulation that isolates the contribution of the variable
in question to the overall fit. The simulation permits the
relevant variable to vary as it did over history, but holds
the other variables steady at their sample means. In calcu
lating these simulated contributions, the origin state pop
ulation levels also are allowed to evolve over time.

The upper left panel of the figure shows that changes
over time in unemployment rate differentials have domi
nated the fit of the model for California net in-migration
over the sample period and, in particular, explain a large
portion of the decline in net migration after 1987. Time
series movements in the relative wage differential induced
little change in net in-migration to California over
1982-1987, but relatively slow growth in California wages
after that induced some additional migration to other
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19. Figure 3 illustrates the contributions to the fit for net migration. We
also describe here the contributions of the variables to the fit for the log
arithmic gross migration rates by reporting how the goodness-of-fit of

the 1989-1992 period of net out-migration from Califor
nia. Theoretically, this less restrictive model lets the fixed
effects estimates over the more recent period reflect the con
jectured deterioration in California amenities, the alleged
decline in the "quality of life" that has been the topic of
media commentaries. The estimates of the California fixed
effects for the more recent period are consistent with the
deterioration hypothesis, although the coefficients are not
markedly different from the estimates for the 1981-1988
period.

These results are shown more clearly in Figure 2, which
plots actual California net migration flows over the 1981
1992 sample period, together with fitted values for Cal
ifornia net migration over that same period as derived
from the two estimated place-to-place migration models.
Both the models "with" and "without" structural change fit
the actual pattern ofnet domestic migration relatively well,
particularly in the years since 1988. However, allowing for
structural change in the California fixed effect boosts
implied net in-migration prior to fiscal year 1989-1990
by about 14,000 persons per year and lowers migration by
about 23,000 persons per year for the 1989-1992 period.
Thus, the model with structural change is consistent with
a swing in the desirability of residing in California suffi
cient to induce a drop of about 37,000 people per year in
net in-migration to California. Actual California migra
tion ranged from a peak net inflow of about 100,000 in fis
cal year 1987-1988 to a net outflow of about 170,000 in
fiscal year 1992-1993, and so the model with structural
change attributes at most only· about 20 percent of the
swing in net migration to changes in the California "qual
ity of life."

The parameter estimates presented in Table 3 clearly
indicate that migration is influenced by economic condi
tions. However, it is difficult to discern the relative magni
tudes of the economic effects on net migration from the
parameter estimates alone because the model is specified
in terms of logarithms of gross migration flows. For this
reason, it is useful to translate the parameter estimates into
the effects on net migration. However, once the model is
transformed in this manner, it is no longer linear in the
explanatory variables, and the standard, additive decom
position of the contributions of the explanatory variables
is not applicable. Figure 3 shows an alternative method of
illustrating the relative importance of selected explanatory
variables. 19 In particular, the contribution of each variable
is calculated from comparing the overall fit of the model
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FIGURE 3

CONTRIBUTIONS TO FIT
FOR CALIFORNIA NET DOMESTIC MIGRATION
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states. Changes over time in relative house price differen
tials had only a minor effect on the fit, while the evolution
of the age structure was a more noticeable component of
the net out-migration from California.20

III. MODEL SIMULATIONS OUT-OF-SAMPLE

In 1993 and 1994, the divergence between economic op
portunities in California and other states widened further,
so the model predicts an acceleration of net out-migration
from California. The unemployment rate differential be
tween California and other Twelfth District states widened
from about 1 percentage point in 1989-1992 to about 2%
percentage points, on average, in 1993-1994. Relative to
California, employment prospects improved in every other
Twelfth District state (Table 2). Job opportunities were
particularly strong in Idaho and Utah, where the unem
ployment rate differentials exceeded 3 percentage points
in 1993-1994. Recent relative wage developments also
have induced further out-migration from California (Table
2 and Figure 3). During 1993-1994, per-capita wage and
salary income grew faster in low unemployment rate states
-such as Idaho, Neva9-a, and Utah-than in Califomia.21

Specifically, given the recent historical values of the eco
nomic variables, the fit of the model ("without structural

20. One notable aspect of the calculated contributions to the levels of
net migration is that they all drop at least 60,000 persons over the sam
ple period. For the relative house price differential contribution series,
the swing is almost entirely due to the evolving origin state population
levels. To get a more specific calculation of the effect of evolving ori
gin state population levels, we computed the difference between the fit
of the model for the level of California net migration when dynamic
population weights are used in the aggregation of implied migration
rates and the fit when static (sample-mean) origin population weights
are used in the aggregation. The difference swings about 60,000 per
sons over the sample period. To better explicate this phenomenon, we
note that the states which historically have provided the largest net
inflows to California-Ohio, Michigan, New York, and Illinois-had
declining population shares over the sample period. Also, states that
received the largest average levels of net out-migration from Califor
nia-Washington, Nevada, Oregon, and Arizona-experienced more
rapid population growth than the overall United States.

