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Abstract

In a market-clearing economy, declines in demand from one sector do not cause large
declines in aggregate output because other sectors expand. The key price mediating
the response is the interest rate. A decline in the rate stimulates all categories of
spending. But in a low-inflation economy, the room for a decline in the rate is small,
because of the notorious lower bound of zero. I build a general-equilibrium model that
focuses on the behavior of an economy when the nominal interest rate is pinned at zero.
Equally important is that the real rate is pinned at a rate above the market-clearing
rate because inflation responds only weakly to the presence of slack. I concentrate
on two closely related sources of declines in demand: the buildup of excess stocks of
housing and consumer durables and the corresponding expansion of debt that financed
the buildup. The model introduces a new analysis of the rationing of customers in the
output market when the interest rate is pinned at zero and connects the rationing to
the labor market. It provides a coherent rationale for the common-sense notion that
the reason that employers don’t hire all available workers during a slump is that they
don’t have enough customers.



1 Introduction

Big events are the most informative about the structure of the economy. We have learned a
great deal about the macroeconomics of big negative shocks over the past two years. Five

of the important lessons are:

e The zero lower bound on the nominal interest rate matters a lot.

e Product price inflation slowed only slightly during the contraction and there was only a
small tendency for inflation to fall by more for categories that saw the largest declines

in sales volumes.
e Wage inflation was equally unresponsive to the large increase in unemployment.
e Declines in productivity had nothing to do with the huge contraction.

e More than two years past the financial shock of September 2008, the economy remains

slack—in particular, unemployment is only barely below its maximum value.

A basic principle of my investigation of these issues and resulting model-building is that
the past matters only through the values of the state variables of the economy. The ultimate
goal is to build a coherent formal model that delivers a slump with 10 percent unemployment
lasting several years, when started with values of its state variables in 2007.

The view that I push here has roots in both traditional and modern macro. The starting
point is that the intertemporal market for goods now and goods later does not clear, but
rather has excess supply of goods now and excess demand later because the real interest rate
is too high. The failure for real interest rates to fall to a low enough level results in rationing
of customers to suppliers.

One force that can trigger a recession or a depression is serious deflation. When prices
begin to fall at 10 or 20 percent per year, as during the period from 1929 to 1933, the real
rate accompanying the zero lower bound is far, far above the full-employment real rate and
high unemployment would result even without any other adverse force. But the decline in
inflation that occurred during the recession starting at the end of 2007 was no more than
two percent. Extreme price stickiness in the face of large amounts of slack has saved the
economy from a repetition of the experience of the Great Depression.

The contractionary force that I emphasize here is a familiar one—the buildup of housing

and consumer durables stocks that occurred during the middle of the 2000s. I estimate that



the real stock of durables (a term I will use to include housing and consumer durables) was
14 percent higher in 2007 than it would have been if the conditions of the period from 1990
to 2000 had prevailed in that year. Thus, I take the initial level of the stock of durables to
be 14 percent above its stationary level when solving the model. The high initial stock tends
to make the initial interest rate lower than its stationary level. If inflation is close to zero or
negative, the bound on the real interest rate could bind at the outset. That economy would
start with excess unemployment.

Another state variable, consumer debt, rose during the 2000s. Durables secured most
of the debt. Households had dissaved by taking on debt and using the proceeds to buy
durables—new houses and new cars. The model starts with debt above its stationary value.
As families work off their unusually high holdings of durables, they save by paying off the
corresponding debt.

A third state variable, the stock of business capital, appears to have been at its stationary
value in 2007. There was no impetus toward recession from business investment. Though
investment fell during the recession, the model interprets this response as induced by a
recession whose origins lay elsewhere and not the result of a business-related state variable
that starts at a value different from its stationary value.

Starting with these state variables in 2007, the model goes into immediate recession—
output is low and unemployment is high. The Fed tries to offset the recession by lowering
the interest rate but cannot do more than drive its policy rate to zero, which leaves the
economy still in a condition where people want to produce now but purchase later. The
bulging stock of durables discourages further purchases and the overhang of consumer debt
precludes higher purchases for a substantial fraction of households.

The model provides an account of a prolonged slump. The economy remains below full
employment as long as the excess durable stock and accompanying debt persists and the
zero bound on the interest rate continues to bind.

Stripped to its basics, the story of the paper is that in the years leading up to the slump,
households borrowed much more than usual and used the proceeds to buy more houses and
cars than usual. They used the credit market to speed up purchases—they bought first and
planned to save later. In an economy without a floor on it real interest rate, households not
subject to borrowing constraints would have taken over purchasing unusual volumes once

the constrained households reached their saving phase. But the interest rate could not fall



far enough to induce that response. Instead, output fell and unemployment rose.

Of course, this story leaves out a lot. In particular, the crisis of September 2008 is
portrayed as only a response to the more fundamental forces of overextended households
and not a separate causal factor. In fact, the increase in financial frictions from the crisis
surely made its own contribution. But it is important to bear in mind that effective but very
expensive policies prevented a collapse of financial institutions. One should not confuse the
grave concerns of the week of September 15, 2008, with the actuality of a Depression-like
breakdown. In my view, the story of the the financial crisis is mostly one of what could have

happened without aggressive countermeasures, not the source of an actual collapse.

