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Abstract

We consider a general equilibrium model with fiams in credit markets used by households. In
our economy, houses provide housing services to consumers and serve as collateral to lower borrow-
ing cost. We show that this amplifies and propagates the effect of monetary policy shocks on housing
investment, house prices and consumption. We also consider the effect of a structural change in credit
markets that lowers the transaction costs of additional borrowing against housing equity. We show
that such a change would increase the effect of monetary policy shocks on consumption, but would
decrease the effect on house prices and housing investment.
0 2004 Bank of England. Published by Elsevier Inc. All rights reserved.
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1. Introduction

House prices in the United Kingdom, and meoeeently in the United States, have re-
ceived a great deal of attention from policy-makers and economic commentators. It is often
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assumed that if house prices are growing rapidly, consumption growth will be strong too.
Recent minutes of the Monetary Policy Coiittee meetings in the United Kingdom stated:

‘... the continuing strength in house prices would tend to underpin consumptiqApril

2001). Similarly, the Fed Chairman Alan Greenspan stated ‘And thus far this year, con-
sumer spending has indeed risen further, presumably assisted in part by a continued rapid
growth in the market value of home&sreenspan, 2001)

The question that we address in this paper is: what impact do house prices have on
consumption via their role as collateral for household borrowing? In 2001, the value of
the housing represented more than 40% of total UK household wealth. While in principle
any asset could be used as collateral, housing is by far the easiest asset to borrow against.
Indeed, 80% of all household borrowing in the UK is secured on housing. To further jus-
tify our focus on housing as distinct from other assets, it is useful to consider why houses
are different. Most consumers live in the houses they own and value directly the services
provided by their home. So the benefit of an increase in house prices is directly offset by
an increase in the opportunity cost of housing services. An increase in house prices does
not generally shift the aggregate budget constraint outwards. Even if one considers finitely-
lived households, the capital gain to a last-time seller of a house represents a redistribution
away from a first-time buyer, so house price changes can redistribute wealth, but not in-
crease it in aggregate. This contrasts with financial assets: an increase in, say, the value of
future dividends on equities due to an incre@s productivity shifts the aggregate budget
constraint out and can therefore lead to an increase in aggregate consumption. So it is not
obvious that there is a traditional ‘wealth effect’ from housing in the way that we think of
a wealth effect arising from a change in the value of households’ financial assets.

There are many reasons why house prices and consumption may move together. If
consumers are optimistic about economic prospects, they are likely to increase their con-
sumption of housing and non-housing goods alike. House prices are also correlated with
the volume of housing transactions (e.g. Stein, 199%. In turn, transactions seem to
be correlated with consumption as people buy goods that are complimentary to housing,
such as furniture, carpets and major appliances. House prices also affect the economy be-
cause, in the case in the United Kingdom, they enter directly into the retail price index
via housing depreciation, which depends on the level of house prices. The focus of this
paper is that house prices may also have a direct impact on consumption via credit mar-
ket effects. Houses represent collateralfomeowners, and borrowing on a secured basis
against ample housing collateral is genigreheaper than borrowiy against little collat-
eral or borrowing on an unsecured basis (via a personal loan or credit card). So an increase
in house prices makes more collateral available to homeowners, which in turn may encour-
age them to borrow more, in the form of mortgage equity withdrawal (MEW), to finance
desired levels of consumption and housing investment. The increase in house prices may
be caused by a variety of shocks, including an unanticipated reduction in real interest rates,
which will lower the rate at which future housing services are discounted.

In examining the link between house prices and consumption, we believe that credit
frictions in the consumption/house purchase decision are important, and they play an im-
portant role in our analysis. Our motivation is based on three observations for the United
Kingdom:
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(i) House prices are strongly cyclical, which leads to substantial variation in households’
collateral position (or loan to value ratio, or net worth) over the business cycle;
(i) The amount of secured borrowing to finance consumption is closely related to this
collateral position;
(iii) The spread of mortgage rates over the figke interest rate varies with the collateral
position of each household.

Unsecured borrowing rates, which are the marginal source of finance once collateral has
been exhausted, are much higher than mortgage rates. These facts suggest credit frictions
may be important in understanding the relationship between interest rates, house prices,
housing investment and consumption. There are several empirical studies that support the
importance of a credit channel in housing investment and consumption decidioak:.

bauer and Murphy (1993, 1995, 1997gve argued that when consumers are borrowing
constrained, changes in housing valeas change the borrowing opportunities of con-
sumers via a collateral effect. They find sifizant effects of households’ access to credit

on consumption and on housing investment in UK aggregate and regional datant

and Stein (1999find in US regional data that households with weak balance sheets adjust
their housing demand more strongly in the face of income shocks, which they interpret as
consistent with a strong role for borrowing constraitasoviello and Minetti (2003jind
evidence for several European countries, including the United Kingdom, that households’
aggregate borrowing costs vary welggregate balance sheet strength.

We therefore propose a general equilibriomdel, based on the financial accelerator
model of Bernanke et al. (1999BGG hereafter), that describes how this credit market
channel may form part of the monetary transmission mechanism. The model focuses on
the macroeconomic effects of imperfections in credit markets. Such imperfections generate
premia on the external cost of raising funds, which in turn affect borrowing decisions.
Within this framework, endogenous developments in credit markets—such as variations
in net worth or collateral—work to amplify and propagate shocks to the macroeconomy.
A positive shock to economic activity causes a rise in housing demand, which leads to
a rise in house prices and so an increase in homeowners’ net worth. This decreases the
external finance premium, Wh leads to a further rise in housing demand and also spills
over into consumption demand.