One possibility, consistent with this latter finding, is that there is a
substantial reflective component to the California migration process.
Historically, relatively young people from major urban centers in the
Northeast and Midwest might have moved to California to take jobs or
complete their education. Once they had relocated in California, their
next moves might have been to other western states. The pool of poten
tial in-migrants to California from the Northeast and Midwest has de
clined in relative size over time; the pool of people which may have less
interest in migrating to California, as indicated by their residence in
other western states, has increased in relative size over time.

21. The per capita wage and salary income estimates for 1994 are based
on personal income data through the second quarter of 1994. Also, the
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FIGURE 4

ALTERNATIVE SIMULATIONS
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change") implies that net out-migration from California
accelerated from almost 200,000 persons in fiscal year
1992-1993 to about 250,000 persons in fiscal year 1993
1994 and 258,000 persons in fiscal year 1994-1995 (Fig
ure 4).22 Although IRS data on interstate migration is
publicly available only through fiscal year 1992-1993 at
present, other data sources suggest that actual out-migration
for California did accelerate further in recent years. For
example, in the recent Census Bureau estimates of the
components of population change for the state-which in
corporate as yet unpublished IRS data on address changes
in fiscal year 1993-1994-net domestic out-migration
from California is shown to have increased by about
45,000 persons that year. Data on address changes from
the California Department of Motor Vehicles (DMV) also

HUD series on housing prices was unavailable after 1993, so the 1994
estimates in this table extrapolate the HUD housing prices on the basis
of changes in the median prices of single family homes in selected met
ropolitan areas, as reported by the National Association ofRealtors and
aggregated to the state level by the authors.

22. In this and other ex-post simulations of the model, the population
age structures of the states are held constant at their 1992 values. Also,
the 1992 figures for the remaining population in each state, Mut, are used
in the simulations to convert implied migration rates to implied migra
tion levels.
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offer a more current perspective on actual California mi
gration and provide state-to-state detail not available in the
Census data. During fiscal year 1993-1994, net driver's
license address changes from California to other U.S.
states tallied about 125,000, an acceleration relative to
the roughly 100,000 drivers' license address changes re
corded in the previous fiscal year. Using the California
State Department of Finance's rule-of-thumb of 1.5 per-
sons per driver's license, this is all acceleration of net do=
mestic out-migration of about 35,000-40,000 persons,
roughly consistent with the recent Census figures. 23

On a state-by-state basis, the recent DMV data suggest
that in the fiscal year ending in mid-1994, the relatively
large net outflows of people from California to Arizona,
Idaho, Oregon, and Washington continued at about the pre
vious year's pace, and the net outflow to Nevada picked up
a bit. This state-by-state pattern also is broadly consistent
with the predictions of the model for the calendar years
1993 and 1994; for example, the Nevada unemployment
rate dropped particularly sharply in 1994, so the model
implies a pickup in migration from California to Nevada
last year.

Figure 4 also presents simulations of California net mi
gration flows under the assumption of a reversion some
time after 1994 of state level unemployment, wage, and
house price differentials to the average levels observed
during the 1981-1992 estimation period. These baseline
simulations show the path of California net migration in
the presence of a moderate rebound in California eco
nomic conditions and less rapid economic growth else
where. For example, the unemployment rate differential
with respect to Idaho is assumed to narrow about 3 per
centage points, from 3.19 percentage points in 1993-1994
(Table 2) to 0.12 percentage point in the baseline simula-

23. However, the levels of domestic migration implied by the driver's li
cense address change data, using the 1.5 persons per driver's license
rule-of-thumb, are not always consistent with the levels of migration
implied by the IRS data, and changes in the two series also are incon
sistent in some years. There are a number of reasons why it would be
imprudent to take the DMV-based estimates literally. First, there are
quite understandable reasons why the ratio of people to driver's licenses
might evolve over time, such as changes in the age structure of the pop
ulation and changes in the proportion of the population that can afford
automobiles. Second, there are a few clear time-series breaks in the
ratio of migration flows implied by the IRS data to the migration flows
implied by the DMV data (using the 1.5 persons rule-of-thumb); one of
these breaks coincides with a switch across state agencies in responsi
bilities for tabulating and processing the driver's license data. Last, the
California state agencies which have released the data urge users to be
cautious about interpreting them, owing to factors such as lags in the
reporting of address changes to state authorities and instances of non
reporting from destination states.

tion. Unemployment differentials with respect to other
Twelfth District states and the rest of the United States are
assumed to narrow by a similar order of magnitude.