2 The Lessons

2.1 The zero lower bound

Riskless short-term interest rates have been close to zero in the United States and many
other countries since late 2008. The three-month Treasury bill rate in December 2008 was
around 5 basis points and rose only to 16 basis points in May 2010. Further depression
of these rates, to levels below zero, is impossible because investors have the alternative of
holding paper money with a zero nominal return or, in some cases, reserves, which earn 25

basis points.

2.2 Prices and wages

The Great Recession brought slacker product markets to the U.S. economy than had existed
at any time since the depression in the 1930s. A line of thought rather deeply embedded
in macroeconomics holds that product prices fall in slack markets. The logic is that sellers
have much to gain by increasing output when output is low. On the reasonable assumption
that marginal-cost curves slope upward, a contraction in output will cause a price-setting
firm, irrespective of the amount of its market power, to cut its price in an attempt to take
business away from its rivals.

Recent experience requires a fundamental reconsideration of the views that producers
find it desirable to expand output by cutting prices. Their behavior across all industries
suggests, to the contrary, that price cutting is not the answer to any problem they perceive

in a time of extreme slack.
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Figure 1: Annual Percent Changes in Output and Prices, 2007 Q4 to 2009 Q4

Figure (1| shows annual rates of change of output and price for a number of components
of GDP, over the two-year period from 2007 Q4 to 2009 Q4. The points lie along a line with
a slightly positive slope—the line connecting the left-most observation to the right-most
has a slope of 0.22 percentage points of price change per point of output decline. The most
informative observation is for residential construction, where output declined at a 17-percent
annual rate but price declined by only 3.4 percent per year. Construction is a good test case,
because existing theories of sticky prices do not seem to apply to this component.

An adverse shift in the terms of trade may be an influence favoring unresponsive prices.
If an increase in input prices occurs at the same time that product demand falls, product
prices may hardly move at the same time that output falls. A spike in oil prices occurred in
the summer of 2008. But the spike reversed by the end of 2008 and there was no meaningful
shift in the terms of trade during the two years included in Figure[I] The ratio of the price
indexes for imports and exports fell by 17 basis points per year during the period.

I interpret the experience of 2008 and 2009 as undermining the view of price stickiness or
rigidity embedded in mainstream macro models, where sellers are unable to change prices or
face high costs in the mechanics of changing prices. I draw a more general conclusion that

cutting prices in the face of slack is not value-maximizing for most businesses. Rather than



being prevented from cutting prices, they generally choose not to do so.

Evidence from American and Canadian car prices is highly informative about the weak
response of retail prices to changes in cost. Thanks to NAFTA, the production of cars in
North America is thoroughly integrated. The cost of building a car is the same whether sold
in Canada or the U.S. Most cars have components from both countries (as well as Mexico
and Taiwan) and many are assembled in both countries, with little correlation of location
of production with country of sale. The Canadian dollar production cost of a car sold in
Canada is very close to the exchange rate times the American dollar cost of a car sold in
the U.S. Standard theories of stable markup ratios for oligopoly products suggest that an
appreciation of the Canadian dollar relative to the American dollar will cause a combination
of an increase in the American dollar prices of cars in the U.S. and a decrease in the Canadian
dollar price of cars in Canada so that the markups remain constant. Thus the Canadian price
of cars translated into American dollars at the exchange rate should be stable in relation
to the American price. Figure [2] tests this hypothesis. Far from being stable, the ratio of
the U.S. dollar translation of the Canadian retail price to the American retail price, shown
in the heavy red line, is highly volatile and persistent. Further, the movements of the price
ratio are highly correlated with the movements of the exchange rate. When the Canadian
dollar is strong, the profit margin for sales of North American cars in Canada widens in
proportion. When it is weak, car makers continue to sell in Canada at very low margins.
The phenomenon of stabilization of prices against cost changes associated with exchange
rates is well known (but not well explained) in a large literature in international trade.

Nominal wages were even less responsive to the development of huge slack in 2008 and
2009. The best measure of hourly wages, inclusive of benefits and all other types of compen-
sation, is the Employment Cost Index of the Bureau of Labor Statistics. Figure 3| shows the
annual changes in employment and hourly wages for an 8-industry of private employment.
The line is almost exactly flat. The slope is 3 basis points of wage change per percentage
point of output change. Again, construction is the most informative data point. Com-
pensation per hour rose at the same time that employment was falling by 13 percent per
year.

Macroeconomists need to redouble their efforts to understand the behavior of prices and
wages, especially the lack of the expected negative response to forces that cause large declines

in output. Price-wage stickiness is not a universal rule for the U.S. and other economies.
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Prices and wages fell dramatically during the much more severe contraction that began in
1929.
I conclude that fixity of prices and wages is a reasonable basis for studying fluctuations

in the U.S. economy in recent years.