We also consider the implications for mongtpolicy of recent structural changes in the
United Kingdom'’s retail financial markets: following deregulation in the mortgage market,
it became easier and cheaper for consumeb®tmow against housing collateral to finance
consumption. We show that cheaper accedsoime equity means that, for a given house
price increase, more additional borrowing will be devoted to consumption relative to hous-
ing investment. The response of consumption to an unanticipated change in interest rates
will therefore be larger, and the response of house prices and housing investment will be
smaller. This has important implications for the information content of house prices, be-
cause it implies that, even for similar economic shocks, the relationship between house
prices and consumption is changing over time.

The paper is organized as follows. Sectigoresent some stylized facts and institutional
features on the UK housing market. Secti@r@d 4describe the model in detail. Sectibn
presents simulated results for sealescenarios of interest. Sectiérconcludes.



K. Aoki et al. / Journal of Financial Intermediation 13 (2004) 414435 417

2. A brief description of the UK housing mar ket

Figures 1.1 to 1.8how the changes in the key housing variablg®use prices and
housing investment) and key macroeconomic variables (GDP and consumption) over the
period since 1970. House prices and housmgs$tment co-move closely with each other
(Fig. 1.9, and with GDP Figs. 1.1, 1.3

Figure 1.2 shows the changes in house prices and consumption. Breaking down con-
sumption into durables and non-durables, the strongest relationship seems to be that be-
tween house prices and consumption of durable goodsKegge 1.4 and 16 This is
consistent with a household credit channel, as purchases of durable goods are more likely
to be financed by borrowing, and so will be more sensitive to changes in interest rates if
there are frictions in the market for credit. If changes in the extent of credit conditions are
in turn correlated with fluctuations in house prices—for example if house prices proxy the
availability of housing collatel—then this could genemta strong correlation between
house prices and durable goods consumption.

Part of the motivation for this paper was the changing nature of the credit mechanism
over time due to financial deregulation. A series of regulatory measures were removed in
the UK in the period 1980-1986 to improve cortifjen in the mortgage market: build-
ing societiess who then provided the bulk of mortgage finance, were allowed to access
wholesale funding markets, drbanks, who traditionally provided only a small fraction
of mortgages, were allowed to compete directly with building societies in the mortgage
market. Other non-bank entrants—particularly department stores, retailers and insurance
companies—have also increasingly been ableffer selected retail financial services,
including mortgage productshis resulted in increased competition, and encouraged fi-
nancial innovation. For mortgages in particular, the restrictions in place in the 1970s and
early 1980s had the effect of making withdrawal of equity difficult, if not impossible:
homeowners generally needed to move house to increase the value of their loan, and even
then low loan-to-value restrictions may have limited the extent of the inci@sieox,

1985)* As competition increased drrestrictions were lifted, households have been able
to extract equity more easily when house prices f$gure 1.7shows the relationship be-

1 All variables have been detrended by taking logd #men regressing on a constant, a linear trend and a
quadratic trend.

2 Note that a strong correlation between house pricdgdanable goods consumption could also arise because
both goods are ‘lumpy, i.e. they provide services that last several years. So when consumers learn about an
increase in their lifetime income, they are likely toliease their immediate demand for durable goods, including
housing, more than for non-durable goods. Neverthelessdifficult to achieve the observed amplitude of house
prices in a calibrated model without credit frictions.

3 Building societies in the United Kingdom are matly owned retail financial institutions.

4 There is another financial innovation, which we do not consider in this paper, that is likely to have had an
effect on the behavior of house prices. In the 1970s eanty 1980s building societies collectively agreed the
mortgage and deposit rates they offered, and were eeitith change rates frequently. When market interest rates
were rising, building societies would end up with belowrked interest rates. This reduced the supply of deposits,
which was their main source of funding (deatt, 198GandWilcox, 1985for an exposition of these mechanisms).
Because building societies were also the main provider of mortgages, interest rate rises had a direct effect on the
supply of mortgage loans, which is likely to have amplified any effect of interest rates on house prices.
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Fig. 1. Continued.

tween aggregate net housing eqaiand secured borrowing for consumption, or mortgage
equity withdrawal (MEW) Prior to the mid-1980s, there wiittle relationship between
housing equity and mortgage equity withdrawal. From the late 1980s, MEW has become
more closely linked to movements in net housing equity as new mortgage products al-
lowing refinancing or additional borrowing at ever-lower transaction costs have become
available.

3. Modeling the household credit channel

To analyze more formally the implications of financial innovations for the transmission
mechanism of monetary policy, a model is needed. Here we sketch the intuitive outline
of the model used for the analysis in the sedpgent sections. Our hypothesis is that house
prices play a role because housing is used asteodltio reduce the agency costs associated
with borrowing to finance housing investment and consumption. Our approach is to apply
the BGG model of financial acceleration in tberporate sector to the household sector.

The BGG framework links the cost of firms’ external finance to the quality of their balance
sheet. Because there are parallels between housing investment and business investment,
and between house prices and the value of business capital goods, the BGG model provides
a useful platform on which to build a model where house prices, housing investment and
consumption interact in a general equilibrium framework.

So how should we think of credit frictions in the household sector? Households are
exposed to the idiosyncratic risk of fluctuations in their house prices. On its own, this

5 Net housing equity is calculated as the value of the hausiock less the stock of mortgages, as a percentage
share of the value of the housing stock.

