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ABSTRACT

ASSET PRICES, BANKING AND ECONOMIC ACTIVITY
Sandeep Bhaskar
Chair: Dr Mohsen Fardmanesh

This dissertation examines the role of asset prices to act as a transmission and am-
plification mechanism. Specifically, it looks at how changes in asset prices can help
transmit and amplify technology shocks through the credit channel by changing the
supply of loanable funds, or changing the supply of deposits, or both. Using a modified
version of the Kiyotaki-Moore credit cycles model with concave utility and decreasing
returns to scale production function, the dissertation illustrates that asset prices can
as a credible amplification and transmission mechanism. Using concave utility and
decreasing returns to scale production function allows the incorporation risk aversion
into the credit cycles model. The model can help explain the gap between observed
magnitude of shocks, and the corresponding changes in economic activity.

The behavior of a heterogeneous agent economy in response to a technology shock
is simulated using computer programs. The simulations show that a one percent
technology shock translates into a more than four percent change in capital held by
the constrained agents by moving capital from one agent type to the other. This
moves the economy away from a first-best equilibrium. If the technology shock is
positive there is an increased demand of capital from the more productive agents,
and thus a more than proportionate increase in output. If the technology shock
is negative, the opposite path is followed, and economic activity falls more than
proportionately. There are credit constraints built into the model. Agents’ access

to credit is determined by the value of collateral on offer, which in turn depends on
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asset prices. Technology shocks change demand for assets, their prices, their value
as collateral, and hence agents’ access to credit. Further, since prices are forward
looking, a shock in one period propagates through time. These simulations show that
the effects of the shock can be felt up to 13 periods after it has hit.

An event analysis with housing price data from 18 countries spanning a period of
more than four decades is also performed. It shows that there is strong co-movement
of housing prices and economic activity. In particular, larger changes in housing
prices have been accompanied by qualitatively similar changes in economic activity.
The period leading up to the peak of a real estate cycle is accompanied by a more
than proportionate increase in private sector lending, and once the peak has been
crested, there is a more than proportionate fall in nominal private sector lending.
This evidence is in sync with the earlier observation that changes in asset prices
influence agents’ access to credit and contribute to the persistence of the effects of
the shock far into the future. Further, the preferred measure of economic health, the
rate of inflation, sees no measurable change in periods leading up to a real estate
peak, and beyond. This throws up the need for some other measure of economic
health that is better able to capture the events in asset markets.

Policy makers have been paying more attention to this channel in the aftermath
of the sub-prime mortgage crisis in the United States. There have been multiples
changes in regulatory policy across the world, and specific steps are being taken to
dampen exuberance in the real estate market. Only time can tell if these measures
turn out to be effective, but at least a step has been taken towards realizing that

housing market can lead to a wider economic and banking crisis.
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CHAPTER 1

INTRODUCTION

Changes in asset prices have historically been accompanied by large macroeco-
nomic changes. For example, the Japanese Recession of the 1990s was preceded by
the bursting of the asset price bubble in Japan, and the recession that hit most of the
developed world in late 2008 was preceded by the bursting of the sub-prime mortgage
market in the US and the subsequent fall in housing values. The fall in the New
York Stock Exchange on October 29, 1929, is usually considered to be the start of
the Great Depression, though asset prices fell across the board. Housing prices fell by
more than 50% between 1929 and 1933. Some researchers (see, for example, Mishkin
(1978) and Bernanke (1983)) have argued that the fall in asset values during the Great
Depression raised questions about firms’ solvency and their credit worthiness. This
loss of credit worthiness in turn was seen to be the reason responsible for prolonging
the recession. Koo (2008) has gone so far to say that the fall in asset prices was the
prime driver of Japan’s lost decades. In all three instances above the chain of events
involved an asset price collapse leading to a banking crisis, and the banking crisis in
turn leading to a macroeconomic crisis. This automatically raises a question as to

how asset prices are related to the state of the economy.
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Asset Prices and Economic Activity

The literature talks about four channels through which asset prices influence the
economy. Changes in asset prices influence household wealth that affects consump-
tion. They can influence the price of capital relative to its replacement cost which
influences investment, as in Tobin’s q. They can influence international capital flows,
the real effective exchange rate, and hence demand. They can influence balance
sheets of banks, households and firms, which in turn can influence investment and
government debt as governments try to recapitalize firms. Over the next few pages
we briefly go through the first three channels. The main focus of this dissertation
is on the the balance sheet effect, and we go through a more detailed analysis, and

literature review, of that channel later in the chapter.

Asset Prices and Consumption

Changes in asset prices influences household wealth. This in turn is seen to in-
fluence household consumption. There are two standard theories that are used to
analyze this link: Friedman’s permanent income hypothesis (Friedman (1957)) and
Modigliani’s life-cycle model (Ando and Modigliani (1963)). Friedman’s permanent
income hypothesis distinguishes between permanent and temporary changes in in-
come without specifying which changes should be considered permanent, and which
should be considered temporary. On the other hand, Modigliani’s life-cycle hypothe-
sis does not make this distinction. Modigliani suggested that every dollar change in
household wealth changed their consumption by 5 cents, either contemporaneously,
or subsequently (Modigliani (1971)). This number has been widely accepted by both
academics and policy makers. One counter to this widely held belief was presented

by Lettau and Ludvigson (2004) who argue that wealth changes of households are
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either ‘permanent’ or ‘transitory,” and aggregate consumption does not change with
transitory changes in wealth, but with permanent changes mirroring Friedman’s per-
manent income hypothesis. They further argue that most changes in the postwar net
worth of households can be seen as transitory, while a small amount (about 12%)
of the change was permanent. This would mean that the generally accepted wealth
effect on consumption may be overstating the case. They took changes in value of
stock holdings as transitory changes, changes in labor income were considered to be
permanent changes, thus clarifying what was permanent and what was transitory.
Many subsequent studies have looked at the same question with one difference: they
have looked at the impact of changes in financial and housing wealth.

There are important reasons for distinguishing the two. Housing is both a con-
sumption good and an asset. Changes in housing prices would thus influence house-
holds in opposite ways: an increase in house prices can make people richer, but it will
also increase the cost of housing services. Similarly, a fall in housing prices can make
people poorer, but it will simultaneously reduce the cost of housing services. This
would suggest that housing’s impact on consumption should be ambiguous, and will
largely depend on the share of home owners versus renters. This ambiguity does not
exist with financial assets. Housing wealth also tends to be more evenly distributed
than financial wealth. Most financial assets are held by richer people, and they tend to
have lower marginal propensity to consume (Takhtamanova (2008)). Thus changes
in housing prices may have a larger impact on consumption, given that it is more
evenly distributed. It may also be the case that households view changes in housing
wealth to be more permanent than comparable changes in financial wealth, and if we
go by what was presented in Lettau and Ludvigson (2004), it would mean changes in
housing wealth will have a larger impact on consumption.

