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The Channel of Monetary Transmission to Demand: 
Evidence from the Market for Automobile Credit 

In response to tight money, both consumer loans and consumption fall. I ask whether 
there is any causality running from loans to consumption by focussing on how the com- 
position of automobile finance between bank and nonbank sources of credit changes in 
response to unanticipated innovations in monetary policy. The results indicate that con- 
tractionary monetary policy produces a statistically significant reduction in the relative 
supply of bank consumer loans, which in turn produces a decline in real consumption. 
The evidence therefore supports the existence of a credit channel of monetary trans- 
mission to aggregate consumption. Moreover, the nature of automobile finance is 
uniquely suited to identifying which of two possible subchannels of the broader credit 
channel is relatively more important, and suggests the results are more likely consistent 
with a bank lending channel than with a pure balance sheet channel. However, the find- 
ings also indicate that the quantitative effects of the lending channel on the aggregate 
economy, though precisely estimated, may be quite small. 

Is THERE ANY CAUSAL LINK between the availability of con- 
sumer credit and consumer demand? In bad times, does consumer credit decline sim- 
ply because demand is lower, or is the downturn exacerbated by a reduction in the 
supply of consumer loans to credit-dependent households who would otherwise 
maintain consumption at higher levels? 

The relation of credit market conditions to the production and investment decisions 
of firms has recently been a topic of extensive research (Bernanke and Blinder 1988 
and 1992; Bernanke, Gertler, and Gilchrist 1995; Gertler and Gilchrist 1993). In par- 
ticular, the credit channel theory of monetary transmission postulates that recessions 
are worsened by the inability of credit-dependent firms to borrow at the levels they 
could in good times, either because banks decrease the supply of loans after a mone- 
tary tightening, or because firms' credit-worthiness declines when net worth falls. If 
firms depend on bank loans to maintain production and investment activities and to fi- 
nance inventories, a monetary contraction will have a greater impact on real activity 
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than that predicted by the pure "money" view, according to which loan supply re- 
sponds passively to changes in the demand for credit induced by variation in the cost 
of capital. 

One can distinguish analogously between two possible views of monetary trans- 
mission to consumption with the following question: Does consumer credit simply 
passively respond to consumption demand (itself responding to variation in income or 
the user cost of capital), or does a reduction in the supply of consumer credit by banks 
further retard consumption? This question is in fact twofold: (1) does a monetary con- 
traction reduce the supply of consumer loans from banks, and (2) if so, does this lead 
to lower consumption? 

Although a considerable body of literature has developed to investigate the mecha- 
nism by which monetary policy shocks affect the production and investment deci- 
sions of Srms, much less work has been devoted to establishing whether credit 
channels of monetary transmission have a significant influence on the consumer sec- 
tor. One reason it is important to determine whether a credit channel is operative to the 
consumer sector is that doing so may help resolve the on-going disagreement over 
how to interpret apparent empirical failures of the permanent income hypothesis. For 
example, some have argued that the predictability of aggregate consumption growth 
may be explained by the presence of credit market imperfections in the form of bor- 
rowing restrictions on individual consumers (Zeldes 1989; Deaton 1991; Ludvigson 
1996; Jappelli, Pischke, and Souleles 1996). Others contend that precautionary mo- 
tives (for example, Carroll 1997), time nonseparable preferences (for example, 
Deaton 1992), myopia (for example, Campbell and Mankiw 1989), aggregation bias 
(for example, Attanasio and Weber 1993; Pischke 1995), or nonlinearities in the con- 
sumer's intertemporal first-order condition (Ludvigson and Paxson 1997) may ex- 
plain the findings. Since the policy implications of credit constraints are very different 
from those of the other explanations, it is important to determine whether credit mar- 
ket frictions play a role in propagating policy shocks to aggregate consumption. 

The main problem with discriminating between the money and credit channels 
from a reading of the aggregate data is that the two theories are observationally equiva- 
lent in the usual econometric applications. For example, in either theory, loans con- 
tract after a monetary tightening, rendering it difficult to distinguish between 
supply-versus-demand-induced movements in credit. Simple correlations between 
loans and various measures of real activity tell us something about the timing of 
events, but little about the direction of causality. 

One approach to this problem is suggested by Kashyap, Stein, and Wilcox (1993), 
who study how the ratio of business bank loans to commercial paper (a close substi- 
tute for bank credit) is influenced by a shift in monetary policy. Their insight was, if a 
monetary contraction ldads to a decline in the ratio of bank loans to the sum of com- 
mercial paper and bank loans, the supply of bank credit must be shrinking, since pre- 
sumably the demand for both types of finance would fall in rough proportion. They 
found that a monetary contraction was associated with a decline in this ratio and con- 
cluded that tight money leads to a reduction in the supply of business loans from 
banks, consistent with predictions of the lending channel. Whereas the money view 



SYDNEY LUDVIGSON : 367 

makes no explicit prediction about the behavior of the composition of finance, an im- 
plication of the credit channel is that a monetary contraction should shift this compo- 
sition away from bank loans and toward nonintermediated credit. 