In the case of the model "without structural change,"
the outflow from California is predicted to slow to about
78,000 persons per year. In other words, about 70 percent
of the 1994-1995 estimated outflow of 258,000 persons is
attributable to deviations of current economic conditions
from mean values. Allovling for a one-time stL-'uctural
change only reduces the predicted slowing by about
25,000 persons per year, to a pace of about 103,000 per
sons per year. Thus, if the moderate rebound in California
economic conditions is assumed to occur, but the earlier
structural shift in amenity values also is assumed to per
sist, out~migration from California is predicted to be sub
stantial, but much less than the recent pace.

On a state-by-state basis, the baseline simulation of the
model without structural change (last row of Table 2) sug
gests that the small net outflows to Utah will be reversed,
and the net outflows to most other District states will slow
substantially. For example, at the 1981-1992 sample mean
for the economic variables, implied net migration from
California to Washington slows to 10,650 persons from an
estimated 29,480 persons per year in 1993-1994. For most
other Twelfth District states the model also implies that
about two-thirds of the current net out-migration from Cal
ifornia was due to deviations of economic conditions from
mean values.

Figure 4 shows additional California net migration sce
narios. Relative to the baselines, one of these scenarios is
more optimistic for California and the other is more pes
simistic. In the optimistic scenario, the California unem
ployment rate drops by an additional 1 percentage point
and the relative wage increases by an additional 5 percent
of the national wage; all other characteristics of the base
line simulation are maintained. As is evident from the fig
ure, such a relatively moderate resurgence in California
labor demand, coupled with long-run stability of esti
mated state-level fixed effects, implies slightly positive net
domestic in-migration to California.

In the pessimistic scenario, not only is some earlier de
terioration in the amenity value of residing in California
admitted, but some further deterioration is assumed to
occur.24 Moreover, no additional narrowing of unemploy
ment rate differentials or improvement in California rela
tive wages is allowed; the economic conditions are held
fixed at their estimated 1994 values. This more pessimistic

24. Specifically, over the estimation period the "model with structural
change" implies that a swing in the desirability of residing in Califor
nia-owing to factors other than the measured unemployment rate,



scenario implies that net out-migration from California
increases by about 37,000 relative to the predicted fiscal
year 1994-1995 experience; in the pessimistic scenario,
about 314,000 people per year, on net, continue to leave
the state.

IV. CONCLUSIONS

This paper evaluates the role of economic and nonpecu
niary location-specific factors in the determination of
California domestic migration flows over the 1981-1992
period and beyond. Our results indicate that changes over
time in state unemployment rate differentials explain
most of the changes in California net migration. In con
trast, changes over time in relative state wage and house
price differentials have only small effects on migration
flows. With respect to location-specific attributes and
amenities, we find evidence of a relatively strong secular
draw to California as a migrant destination for the sample
period as a whole. Moreover, we do not find strong evi
dence in support of the deterioration in California amen
ities or "quality of life," topics of numerous media
commentaries. In particular, because the model fits well
without such an allowance for structural change, the re
sults suggest that only a relatively small portion of the
recent net out-migration is due to structural change.

Simulations of the model suggest that California net
out-migration would slow substantially in the presence of
a moderate rebound in California economic conditions
specified as a reversion in state-level unemployment rate,
wage, and house price differentials to the average levels
observed during the 1981-1992 estimation period-from
about 258,000 people in fiscal year 1994-1995 to about
78,000 people in the future. Indeed, an alternative simu
lation of the model suggests that a somewhat stronger
resurgence in California labor demand, coupled with no
deterioration in amenities, would result in slightly positive
net in-migration to California. In summary, our research
findings suggest that much of the recent domestic out
migration from California has been in response to poor
economic conditions and would be largely reversed in the
context of a rebound in the California economy.

One might be tempted to conclude from our findings
that the alleged deterioration in California amenities is of
limited importance in the determination of changes in
population flows to and from the state, relative to changes
in the availability of jobs. This conclusion is consistent

wage, and house price differentials-induced an increase of about
37,000 people per year in net out-migration from California. In the pes
simistic scenario, an equal-sized structural change is assumed to recur,
boosting the effect to 74,000 people per year.
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with our results, but we have not definitively proven the
case for the limited importance of changes in amenities
here, because we have not attempted to evaluate the extent
to which recent job losses in the state were driven by dete
rioration in California amenities. An alternative possibil
ity, which also is consistent with our findings, is that a
deterioration in California amenities influenced business
location decisions, with a resulting decline in job oppor
tunities. A SLnJctural decomposition of the historical
changes in the state's unemployment rate would be useful
for assessing the plausibility of various near-term eco
nomic and demographic scenarios, but we do not attempt
such an unemployment rate decomposition here. Whether
or not a decline in amenities substantially contributed to
the recent weakness in California labor demand, it is clear
that efforts to create and retain jobs are critical to any im
provement in the California domestic migration balance.