Various studies have tried to analyze this link empirically. Empirical evidence
3



suggests that for every dollar change in housing value, household consumption changes
by 3 to 10 cents (Case, Quigley, and Shiller (2005) and Carroll, Otsuka, and Slacalek
(2011)). Changes in financial wealth (proxied by changes in stock market) seem to
have negligible impact on consumption. This result has been shown to hold in many
geographies. It has been shown to hold in data from the United States (Case et
al. (2005)), the United Kingdom (Campbell and Cocco (2007)), as well as a panel
of rich countries (Ludwig and Slgk (2004)). A slightly different result came from
Dvornak and Kohler (2007) who use data from Australia to show that changes in
housing wealth has lower per unit effect on consumption, but given that households
have about three times as much wealth in housing than in the stock market, the net
effect of changes in both sectors is about the same. A wider survey of these results
can be seen in Poterba (2000) and Paiella (2009). There have been some arguments
that housing prices did not matter as much earlier (see, for example, Ludwig and
Slpk (2004)), but with the deregulation of mortgage markets and the availability of
tools to access equity in housing the relationship has become more important (Aoki,
Proudman, and Vlieghe (2004)). This is consistent with what Alan Greenspan said
in his inaugural address at the 2001 Jackson Hole meeting of central bankers that the
marginal propensity to consume from housing wealth may be higher than from stock
market wealth. Thus, this channel suggests that housing values are an important

component in determining aggregate consumption, and hence economic activity.

Asset Prices and Investment

Asset prices influence investment by altering the ratio of the market value of
capital and the replacement cost of capital. It has been argued that the market value
of equities, relative to the replacement cost of capital, is one of the most important

determinants of investment (Brainard and Tobin (1968), Tobin (1969)). The model
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was given a more formal structure by Hayashi (1982) who established the relationship
between average ¢ and marginal ¢, thus making future empirical works easier to
conduct. The idea that investment is influenced by asset prices follows from the
Keynesian idea that new issue of shares is an important determinant of investment.
Tobin and Brainard also document empirical evidence using data from 1960-1974 in
a later study (Tobin and Brainard (1977)). They show that the ratio of the market
value of capital and the replacement cost of capital, ¢, was consistently above 1 for the
analyzed period, and when the first oil shock hit, raising discount rates and reducing
the current book value of assets, ¢ fell down in 1973-74. They also point that ¢ helped
explain 40% variation in investment in the 1953-1973 period.

This view was further supported by Fischer and Merton (1984). They argue that
given the forward-looking nature of stock prices they can qualify as a predictor of

business cycles. They say that

... the change in stock prices taken by itself has predictive power for each
component of the change in investment, and that it retains its power to
predict (especially) business fixed investment and inventory investment

When stock prices go up they reflect the market’s expectations of higher future
earnings, which are in turn related to higher expected output. Fischer and Merton go
on to claim that stock markets are the single best predictor of business fixed invest-
ment, irrespective of whether these markets are rational or not. They do point to the
endogeneity of stock prices, but also state that stock prices Granger cause investment.
Increases in asset prices, in this case stock prices, lead to higher investment and vice
versa.

In a further analysis Blanchard, Rhee, and Summers (1993) present a second

version of ¢, which is not based on market prices, but on the expectations of the
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managers. Their argument is that managers are likely to have better information sets
than markets, and are therefore in a better position to determine future investments if
they see a favorable discrepancy between their own valuation of ¢ (¢* in their paper),
and the market valuation of g. They conclude that ¢ is a good predictor of investment,
an increase in ¢ leads to higher investment; but, it is an even better predictor when
combined with the expected present value of profits.

In more recent work, Abel and Eberly (2011) analytically show that investment
is correlated to Tobin’s ¢ and cash flow even when there are no adjustment costs,
or frictions, to take care of. As we have seen so far, multiple empirical studies have
supported the claim that Tobin’s ¢ is a good predictor of investment. The predictive
power of the metric may have changed over time, but there have been arguments (as
mentioned above) that Tobin’s ¢ continues to be one of the best predictors of future
investment. It is important to point out that marginal ¢ is the parameter of interest,
and not average ¢, and Hayashi (1982)’s contribution thus becomes very important.
While macroeconomists in general are more concerned about what is happening in the
debt market, and the market for money, these studies seem to suggest that movements
in the stock market, or equivalently changes in asset prices (here, stock prices), are
a good predictor of investments. Finally, it is important to point out that the stock

market is not a good predictor of residential investment, but of business investment.

Asset Prices and International Capital Flows

Economies have become more integrated over the last few decades. International
trade rose for every single year from the end of the Second World War till the Great
Recession hit. This increased international trade has been accompanied by an even
larger increase in the movement of capital across countries. The period of interest here

would be the time since the collapse of the Bretton Woods system following the Nixon
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shock of 1971. As was stated earlier, changes in asset prices can influence international
capital flows, exchange rates, and demand. There are many channels through which
this can happen. As an example, if equity prices rise in country A, investors outside
country A would be inclined to invest in A, thus increasing capital flows to A. This
rising capital inflow will help increase the value of country A’s currency, and can help
sustain a larger current account deficit. It would increase demand in country A as the
currency rises in value, and hence increase consumption through the wealth effect.
This higher demand can in turn increase investment in the economy. The opposite
will happen with falling equity prices. The same can happen in a slightly different
manner. Capital inflows can help raise equity prices in country A, and the other steps
will still follow in tandem. So it is important to establish the causality. But in either
case asset price changes are accompanying changes in capital flows, and changes in
capital flows have been known to be associated with big changes in the state of the
economy.

The literature on international capital flows primarily looks at the impact on
economies if there are major changes in the rate of flow of capital. Calvo (1998)
puts forward a very simple explanation of how capital flows can influence output. He
argues that if there is sudden stoppage in capital inflows, it would lower demand for
both tradable and non-tradable goods owing to the sticky nature of real exchange
rates. As capital inflow stops, this would reduce the current account deficit, and
lower imports. It would also increase the price of tradables relative to non-tradable
goods. Given that this inflow change was sudden, and unexpected, it may end up
making loans made to the non-tradable sector nonperforming. These nonperforming
loans in turn may lead to bankruptcies. It is exactly what happened to many Asian
economies during the Asian financial crisis of 1997. As capital inflows dried up, it

drove many real estate firms, transport companies, and banks into bankruptcy.
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Many studies have also looked at the link between capital flows, exchange rates
and the current account deficit with specific focus on the US. Fratzscher, Juvenal, and
Sarno (2010) use a long series of US data to conclude that the US current account
developments are only temporarily affected by changes in real exchange rates, and
that domestic equity and housing prices are much more important determinants.
Various other studies have taken this a step further and argued that even extreme
asset prices are sustainable, and that US current account deficits are not such a bad
thing. Ventura (2001) argues that the high levels of US current account deficits are a
result of the massive increase in US wealth in the last two decades. This in turn has
been ascribed to the rapid accumulation of some intangible asset in the economy, and
to the bubble in the US stocks in the late 1990s. Kraay and Ventura (2007) take this
further and argue that stock markets and fiscal deficits are closely linked. They point
to the presence of dynamically inefficient investments which opens up the possibility
of asset bubbles to exist. Caballero, Farhi, and Hammour (2006) interpret extreme
asset valuation as high valuation equilibrium that may be sustainable. They argue
that speculative growth facilitates the presence of ‘rational’ bubbles.