This paper follows a research strategy very much in the spirit of Kashyap, Stein, 
and Wilcox (KSW) by investigating how the composition of consumer loans between 
bank and nonbank sources of finance changes after an unanticipated disturbance to 
monetary policy. Consumer installment credit is issued by banks and by businesses 
and is available as aggregate time series data. Variation in the composition of con- 
sumer finance after a contractionary monetary shock provides the needed econo- 
metric identification for sorting out supply and demand movements in household 
credit: a fall in the ratio of bank loans to the sum of bank and nonbank loans indicates 
a constriction in the supply of bank credit. Before these empirical tests can be per- 
formed, however, two implementation issues need to be addressed. 

The first implementation issue concerns the choice of household credit series. To 
ensure that bank and nonbank consumer installment credit is issued for the same pool 
of products, I focus my study on loans for a particular product automobiles. Auto- 
mobile credit is extended by commercial banks and finance companies which are 
largely subsidiaries of major automobile manufacturers. 

A second implementation issue concerns the measurement of monetary policy. In 
order to track how the composition of consumer credit responds to an unanticipated 
shift in monetary policy, a metric for measuring the stance of monetary policy is need- 
ed. Romer and Romer ( 1990) follow a descriptive strategy by interpreting minutes of 
Federal Open Market Committee meetings to identify particular episodes of tighter 
policy. Alternatively, Bernanke and Blinder (1992) argue that innovations in the fed- 
eral funds rate are a good indicator of central bank policy because the Federal Reserve 
has direct leverage over this rate in the short term. 

Christiano, Eichenbaum, and Evans (1994) compare these two ways of measuring 
monetary policy. As they point out, an advantage of the Romer approach is that it re- 
quires no formal specification of the Federal Reserve's policy rule. Its primary disad- 
vantage, however, lies with the ad hoc identification of exogenous policy episodes [of 
which Romer and Romer (1990) locate six and Romer and Romer (1994) locate one 
more] as deliberate and large movements in policy-controlled variables. Furthermore, 
the federal funds rate provides more information about the stance of monetary policy 
because there is a policy episode for each data point in the sample. Finally, the feder- 
al funds rate, unlike the Romer dates, furnishes a quantitative gauge of the intensity of 
the policy action. For these reasons, I commit up front to a particular feedback rule (or 
reaction function) for monetary policy, and restrict my empirical tests to those that 
measure unanticipated policy as an innovation in the federal funds rate. 

The general strategy I employ is to use vector autoregressions to evaluate whether 
shocks to monetary policy influence the composition of automobile credit, and 
whether variation in this composition in turn affects consumer expenditure on auto- 
mobiles. In particular, I test (i) whether the composition of automobile finance 
changes in response to an unanticipated innovation in federal funds rate (helping to 
sort out supply and demand movements in credit), and (ii) whether variation in this 
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composition affects sales of new automobiles (providing information on how substi- 
tutable these two forms of finance are). 

In short, the results suggest that contractionary monetary policy leads to a statisti- 
cally significant reduction in the relative supply of bank consumer loans, and that this 
change in the composition of automobile finance produces a statistically significant 
decline in real expenditure. Thus the results support the hypothesis that there exists 
cyclical variation in the supply of loans to consumers, and that this variation influ- 
ences spending. In principle, it is possible that changes in the financing composition 
represent shifts in the quality, mix of borrowers rather than changes in the supply of 
loans from banks. This alternate explanation is discussed below. 

The rest of this paper is organized as follows. Section 1A discusses the empirical 
procedure for evaluating the hypothesis that a credit channel to consumer demand ex- 
ists. Section 1B is devoted to documenting how the composition of consumer finance 
changes in response to an innovation in the federal funds rate, while section 1C asks 
whether fluctuations in that composition influence real automobile expenditure. 
Section 1D discusses alternative explanations for the findings presented here; in par- 
ticular it addresses the issue of whether "hidden" price cutting by automobile manu- 
facturers in the form of more generous financing terms is likely to explain cyclical 
fluctuation in the composition of automobile credit documented here. Section 1E dis- 
cusses which of two subchannels of the broad credit channel, the bank lending chan- 
nel or the balance sheet channel, better matches the findings in sections B and C. 
Finally, section 1F asks whether the findings in sections B and C are quantitatively 
significant. Section 2 concludes. l 

1. EMPIRICAL TESTS 

A. Empirical Procedure 
Following the terminology used in KSW, I construct a variable called the "Mix" of 

automobile finance, equal to the ratio of bank automobile credit to bank automobile 
credit plus finance company automobile credit, both measured as the stock of credit 
outstanding. The Mix is included in a set of vector autoregressive (VAR) models us- 
ing monthly data from 1965:1 to 1994:122 and twelve lags of each variable.3 

As proposed by Bernanke and Blinder (1992), orthogonalized innovations in the 
federal funds rate represent shocks to monetary policy. As Bernanke and Blinder 
point out, in order to identify the dynamic effects of unanticipated policy shocks on 
variables in the system, without having to identify the entire model structure, it is suf- 

1. A previous version of this paper included a section describing some institutional aspects of finance 
companies, including their primary sources of finance. The interested reader is referred to the Federal Re- 
serve Bank of New York Research Paper version for more details. 