2.3 Productivity

Macroeconomics has spent a lot of effort understanding how fluctuations in productivity
drive overall fluctuations, but it is completely clear that the economy’s collapse starting in

2008 was not the result of a decline in productivity, as Figure 4| shows.

2.4 Durables

The Great Recession concentrated its initial effect in durables: plant, equipment, and inven-
tory investment, construction, and consumer durables. Figure [5| breaks down the shortfall
of major components of GDP from trend into the sum of all the durables components and
the other major components—consumption of non-durables and services, net exports, and
government purchases. Durables purchases fell dramatically at the outset and have now

recovered to some extent, while non-durable consumption has widened its shortfall and
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Figure 5: Components of GDP Shortfall since 2007 Q4

threatens to exceed durables soon.

3 The Zero Lower Bound on the Interest Rate

I discuss the zero lower bound (ZLB) on the nominal interest rate in a model with a single
interest rate. Most of the discussion would carry over to an economy with many interest
rates and asset returns.

The basic intuition describing the operation of the ZLB economy is straightforward—
see Krugman (1998) in the context of Japan in the 1990s and Christiano, Eichenbaum and
Rebelo (2009) in the recent U.S. context. The bound keeps the real interest rate above
its equilibrium level. Households respond by offering to work harder in the current period
but to defer consumption to the future. Investment is low because of the high real rate.
The economy suffers from an incipient shortfall of investment below saving. Income has to
fall enough to bring saving into equality with investment. Some adverse shock has brought
the economy into the ZLB state but the bound amplifies its effect. Or, to put the point
in reverse, a stimulus, such as an increase in government purchases, has a bigger effect on
output in the ZLB economy than in a hypothetical alternative economy where the nominal

interest rate can be negative.



Recent work on ZLB macroeconomics has been, without exception as far as I know,
embedded in the standard New Keynesian framework whose canon is Christiano, Eichenbaum
and Evans (2005). That model is complicated because of its objective of matching many
of the dynamic features of the economy. Christiano, Ilut, Motto and Rostagno (2007) and
Christiano, Trabandt and Walentin (2010) add an important feature missing from earlier
New Keynesian models, an explicit treatment of unemployment.

The model in this paper focuses on the fundamentals of macroeconomic equilibrium when
the zero lower bound binds. An initial point is that the bound arises from the willingness of
the government to issue a security that pays a needlessly high return. At the zero bound, no
private bank would issue currency, because the real return to issuing currency—the nominal
interest rate less the cost of printing and managing the currency—is negative and thus
commercially impractical. Absent the government’s willingness to take losses on currency
(and possibly reserves), an economy could function with a negative nominal interest rate.
Currency would disappear or would be subject to holding charges. The government would
charge banks for the privilege of holding reserves whose real values would rise over time.
Buiter (2009) discusses these issues in detail, with cites to recent and vintage writings. The
essence of the ZLB drag on the economy is that the government forces the real interest rate
above its equilibrium, creating excess supply and rationing in the output market, as the
high real rate induces workers and firms to defer demand for consumption and investment.
Because removal of the zero bound through fundamental reorganization of the monetary
institutions of the U.S. and other advanced countries appears politically impractical, I take
the bound as a permanent property of the economy.

To simplify the discussion and focus on the central issue, I treat money as only a store of
value and not as a medium of exchange. In the model, no money is actually held, either in
normal times (when its return falls short of the market real return) or when the ZLB binds.
Its only role is to create output rationing in the latter case because each household correctly
perceives an opportunity to lend to the government at an above-market rate. The presence
of money in this economy dictates that the real interest rate be the return to holding money,
the rate of deflation. This point is familiar in discussions of the zero lower bound on the
nominal rate. Given the opportunity to earn the higher real rate on money, nobody will
lend at a lower rate, in an economy without risk. On the other hand, in standard economies,

the nominal interest rate can be positive, so the real return to money is less than the return
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to other investments. But that monetary equilibrium requires that money provide a service
as well as a financial return. Absent a service value, the public will not hold money under
standard conditions. Standard models describe two different monetary regimes. In normal
times, the government provides and the public willingly holds a moderate amount of money
even though it pays less than financial assets. In times of deep recession, the government
saturates the economy with much more money, the nominal interest rate goes to zero, money
loses any marginal service value, and the zero lower bound controls the real interest rate.
The model here agrees with standard models in the ZLB case but assigns money no role or
effect when the ZLB does not bind.

The model focuses on rationing in the product market that reflects into the labor market.
The novelty in the model is the explicit treatment of product-market rationing. The model
combines a rationing mechanism with a traditional view of the underlying supply and demand
for output. Under normal conditions, absent a binding ZLB, the real interest rate clears the

intertemporal market connecting adjacent periods.

4 The Price of Output and Rationing in the Output
Market

I take the lack of almost any response of the U.S. price level to extreme slack since late 1998
as the basis for the simple assumption that the price of output in dollar terms is fixed. This
assumption would not make sense in other eras. Deflation occurred at high rates in the early
1920s and again in the early 1930s. Inflation was high and variable in the 1970s and early
1980s. But, following a period of exceptionally stable inflation beginning in the mid-1980s,
inflation remained remarkably stable in 2008 through 2010.