What causes changes in capital flows has been analyzed by many including Hau
and Rey (2006), Forbes and Warnock (2012) and Broner, Didier, Erce, and Schmukler
(2013). Hau and Rey (2006) compare 17 OECD countries to conclude that exchange
rate dynamics are very strongly related to equity market developments and that this
relationship is more pronounced in countries that are more dependent on financial
markets than banks to raise funds. For example, the US is more market dependent,
while Germany is more bank dependent. Quite surprisingly, they find that higher
relative returns in the home equity markets is associated with home currency de-
preciation. They ascribe this to a rebalancing of portfolios that investors indulge

in in such scenarios to account for exchange rate risks. Forbes and Warnock (2012)
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and Broner et al. (2013) both look at the causes behind changes in capital flows,
but come up with contradictory results. While Forbes and Warnock (2012) find that
global factors in general, and global risk in particular, is the most important factor
driving capital flows, Broner et al. (2013) conclude that asymmetric shocks (that hit
investors in different countries differently) are more important for capital flows. But
both do agree that changes in capital flows, irrespective of what caused it, can amplify
economic cycles.

On the theoretical side, two of the more important recent contributions have come
from Pavlova and Rigobon (2007) and Tille and van Wincoop (2010). Pavlova and
Rigobon (2007) present a two-country, two-product model where the real exchange
rate, and stock and bond prices are jointly determined. In the model the foreign
exchange market serves as the transmission mechanism to propagate shocks from
one economy to the other. On the other hand, Tille and van Wincoop (2010) are
one of the first to develop an open economy dynamic stochastic general equilibrium
model of capital flows with portfolio choice. They use a two country, two good,
two asset model to conclude that the time-varying portfolio shares that result from
assets’ time-varying expected returns and risk characteristics are a potential driver
for international capital flows.

This concludes a brief review of three of the four channels through which asset
prices influence the economy. In the next section we do a more detailed literature
review of the channel of interest to us: the balance sheet channel that depends on

the demand and supply of credit in response to changes in asset prices.

Balance Sheet Recessions: A Literature Review

Multiple studies have dealt with the role of imperfect credit markets. Models

dealing with collateral are a part of this stream of literature. It has been argued
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that the importance of credit stems from the imperfect substitutability of different
sources of financing (Stiglitz and Weiss (1981)), which in turn is seen to arise from
different information sets. These information asymmetries have been shown to lead
financial intermediaries to ration credit (see for example, Stiglitz and Weiss (1981),
B. Greenwald, Stiglitz, and Weiss (1984), de Meza and Webb (1992), and Fazzari and
Peterson (1993)). It has also been shown that credit and output are very closely re-
lated (Blinder and Stiglitz (1983)), and the way agents interact with financial markets
can help explain business cycles (B. C. Greenwald and Stiglitz (1993)).

Credit markets are marked by information asymmetries, where the problems of
both adverse selection and moral hazard exist. Self-selection issues are important
in these markets. Lenders issue debt in expectation of positive returns, but loan
payment is contingent on the state of nature and action of borrowers. Lenders have
little control over either. To reduce the risk of loan losses lenders have two alternatives:
either, limit the amount of debt to the collateral that the borrower can offer; or, use a
financial intermediary that is responsible for monitoring the actions of the borrower.
In the former case changes in asset prices influence the value of the collateral, and
hence access to credit. Fluctuations in asset prices over a business cycle will then
end up causing fluctuations in available credit. These changes in credit access in
turn have the potential to influence output. In the latter case it must be noted that
monitoring is costly, and thus the use of financial intermediaries is bound to raise the
cost of borrowing. If the costs of monitoring change over a business cycle this can
help explain the changes in the size and characteristic of credit and output. While
both channels offer exciting avenues of research, our focus will mainly be on the first
one, the collateral channel. The second channel, that of financial intermediation, is

left for future work.
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The Collateral Story

Using a model where debt is completely secured by assets that play the dual
role of a factor of production and collateral Kiyotaki and Moore (1997) (henceforth,
KM) show that the interaction between asset prices and credit limits is an important
transmission mechanism. In their model borrowers and lenders are both risk neutral,
and the future is known with certainty. In the event of an unexpected technology
shock that alters the productivity of both borrowers and lenders they show that the
borrowers’ capacity to borrow and their demand for assets change. Changing demand
for assets in turn change asset prices, that subsequently reinforces the impact of the
technology shock through the balance sheet channel.

A positive technology shock that raises productivity increases borrowing in the
current period, increases asset prices and net worth in future periods, and thus leads
to higher borrowing in future periods too. More borrowing in turn leads to borrowers
holding a larger proportion of total capital which is assumed to be fixed. In the
KM world borrowers are more productive than lenders and any shock that increases
capital holding of borrowers leads to a more than proportionate increase in output
in the current and future periods. A negative technology shock on the other hand
reduces productivity and borrowing capacity in the current period, reduces asset
prices and net worth in future periods, and thus leads to lower borrowing in future
periods. Such a shock reduces capital holding of borrowers and leads to a more than
proportionate fall in total output in the current and future periods.

In a neoclassical model the impact of an idiosyncratic shock would dissipate the
same period as the shock, but in this model with credit constraints, the impact of the
shock builds up over time through the balance sheet before falling and disappearing.

Therefore, unlike models with instantaneous adjustments, this model can explain how
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the impact of a technology shock can amplify and persist over time through changes
in asset values.

While the model in KM presents a good story to explain the amplification and
persistence mechanism, questions have been raised about the simple functional formu-
lation of the model. Both borrowers and lenders have been assumed to be risk-neutral.
The production function for the borrower is linear, and there is no uncertainty except
for the unexpected technology shock that hits in the first period. It is therefore,
natural to question whether the results presented in KM are a consequence of their
stylized economy, and whether they will hold under more standard specifications of
concave utility and a convex production set. An even more interesting exercise will
be to look at the impact of uncertainty in the economy. While it may be argued
that in the neighborhood of a steady-state the assumption of risk neutrality is not a
strong assumption, the same cannot be said of uncertainty. Any uncertainty in the
economy lowers asset prices by introducing a risk premium, and at the same time
increases volatility. Bekaert, Engstrom, and Xing (2009) show that over the complete
spectrum of choices uncertainty is an important determinant for volatility, while risk
aversion plays a major role in determining risk premium. Thus introducing both risk
aversion and uncertainty in KM model will be an important step in confirming, or
denying, the validity of the model in a more general setting.

In an extension to KM, Nobuhiro Kiyotaki (Kiyotaki (1998)) presented a model
with logarithmic utility and linear production function. The paper addressed some
of the weaknesses of the RBC model in explaining business cycles within the domain
of observed shocks. In particular, it addressed an issue observed in practice: most
observed shocks are sector specific, or shocks of distribution of wealth, while business
cycles influence a much larger part of the economy. Aggregate productivity shocks

are rare, but business cycles are not. Unlike the model presented this dissertation,
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which is based on the first model from KM, Kiyotaki (1998) used a model with de-
preciation and reproducible capital. The model presented in Kiyotaki (1998) allows
agents to change from productive to unproductive through a Markov process. This is
similar to the argument in KM’s more elaborate model that allowed investment with
a probability below 1, thus rendering some of the producers unproductive every pe-
riod. Kiyotaki (1998) allow both agent types to change their type with some positive
probability, but while doing so they make the assumption that this transformation
does not change the proportion of agents’ types in the economy. The paper presents
two versions of a model similar to KM, the first without asset prices, and the second
with asset prices. In the model with no asset prices, but with a credit constraint
that depends on output, the paper shows that equilibrium interest rate equals the
rate of return on investment of unproductive agents. Agents save a fraction 3 of
their output, where 3 is the time discount factor of both agent types. This saved
amount is invested for future consumption. The model shows that if the share of
productive agents is higher, productivity of the economy is higher, as is the growth
rate of aggregate wealth. This rate of growth of aggregate wealth though is still
lower than the growth rate of aggregate wealth in an unconstrained economy with no
borrowing constraint. The steady state in the model only holds if the turnover rate
from productive to unproductive agents is large, and the population of productive
agents is small. The model showed that if these conditions are met, a shock to the
economy changes the distribution of wealth in the economy, and this redistribution of
wealth changes aggregate productivity and the growth rate. While the first model in
Kiyotaki (1998) explains persistence, it does not present an amplification mechanism,
which is an important part of the KM model.