2. Prior to 1965, the federal funds market is generally thought to have been very thin (Strongin 1995) and 
therefore not an useful indicator of money market conditions. Consequently innovations in the funds rate 
are not typically used as an indicator of the stance of monetary policy in pre- i995 data. 

3. The data for the Mix variable are obtained from the Federal Reserve Board of Governors in their G. 19 
and G.20 statistical releases. The other data are obtained from Citibase data bank. 
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ficient to assume that policy shocks do not influence the other variables within the pe- 
riod. I make this identifying assumption by placing the funds rate last in the VAR. The 
last equation in the VAR then represents a reaction function of the central bank, so that 
the innovation is the unanticipated policy shock. The justification for this placement 
of the federal funds rate in the VAR is the idea that it can affect other variables only 
with a one-period lag, while the rate itself can respond contemporaneously given the 
Federal Reserve' s reaction function. 

Two five-varxable VAR models are estimated, with quantity variables in logs. The 
first model investigates how the composition of finance is affected by monetary poli- 
cy shocks, and includes the following variables: the log of industrial production, the 
log of the consumer price index (CPI), the log of the commodity price index, the Mix, 
and the federal funds rate, in that order.4 5 The second model investigates how real re- 
tail passenger car sales react to an innovation in either the federal funds rate or in the 
Mix, and includes the log of industrial production, the log of the CPI, the log of the 
commodity price index, the log of real car sales, and either the Mix, or the federal 
funds rate, in that order.6 The impulse responses using these VARs are analyzed. Fi- 
nally, as an alternative test of the incremental explanatory power of the Mix for real 
expenditure, I also add the finance composition to some standard automobile demand 
and reduced-form equations for automobile expenditure. 

B. The Effect of Monetary Policy on the Composition of Automobile Credit 
I begin by analyzing how the composition of automobile finance changes following 

periods of tight money. A contraction in the relative quantity of bank loans subsequent 
to tight money indicates a decrease in the supply of bank loans. Figure 1 plots the fi- 
nancing Mix (the ratio of bank automobile credit to credit issued by automobile fi- 
nance companies plus bank credit) over time, where vertical lines indicate a date 
documented by Romer and Romer (1990 and 1994) as representing a period of tight 

4. Adding the log of automobile sales and the log of inventories to this VAR does not significantly alter 
the response of Mix to a Fed funds rate shock. Even though several of these variables may be nonstationary, 
I do not difference them since the hypothesis tests based on the VAR in levels will have standard asymptot- 
ic distributions; see Sims, Stock, and Watson (1990). 

5. Christiano, Eichenbaum, and Evans (1994) [see also Sims (1992)] emphasize the importance of in- 
cluding a commodity price index in policy VARs to eliminate the "price puzzle" that contractionary shocks 
to monetary policy lead to a sustained increase in the price level Including the commodity price index con- 
trols for episodes such as the oil price shock of 1974, in which the subsequent rise in inflation was preceded 
by a rise in the federal funds rate. 

-6. I do not include the funds rate in the VAR when analyzing how shocks to the Mix affect automobile 
aggregates. If the Fed funds rate indicates monetary policy, then in a VAR in which the funds rate is also in- 
cluded, changes in the Mix marginally reflect nonmonetary effects; that is, the funds rate is a sufficient sta- 
tistic for policy-induced changes in real variables. If the credit channel is operative, and if the funds rate 
indicates monetary policy, then the funds rate should cause the Mix, the funds rate should cause automo- 
biles, and Mix should cause automobiles, but there is no reason to expect Mix to affect automobiles when 
the funds rate is also included in the VAR. [For further discussion of this issue, the reader is referred to 
Bernanke ( 1993).] Nevertheless, this makes it difficult to identify the channels of transmission to real con- 
sumption using the VAR analysis if the Mix is a good proxy for a quantity indicator of conventional policy. 
Note, however, that the spread between the interest rates on the two forms of finance is not subject to such 
identification problems because conventional channels do not predict a correlation between spreads and 
rates as they do between credit aggregates and rates. The predictions of the credit channel for movements in 
the spread are discussed below. 
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Bank Credit as a Fraction of Total 

FIG. 1. The Composition of Automobile Finance 

monetary policy. As Figure 1 shows, there appears to be relatively little trend in the 
Mix, though there are some large low-frequency movements. The Mix declines short- 
ly after most Romer dates. If the Romer dates adequately capture periods of tight mon- 
ey, the figure suggests contractionary shifts in monetary policy generally lead to a 
reduction in the relative supply of bank consumer credit. 