Unresponsive prices and rationing of sales opportunities in the output market are closely
connected topics. Economists believe instinctively that product prices should fall when
businesses are capable of producing more output than they are currently selling. But in
the modern environment, businesses do not seem to believe that undercutting their rivals is
the right way to deal with low sales volumes. A fragmentary literature in macroeconomics
and, almost independently, in marketing science, explains why price cuts may not be in the
interest of sellers in particular settings. It is a remarkable fact, supported by Figure [T} that
sellers in virtually all settings have not tried to take sales away from their rivals by cutting

prices.
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What difference does it make in a macro model if the money price of goods is fixed?
Changes in the price level have important distributional effects. The rising real value of
nominal debt during the Depression had important adverse consequences. But by far the
most important result of fixed prices—at least from the perspective of the model in this
paper—is its effect on interest rates. When the public believes that the price level is fixed
now and in the future (possibly along a fixed growth path), nominal and real interest rates
are locked together. The lower bound of zero in the nominal interest rate becomes a lower
bound of the negative of the rate of inflation when current and future prices are fixed. When
inflation is negative, the bound on the real rate is a positive amount. When inflation is at
small positive levels, as in the past few years, the real interest rate cannot drop below a
small negative level.

In the model I construct, the price level is immaterial. A slump is not a time when the
price level is too high. Price-level irrelevance is obviously the result of drastic simplifications—
ones that probably make sense only in an economy with a long history of low and stable
inflation. In the model, only the rate of change, the inflation rate, matters. The key sticky
price is the real interest rate. In normal times, the real rate clears the output market. If
an excess supply of current goods threatens, the real rate declines. Consumers raise current
consumption, especially purchases of durable goods, because they have become cheaper in
relation to future goods. Businesses speed up purchases of plant and equipment for the same
reason.

There is no scope for monetary policy in a fixed-price economy. In a different economy
where inflation responds to the amount of slack, a central bank stabilizes inflation by ad-
justing the amount of slack. Today we usually portray the policy as a Taylor rule. The deep
issues in constructing models with flexible but determinate prices given a monetary-policy
rule are definitely beyond the scope of this paper. I invoke sticky money prices of output to
rationalize treating the rate of inflation as exogenous. The evidence on recent price stability
gives me comfort in this assumption.

When an economy is in a slump, firms could profit by taking sales away from rivals.
By assumption, they have determined that using product prices for that purpose is not
value-enhancing. Instead, in the model of this paper, firms use more resources than usual
in gaining sales. The payoff to an additional sale is the product price less the marginal

resources expended to gain the sale. In formulating its production plan—in particular, in
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making decisions about how aggressively to recruit workers—the firm treats this net price
as the payoff to hiring and production.

I adopt a really simple version of the Diamond-Mortensen-Pissarides (DMP) model to
describe the labor market. In the standard version of that model, as in Mortensen and
Pissarides (1994), the payoff to hiring an additional worker is that worker’s marginal revenue
product. The source of variation in the marginal revenue product generally cited in the DMP
literature is productivity. As a result, the model is vulnerable to the critique that declines
in productivity do not seem to be the driving force of recessions, at least since the 1980s. In
the model of this paper, the source of fluctuations is the net benefit, the marginal revenue
product less the resources devoted to overcoming the rationing of customers that occurs
when the real interest rate is at its lower bound.

As Shimer (2005) demonstrated, the Nash wage bargain in the standard DMP model
precludes significant fluctuations in unemployment. When the marginal revenue product of
labor falls, the wage falls virtually in proportion, so the incentive to hire remains essentially
the same and unemployment remains at its natural rate. I adopt a simple framework that
implies less wage flexibility, along the lines of Hall (2009).

Macroeconomics has shed the view that declines in productivity are the source of re-
cessions. How might other driving forces—mnotably ones that make the ZLB bind—result
in higher unemployment in the search-and-matching model? When customers are rationed,
firms can divert output from other sellers by incurring a resource cost (under the fixed-price
assumption, they choose never to divert customers by offering a lower price). The cost is
higher when the rationing is tighter—that is, when the gap between the ZLB real interest
rate and the equilibrium real interest rate is greater. The benefit to a firm from a new hire,
the key driving force in the DMP model, in this version of the model, is the fixed product
price less the cost of diverting enough output from rivals to keep the worker busy. Thus when
the excess supply of goods is high, the benefit of hiring another worker is low, because it is
hard to find a customer for the worker’s output. The way that the DMP model may be able
to generate fluctuations in unemployment driven by changes in the benefit to the firm from
hiring added workers is well understood. Shimer (2010) deals extensively with the conditions
under which the model delivers an unemployment rate immune from aggregate influences.
If the bargained wage is less flexible than under those conditions, cyclical unemployment

fluctuations will occur.
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5 Liquidity Constraints and Loan-Service Commitments

During the 2000s, prior to the crisis in 2008, U.S. consumers took on additional debt. Despite
low interest rates, the fraction of income committed to paying interest and repaying principal
rose. Figure [6] plots data since 2000 on that fraction. The measure of committed income
includes rent for those who do not own their own dwellings. Mian and Sufi (2010) demon-
strate large differences among states in the U.S. in durables purchases negatively correlated
with indebtedness.