The second version of the model in Kiyotaki (1998) incorporates asset prices in

the form of land price, where land is also an input in production. The structure of
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this model is similar to KM, and to the model presented in this dissertation. The one
difference here is that the production function is now set to be a constant returns to
scale production function, and it collapses to the Brock and Mirman (1972) model
in the absence of borrowing constraints. As stated earlier, the steady-state interest
rate in the model is equal to the rate of return on investment of unproductive agents
which is below the rate of return on investment of productive agents, and thus the
productive agents use all their net worth to borrow. The paper showed that in case
of a negative economic shock agents expect a persistent decline in the user cost of
land in the future periods. This expectation of a future decline in asset values fuels a
large current decline in asset value. It also reduces the net worth of productive agents
more than that of unproductive agents since they have outstanding debt obligations.
The fall in net worth then feeds back into further declines in asset values, and net
worth. Unlike the first model presented in the paper, the second model, with the
incorporation of asset prices, illustrated both persistence and amplification.
Following up on KM, Krishnamurthy (2003) has shown that in the presence of
complete hedging the results of KM do not hold. But, when the availability of hedg-
ing opportunities is tied to the net worth of agents the results obtained are qual-
itatively similar to those in KM. In an interesting extension Paasche (2001) shows
that in the presence of international linkages, shocks to one economy can be trans-
mitted to another, seemingly unrelated, economy through the balance of payments
channel. Cordoba and Ripoll (2004) introduce risk aversion in KM model and claim
that the results obtained in KM are particularly sensitive to the value of parameters
chosen. The results in this dissertation support this argument, and show that with
more standard specification of utility and production functions the results of KM are
particularly sensitive to the choice of parameters. If the parameters are not within a

certain range the model may not lead to a steady state equilibrium. In a special case
14



with iso-elastic utility and decreasing returns to scale production function the model
shows that with an exogenous positive floor on borrowers’ consumption the impact
of an idiosyncratic technology shock on asset prices, capital and bond holdings, and

output are qualitatively similar to those obtained in KM.

The Agency Cost Story

The collateral argument presents a good description of how technology shocks can
amplify and persist through the asset price channel. But, most credit transactions
take place via financial intermediaries and the studies presented above completely ig-
nore them. It is instructive to analyze the situation where intermediaries, particularly
banks, are included in the model.

It is well known that commercial banks are the primary source of funds to both
households and small and medium enterprises (see, for example, Gertler and Gilchrist
(1994)). While larger firms have access to other, usually cheaper, forms of credit,
households and SMEs rarely have any other option. The quantity and price of the
funds they can obtain depends on the amount of collateral they can offer. In this
lending channel source of monetary non-neutrality banks, play a special role in the
economy. They issue liabilities in the form of bank deposits, hold assets in the form
of bank loans, and thus provide a service which has few close substitutes. Any shock
that squeezes either the asset or liability side of banking will therefore make it difficult
for banks to perform their role, for consumers to finance consumption, and for firms to
finance investment. This is particularly true for small banks which depend primarily
on deposits as their source of funds, and small firms which depend primarily on banks
as a source of funds for investment. Any shock that leads to a contraction in either
the supply of deposits, or supply of funds for investment, will have a negative impact

on total output. This credit channel transmission mechanism has been studied at
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least since the early 1950s, though Stiglitz and Weiss (1981) can be credited with
the resurrection of this loanable funds theory of banking. In an independent work
Diamond (1984) presented the ideas that form the basis of most modern theories
of financial intermediation. Bernanke and Blinder (1988) and Bernanke and Gertler
(1989) extend the loanable funds theory further by incorporating a balance sheet
channel of monetary transmission. This channel has been subsequently named the
financial accelerator mechanism (Bernanke, Gertler, and Gilchrist (1996)).

Bernanke and Gertler (1989) present a dynamic stochastic general equilibrium
model where a firm’s net worth determines the cost of borrowing for the firm. In the
presence of asymmetric information firms with higher net worth can borrow at lower
rates than firms with lower net worth. Net worth of economic entities is pro-cyclical,
and thus the difference in the costs of borrowing, or agency costs, also end up being
pro-cyclical. Periods of relative decline are accompanied by falling net worth and
rising agency costs, while periods of growth are accompanied by rising net worth and
falling agency costs. They show that a purely monetary shock to the net worth of
firms has the capacity to trigger real fluctuations in the economy by altering agency
costs.

In a similar spirit but using Diamond’s framework Holmstrom and Tirole (1997)
present a model of financial intermediation where the intermediary is credit con-
strained. This is a big departure from the standard framework where only the firms
are assumed to be constrained. The importance of the constraint on the intermediary
stems from the fact that it can help capture the impact of changes on the liability as
well as the asset side of banking in the same basic structure.

As in KM, Holmstrom and Tirole (henceforth HT) specify an economy where
agents are risk neutral, production is linear, and there is no uncertainty. Unlike KM

their model is a two period static limited liability model. In period 1 the intermediary
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takes deposits from households, combines it with some of its own funds, and makes
investment decisions. All contracts are signed in this period. Firms then execute the
investment decision using funds from the intermediary and their own resources. In
period 2 investment returns are realized and claims settled. If the investment succeeds
a return of R, R > 1, is realized, and if the investment fails no one gets anything.

Firms are run by entrepreneurs who have an incentive to deliberately reduce the
probability of success of the project and enjoy private benefits. The model specifies
two levels of shirking, with more shirking leading to more private benefits, but the level
of shirking has no impact on the probability of the investment succeeding. Financial
intermediaries are responsible for monitoring firms and reducing the moral hazard
problem that is inherent in firm behavior. The authors do not specify any particular
form of monitoring but allude to a structure where the intermediary ensures that firms
conform to the ‘covenants of the contract.” Monitoring is assumed to be privately
costly, and thus there is a second level of moral hazard built into the model. The
intermediaries have an incentive to not monitor firms. This forces the intermediaries
to pitch in some of their own resources in the project to be recognized as credible
monitors.

The amount contributed by the intermediary has to be compensated for normal
return on investment (which is assumed to be exogenous and dependent on the house-
holds), and the cost of borrowing. It is obvious that financing from the intermediary
will be costlier, and hence firms try to minimize that amount. Firms would prefer to
borrow directly from the households, but owing to the moral hazard issues only firms
with sufficiently high net worth can manage to do this. Other firms have to go to
the intermediary for financing. The intermediaries demand monitoring in return for
investment, and thus monitoring acts a partial substitute for collateral.