Figure 2 displays the response of the composition of automobile finance to a one- 
standard-deviation increase in the federal funds rate, with two standard error bands.7 
There is a significant decline in the ratio of bank loans to total automobile credit over 
a period of sixty months after a positive innovation in the federal funds rate. Impulse 
responses (not shown) of each component of the Mix variable to a positive innovation 
in the federal funds rate indicate that the financing Mix drops primarily because bank 
loans contract, while finance company credit remains relatively flat. 

C. The EJfects of Finance Composition on Real Consumption 
The evidence presented in the last section suggests that commercial banks decrease 

the supply of consumer loans in response to tight money. The constriction in bank 
loan supply may not affect real consumption if bank and nonbank forms of finance are 
highly substitutable. If the two forms of finance are not perfect substitutes, however, 

7. Standard error bands are computed using Monte Carlo simulations and assuming the errors are nor- 
mally distributed. 
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FIG. 2. Response of Mix to Fed Funds Rate Shock and Two S.E. Bands 

the overall supply of loans to credit-dependent individuals will decline, leading to a 
fall in consumption. In this section, I ask whether a decrease in the relative supply of 
bank loans is associated with a decline in real consumption. I take two approaches. 
First, I investigate whether the financing composition of consumer credit significant- 
ly affects automobile consumption in a VAR controlling for income and the price lev- 
el. Next, I ask whether the Mix has any explanatory power in "off-the-shelfS' 
automobile demand or reduced-form equations that already include income and inter- 
est rate (user cost) variables as controls. Since the effects of conventional channels 
should operate through the latter variables, any incremental explanatory power of the 
Mix variable would support the existence of an independent credit channel. 

Using monthly data on retail sales of motor vehicles, seasonally adjusted and de- 
flated, Figure 3 shows that real automobile expenditure declines in response to a fed- 
eral funds rate increase; this correlation is an implication of both the money and credit 
views. An implication unique to the credit view is that the relative supply of bank 
loans matters for consumption. Figure 4 plots the cumulative response of the log of 
automobile sales to a one-standard deviation increase in the Mix. Automobile expen- 
diture rises in response to an increase in bank loans as a fraction of total credit, ap- 
proximately six months after a positive innovation to the financing Mix. 

In principle, another way to test for an association between the supply of bank loans 
and real variables is to investigate whether the spread between the bank interest rates 
and finance company interest rates rises in response to tight money. The credit chan- 
nel theory predicts that the spread will rise in response to tight money because bank- 
dependent borrowers can not perfectly substitute between bank and nonbank credit. In 
practice, analyzing changes in the financing mix to infer the state of bank loan supply 
may be more reliable than analyzing the response of the spread. The reason is that the 
spread may not rise even if the credit channel is operative, that is, even if banks do de- 
crease the supply of loans and even when the two forms of finance are imperfect sub- 
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FIG. 3. Response of Auto Sales to Fed Funds Rate Shock and Two S.E. Bands 

stitutes. To see this, note that even if banks respond to a decrease in reserves by cutting 
the overall supply of loans, they may also lend to a less-risky pool on average, and 
these two factors have offsetting effects on the spread. Note that these considerations 
generally work to bias tests based on the spread against finding evidence in favor of 
the credit view, so that detecting an increase in the spread in response to tight money 
is arguably that much more supportive of the existence of a credit channel, whereas 
finding no response is simply uninformative. 

Figure S displays how the bank-finance company loan rate spread responds to a 
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Quarters 

FIG. 5. Response of Bank-FC Rate Spread to Fed Funds Rate Shock and Two S.E. Bands 

one-standard deviation shock in the federal funds rate.899 A contractionary shock to 
monetary policy leads to a significant increase in the spread after about two months. lO 
Moreover, Figure 6 shows that a rise in the bank-finance company rate spread leads to 
a significant decline in automobile sales after about four quarters. 1 1 Both figures indi- 
cate that the two forms of Snance are not perfect substitutes. 

Next, I consider two aggregate automobile demand equations and ask whether the 
financing composition adds any explanatory power. The first demand equation comes 
from Chow (1957). Chow assumes that individuals choose automobile consumption 
by maximizing utility subject to consumption being proportional to income. The desired 
stock of automobiles is a linear function of the relative price of new automobiles and 
real disposable income, suggesting the following equation for automobile demand: 

St = a + 131RPt + 132Yt + 133Xt_ls (1) 

where St iS sales of new automobiles, a is a constant, RPt is the relative price of new 
automobiles in terms of consumption, Yt is real, disposable income, and Xt_l is the 
consumer' s lagged stock of automobiles. 

Another demand equation comes from a study by Blanchard and Melino (1986). 

8. The interest rate data are obtained from the Federal Reserve statistical release G.19 and are annual 
percentage rates. Interest rates at commercial banks are simple unweighted averages of each bank' s most 
common rate charged for a forty-eight-month new car loan during the first calendar week of the middle 
month of each quarter. Finance company data are from the subsidiaries of the three major U.S. automobile 
manufacturers and are volume-weighted averages covering all loans for new cars purchased during the 
month. Since the data for bank rates are of quarterly frequency, I average the monthly finance company 
rates over the quarter for Figures S and 6. 