6 Broadly speaking, the data series constructed byB#wek of England (2001jor secured borrowing for
consumption (or MEW) is constructed as total net magey borrowing (new borrowing less repayments) less
investment in housing.
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is not sufficient to generate a credit chanr&it personal bankruptcy is associated with
significant monitoring costs faced by lendergnders therefore charge a premium over
the risk-free interest rate to borrowers. Higher net worth—or lower leverage—reduces the
probability of default, and therefore reduces the external finance premium.

In practice, fluctuations in the external finance premium may best be thought of in the
following way. When house prices fall, households that are moving home have a smaller
deposit (i.e. net worth) available than they otherwise would for the purchase of their next
home. When they have a smaller deposit, they obtain less favorable mortgage interest rates
when renegotiating their mortgage, and have less scope for extracting additional equity
to finance consumption. Once they have exhausted their collateralized borrowing possi-
bilities, any further borrowing can only be achieved with unsecured credit, which carries
much higher interest rates than secured borrovisince house prices significantly af-
fect the collateral value of houses, fluctuation in housing prices plays a large role in the
determination of borrowing conditions of households.

The main modeling issue is how to generate both consumer borrowing and lending
within a general equilibrium framewofkwithout losing tractability and comparability
with benchmark macro models. To avoid the complexity inherent in modeling the dynamic
optimization problem of heterogeneous consusnunder liquidity constraints, we repre-
sent consumer behavior in a rather stgtl way. That is, we think of each household as
being a composite of two behavioral types: homeowners and consumers. This separation
makes the analysis significantly simpler, but without losing the essence of the financial
accelerator mechanism.

On the one hand, ‘homeowners’ borrow funds to purchase houses from housing pro-
ducers. Homeowners purchase houses and rent them to consumers. This flow of rental
payments within households is captured lre tUK national accoustas imputed rents.
Homeowners finance the purchase of houses partly with their net worth and partly by
borrowing from financial intermediaries. When borrowing from financial intermediaries,
homeowners face an externaldimce premium caused by information asymmetries, just as
firms are assumed to do in BGG.

On the other hand, consumers consume goods and housing services. They also supply
labor in a competitive labor market. Consumers are assumed to rent housing services from
the homeowners. Consumers and homeowners are further linked by a ‘transfer’ that home-
owners pay to consume?sThis assumption captures the fact that households use their
housing equity to finance consumption as well as housing investment. When house prices
increase—and therefore housing equity ris¢ise-household faces the following decision
problem. If it increases the transfer anchbe consumption today, current household util-

7 For example, the March 2002 quoted average interess k@ variable rate mortgages were 1.65 percentage
points above th&ank of England (2001policy rate. Unsecured personal loans and credit cards were charged
interest rates of respectively 7.90 and7I2percentage points above the policy i®neyfacts, 2002)Davis et
al. (2003)draw some implications of this wedge for consumption decisions over the life cycle.

8 Many models of household saving behavior assumetieelapping generatiorfsamework to ensure both
borrowing and lending occurs in equilibrium. See for exam@leurinchas (2000andGertler (1999)

9 Alternatively, one can interpret homeowners as $invho are owned by households and rent houses to the
household sector. Then the transfer is equivalent to a dividend paid back to the households.
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ity would go up. But, if transfer payments were kept constant, net worth would increase,
reducing the future external finance priem. Thus the household faces a choice between
current consumption and a cheaper futurafice premium. The djnal allocation—and

hence transfer payment—would depend on such factors as the elasticity of intertemporal
substitution, the sensitivity of the extetrfimance premium with respect to household net
worth, and future income uncertainty. In general, there exists a target level of net worth
relative to debt (i.e. leverage), and transfdepend on the deviation of leverage from tar-
get. Here we assume a transfer rule that cagstthe households’ decision described above.
Transfers are assumed to be increasing in the net worth of the households relative to their
debt.

Fluctuations in transfers described in our model can be thought of as borrowing against
home equity for consumption (MEW). If we interpret transfers as MEW, then the sensi-
tivity of transfers with respect to home equity will also depend on the transaction costs
involved in MEW. Keeping other things constant, if it is less costly to withdraw mort-
gage equity, MEW becomes more sensitive to households’ financial positions and hence to
house prices.

In this way, we are able to capture in a parshious form the ideas that some elements
of the household sector saves while others borrow, and that this process is intermediated
through financial markets with credit frictions.

We also assume two types of consumers. Some fraction of consumers has accumulated
enough wealth, so that their consumption islvapproximated by the permanent income
hypothesis (PIH). Their consumption satisfine standard Euler equation. On the other
hand, the consumption of a certain fraction of the population does not. If these consumers
are impatient (in the sense @irroll, 1997, or if they are subject to borrowing constraints,
their behavior is similar to rule-of-thumb (ROT) consum@ampbell and Mankiw, 1989)
who spend their current income in each peribleir consumption in each period is equal
to their labor income and transfers from the homeowners. To be clear, the ROT consumers
are not cut off from all borrowing possibilities, but are assumed to borrow only when the in-
crease in the value of their house gives them access to additional borrowing opportunities.
These opportunities in our model are captuby the transfer payment, which should be
interpreted as ‘borrowing against the value of your house to finance consumption.” Our mo-
tivation for including the ROT consumers is with PIH consumers alone, changes in house
prices would not affect the borrowing oppenities for those making non-housing con-
sumption decisions, since PIH consumers are by assumption unconstrained, so collateral
values do not affect their borrowing opportti@s. In order to create a direct link between
housing collateral and non-housing consumption, we therefore introduce ROT consumers.