In case there is a fall in intermediary capital (a credit crunch) the intermediary will
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increase the interest rate spread and firms with lower net worth will be the first one
to be squeezed out. A fall in household savings has the same impact as intermediaries
escape towards the relative safety of bigger firms who have higher net worth and lower
leverage. Finally, a fall in firm capital (a collateral squeeze) also reduces firms’ net
worth and borrowing capacity. This again hits the smallest firms the hardest. Thus in
this model small firms and highly leveraged firms tend to demand more intermediary
capital, submit to stricter monitoring, and are the first to be excluded from access to
credit with any form of capital tightening.

The model presented in HT is one of the first that explicitly models different types
of financing available to firms. By putting up different costs to capital from different
sources it manages to endogenize agency costs of Bernanke and Gertler (1989). With
tightening credit the difference between the costs of different types of capital rise
paralleling rising agency costs in Bernanke and Gertler (1989). By changing the
amount of firm capital the model also captures some aspects of KM credit constraints
model. While it does incorporate a credit constraint, the model does not consider the
impact of changing asset prices. Incorporating the inter-relationship between interest
rates and asset prices would require the model to be changed from a static two-period
model to a dynamic one. Chen (2001) performs that extension and transforms the HT
model into a dynamic infinite horizon problem. The extension allows him to study the
dynamic interaction between asset prices and bank lending. His results are in stark
contrast to those in HT. While HT show that the intermediary’s capital-asset ratio,
that is the ratio of own capital to total capital that an intermediary makes available,
is pro-cyclical, Chen (2001) shows that with asset prices included in the model the
capital-asset ratio becomes counter-cyclical. He goes so far to claim that pro-cyclical
capital adequacy requirements are ineffective in countering a credit crunch. His work

shares some other aspects of HT. These include risk-neutral agents, no uncertainty,
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and identical agents who differ only in their endowments.

It will be interesting to examine the case with risk aversion when the agents differ
more than in just their endowments. Another aspect that needs to be looked into
more closely is the role that firms’ efforts play in determining the success of projects.
Both HT and Chen assume that the level of shirking has no impact on the probability
of project success. This seems counter-intuitive, and fails to put a convincing story
for the need of monitoring if a firm’s action has no impact on the success of the
project. If we do endogenize project success the model will become richer, and more
realistic. While the area offers exciting avenues for research we do not consider it in
the present dissertation.

Before we end this part it is also important to note that any study of financial
intermediation will provide some more insights into the bank regulation debate (see,
for example, Minetti (2007), VanHoose (2008), Agénor and da Silva (2012), Covas
and Fujita (2010), Hellwig (2010), Memmel and Raupach (2010), Repullo and Suarez
(2013)) that has heated up in the aftermath of the Great Recession. Many have
argued that Basel II set of regulations may in-fact have been partly responsible for the
banking crisis (see, for example, Heid (2003) and Pederzoli, Torricelli, and Tsomocos
(2010)). Ideally, we would like financial intermediaries to play a stabilizing role, but

Goodhart (2010) argues that it might not even be an achievable goal.

The Contagion Story

Any set of events will always have repercussions over and above the direct impact,
and economic events are no different. With trade leading to increasing integration
of world economies the impact of events in one economy are often felt in seemingly
unrelated places. In the recent period, the Asian financial crisis of 1997 began in

Thailand, and soon its effects were felt as far as Latin America. The currency crisis
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of 2001 began in Argentina and hit Turkey, South Africa and Russia before subsiding.
The financial crisis of 2008 began in the United States and soon had the whole world
in its throes. One common thread in all these was a financial crisis triggering a
collapse in output. In some cases it was contained within a small group of countries
(for example, the 2001 crisis), while at other times it spread over a much wider area
(for example, 1997 and 2008).

There are various streams in the literature that try to explain such spillover effects
(more commonly called contagion). One of these explores the possibility of financial
constraints, that is the presence of imperfect credit markets, acting as a transmission
medium for the crises. But the possibility of financial crisis leading to spillovers in
the real economy across countries has not attracted the same kind of attention as
bank contagion.

The literature that has actually looked at this interconnection between interna-
tional financial flows and real economy can be broadly divided into two groups: one
dealing with constraints in the developed economies, and another dealing with the
same in developing economies. In case of a developed economy the argument put
forward is that financial constraints, either among firms, or banks, limit a country’s
ability to reallocate resources and thus makes it inefficient. This inefficiency in turn
makes the shock more persistent, and also leads to its amplification. On the other
hand, the literature dealing with developing economies usually points to the fact that
for most such economies international aggregate borrowing constraints are binding,
and any negative shock will lead to real relocation of assets. This was particularly true
in the aftermath of the Latin American debt default in the 1980s and the Asian finan-
cial crisis of 1997. Examples of work dealing with the developed economy argument
include Bernanke and Blinder (1988), Kiyotaki and Moore (1997), and Holmstrom

and Tirole (1997), while that dealing with developing countries are Bulow and Rogoff
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(1989), Atkeson and Rios-Rull (1996), Caballero and Krishnamurthy (2001) (for ex-
plicit models of international collateral constraint), and Calvo (2000) (for an implicit
model). While we have discussed the former set of studies earlier, we look at the
other set here.

Bulow and Rogoff (1989) presents a bargaining model of sovereign debt where
borrowers cannot commit to future repayments, and in which they can sometimes
successfully negotiate partial defaults or rescheduling agreements. In the model, the
debtor country is assumed to be small and does not have the power to influence
world prices and interest rates. It produces goods and trades with other countries.
The creditors can seize the products the debtor ships in case of a default. Since the
debtor always has the option of consuming its output domestically, it can never be
forced to make repayments in excess of its gains from trade. Collateral plays no role
in the model since debtor assets that may be accessible to creditors in the event of a
default are a small fraction of outstanding debt.

In case of private debt the situation is different. When a bank issues a debt to a
company in a foreign country, the debt is backed by a collateral of the same value.
Assume a shock hits the debtor country and production falls. The debtor company is
forced to sell assets to meet its debt obligations which increases the supply of assets
in the domestic market, and asset prices fall. This reduces the value of collateral and
hence the net worth of the debtor falls. Lower net worth means borrowers have to face
higher interest rates (to compensate for higher risk) which in turn lead to changes in
relative prices, and through the balance of payments channel influences the economic
health of other countries. Thus problems in one country can propagate to another,
seemingly unrelated economy, through the balance of payments channel.

Atkeson and Rios-Rull (1996) present a discrete time model where a country faces

a balance of payments crisis if constraints on its international borrowing bind. They
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model the situation where a country’s residents and government, given some world
interest rates and the prevailing exchange rate, wish to spend in excess of national
income. This excess spending is financed by borrowing from abroad and the borrowing
continues till the lenders think that the borrowing country can no longer pay off the
debt. When this borrowing constraint is reached the country has to either cut down
spending or the central bank has to use its reserves to buy government debt while
the country continues to spend above its national income. While the model analyzes
international borrowing, it does so in an endowment economy with no production.
Further, the limit on foreign lending is put in an ad-hoc way, and loans are not
dependent on any collateral. Thus, asset prices do not play a role in their model.