9. The VAR contains the same variables as those used to compute the responses in Figure 2, except that 
the credit aggregate is replaced by the bank-finance company spread. 

10. The sample mean of the spread using these rates (bank rate minus finance company rate) is-0.84 
percent using data from 1972:02 to 1995:01. 

11. The VAR used to compute Figure 6 contains the same variables as those used to compute Figure 3, 
replacing the Mix with the bank-finance company rate spread. 
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They examine a whole market structure deriving both a demand and supply equation 
for automobiles. Focusing on their results for the consumer' s problem, one can extract 
a demand equation from their model of consumer behavior. Consumers maximize ex- 
pected utility over consumption and the stock of automobiles, subject to a wealth ac- 
cumulation constraint and an accumulation constraint for the stock of cars. After 
linearizing the first-order conditions and making some assumptions about the infor- 
mation set of the consumer, the following demand equation arises, which is very simi- 
lar to (1): 12 

St = a + 13lRPt + 132Ct + 133Xt_ 1 (2) 

Where Ct is consumption excluding automobile services.l3 
Table 1 summarizes the results of estimating equations (1) and (2).14 The table 

shows that the relative price enters with the "wrong" sign (discussed below), but oth- 
erwise produces some significant patterns with respect to the composition of automo- 
bile finance. The first row estimates (1) itself, and the second row includes the current 
period financing composition as an additional explanatory variable. The current fi- 
nancing composition is strongly significant, as is disposable income. Adding the cur- 
rent period mix to the regression increases the fraction of variance explained by 12 
percent. 

12. Once the first-order conditions are linearized, the problem consists of solving a linear, expectational 
difference equation. I make similar assumptions to those of Blanchard and Melino, that C, follows a first- 
order autoregressive process, and use the method of undetermined coefficients to solve for (2). 

13. Following Blanchard and Melino, constant dollar personal consumption expenditures are used as a 
measure of C,, while the CPI component for new cars divided by the PCE deflator is used to measure RP 
To obtain a stock for consumer durables, I assume the initial stock is the average on expenditure for, first; 
fifteen months (67:1-68:3) divided by the depreciation rate, and that subsequent values of the stock evolve 
using a depreciation rate of 2 percent per quarter. 

14. Johansen test statistics, the trace and "L-max" statistics, both rejected the null of no cointegration for 
the variables in equations ( 1)-(3) against the alternative of multiple cointegrating relationships. In general, 
test results also rejected the null of one cointegrating relationship in favor of multiple relationships. 
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If there are costs to adjusting prices, lagged prices should be state variables in the 
model and included in the regressions. Subsequent rows therefore include lags of the 
price variables as well as lags of Ct in (2). 15 The third and other rows include the rate 
on the six-month Treasury bill as a proxy for the consumer' s user cost. The financing 
composition remains a strong predictor of automobile sales even though the Treasury 
bill adds explanatory power to the regression. Row 5 shows that it makes little differ- 
ence whether consumption or disposable income is used, indicating that there is small 
distinction in practice between the specifications in (1) and (2). Finally, the last two 
rows include lags of the financing Mix. The sum of the coefficients on the current Mix 
and its lags has a positive sign and is strongly significant with or without the addition 
of the T-bill rate, while controlling for consumption, the relative price of new cars and 
its lags, and the lagged stock of cars. 

Note that the relative price enters the regression with a positive coefficient. One ob- 
vious reason for this apparent anomolous result is that the relative price is endoge- 
nous. Problems associated with price endogeneity might be resolved by using IV 
estimation if one could find appropriate instruments. However, it is hard to think of 
what those instruments might be; for example, labor strike dates and wages seem al- 
most as likely as prices to be correlated with the error term. My strategy is instead to 
commit, up front, to a particular structural model of automobile supply and demand 
which explicitly recognizes this endogeneity, and then use the reduced-form equation 
for sales as my empirical specification. The Blanchard and Melino (BM) framework 
provides a simultaneous model. I add the financing composition into Blanchard and 
Melino's reduced-form equation for automobile sales: 

St = a + IXt_l + 2It_l + 133Zt_l + ,,=ol34+iCt_i + ,,=ol38+iRt i, (3) 

where It is the producer-dealers inventory of automobiles, Zt iS automobile produc- 
tion, Wt is the real wage, and the other variables are defined as before. 16 Blanchard and 
Melino obtain the reduced-form equation above by simultancously solving the de- 
mand problem already discussed, and a supply problem for a representative automo- 
bile firm that makes both the production and the sales decisions by maximizing the 
expected present value of cash flows subject to an inventory accumulation constraint. 
Following Blanchard and Melino, dummy variables for strike dates of the Big Three 
automobile manufacturers and a (quadratic) time trend are also included in (3). 