A significant fraction of American consumers appear to be liquidity-constrained. I take
a family as liquidity-constrained if it holds less net liquid assets than two months of income.
Net liquid assets are the difference between holdings in savings accounts and the like and
borrowing from credit cards and other unsecured forms. In the 2007 Survey of Consumer
Finances, households illiquid by this standard earned 58 percent of all income. The frac-
tion of households that were constrained—74 percent—is much higher because lower-income
households are more likely to be constrained.

I incorporate these facts into the model by dividing consumption into two parts. Con-

sumption of unconstrained households obeys the standard life-cycle model, while consump-
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tion of constrained households is their earnings less their committed payments for outstand-
ing credit, which forces them to dissave.

In a full-employment economy containing this mix of households, the interest rate would
clear the output market, absent any lower bound. When constrained households cut back
consumption spending, including purchases of new houses and consumer durables, low rates
would induce unconstrained households to consume more by borrowing, thus offsetting the
saving of constrained households. The zero lower bound blocks the corrective force.

In the economy up to the end of 2007, consumers added substantially to their stocks of
durables, mainly in new houses, but also in cars and other consumer durables. They took
on additional debt in the process and raised the fractions of their incomes needed to repay
the debt, as shown in Figure [6}, Thus two critical state variables were at high values at the
end of 2007, the durables stock and debt service commitments of constrained households.

The model starts at the end of 2007 with those state variables at the high values. I do
not model the economy during the run-up, but others are working on that topic. Macroe-
conomists have built asset-price crashes into general-equilibrium models—Burnside, Eichen-
baum and Rebelo (2010) is a recent example where beliefs about appreciation spread among
homeowners like an epidemic disease. No view about the origins of bubbles or crashes is yet
firmly established.

An economy starting with a stock of durables above its steady-state level and with
consumers who have large commitments to save by repaying debt will reach equilibrium
with a low interest rate if the rate is not bounded, or it will have excess unemployment if
the rate hits the bound.

Note that the rate that matters here is the return to the saving of unconstrained house-
holds who would respond to low rates by dissaving to offset the saving of the constrained
households. Consumer borrowing rates determine the burden of debt service but do not
clear the output market, because constrained consumers are not marginal participants in
that market.

Figure [7] shows the ratios of business capital and durables-housing to GDP since 1990.
Nothing special happened to capital, but the figure shows a conspicuous bulge in durables-
housing from 2000 to 2006. The ratio is 14 percent higher in 2007 than it was in 2000 and
the same 14 percent higher than the average from 1990 through 2000. Accordingly, I will

start the model with its durables-stock state variable 14 percent above it stationary level.
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6 Long-Horizon Dynamic Model

The economy in the model lasts for many years and households last as long as the economy.
Households consume nondurable goods and services and the services of durables, including
housing. Output is divided among three uses: nondurables consumption, investment in new
durables and housing, and investment in business capital. The length of a period is a calen-
dar quarter. Because the real interest rate is bounded by the negative of the rate of inflation,
rationing of customers may occur in the product market in any quarter. Both types of in-
vestment incur standard quadratic adjustment costs, so Tobin’s model of investment applies.
Household preferences have constant intertemporal elasticity of substitution, not necessarily
equal to one. Firms use resources to attract customers. The benefit of hiring a worker falls
when customers become harder to find, so recruiting incentives fall and unemployment rises.

Uncertainty is not an important element in the model. In particular, the model lacks
any second-moment effects. Decision-makers have perfect foresight. I don’t regard this as a
realistic assumption, but experience has shown that perfect-foresight models give surprisingly
good accounts of what happens in a dynamic model once a major surprise becomes known.

Thus I treat all the values of all the variables as one big vector of 792 unknowns and solve
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792 nonlinear equations jointly for their exact values. The solution takes about 20 seconds
on my laptop. I solve over a horizon of 40 years, though I show only the first 20 quarters of

the solution.

6.1 Technology, Adjustment Costs, Rental Prices, and Capital
Demand

The technology for producing output y is Cobb-Douglas with labor elasticity a:
ye = niky 1 (1)

Note that output is not real GDP. GDP includes both the services of housing, as a com-
ponent of consumption, and the production of houses, as a component of investment. This
double-counting is inconsistent with the way that business capital is treated in the national
accounts. Here, output is the production of goods, which are used to make capital, houses,
and consumer durables, or are consumed directly.

Capital installation occurs up to the point where the marginal adjustment cost equals
the difference between the price of installed capital ¢, and the price of uninstalled capital,

1:
ky — Ky

ki1

The parameter k measures capital adjustment cost—if x; = 0, ¢ is always 1 and there are

K = qrs — L. (2)

no adjustment costs.
Housing installation follows a similar equation with subscript d replacing k.