Calvo (2000) endogenizes output and discusses the channels through which a bal-
ance of payments crisis can lead to an output collapse. He argues that the key
difference in understanding an international financial crisis is the role that sovereign
governments play. He talks about the case of vanishing credit wherein a negative
shock in one sector could lead to a credit crunch in the whole economy. He further
argues that these kind of spillover effects are crucial to give a full qualitative and
quantitative analysis of crises in the developing world.

The models examined in both parts of the literature (developed country and devel-
oping country) can be represented by a heterogeneous agent economy with asymmetric
information. But that is easier said than done. No one has been able to prove the
existence of a stable equilibrium in an economy with heterogeneous agents and asym-
metric information (see Kubler and Schmedders (2002) and Reiter (2009)). Models
without asymmetric information, like the one in this dissertation, are solved using lin-
earization around the steady state. That said, examining heterogeneous agent models,
where agents represent different countries, with information asymmetry would be an

exciting area of research for the future.
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Dissertation Outline

Contributions to the Literature

This dissertation is a theoretical study of how asset prices influence economic ac-
tivity through credit markets. Using a heterogeneous agent economy similar to that
in Kiyotaki and Moore (1997) it shows that asset prices can act as an important
transmission mechanism, and can help explain amplification and persistence of tech-
nology shocks. It first shows that with linear utility and production functions any
credit constraint moves the economy away from a first-best outcome. The credit con-
straint amplifies the effect of the shock through the asset price channel, and increases
the persistence of the shock. The final impact of any technology shock is more than
proportionate to the size of the shock. The outcomes of the model are different from
standard neoclassical models where the effects of a technology shock dissipate in the
period they are realized. Further, unlike standard neoclassical models, the model
presented here can explain how a small observed shock can lead to large changes in
observed economic activity.

With more standard specifications of utility and production functions that allow
for risk aversion and decreasing returns to scale production it shows that credit con-
straints still move the economy away from a first-best outcome. In particular, it shows
that if agents in the heterogeneous agent economy are not very different from each
other (in terms of their time discount factor, and in their production technologies) a
steady state can be obtained where asset prices play an important role in amplifying
technology shocks and making them more persistent. In the steady state thus ob-
tained, the allocation of resources in the economy is not efficient in the Pareto sense.
Further, this steady state holds only within a small range of parameter values, in

other words on a ‘knife-edge,” but the range of values for which the results hold are
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consistent with observed differences between borrowers and lenders in practice. The
above claim (about borrowers and lenders being similar) is based on the fact that
real interest rates over an extended period of time have remained consistently close
to 2%, which suggests that borrowers and lenders do not differ too much in terms of
how they view the future. Therefore, the constraint that agents are similar to each
other may not bind in practice.

Numerical simulations of both the linear and the nonlinear models show that a 1%
technology shock in the model non-linear economy leads to a 0.85% immediate change
in output by moving capital from one agent type to another. Over time, the total
change in output turns out to be more than the impact of the shock. Simulations also
suggest that the effects of the shock can persist for up to 13 periods. With the way
the parameters have been selected in the simulation, 13 periods translates to a time
period of more than 3 years. There are large changes in borrowing and lending with
any technology shock which is consistent with observed behavior of economic agents
in practice. In a neoclassical world a 1% shock would lead to a 1% change in output,
and the effects of the shock would disappear in the same period as they appear. The
model presented in the dissertations shows that with credit constraints incorporated,
shocks tend to amplify, and persist over time, and can potentially help explain the
difference between observed shocks and the resulting impact on the economy.

The theoretical models examined in the dissertation do not lend themselves easily
to empirical analysis. So a proxy, housing, has been used in the dissertation as the
asset of interest to see if changes in housing prices have been accompanied by changes
in the real economy. The analysis does not try to establish causation, but looks for
correlation between changes in housing prices, and changes in credit and economic
activity. The correlation between housing prices and credit crisis is examined using

an event analysis method. Event analysis methods have been used in the financial
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economics literature since the early 1970s, and are used to analyze the effect of firm
or sector specific event on security returns over short horizons. They are primarily
used for short horizons since they assume that the specification of expected returns
does not change. The fact that securities offer higher frequency data helps in carrying
out this exercise with securities data more easily. If used with low frequency data,
any causal relationship indicated by regressions from event analysis will not be useful,
since it is very likely that the distribution of expected returns has changed over the
longer time frame.

Real estate data by its nature is less frequent, and therefore, event analysis meth-
ods cannot be used to specify a causal relationship. What can be done though is
an analysis of the movement and behavior of variables of interest around some event
of interest. This exercise is performed in this dissertation using housing price data
from 18 rich countries. Using a modified Bry-Boschan cycle dating procedure the
dissertation shows that housing price increases, when accompanied by a growth in
private sector lending, are a clear sign of an impending credit and banking crisis.
The peaks of real estate cycle, and financial cycle, have tended to coincide more than
once. Nominal private credit growth starts falling before a housing peak is reached,
and, in a worse than average drop in housing prices, nominal private credit growth
actually turns negative. GDP growth follows a similar path. This is consistent with
the results in the theoretical model which show that asset prices and credit move in
the same direction, and credit moves more than proportionately with asset prices.
The analysis also shows that inflation rates do not change with real estate prices,
particularly when the real estate market is about to peak, and thus using inflation
rate as the barometer of economic health may not be very useful as a warning sign of
a housing led credit crisis. This fact has been recognized by policy makers across the

world, and it reflects in the much wider focus on, and use of, macroprudential regula-
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tion over the last few years. The steps taken in this direction are briefly summarized
later in the dissertation.

The dissertation contributes to the literature on how asset prices influence eco-
nomic activity by acting as a transmission and amplification mechanism using the
Kiyotaki-Moore credit cycles model as a benchmark. This is done in a three step
process. First, a model similar to KM with linear utility and production functions
is solved. The model is solved using dynamic programming to eliminate any path
dependence. Second, a non-linear version of the model is solved, again using dynamic
programming. A generalized version of the model is not amenable to a closed form
solution, therefore, a model with specific utility and production functions is solved.
The dynamics of the specialized version are then analyzed using computer simula-
tions. Third, the role of housing markets in determining the health of the economy
is explained through an event analysis method.

While the core structure of the KM economy is retained in the theoretical analysis,
the model presented here is a non-linear version of the KM economy, thus allowing
the incorporation of risk aversion and decreasing returns to scale production. The use
of dynamic programming as a solution method precludes the need to solve multiple
non-linear optimization problems, one for each horizon, thus making the models, and
the solution techniques, presented here more useful in other contexts.

Two version of the Kiyotaki-Moore credit cycles model are illustrated in the dis-
sertation. The linear version is the closest in structure, and spirit, to KM. Unlike
KM, the models in the dissertation are solved using dynamic programming. The
equilibrium outcome obtained here is similar to that in KM. As stated earlier, the
choice of dynamic programming as a solution method precludes path dependence of
the resulting equilibrium, and the fact that the obtained equilibrium here is similar

to the equilibrium obtained in KM proves the robustness of results in KM.
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A non-linear version of the model that incorporates risk aversion and decreasing
returns to scale production function is also solved. It shows that when agents are
not very different from each other in their time discount factors and production
technologies, a steady state where asset prices act as a transmission and amplification
mechanism is obtained. It is not possible to obtain a steady state in a generalized
version of the model, so the results obtained here may be dependent on the choice
of functional forms of both utility and production functions, and on the choice of
parameters. If there are large differences between borrowers and lenders in either
production technologies, or time discount factors, they are less likely to agree to
a market clearing price of assets, and the less likely it is to obtain a steady state
equilibrium in the model. The results obtained here suggest that the conclusions in
KM may depend on functional representation, and will not hold in general. There
would still be scenarios where the results in KM will hold in a non-linear context, but
that would require some specific choice of functional forms as well as parameters.