Table 2 summarizes the results from estimating (3). The first row estimates (3) it- 
self. The results are very similar to those obtained by BM for all variables except the 
real wage. Here the coefficient on the real wage is significantly positive, whereas they 
found it to be insignificantly different from zero. The second row adds in the financing 
composition which again is a statistically significant determinant of automobile sales; 

15. Lags of C, are included in case the first-order autoregressive specification for consumption used to 
solve (2) is too restrictive. 

16.1, and Z, are obtained from the Citibase data bank, where the first is given as retail automobile 
inventories of total new passenger cars, and the second is measured as the Industrial Production Index for 
automobiles. W, is obtained from Datastream International and is the average hourly wage for production 
workers in the automotive industry. 



TABLE 2 

REDUCED-FORM EQUATIONS 
Dependent Vanable: S,, 1968:1 to 1994:11 

FC .3wFC_; X_, 1_, Z_, C 3=,C_; W 3 W PFW Adj.R2 p-value 

... ... -0.04 0.00 0.11 6.9 1.5 0.22 -0.12 ... 0.90 ... 
(0.01) (0.05) (0.01) (3.3) (3.4) (0.03) (0.04) 

10.8 . . . 0.00 -0.10 0.10 10.6 -2.5 0.21 -0.08 . . . 0.93 <0.000 
(0.96) (0.01) (0.05) (0.01) (2.8) (2.9) (0.03) (0.03) 
14.7 10.4 0.00 -0.09 0.09 9.9 - 1.7 0.22 -0.08 . . . 0.93 <0.000 

(12.4) (0.98) (0.01) (0.05) (0.01) (2.8) (2.9) (0.03) (0.03) 
8.2 . . . -0.01 -0.13 0.09 8.5 - 1.3 0.20 -0.06 -2.6 0.94 <0.000 

(1.2) (0.01) (0-05) (0.01) (2.8) (2.9) (0.03) (0.03) (0.73) 
9.8 7.7 -0.02 -0.12 0.09 7.7 -0.42 0.20 -0.06 -2.7 0.94 <0.000 

(12.3) (1.2) (0.01) (0-05) (0.01) (2.8) (2.87) (0.03) (0.03) (0.72) 

NOTES: OLS estimation, standard errors in parentheses. S is auto sales, FC is the financing composition, defined as bank loans divided by total. Y is real, personal disposable income. X is the consumer's stock of automobiles 
computed assuming a quarterly depreciation rate of 2 percent. RP is the Consumer Price Index for Cars divided by the implicit price deflator for personal consumption expenditures. C is personal consumption expenditures, 
and r is the six-month T-bill rate. The columns labeled "Adj. R2" and "p-value" give the adjusted R2 for the regression, and the p-value on the Mix variable or their sum. I is retail automobile inventories, Z is the index of in- 
dustrial production for autos, C is personal consumption expenditures, W is the average hourly wage of production workers in the automobile industry, and PFW is the Producer Price index for fuel. Monthly strike dummies, 
[, t2 also included. 
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the marginal significance level is better than 0.0001. The third row includes the fi- 
nancing composition and its lags; the sign of the sum of all coefficients on this vari- 
able is positive and strongly significant. Finally, as a robustness check, specifications 
in the last two rows control for the price of fuel. Though the price of fuel adds ex- 
planatory power to the regression, the Mix remains statistically significant at very 
high marginal levels. 

In summary, the evidence presented suggests that the credit channel has a strong 
statistically significant effect on the consumer sector. Below, I discuss whether these 
effects are likely to be quantitatively important. Before turning to the issue of quanti- 
tative significance, however, it may be useful to briefly discuss whether the findings 
on the fluctuations in the composition of automobile finance found above can be plau- 
sibly explained by cyclical changes in the automobile industry' s pricing strategy, and 
if not, whether the automobile credit data can help sort out which of two subchannels 
of the broad credit channel is more evident. 

D. Credit Channel or Hidden Price Cutting ? 
One possible interpretation of the behavior of the Mix variable reported above is 

that consumers willingly switch into finance company credit subsequent to tight mon- 
ey because captive finance companies offer better financing terms when automobile 
dealers are facing declining demand and growing inventories. The "pricing story" has 
two parts. (i) First, a contractionary shock to monetary policy reduces automobile 
sales through some traditional channel of transmission (for example, because income 
is lower or interest rates are higher). (ii) The Mix declines because, in bad times, fi- 
nance companies offer more generous financing terms as a form of hidden price cut- 
ting in an effort to reduce rising inventories. 