The rental prices of capital and durables are standard:

Pet = (1 +7-1)qki—1 — (1 — 0k) Qo (3)
and
Pat = 1+ 7-1)qkt—1 — (1 — 04)qas- (4)

The market-clearing condition for capital equates the marginal product of capital to the

rental price:

(1—a) 2= = pe. (5)
t—1
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6.2 Household product demand

Households fall into two categories, unconstrained ones that follow the standard life-cycle
intertemporal model and constrained ones who are at the corner of their intertemporal choice
resulting from an inability to engage in unsecured borrowing beyond a modest limit. Both
types of households have active choices about the division of spending between consumption
of non-durable goods and services on the one hand and the services of durable goods including
housing, on the other hand. A tilde (7) denotes unconstrained households and a bar (7)
denotes constrained ones.

Consumption is a Cobb-Douglas composite of consumption of standard output, ¢, and
the services of durables, d;_1:

C = Cudy 7, (6)
and similarly for constrained households. The price of composite consumption in output
units is

Per = ¢ (1= ¢) " p . (7)
Here pgy; is the rental price of durables, as above. The unconstrained household’s demand

for the goods component of consumption satisfies:

5y,t = ¢pc,t5t (8)

and similarly for constrained households. Total non-durable consumption is:
Cy,t = ¢pc,t(ét + ét)7t € [27 T] (9)

Unconstrained households order their paths of composite consumption according to the

intertemporal utility function
~1-1/o

t Ct
_ 10
Pyt (10)
t
where o is the intertemporal elasticity of substitution.

Constrained households’ consumption is
Pe,tCt = WNWg — S, (11)

where w is the fraction of constrained consumption and s; is the committed debt service of
constrained households.

Consumption of durables services is:

pd,tdt—l = (1 = @)pes(C + &), (12)
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6.3 The financial market

Only unconstrained households participate in asset markets on the margin. They price assets

with the discounter,

~ —1/o
c ¢
T 5& (t_+1> _ (13)

Pe,t+1 Ct
Their Euler equation implies that the optimal choice of consumption growth results in a

discounter that discounts the market real interest rate to one:
(147 = 1. (14)

6.4 The output market

The price of output is a constant, which I normalize at one. Firms do not try to take sales
away from each other by cutting price. Instead, they use resources (output) for that purpose.
To sell another unit of output, a firm expends z; units of output. When customers are not
rationed and the output market clears, z; = 0. When the lower bound on the interest rate
binds, z; > 0. The more severe the rationing, the higher is x;. In effect, x; clears the
intertemporal output market when the ZLB disables the real interest rate from playing this

role.

6.5 Employment

As in the standard Mortensen-Pissarides model, all workers desire to work a standard number
of hours. The only source of variation in aggregate hours of work arises from unemployment.

Hall (2009) gives a compact summary of the search-and-matching model whose canon is
Mortensen and Pissarides (1994), with wage determination generalized relative to the Nash
bargain in that paper. One simplification is to consider only the stochastic equilibrium
of labor turnover, which means that the employment rate n measures the tightness of the
labor market. The vacancy rate enters the picture only in fast transitional dynamics of the
matching process, which can be ignored in a quarterly model without losing much. Thus
the recruiting success rate is a function g(n) of the employment rate. Success is higher when
employment is lower.

Without loss of generality, the wage paid to the worker can be decomposed into two
parts, corresponding to a two-part pricing contract (the decomposition is conceptual, not a

suggestion that actual compensation practices take this form). The worker pays a present
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value J to the employer for the privilege of holding the job and then receives a flow of com-
pensation equal to the worker’s net contribution of revenue, which is the worker’s marginal

product less the cost of pushing another unit of output onto the market:

l1—a
n
bt = (k;_:> — T¢. (15)

The firm passes this flow on to the worker except for a deduction with present value J.
The cost of recruiting (holding a vacancy open) is v per period, taken to be constant.

The zero-profit condition for recruiting equates the expected benefit of recruiting to its cost:

q(ng)Jy = 7. (16)

Thus unemployment rises if J falls. I take
Jy = J(by), (17)

an increasing function of the net benefit to employment, so that, in slack markets with high
x; and thus lower b;, a worker pays less for a job. I solve for employment as a function of b,

and take the function as constant-elastic:

ng="n (%)w (18)

where the elasticity v is positive, b is the normal level of b;, and 7 is the normal level of
employment.

The contraction in J when the net benefit of employment falls can be interpreted as wage
stickiness, or, more accurately, compensation stickiness. If total compensation is sticky and
the net benefit falls, then J must fall, because J is the present value of the difference between

the net benefit and the worker’s actual compensation.