With the introduction of credit constraints in the economy, the allocation of re-
sources across agent types is not efficient. This is not surprising, since any imper-
fection in the market will move the economy away from a first-best outcome. The
cost of borrowing in the model stays constant, and hence the cost of any incremental
gains from borrowing rise rapidly (since the production function is assumed to be a
decreasing returns to scale function). This ensures that no agent type hogs all the
capital in the economy. This also keeps the economy away from a corner solution.

There are two clear omissions in the models presented here. First, both the linear
and non-linear models are deterministic. While dynamic programming allows an
examination of stochastic models, no one has been able to prove the existence of an
equilibrium in a stochastic heterogeneous agent economy. Any uncertainty (with the

exception of a random technology shock) has therefore been avoided in the models
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presented in the dissertation. The second clear omission is the lack of an explicit
financial intermediary. Introducing a financial intermediary will make the dynamics
of the model richer, but will simultaneously increase the complexity of the solution.

That is work left for the future.

Dissertation Organization

Chapter 2 presents a description of the heterogeneous agent economy, and specifies
the constraints under which the agents operate. A linear version of the economy,
with linear production and linear utility functions, is then solved using dynamic
programming. Keeping both functions linear gives rise to equilibrium that are not
reflective of the role of asset prices, which is the main focus of this dissertation.
Therefore, the assumption of linear production is relaxed for one type of agent, and
a steady state in the resulting model is then obtained and analyzed. The results
obtained for this model are similar to the ones obtained in KM.

Chapter 3 builds on the same economic philosophy that was introduced in Chap-
ter 2. But the chapter uses more standard specifications of utility and production
functions. It considers concave utility functions, that allow for risk aversion, and
decreasing returns to scale production functions. This model does not have a closed
form solution in the general case: therefore, specific function forms are assigned to
both utility (a constant elasticity of substitution utility function) and production (a
functional form similar to Cobb-Douglas but with decreasing returns to scale). The
specific functional forms are then used to determine a closed form solution of the
model. The dynamics of the resulting economy in response to a random technology
shock that hits the economy is then examined. The big takeaway from this part of
the dissertation is that the results in KM do seem to depend on the specification of

production and utility functions. Not all utility and production functions will lead
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to a steady state. Even within the small subset of functional forms that may lead
to a steady state, parameter values become a prime determinant of the resulting
equilibrium.

A numerical simulation of the way the economy responds to a random technology
shock is then performed. With linear preferences and no uncertainty a positive 1%
technology shock increases the capital being held by more productive agents by about
3.5%, and the impact of the shock persists for about 4 periods. With concave utility
and convex production function the same 1% shock can raise capital holding of more
productive agents by more than 4.5%, while increasing persistence to as high as 13
periods (which is equivalent to more than 3 years in the current context, given the way
parameters have been specified). In either case the impact on distribution of assets,
output, and prices are more than proportionate to the magnitude of the technology
shock.

The simulations suggest that the impact of shocks on capital holdings are more
pronounced if agents are more productive. In practice this would suggest that asset
prices are a stronger transmission mechanism in developed economies. If the pro-
portion of borrowers in the economy falls, shocks persist for longer, and impact on
borrowers’ capital holdings becomes larger. Asset prices also tend to change more
with rising productivity and falling savings rate. These results are elaborated upon
and a comparison with KM is presented at the end of the chapter.

Chapter 4 is a survey on the role of housing prices and their effect on economic
activity. It examines how fluctuations in the housing market accompany changes in
economic activity. There is no effort to establish a causal relationship here. An event
analysis is first performed in the spirit of Fama, Fisher, Jensen, and Roll (1969). The
event of interest is the peaking of a real estate cycle. The longer cycles are then

filtered out from the full list. These longer cycles are then examined to see how the
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peaks of these cycles are correlated with three variables of interest: growth rate of
gross domestic product, growth rate of private sector credit, and growth rate of prices.
A small review of the evolution of world’s two largest mortgage markets, the United
States and Japan, is then performed, along with a brief overview of how mortgage
markets function in a larger group of rich countries. Though the markets examined
here operate in different ways, sometimes markedly so, all of them have experienced
at least one major real estate crash in the last four decades. A comparative study
can help filter potential early warning indicators for a real estate led crisis.

The reason for choosing housing as an asset of interest in the dissertation boils
down to this simple reason: the Great Recession was preceded by the bursting of the
sub-prime mortgage bubble in the United States. The fall in asset values as a result
of the collapse of housing prices caused problems in the banking sector, which in turn
propagated the crisis to other sectors of the economy through a contraction in credit
supply. This automatically puts forth a question on whether this was a black swan
event, or whether there has been precedence to this, and whether there are some early
warning indicators that can be searched for. While the crash of the Japanese asset
price bubble immediately comes to mind, one swallow does not a summer make.

As a matter of principle, and based on past precedence, it is known that real estate
bubbles may occur without banking crisis, and banking crisis may occur without
real estate bubbles. The term ‘bubble’ is used very loosely here. Different streams
recognize bubbles in different ways, but for the context of this dissertation the only
point of concern is a sustained increase or fall in asset prices. For further details about
how bubbles have been defined see Helbling and Terrones (2003), Shiller (2003), and
Shiller (2006). What is observed though is that in a surprisingly large number of
instances the two have coincided (see, for example, Herring and Wachter (2003)).

Barrell, Davis, Karim, and Liadze (2010) present an empirical model that suggests
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property prices can be an important early warning indicator for banking crises. These
banking crises can in turn lead to changes in the larger domain of economic activity.

Data from 18 rich countries, spanning a period of 43 years, from 1971 to 2014 is
then used to determine how real estate prices have fluctuated in these markets. Using
a modified Bry-Boschan cycle dating procedure a total of 93 cycles in real estate prices
in this group of 18 countries is counted. Some of these cycles are very short, lasting
as little as 2 quarters. The average length of a cycle from peak to trough was about
6 quarters. It is possible that shorter cycles may just be showing minor corrections
in real estate prices, or just reflecting reporting errors, so the dissertation focuses on
the longer cycles, which are more likely to have an impact on banking and economic
health. Every country in the sample had at least one long real estate cycle (lasting
more than 6 quarters). There are a total of 39 long cycles in the data set. Once
the cycle dates have been determined the behavior of three variables are examined
around the peak of long real estate cycles: real GDP growth rate, growth rate of
private sector credit, and the rate of inflation.

There is no statistically significant difference between inflation rates prior to, and
post, the peak of a long real estate cycle. Rising real estate prices when accompanied
by rising private sector credit do indicate problems in the economy once the real estate
peak is crested. Both these factors suggest that regulators may need to look beyond
just inflation rate as the sole metric of economic health. There have been moves in
this direction, and the recommendations of the Bank of International Settlements
(BIS) as a part of the Basel III framework try to address some of these concerns. A
summary of these changes is presented. The chapter ends with a brief overview of the
two largest mortgage markets in the world: the United States and Japan. Besides
the size, there is little in common between the two markets. Mortgage origination,

funding, regulation, and repayment, are all very different in the two markets, but
31



both economies have been through a major real estate induced economic crisis in the
recent past, and therefore, a deeper analysis of the two may provide lessons to others.