To evaluate this alternative explanation for the cyclical behavior of the Mix, sever- 
al considerations bear noting. First, results in the previous section indicate that the 
Mix has incremental explanatory power not captured in income and interest rates. 
This finding is not consistent with (i) which suggests that automobile sales decline in 
response to tight money due to the operation of conventional transmission channels. 
Second, if automobile manufacturers offer more generous financing terms in response 
to contractionary monetary policy, it seems reasonable to expect that the terms of 
these loans should improve vis-a-vis finance companies' cost of funds. Short-term 
funds for finance companies are primarily raised in the commercial paper market. Fig- 
ure 7 plots the response of the spread between rates charged by finance companies on 
automobile loans and commercial paper rates to a positive shock in the funds rate.17 
The figure demonstrates no significant downward shift in this spread as would be ex- 
pected if financing terms at finance companies improved following contractionary 
monetary policy. Third, the pricing story also implies that hidden price cutting in the 
form of more generous financing terms comes in response to rising costs of carrying 
higher inventories. It seems reasonable to expect that rising inventories would then 

17. This impulse response comes from a VAR with industrial production, consumer prices, commodity 
prices, the interest rate spread, and the funds rate, in that order. 
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FIG. 7. Response of FC-CP Spread to Fed Funds Rate Shock and Two S.E. Bands 

precede a fall in the Mix. To investigate whether the timing of events indicated such a 
pattern, I performed Granger causality tests: using twelve lags of inventories and Mix, 
inventories did not Granger cause Mix (the p-value for a test that the coefficients on 
inventories were jointly zero is 0.439), though the sum of coefficients on the lags of 
inventories had the right sign (negative). 

In summary, this evidence taken together is at least suggestive that changes in the 
financing Mix cannot be interpreted simply as the result of price cutting of automobile 
manufacturers (via financing costs) designed to stimulate sagging sales and deplete 
mounting inventories. 18 

E. Bank Loan Supply Channel orNet Worth Channel ? 
The statistically significant shifts in the financing Mix found here are consistent 

with the predictions of a broad credit channel. One interpretation of this channel, of- 
fered above, is that banks cut the supply of loans to borrowers who cannot perfectly 
substitute into nonbank forms of credit. I refer to this as a subchannel called the bank 
lending channel. However, another possibility, in principle consistent with the results 
above, is that shifts in the financing Mix represent a change in the quality mix of bor- 
rowers, and not a change in the supply of bank loans. If tight money leads to a "flight 
to quality," high-grade borrowers may be better able to satisfy their demand for cred- 
it than lower-grade borrowers, so that the change in financing composition may 
simply represent a shift in lending away from low-grade borrowers and toward high- 
grade borrowers. I refer to this subchannel as the balance sheet channel. 

In previous research, results have been ambiguous about which subchannel is opera- 

18. It' s worth noting that the pricing story begs the question of why the automobile manufacturers would 
cut prices by cutting financing costs, rather than cutting the list price directly. One economic explanation is 
that this strategy represents a rational response to a decrease in the supply of loans by banks: finance com- 
panies would benefit (at the margin) from price discriminating between constrained and unconstrained con- 
sumers if credit conditions at banks were tightening. 
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tive. For example, though KSW argued that their results were supportive of a bank 
lending channel, it is possible to interpret their findings as equally consistent with a 
pure balance sheet channel because only high-grade borrowers have access to com- 
mercial paper. The shift in finance composition away from bank loans toward com- 
mercial paper that they find is therefore in princgiple consistent with either a decline in 
bank loan supply, or a shift in lending toward borrowers with higher credit ratings.19 

Oliner and Rudebusch (1993) have emphasized the importance of investigating 
how financing patterns differ across various groups of borrowers in interpreting the 
mechanism of credit channel transmission. In this context, it is informative to know 
how the average quality grade of bank borrowers compares with that of finance com- 
pany borrowers. I obtained data on delinquency rates for the automobile credit con- 
tracts of commercial banks and finance companies.20 The delinquency rates on bank 
loans are consistently below rates on finance company loans: in monthly data from 
1980:1 to 1994:12, the delinquency rate at commercial banks averaged 1.81 percent, 
while that of finance companies averaged 2.07 percent. The difficulty with analyzing 
shifts in the composition of business credit between bank loans and commercial paper 
is that a decline in the supply of bank loans cannot be distinguished from the alterna- 
tive explanation that a greater share of credit is going to better borrowers who have 
near exclusive access to the nonintermediated credit. In contrast, in the case of auto- 
mobile credit, it is riskier borrowers who are more likely to use the primary source of 
nonbank finance (finance company loans). The evidence is not consistent with a pure 
balance sheet channel because the behavior of the Mix (an increase in the relative 
quantity of finance company loans after tight money) cannot be explained by an in- 
crease in credit going to higher quality borrowers. The evidence instead suggests that 
shifts in the bank-finance company auto loan Mix are more likely consistent with a 
bank lending channel than a net worth channel. 

F. How Quantitatively Important is the Credit Channel ? 
The evidence presented above suggests the existence of a bank lending channel 

transmission mechanism to automobile consumption that is statistically significant. A 
remaining issue is whether these effects are quantitatively significant. This section at- 
tempts to quantify the impact of funds rate innovations on the Mix, and to determine 
how economically important changes in the finance composition are in influencing 
real automobile sales. 

Several authors have argued that a good metric for determining the quantitative ef- 
fect of one variable on another in a VAR system is a variance decomposition, the use 
of VAR residuals to decompose the forecast variance of one variable into the contri- 
butions by the other variables (see, for example, Sims 1980; Friedman and Kuttner 
1993). Table 3 reports the percentage of Mix innovation variance that can be attrib- 

19. Oliner and Rudebusch ( 1993) argue that the KSW results are more consistent with the existence of a 
broader credit channel, but not with a bank lending channel. 