6.6 Material balance

At the beginning of a period, the stock of installed capital is k;_; and the stock of housing is
d;_1. At the end of the period, output y; becomes available and is allocated to consumption
of goods ¢, and investment in capital and housing, including adjustment cost, resulting in
the new capital stock, k; and new housing stock d;. Firms expend yn;/q(n;) in recruiting cost

and x;y; in marketing cost each quarter. The equation for the economy’s material balance
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Parameter  Description Value  Source

Labor elasticity of production

¢ function 0.646
x,  Capital adjustment cost 8
x,  Durables adjustment cost 8
J,  Capital depreciation rate 0.0188
04 Durables depreciation rate 0.0129
@ Nondurables consumption share 0.82
p Utility discount factor 0.987
- Intert_emporal elasticity of 05
substitution
10} Fraction of constrained consumption 0.58
l Normal employment rate 0.945
Elassticity of employmentt function 1

< <

Vacancy posting cost

Table 1: Parameter Values and Sources

is
ki (ke — ky1)? Ka (dy — dy_1)? n
kt‘l‘?%‘{'dt"‘?% = (1—5k)k‘t—1+(1—5d)dt—1 +yt—0y,t—’7m_jtyt)-
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6.7 Customer rationing

Customer rationing occurs if the lower bound binds the interest rate, in which case firms
attempt to take customers away from their rivals by expending resources. Thus the model

satisfies the complementary slackness condition: If r, > 7, x; = 0.

6.8 Parameter values

Table [1] gives the parameter values I use in the base case and their sources.

7 Results

The first dynamic equilibrium I calculate is for an economy that begins with a binding ZL.B
and continues in that state for 17 quarters. It begins with a stock of durables 14 percent

above the stationary value. No households are liquidity-constrained in this version of the
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Figure 8: Employment with Elevated Durables Stock and Binding ZLB

model. Figure |8 shows the resulting path of the employment rate. Employment begins at
91 percent of the labor force, corresponding to 9 percent unemployment.

Figure [9 shows the paths of gross investment in capital and durables as fractions of full-
employment output (the fractions are higher than ratios to GDP in the actual U.S. economy
because the model economy has no government purchases and because the services of housing
are not included in output, as discussed earlier). In a neoclassical full-employment economy,
the resources not used for making durable goods would cause a bulge of capital investment, as
interest rates fell during the transition back to normal levels of durables spending. Because
the interest rate is held above the market-clearing level on account of the zero bound and
because of the resulting decline in output, capital investment actually declines slightly.

Figure shows nondurables consumption ¢, as a fraction of full-employment output.
This large component of output is depressed only moderately.

The model also considers the role of the overhang of consumer debt (mainly mortgages)
resulting from the durables binge of the mid-2000s. The evidence I reviewed earlier suggests
that 58 percent of consumption occurs in households that are constrained in the credit
market and cannot spend more on consumption than their incomes less their debt-service

obligations. These obligations are at least 18 percent of income among the constrained. The
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Figure 9: Investment in Capital and Durables with Elevated Durables Stock and Binding
ZLB
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Figure 10: Nondurables Consumption with Elevated Durables Stock and Binding ZLB
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Figure 11: Employment with Constrained Consumption and Binding ZLB

model collapses if I use these values. Something worse than the Great Depression occurs in
an economy weighed down by so much debt if it also suffers from a real interest rate that
cannot clear the intertemporal market. To illustrate the power of the lethal combination
of debt-service burden and the ZLB, I solved the model with 15 percent of consumption
constrained and debt service of 10 percent among the constrained households. I started
the durables stock at its stationary value, so this scenario involves a debt binge but not a
homebuilding and car-buying binge prior to beginning of the model solution.

Figure shows the path of employment in that economy. Initial unemployment is
almost 11 percent. Figure 12| shows nondurables consumption. The decline in that category
of output is about four times larger than in the first case, where on the overhang of durables
caused recession. Thus debt overhang is a truly powerful adverse force an economy hobbled
by the inability of the interest rate to fall enough to clear the market for output.

The response of the economy in the model to the two adverse forces of excess stocks
of durables and the overhang of consumer debt turns out to be much less than the sum of
the two when they operate separately. Figure [13| shows the response of employment to the

combination of forces and Figure [14] shows the response of nondurable consumption.

24



0.715

0.710 -

0.705 -

0.700

0.695 -

0.690 -

0.685 -

Nondurables consumption as a fractin of full-
employment output

0.680 T T T T T T T T T
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19

Quarter

Figure 12: Nondurables Consumption with Constrained Consumption and Binding ZLB
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Figure 13: Employment with Elevated Durables Stock, Constrained Consumption, and Bind-
ing ZLB
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Figure 14: Nondurables Consumption with Elevated Durables Stock, Constrained Consump-
tion, and Binding ZLB

8 Concluding Remarks

An economy with a disabled real interest rate is in deep trouble when one type of spending—
homebuilding and consumer durables in the current slump—declines. A slump will last until
the affected spending resumes its normal level. Consequently, the slump may last many
years.

The analysis and calculations in this paper assume that the gradual price adjustment
described by the Phillips curve does not occur. Inflation remains at the same rate. If
inflation does decline and turn into growing deflation, the slump will worsen, as the real
interest rate rises. So far in the current slump, notwithstanding episodes of grave concern,
no slide into deflation has occurred.