More recently,Hurst and Stafford (20023onstructed a model of optimal consump-
tion decision in which households use home equity as a buffer to smooth consumption.
Their model can be interpreted as a microfoundation of our assumption. They show that
households with low liquid assets and low income are more likely to refinance mortgage
to extract home equity for consumption. Our ROT consumers would correspond to those
households. Hurst and Stafford also show that households with high liquid assets are less
likely to extract home equity to finance consumption. They do so mostly for ‘financial
motivation.” Our PIH consumers would correspond to those households.
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The rest of our model is standard and broadly follows BGG. We introduce nominal price
stickiness in the consumption goods sector so that monetary policy has real effects. Specif-
ically, we assume th€alvo (1983)staggered price setting (see, for exampleodford,

1996; Rotemberg and Woodford, 1999; McCallum and Nelson, 1998use prices are
determined by g-theory of investment with a convex adjustment cost. Monetary policy is
assumed to follow a standard Taylor-type feedback rule.

There is large literature, both theoreti@ald empirical, on consumer behavior under
liquidity constraints® This line of research develops rigorous models of optimal house-
holds’ behavior under liquidity constraints and income uncertainty. Although much of the
literature focuses on non-durable consumpti@arroll and Dunn (19973onsider the ef-
fects of household balance sheet on consumption of both non-durable goods and housing.
More recentlyPiazzesi et al. (2003)ndLustig and Van Nieuwerburgh (2004halyzed
implications of housing stock for asset pricing. In particular, Lustig and Van Nieuwerburgh
focus on the implications for asset prices of the collateral role of housing stock. Our model
should not be interpreted as an alternative approach to the analysis of consumption and
house purchase decisions under liquidity constraints. Rather, a major challenge for this
branch of the literature has been that the 8otuof household optimization problems un-
der liquidity constraints and uncertainty is very complex. As a result, the construction of
a tractable general equilibrium model which allows us to analyze monetary policy is ex-
tremely difficult. Our approach offers the opportunity to capture many of the implications
of this literature for the transmission mechanism of monetary policy in a simple way. We
now turn to the derivation of the model.

4, The model
4.1. Preferences

Our treatment of preferences is standard. Consumers consume differentiated consump-
tion goods and housing servicehiélperiodutility of household is given by

logC! +&log(1—Li), &>0,
whereL’ denotes labor, and! denotes a CES consumption aggregator of form
j i\ (=1 i\ (=1 -1
Ctl _ [yl/”(c;)(" )/n +(1- y)l/”(h;)(" )/n]n/(n )_

Herec! is a Dixit—Stiglitz aggregator of &ferentiated consumption goods, akiddenotes
housing services. The differentiated goods are indexege§0, 1), and the Dixit—Stiglitz
aggregator for consumption goods is defined as

1

d={/

e/(e=1)
ci(z)Eb/e dz] .
0

10 see, for examplepeaton (1991, 1992 arroll (1997) Gourinchas (2000)



K. Aoki et al. / Journal of Financial Intermediation 13 (2004) 414435 423

The corresponding price index for consumption goods is given by
1 1/(1-e)
Pey = [ / P dz] :
0

Given a level of composite consumptiai, intra-period utility maximization implies the
following demand functions for each good:

. P -no. . P, -no
C§=V< ;;’) o h§=(1—y)(%”) o

where P., and P, ; denote prices of consumption goods and rental price of housing, re-
spectively. The composite price inde®,, is defined as

1— 1-n71/(1—
Pi=[yP5"+ Q-

Demand for each of the consumption goods is given by

We defer intertemporal decision problems to Secdio®and turn to the description of
house purchase decisions.

4.2. House purchase decisions

The house purchase decisions of the household sector are made by homeowners. Their
problem is modeled in an identical way to the investment decisions of firms in the BGG
model. Homeowners purchase houses from housing producers at adqpri@nd rent
houses to their consumers at a rental p#gze1. Homeowners face an external finance
premium, caused by financial market imperfections. Homeowners are risk neutral. As
pointed out by BGG an@ernanke and Gertler (198%his assumption makes both the
underlying contract structure and aggregation much simpler. We also assume that home-
owners pay transfers to consumers, as discussed later.

At the end of period, a homeowner purchases a house at nominal gpicand rents
it to the consumers within their household in the subsequent periotl at a rental price
Py.:+1. It finances the purchase of houses partly with its own net worth available at the end
of period¢, N;4+1, and partly by borrowingb; 1. In real terms, the finance of houses is
given by

qrhiy1=Niy1+Dbry1 (1)

whereq; = Q,/P; is the real price of houses.

Homeowners’ demand for houses depends on the expected return on housing and ex-
pected marginal financial cost. One unit of housing purchased at tand rented at time
t + 1 yields the expected gross retuR), ; 11, given by

Xn41+ (1 — 3)t]z+1:|
q

E/(Rpni+1] = Er[ (2
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where 0< § < 1 is the depreciation rate of houses ang, ;1 is the rental price relative to
the composite price index.