ApPENDIX: ROBUSTNESS OF THE RESULTS

This appendix discusses the robustness of the results to
alternative econometric specifications. Because we are pri
marily concerned with projected migration in the scenario
of a rebound in California economic conditions, we focus
here on the sensitivity of the point estimates of the coeffi
cients on the driving economic variables.

One potential criticism of the way we· estimated the
baseline specification (Table 3) and described the results
concerns the possible presence of correlation between the
error term and right-hand side variables in the estimated
equation (6). The OLS estimator we use provides consis
tent estimates of the parameters of the equation when that
equation is interpreted as a conditional expectation rela
tionship, where the error term is orthogonal to the regres
sors by definition; this is the sense in which we use the
model in the projection exercise. However, if the equation
and error term are given a structural interpretation, a cor
relation between the error term and the included regres
sors could lead to inconsistency in the OLS estimator
for the structural parameters. To check on the plausibility
of the structural interpretation of the OLS estimates, we re
estimated the "without structural change" version of the
model by instrumental variables (IV), using lagged values
of the unemployment rate differential, wage differential,
and housing price differential as instruments for the con
temporaneous values of these three variables. The basic
pattern in the point estimates of the coefficients on these
key variables is invariant to this choice of estimator.
Specifically, the coefficients on the relative wage and
housing price differentials remain near 0.35 and 0.10, re
spectively, when IV is used. The coefficient on the unem
ployment rate differential increases somewhat in absolute
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value, from -.053 under OLS to -.086 under IV. Thus, the
unemployment rate differential remains the most impor
tant contributor to the explanation of changes in net mi
gration under this alternative estimator.

A second issue concerns the parsimonious way we have
parameterized the fixed effects and whether the IV esti
mator described above is consistent for structural parame
ters in the presence of fixed effects. We have implemented
the fixed effects estimators with dummy variables, which
is numerically equivalent to estimating slope coefficients
with variables transformed to deviations from mean form.
The corresponding instrumental variables estimators of
slope coefficients in fixed effects models generally are not
consistent for structural parameters if the instruments are
merely pre-determined, but not strictly exogenous, as dis
cussed in Keane and Runkle (1992). In our application of
IV above, the instruments fail this strict exogeneity re
quirement. However, IV with predetermined instruments
provides consistent estimates under some alternative trans
formations that remove the fixed effects, including the
simple transformation of taking the first differences of the
data over the time dimension. Doing so implicitly allows
for one fixed effect for each origin-destination pair, as in
Frees (1992, 1993), whereas our equation (6) only allows
for one fixed effect for each state as an origin and one fixed
effect for each state as a destination. We have re-estimated
the model in first-difference form, expressing each origin
destination-specific (i,j) variable as a deviation from its
lagged value. IV estimation of the difference specification,
using second and third lags of the economic variables as
instruments, yields a coefficient of -.062 on (changes in
the) unemployment rate differential, still somewhat close
to the OLS estimate of this coefficient from the levels
specification, reported in Table 3. With the difference
specification, the coefficient estimates on the other vari
ables do not change enough to alter our conclusion that the
unemployment rate differential is the most important con
tributor to the explanation of changes in net migration.

We also evaluated the sensitivity of the model results to
alternative dynamic specifications. To investigate possible
delays in the response of migration to changed economic
conditions, we re-specified equation (6) to include lagged
(prior year) values of the economic variables instead of
current year values. In this case, the OLS estimate of the
coefficient on the unemployment rate differential is
-0.061, about the same as in the original specification. If,
instead, both current and lagged fundamentals are used,
then the sum of the coefficients on the unemployment rate
differential is -0.067, with a roughly 50-50 split between
the contributions. of the current and lagged values. Our
projection exercise returns all variables to their sample
means at some unspecified date in the future, and we do

not focus on the implied timing of the slowing of net out
migration from California. These additional results on the
dynamics suggest that the timing of the response to a nar
rowed unemployment rate differential would not be fully
contemporaneous.

A final econometric issue concerns the presence of het
eroskedasticity in the errors of equation (6). In the residu
als from the estimation results shown in Table 3, there

the mean migration rate, as suggested by Frees (1992). To
check this, we computed the standard deviation of the
residuals for each origin-destination pair and then re
gressed this dependent variable on the mean logarithmic
migration rate for that origin-destination pair. The slope
coefficient in this second-stage regression is -.024, which
shows that state pairs with higher directional migration
rates tend to have less unexplained volatility in this flow, in
percentage terms. However, the R2 in this second-stage re
gression is only .16, which suggests that only a moderate
amount of heteroskedasticity could be explained this way.
This feature of the error term affects the efficiency of the
estimators and the consistency of estimators of standard
errors of coefficients. However, it does not affect the con
sistency of the coefficient estimators themselves, and we
leave the computation of more efficient estimators for
future work.
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