Absent the radical and highly unlikely of a monetary reform that permits negative nomi-
nal interest rates, the types of policies that could ameliorate the slump are those that emulate
the effect of low real rates—making current purchasing cheaper than future. A key feature of
these policies is to defer the time when the policy reverses itself until after full employment
prevails. The cash-for-clunkers program in 2009 induced a significant bulge in car purchases,

but because it lasted only a few months, it only deferred purchases for that many months
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and did nothing to shift purchases from a time of full employment to the present (Mian
and Sufi (2010)). The effective program would place a high subsidy on current purchasing
and phase out the subsidy, eventually becoming a consumption tax that financed the earlier
subsidy. The shrinkage rate of the subsidy would amount to a negative real interest rate in

consumer purchasing decisions.

27



References

Buiter, Willem H., “Negative nominal interest rates: Three ways to overcome the zero lower
bound,” The North American Journal of Economics and Finance, 2009, 20 (3), 213 —
238.

Burnside, Craig, Martin Eichenbaum, and Sergio Rebelo, “Booms and Busts: Understanding

Housing Market Dynamics,” June 2010. in preparation.

Christiano, Lawrence J., Cosmin Ilut, Roberto Motto, and Massimo Rostagno, “Monetary

Policy and Stock Market Boom-Bust Cycles,” March 2007.

, Martin Eichenbaum, and Charles L. Evans, “Nominal Rigidities and the Dynamic
Effects of a Shock to Monetary Policy,” Jounal of Political Economy, 2005, 113 (1),
1-45.

, and Sergio Rebelo, “When Is the Government Spending Multiplier Large?.”

Y

October 2009. NBER Working Paper 15394.

, Mathias Trabandt, and Karl Walentin, “Introducing Financial Frictions and Unem-

ployment into a Small Open Economy Model,” April 2010.

Hall, Robert E., “Reconciling Cyclical Movements in the Marginal Value of Time and the
Marginal Product of Labor,” Journal of Political Economy, April 2009, 117 (2), 281—
323.

Krugman, Paul R., “It’s Baaack: Japan’s Slump and the Return of the Liquidity Trap,”
Brookings Papers on Economic Activity, September 1998, (2), 137-205.

Mian, Atif and Amir Sufi, “Household Leverage and the Recession of 200709,” IMF Eco-
nomic Review, July 2010, 58 (2), 74-117.

Mortensen, Dale T. and Christopher Pissarides, “Job Creation and Job Destruction in the
Theory of Unemployment,” Review of Economic Studies, 1994, 61 (0), 397-415.

Shimer, Robert, “The Cyclical Behavior of Equilibrium Unemployment and Vacancies,”

American Economic Review, 2005, 95 (1), 24-49.

28



, Labor Markets and Business Cycles CREI Lectures in Macroeconomics, Princeton

University Press, 2010.

29



Appendix

A Model Details

Timing: Output in t uses workers n; and end-of-period capital k;_;. Consumption occurs at
the end of ¢t and comes out of output at the end of ¢, y;. The real interest rate from ¢ to t+1
is r,. The rental price for capital used during t is py,. Capital in use during period ¢ occurs
during the period governed by r,_;. That capital was acquired in ¢ — 1 at price g,;—. The
stochastic discounter from ¢ to ¢ 4+ 1 is fi441.

Auxiliary:

Yooy =ntklte 2,7 (20)
Yt
Pk - (1—0()- :kt,l,te [Q,T] (21)
Dkt
Pet Per =0 (1 —¢) " p? t € [2,7] (22)
P G —1/o
o e = f—= (i—+1> te2,T—1] (23)
De,t+1 Ct
k? B 11—«
w: W —a (t_l) (24)
N
b: bt:wt—$t (25)
b P
n:ony=1n (Tt) (26)
b

C: DetCt = WNywy — Sy (27)
Cy i Cytp = d)pc,t(ét + Et)ut S [27 T] (28>

ky — ki
qr mktk—tl =qrt— 1,t € [2,T] (29)

t—1
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dy — dy 4

qq : Kdq p =dqdt — 1,t € [2, T] (30)
t—1
Core:
ke — kyq)? d; —dy_1)?
kt—kgu—f—dt—i—ﬁu = (1_5k)kt71+(1_5d)dtfl+yt_cy,tat c [Q,T](T—l)
2 kt,1 2 dtfl
(31)
(14 1) = 1, € 2,7 — 1)(T — 2) (32)
Prt = (L4 7-1)q@rs—1 — (1 — Op)aqre, t € [3, T)(T — 2) (33)
Par = (1 +7r-1)qki—1 — (1 — 04)qas, t € [3, T)(T —2) (34)
pd,tdtfl = (1 — (b)pc,t(ét + Et),t I~ [2, T](T — 1) (35)

Total core equations: 2(T'— 1) +3(T — 2) = 5T — 8

Complementary slackness: If r, > 7, x; = 0

Unknowns: T — 1 values of pg and ¢ for 217" — 2, T, — 1 for n, T — 2 values of k£ and d for
2T — 4, and T — T, — 1 for r, for a total of 57 — 8 unknowns.

Exogenous:

Ty = Tm,t,t € [2, TC] (36)

ng =t e [T, +1,T] (37)
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