The marginal borrowing cost for a homeowner depends on its financial condition. Fol-
lowing BGG, we assume the existence of aeragy problem that makes uncollateralized
external finance more expensive than internal finance. We do not explicitly present the un-
derlying agency problem here: rather we observe that the external finance preiijum
can be expressed as a decreasing function of the net worth to asseVratiag h,+1. We
have in mind a costly state verification problem similar to that described in BGG: banks
cannot perfectly observe the borrower’s ability to repay and banks face an auditing cost to
verify repayment ability. The optimal contract will therefore be a debt contract, and when
the borrower announces he is unable to repay, the bank takes possession of all the borrow-
er's assets. In the household context, these auditing costs can be interpreted as the costs
of legal proceedings to value the borrower’s assets and the administration costs of selling
the house to realize its collateral value. When there is aggregate uncertainty, the interest
payable on the debt contract will be linked to fluctuations in the default probability, which
is in turn determined by the leverage of the borrower. The marginal cost of borrowing is
given by f(Ny+1/q:hi+1)Ri+1, f' < 0, whereR; is the risk-free real interest rate. The
optimality condition for the homeover's demand for housing is given by

E/[Rni+11= f(Ni41/qihi+1) Ris1. (3

As is shown in BGG, risk neutrality implies that all homeowners choose the same net worth
ratio, so Eq(3) holds for the aggregate level.

The other key aspect is the equation that describes the evolution of net worth of the
homeowner. Le;, denote the value of homeowners at the beginning of pefioet of
borrowing costs. Itis given by

Vi = Rh,tQt—lht - f(Nt/CIt—lht)Rtbt (4)

whereRy, ; is the ex post return from housing.

As indicated above, we also assuthat homeowners pay transfedd;, to consumers
in the household. We will discud3; in detail later. The homeowner’s net worth after he or
she pays the transfer is given by

Nit1=V; = D;. ()

Note that the price of houseg, may have significant effects on the net worth, as the first
term in Eq.(4) can be written as

Rin.1qi—1h: = (Xh,t +(1- 5)(It)ht~

Thus the price of houses may have strong effectthe net worth and borrowing conditions
of households.

Transfers in our model represent the distribution of housing equity (including imputed
rent income) between homeowners and consufidrere we model transfer policy in a

11 On the income side of national accounting, imputett ie counted as household’s gross operating surplus.
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simple way, but keeping consistency with underlying economic theory as much as possi-
ble. In the economy’s steady state—where the leverage ratio is constant—transfers should
equal homeowners’ rent income minus interest payments and a depreciation alldance.
In other words, the transfer in steady state is equal to the net return on homeowners’ net
worth. Consumers can spend this dividend income for consumption.

When house prices increase—and therefore the value of the homeowherthe
household faces the following decision problégfit increased the transfer and hence con-
sumption today, current houseHaltility would go up. But, if transfer payments were kept
constant, net worth would increase, reducing the future external finance premium. Thus the
household faces a trade-off between curr@msumption and a cheaper future premium.
The optimal allocation—andemce transfer payment—would depend on factors such as
the elasticity of intertemporal substitution, the slope of function, and future income
uncertainty*3

We assume a dividend rule that captures the households’ decision described above.
Transfers are increasing in the net worth of households relative to their assets. That is,
the transfer rule is

Dy = x(Niy1/q1hi+1) (6)

wherey’ > 0 andy (¢) = D. Hereg is the leverage ratio in the steady state, @&n the
level of dividend consistent witt.14

Of course, in a fully micro-founded model, transfers would also depend on other factors,
such as uncertainty about future labor income. However, much of our analysis below, in
particular the analysis of the effect of house prices on consumption, would go through if
we considered a more micro-founded transfer rule.

4.3. (Intertemporal) consumption decisions

Now we turn to describe intertemporal consumption decisions. As stated we consider
two types of household. A certain fractiohfmuseholds have accumulated enough wealth
so that their consumption decisions are well approximated by the permanent income hy-
pothesis. The other households do not have enough wealth to smooth consumption. If
they are facing borrowing constraints or if they are impatient, their marginal propensity
to consume out of current income is highkan PIH consumers. We approximate these
consumers as rule-of-thumb consumexs.

12 This condition does hold in the steady state of our model.

13 The literature on consumption under liquidity congsitaistudies extensively the implications of labor in-
come uncertainty on optimal consumption-saving deoisi The optimal allocation between transfers (consump-
tion) and retained net worth in our model may have alsinstructure, if the model were fully micro-founded.

14 When we calibrate the modep, is set equal to the average leverage ratio of the UK household sector. This
is given by 0.7.

15 An alternative way of getting similar results is to assume patient and impatient consumertcwiello
(2004) In his model, the impatient consumers behave like our ROT consumers.
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4.3.1. PIH consumers

The assumptions concerning PIH consumers are fairly conventional. The representative
PIH consumer can borrow or lend at the (real) riskless rate of reRarrand his objective
is given by

o0
maXEz Z ,Bk[|09 C[p+k + g IOQ(l - Lf+k)]
k=0

Solving the PIH household’s problem yieldastiard first-order conditions for (composite)
consumption and labor supply:

1 1
C_tp = ﬂE(ﬁ)RHL (7)
w(1-L7)=&C7, (8)

wherew; is real wage (in terms of composite goods).