20. Source: Staten and Johnson ( 1995). The rates are measured as the percent of automobile loans thirty 
or more days past due, seasonally adjusted. 



TABLE 3 

DECOMPOSITIONS OF THE INNOVATION VARIANCE OF MIX 

Percentage of Mix variance Federal Funds Rate Mix 

Six months ahead 2.19 94.28 
Twelve months ahead 5.15 89.89 
Twenty-four months ahead 11.79 83.09 
Thirty-sixmonthsahead 13.98 77.19 

NOTES: This table reports the percentage of the finance composition (Mix) innovation variance that can be attributed to the variable listed in 
the column head. The orthogonalization order is industrial production, consumer price index, commodity price index, Mix, federal funds rate. 

uted to the Funds rate and to the Mix's own lags using the following ordering of five 
variables in the VAR: industrial production, consumer price index, commodity price 
index, the Mix, and federal funds rate. Several points are worth noting. First, at fore- 
cast horizons of six and twelve months, the contribution of funds rate innovations to 
Mix fluctuations is negligible; the variance of the funds rate only accounts for about 2 
to 5 percent of the respective forecast variance of the Mix. Second, the contribution of 
the funds rate is never very large even at longer horizons, and reaches its peak thirty- 
six months out at about 14 percent. Third, the second column in the table shows that at 
most forecast horizons, the Mix is almost entirely determined by its own innovations, 
suggesting that the Mix is "Granger-causally exogenous." In short, the numbers in 
Table 3 suggest that innovations in the funds rate, while having a statistically signifi- 
cant impact on the composition of automobile finance as evidenced from the impulse 
response function, have a small quantitative impact as measured by the variance de- 
composition. 

To quantify the impact of fluctuations in the Mix on real automobile sales, I add the 
current period Mix to the Blanchard and Melino reduced-form equation (3), putting 
the quantity variables in logs. If the Mix adequately proxies for the incremental effects 
of changes in relative bank loan supply on automobile expenditure, then the estimated 
coefficient on the Mix in the BM reduced-form equation should give some indication 
of how quantitatively important the credit channel is for real activity. The resulting 
point estimate indicates the incremental effect of a 1 percent decline in the current pe- 
riod Mix is a 0.73 percent decline in automobile sales. This coefficient is very pre- 
cisely estimated, with standard error equal to 0.0007. 

The impulse response results indicate that a one-standard-deviation (0.5 percent) 
increase in the funds rate leads to a maximal decline in the Mix equal to about 0.32 
percent. Defining a "typical" monetary contraction as the average of the positive or- 
thogonalized innovations to the funds rate (about 0.3 percent), I can use the impulse 
responses along with the point estimates reported above to calculate a "typical" re- 
duction in real automobile sales resulting from a typical policy-induced decline in the 
Mix. That is, the impulse responses indicate that a 0.3 percent increase in the funds 
rate leads to, at most, a 0.19 percent reduction in the Mix. A decline in the Mix of this 
magnitude would lead to a 0.14 percent decline in real automobile sales according to 
the reduced-form point estimate reported above. In comparison, using the VAR that 
produced Figure 3, the overall reduction in automobile sales in response to a "typical" 
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(0.3%) increase in the Fed Funds rate is roughly 1.6 percent, or about eleven times as 
large. Although the impact of the Mix on automobile sales is statistically significant, 
the estimated effects on the aggregate economy may be quantitatively quite small. 

2. CONCLUSIONS 

The evidence presented in this paper supports the existence of a bank lending chan- 
nel of monetary transmission to aggregate consumption demand. Unanticipated 
shocks to monetary policy have a statistically significant effect on the composition of 
automobile credit, a finding consistent with the predictions of a credit channel theory, 
but not with conventional theories of monetary transmission. Furthermore, innova- 
tions in the financing Mix have statistically significant effects on automobile con- 
sumption not explained by variation in conventional demand indicators. 

The evidence is consistent with results in a number of other preexisting studies 
which have found support for the presence of a credit channel to the investment sector. 
One issue that remained unresolved in this literature is how quantitatively important 
the channel ls. The results presented in this paper indicate that the incremental impact 
of the credit channel on real consumption is very precisely measured and extremely 
small. Thus, while the results support the existence of a bank lending channel, they 
also suggest that the channel may be a quantitatively insignificant part of the overall 
monetary transmission mechanism to the aggregate economy. 

21. This calculation characterizes the incremental effect of the Mix on real automobile sales that can be 
expected from a typical contractionary policy shock. It is possible that the overall impact of the Mix on sales 
is somewhat larger if the Mix affects spending through its influence on other variables. However, the im- 
pulse response of automobile sales to a shock in either the Mix or the bank-finance company rate spread is 
also quite small, indicating that the effect on automobile spending of a one-standard-deviation impulse in 
either of these indicators is at most 2.5 percent. 
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