4.3.2. Rule-of-thumb consumers

Following Campbell and Mankiw (198%nd others, we assume the ROT consumers
consume their current income: that is, the sum of wage income and the transfer paid out
by homeowners. In this framework, the ROT consumers have access to mortgage equity
withdrawal (MEW), but not to non-secured loans, and the amount they can borrow against
the value of their house is represented by the transfer paid out by homeowners. The (com-
posite) consumption of the ROT consumers is given by

where D, denotes the transfer they receive from homeowh&fhe labor supply of the
ROT consumers is given by

wi(1— L)) =£C}. (10)

Let 0<n < 1 be a fraction of PIH consumers in the economy. Aggregate consumption
is then

C;=nCl + 1 —-n)C/, (11)
and demands for each of the consumption goods and housing services are
Pei\ " -
Cy Zy( C’l‘) CI E)/Xc);]ct (12)
Py
and
Py, - _
h,:(l—y)(%) G E(l—]/)thCt. (13)
I3

16 Bernanke and Gertler (199Bjve a similar assumption about entrepreaeconsumption to generate wealth
effects from stock prices.
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Aggregate labor supply is defined as
Li=nLl +(1—n)L}. (14)
Finally, from(8) and(10) wage is determined as

w;(1— L) =§C;. (15)
4.4. House producers

House prices are determined by aheory of investment. We assume that house pro-
ducers purchase consumption goods and use them to produce new houses. Investment of
I; units of composite consumption goods yields1 = @ (I;/ hy)h; units of new housing
stock, wherep (-) is assumed to be concave. The assumption of concavity implies convex
adjustment costs of housing investmentetjuilibrium, the price of housing is given by

I
Xet hy

where X, is the price of consumption goods relative to the composite price index. As
discussed above, changes in house prices will affect the balance sheets of the household
sector, and hence their cost of borrowing.

4.5. Producers of consumption goods

For simplicity, we assume capital is fixed and labor is the only variable input. We assume
a Cobb-Douglas production function of the form

yi(2) = A K (2)%L; ()%,

Following the large literature on monetary business cycles, we assume that prices of con-
sumption goods are sticky. Specifically, we assumé&lgo (1983ktaggered price setting

(see, for exampléMoodford, 1996; Rotemberg and Woodford, 1298 each period, only

a fraction 1— 6 of sellers are allowed to change their prices. The seller indexdtb gets

a chance to change his price, chooses his price in order to maximize

o

Ap vk

E Y 0 [ @ek(@ = Wk Lisa (),
k=0 t+

subject to its demand condition

i@\ ¢
Ve+k(2) = ( ! > Yitk,
Pc,t+k

whereA; ;4 is the shareholder’s intertemporal marginal rate of substitution. Thelerm
denotes aggregate demand for consumption goods. This consists of consumption demand,
investment demand, and government expenditure. That is,

Y[ZC1+I[+G[.



428 K. Aoki et al. / Journal of Financial Intermediation 13 (2004) 414435

The first-order condition for optimal pricing is given by

C Peryi (( Pi(@) \° pi(2) e
E ) 0% A, +k[ C’H‘(—t > Y+k{ e me +k” =0
t,; " Pryk \ Per+k ! Poiyik €—1 !

wheremc; 4 is real marginal cost at time+ & in terms of consumption goods, given by

Witk (yz+k(Z) )1/(1_0‘)
Periik \ Atk )

4.6. Parameterization

We have aimed to keep the parameterization of the model fairly standard. The discount
rate 8 equals 0.99. The steady state quarterly real interest rate is thergfdrer 11.01,
which implies an annual real interest rate of about 4%. The elasticity of substitution
between consumption and housing services is equal to 1. Together with the parameter
y in the CES consumption aggregator, this pins down the steady-state ratio of imputed
rent to total consumption at about 12%, which is consistent with aggregaté’dBie.
depreciation rate of housing is set at an annual rate of 2%. The elasticity of the price of
capital with respect to the investment capital ratjqg,is set to 0.5. BGG suggest that a
reasonable range for this parametefi€.5. The distility of labor parameters, is set
to 1. The capital share in aggregate productians set to 0.33. Following BGG, we set
labor supply elasticity to 3.

The parametef governs the stickiness of prices of consumption goods. We set it at
0.75, which implies that the average period between price adjustments is four quarters.
There are three shock processes in our model: productivity shocks, demand shocks and
monetary policy shocks. Productivity and demand shocks are assumed to be autocorre-
lated with autoregressive parametgps= 0.95 andpg = 0.9 respectively. The monetary
authorities are assumed to follow a smoothed feedback rule with autoregressive parame-
ter pg = 0.9 and a coefficient on lagged inflation of 0.2, implying a long-run response to
inflation of A, = 2. The linearized feedback rule has the form

k\r =(1— prR)AxT: + PR k\rfl + &Rt

In order to evaluate model covariance of tlagiables, we also need to specify variances
of the shocks. We specify all shocks to have a variand®.6fl)2 which is well within the
range used in the literature (eBatini et al., 2003; Nelson, 200&ndNelson and Neiss,
2003.

The parameters governing the finan@atelerator are similar to those used in BGG.
We assume that underlying these parameters is a model of costly state verification, for
example the one derived explicitly in BGG. The steady state annual external finance pre-
mium is 200 basis points, and the ratio of net worth to capital is 0.7, which is the average

17 we experimented with a lower value fgr which would imply some degree of complementarity between
housing and consumption. However, as long asincreased to correct for obtaining reasonable share of imputed
rents, there is no significant effect inetimodel simulations from having changed
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historical leverage ratio of UK households. This may seem low at first sight, since house-
holds are often thought of as highly leveraged. While it is true that first-time buyers only
put down deposits of 0.2 or less, the household sector in aggregate has a much higher
net worth ratio reflecting the fact that mature mortgages have been partly paid off and that
many households actually own their houses outright. The only thing about these parameters
that is important for our results is that the cost of external finance is some upward sloping
function of leverage. The individual paramet@nderlying the finanal accelerator mech-
anism simply act as scaling factors on the overall acceleration. We set the elasticity of
the external finance premium with respectaweerage equal to 0.1—higher than the BGG
value of 0.05—which, together with the elasticity of the capital price is used to match
the empirical relative responses of consumption, house prices and housing investment to
a monetary policy shock once the financial aecafor is switched on. These empirical
responses are derived from an identified vector autoregression, descriBediint al.
(2002a) The adjustment factor on the dividend rule is set at 3. This is the estimated av-
erage elasticity of mortgage equity withdrawal with respect to the net worth ratio. In other
words, if the net worth of the aggregate UK household sector rises by 1%, the amount of
equity withdrawn will increase by 3%. In our structural change experiment, we vary this
baseline parameter as described in Sechii@h The share of rule-of-thumb consumers is
set at 0.5. For the United Kingdom, there is no consensus on this share in the literature,
but a reasonable range appears to be 0Baoumi, 1993; Jappelli and Pagano, 1989;
Campbell and Mankiw, 1989yVe use 0.5 as our baseline scenario.

In the next section, we use the model to illustrate the implications for monetary policy of
recent financial innovations. To obtain the siatad paths for model variables, the model
is first log-linearized, and then solved using the methoHKiafjy and Watson (1998)he
details of the log-linearized model can be found in the longer working paper version of this
paper(Aoki et al., 2002h)

5. Model ssmulations
5.1. With and without financial accelerator

So how does the financial accelerator warlour world? A positive shock to the econ-
omy causes a rise in housing demand, which leads to a rise in house prices and a rise in
homeowners’ net worth. This causes decreasike external finance premium, which leads
to a further rise in housing demand and a rise in the transfer paid back to consumers. This
rise in the transfer generates a further @ase in consumption. As in BGG, credit market
frictions amplify and propagate shocks to the economy.

In this section, we present some impulse responses of the model to an expansionary
monetary policy shock8 Figure 2shows the impulse responses with and without the fi-
nancial accelerator. In response to a 50 $amiints monetary policy shock, a baseline

18 Here we set a monetary policy shock @50 basis points (annualized) fall in nominal interest rates. This
corresponds approximately to a one standard tievianonetary policy shock from the estimated VAR.
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Fig. 2. Responses to a monetary policy dhaeith and without credit frictions.

model with the financial accelerator turned pfoduces peak responses in consumption,
house prices and housing investment of 56 basis points, 48 basis points and 111 basis points
respectively. Compared to the VAR resultsAoki et al. (2002a)both the house price and

the housing investment response are too low. The peak VAR responses of house prices and
the housing investment to a 50 bp monetary policy shock are 85 basis points and 198 ba-
sis points respectively. When the finari@acelerator is switched on, the model responses

of consumption, house prices and housing investment increase to 66 basis points, 99 ba-
sis points and 214 basis points respectively, much more in line with the VAR evidence.
However, the peak response of consumption is too high compareduokitet al. (2002a)

5.2. Deregulation: Increased access to housing equity

In Section2, we discussed that the transaction cost of extracting equity from housing has
fallen, and that product developmentis likely to reduce them further in coming years: mort-
gage equity withdrawal and net housing equity have become more closely liriked (7).

In this section we examine the implications of this structural change for monetary policy.

In our model, households face a trade-off when house prices rise: they can either with-
draw the additional equity for consumption or they can use their stronger balance sheet
to lower the rate at which they can borrow. This trade-off is captured by the adjustment
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Fig. 3. Responses to a monetary politysk: before and aér deregulation.

parameter on the transfer stream between the house-owning and consuming part of the
household. When transaction costs fall, it increases the elasticity of the transfer with re-
spect to housing equity.

Figure 3shows the responses of key variables to an unexpected monetary policy loosen-
ing when the elasticity of transfer with respect to housing equity is changed from 3'fo 30.
The net effect of reducing transaction costs on housing investment and house prices is to
dampen the response to the policy loosening (from 214 basis points to 110 basis points for
housing investment, and from 99 to 45 basis points for house prices). Its effect on consump-
tion is to heighten the response (from 66 to &sis points). The intuition is as follows:
following the monetary policy shock, households respond to the unexpected increase in
house prices. When transaction costs are lower, they use more of the increased housing
equity to finance consumpti. The balance sheet improvement is therefore smaller and
shorter-lasting than it would otherwise have been, and this dampens the positive response
of housing investment and house pricégble 1summarizes these findings.

Based on our choice of parameters, the quantitative impact of deregulation on consump-
tion is therefore to increase the peak response to monetary policy shocks by 14%. The peak

19 The estimated elasticity of MEW with respect to net housing equity over the recent period 1990-2000 is 30.
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Table 1
Model responses under different asstioms about the financial accelerafor

Peak response of

Cy qr I
Without financial accelerator .56 048 111
With financial accelerator .66 099 214
Before deregulation 66 099 214
After deregulation a5 045 110
VAR estimate8 0.20 085 198

@ Results in percentage deviations from steadiesfallowing a 50 bp monetary policy expansion.
b The VAR estimates are fromoki et al. (2002a)

house price response falls by about 55%, and the peak housing investment response falls
by 49%. A key parameter driving these results is the elasticity of the transfer with respect
to housing equity. Although this parameter can be estimated from data as the elasticity of
MEW with respect to housing equity, there are many uncertainties surrounding this esti-
mate. MEW is a flow, which has historically been positive as well as negative. To estimate
the elasticity of this flow over short sub-samples requires taking a stand on the appropriate
‘average MEW, as well as the appropriate sub-sample period. Although we characterize
our experimentas comparing ‘before deregulation’ with ‘after deregulation,’ in reality there
are probably three sub-periods in theajabughly corresponding to a decade each. From
1970-1979 could be characterized as before deregulation. From 1980-1989 is a period of
gradual deregulation. The period 1990-2001 could be characterized as after deregulation.
Estimates of the elasticity of MEW with respect to housing equity are highly sensitive to
the precise sub-period chosen as some of the sub-period averages of MEW are close to
zero. And in the early period 1970-1979 the relationship between MEW and net housing
equity is not statistically significant. To check the robustness of our approach, we there-
fore also explore an alternative calibration strategy for the elasticity parameter. Rather than
estimating it directly, we calibrate it to match the data covariance between consumption
and MEW. The data covariance is 0.0050 for the period 1970-1979, 0.0083 for the period
1980-1989, and 0.035 for the period 1990-2001. To match these covariances in the model,
we need to set the elasticity parameter at 1.6, 2.4, and 42 respectively. This is very much
in the same range as our estimates of 3 and 30 based on the direct estimation approach.
If anything, our direct estimation approach perhaps underestimated the difference between
the pre and post-deregulation reginfés.

It could also be argued that certain types of structural change in financial markets that
accompanied deregulation should change #nepdparameters of the financial accelerator
mechanism, which we have kept constant in our experiments. The most likely change is
that the degree to which uncertainty abaudividual borrower quality may be reduced

20 Another robustness check we performed was to investigate the impact of the curvature of the utility function.
Our baseline model has log utility, implying an interfeonal rate of substitution of 1, which is on the high side
compared to direct estimates from consumption dbfall, 1988) A lower intertemporal rate of substitution
clearly scales the consumption response to monetaryypsitiocks down, but increases the difference between
the pre and post-deregulation regimes.
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a result of improved ex ante monitoring techniques of potential borrowers. This in turn
would increase the steady-state leverage ratio. But as shovtalbyand Vila Wetherilt
(2002) if increases in the steady-state ratio are due to lower uncertainty, they would be
accompanied by a lower steady-state externakfce premium and a lower elasticity of the
external finance premium withspect to leverage. Higher leverage would work to increase
amplification, but a lower finance premium and a lower elasticity would partly offset this.
Overall,Hall and Vila Wetherilt (20025how that amplification would still increase, but
only moderately! What would be the impact for our model? Higher amplification after
the structural change would act as a scaling factor for all of the model responses: relative to
our ‘after deregulation scenario,’ consumption and house price responses would be slightly
higher. Our conclusions about the relative movements of consumption (more responsive
to monetary policy shocks) would still be vali@ur conclusion about house prices (less
responsive to monetary policy shocks) would still be valid if the moderate amplification
effect from higher leverage is outweigheg the strong dampening effect of better access

to borrowing for consumption.

6. Conclusion

In this paper we have presented a general equilibrium model, based on the financial
accelerator model dBernanke et al. (199%hat describes how this credit channel may
form part of the monetary transmission mechanism. The model focuses on the macroeco-
nomic effects of imperfections in credit mats. Such imperfections generate premia on
the external cost of raising funds, which in turn affect borrowing decisions. Within this
framework, endogenous developments in credit markets—such as variations in net worth
or collateral—work to amplify and propagate shocks to the macroeconomy. A positive
shock to economic activity causes a rise in housing demand, which leads to a rise in house
prices and so an increase in homeowners'werth. This decreases the external finance
premium, which leads to a further rise lrousing demand and also spills over into con-
sumption demand.

We also consider the implications for monetary policy of structural changes in the
United Kingdom'’s retail financial markets: following deregulation in the mortgage mar-
ket, it became easier and cheaper for conssn@iborrow against housing collateral to
finance consumption. We show that cheagaress to home equity means that, for a given
house price increase, more borrowing will be devoted to consumption relative to hous-
ing investment. The response of consumption to an unanticipated change in interest rates
will therefore be larger, and the response of house prices and housing investment will be
smaller. In other words, whether the fingal@accelerator has most of its effect on house
prices or consumption depends on the degree of deregulation: in a highly deregulated mort-
gage market, the effect on house prices will be muted, but the effect on consumption will
be amplified.

21 Hall and Vila Wetherilt (2002ronclude that the amplification effectrisoderate even though the uncertainty
parameter has halved. The reduction in uncertaintyevesider here, due to improved monitoring technology in
retail financial markets, is unlikely to have been that large.
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Our work suggests therefore that empirical models that contain house prices and con-
sumption may have unstable coefficients, even if fundamental shocks (e.g. productivity,
government spending and monetary policy shocks) are correctly identified. A given change
in house prices is likely to be associated with a larger change in consumption in the post-
deregulation period.
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Appendix A. Data sources

We used the following data series. Item codes from the National Statistics office are
provided in parentheses where applicable.

Real house prices: DETR house price index deflated by the GDP deflator (YBGB).
Real consumption (ABJR). Real durables consumption (AEIW). To construct non-durables
consumption, we subtracted durables consumption from total consumption, and also sub-
tracted imputed rents (CCUOQO), which reflects the consumption of housing services by
owner-occupiers. Our measure of non-durables consumption therefore excludes consump-
tion of housing services. Mortgage Equity Withdrawal: nominal MEW (Bank of England
estimate). Net housing equity: nominal housing stock (National Statistics estimate) minus
total secured borrowing by households (Bank of England) divided by the nominal housing
stock. Real housing investment (DFEA). Household disposable income (RPQK).
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