Besides the US and Japan there is a brief survey of mortgage markets across the
world, which suggests that there are wide variations in the way mortgage markets
function. The availability of mortgage funds, and the choice of instruments to fund
mortgages vary widely. These tend to influence the type of mortgages available in
the economy, but at least superficially does not seem to influence the likelihood of a
housing led crisis. Countries which rely on deposits to fund mortgages predominantly
use adjustable rate mortgages, while countries where mortgages are funded by covered
bonds or mortgage backed securities tend to have more fixed rate mortgages. While
this is to be expected given the nature of funding, more detailed analysis would be
required to test whether the source of funds has an impact on either the likelihood,
or the severity, of a housing led economic crisis.

While this dissertation is primarily a theoretical study of the role of asset prices in
business cycles, the models presented here are amenable to empirical analysis. There
is renewed interest in how real estate may come back to haunt the engine of world
growth for the last decade: China. Like banks from Japan in 1980s, today China’s
banks are on top of the world pile in terms of assets held. They hold five of the top
ten slots by assets held, and by market capitalization. Japanese banks, at their peak
in the 1980s, occupied all ten slots! Mortgages have become more important in China
and the exposure of Chinese banks to Chinese infrastructure in general and real estate
in particular has risen. Any major correction in real estate prices in China may prove
disastrous to at least some of these banks. Some of these issues are addressed, and a

path for future work is presented before conclusion in Chapter 5.

32



CHAPTER 2

CREDIT CYCLES

Description of the Economy

The economy consists of two types of agents, type I and type II, both infinitely
lived. Both agent types can transform capital to output, and both value their own
stream of consumption. They differ in two respects: one, on how they discount the
future; and, two, how productive they are. These differences, as we will see below,
will induce type I agents to want to borrow in net from type II agents. Thus, I will
sometimes refer to type I agents as borrowers, and type II agents as lenders.

One crucial feature of the model is a constraint on lending/borrowing that can
occur between the two types. This restriction will take the form of a collateral re-
quirement, and will have the effect that capital values impact how much borrowing
and lending can occur. The main interest of the model will be the extent to which a
productivity shock alters lending and output levels in the economy, both immediately,
and through time.

The borrowing constraint is important for various reasons. In case of a default by
the borrower (who, as we shall see later, will be type I agents), the borrower cannot

be forced to pay more than the existing assets that they have. The only explicit input
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to production in the economy, and the only available asset, is capital used to produce
output. The human effort put forth by the representative agent is inalienable to the
individual (see, for example, Hart and Moore (1994)), and cannot be extracted from
the borrower. Thus, the only loss that the borrower can face is lose their capital
holdings. Lenders know this. Hence, they will rationally not opt for loans exceeding
the value of collateral on offer, which will be the value of capital that the borrower
has. This idea can only be captured if we incorporate an explicit borrowing constraint

into the model.

Decision Problems

Let ¢14 € Ry; be the consumption of type I agent at date ¢; and let 5 € (0,1)
be their time discount factor. Let u(c1,) be the utility that type I agents derive from
consumption. Let k;, € R, be the capital that type I agents hold at end of period ¢,
and let b; be the amount they borrow in period t. Type I agents use capital available
to them at the beginning of period ¢, k1 ;—; to produce output y; ; at the end of period
t, using a production function f(ky;—1). There is a commodity market where one unit
of capital is exchanged for ¢; € R, units of output. We also have a credit market
where one unit of output at date ¢ is exchanged for R;,; € R, units of output at
date t + 1.

Similarly, let co; € R, be the consumption of type II agent at date ¢; and let
B € (0,1) be their time discount factor. Let u(ca;) be the utility that type II agents
derive from consumption. Let ko; € Ry be the capital that type II agents hold at
end of period ¢, and let [; be the amount they lend in period t. Note that if [; is
negative, type II agents become borrowers. Like type I agents, type II agents use
capital available to them at the beginning of period ¢, k2;—1 to produce output y»; at

the end of period ¢ using a production function g(ks;—1). They also access the same
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commodity and capital markets as type I agents.

Type I agents choose a stream of capital holdings, k;,, borrowing levels, b;, pro-
duction levels, y; +, and consumption ¢;; to maximize a discounted stream of utility.
Specifically, at each date t, type I agents take ki, b,—; and all past and future
prices q;,t = 0,1,2, ..., as given, and choose c; 4, k14, by, and y;;, to maximize their
lifetime discounted utility subject to budget and borrowing constraints. That is, they

solve,

MAXIMIZATION PROBLEM 2.1.

max Z Blu(ers) (2.1)
=0

{k1,t,b8,¢1,6,91,t 1520 “—

subject to
Ripiby < qrarkag, (2.2)
Gk — k1) + Ribeor e < yie + by, (2.3)
Yie < flkre-1) (2.4)
and
Cit > 0
kig > 0
yig = 0

forallt=0,1,2...

Note that, as of now, there are no restrictions on the value that b, can take.
Further, a remark is in order on constraint shown in Equation 2.2. The constraint is
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used by Kiyotaki and Moore (1997) and Gertler, Kiyotaki, and Prestipino (2016). It
reflects the idea that the borrower can default and lose the value of capital held, but
not lose anything else.

Like type I agents, type II agents choose consumption cy;, lending [, capital
holdings ks, and output y,; to maximize a discounted stream of utility. Specifi-
cally, at each date ¢, type II agents take k9,1, l;—1 and all past and future prices
q:,t =0,1,2,..., as given, and choose ca4, ko4, I; and yo; to maximize their lifetime

discounted utility subject to budget and borrowing constraints. That is, they solve,

MAXIMIZATION PROBLEM 2.2.

max > Bhu(cay) (2.5)
t=0

{k2,t,le,¢2,6,y2,6 Y520 “—

subject to
R (1) < @ik, (2.6)
Qi(kor — kop—1) +le+cor < you+ Rili, (2.7)
Yo < g(kai-1) (2.8)
and
oy > 0
kay > 0
yae = 0

forallt=0,1,2,...
The collateral constraint for type II agents, Equation 2.6, is the same as that for
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type I (Equation 2.2). If type II agents are lenders, as will be the case in equilibrium
that follows, I; > 0 will hold, and Equation 2.6 will not bind, and hence will not
impact the equilibrium in any way. It is included here mainly to ensure that type I

and type II agents differ only in their preferences and productive capacities.

Model Assumptions

I now make some specific assumption on preferences, and productivities, before
defining the equilibrium. Assume that type I agents are less patient than type II
agents. Type I agents are also assumed to be more productive in the domain of
available capital, which is assumed to be fixed. Total population in the economy
is assumed to be fixed, and of unit mass. The proportion of type I and type II
agents is fixed. All available capital is distributed between the two agent types. More

specifically,
AssuMPTION 2.3. Type I agents are less patient than type II. That is, 8; < fs.
ASSUMPTION 2.4. Total amount of capital in the economy is fixed at a level K > 0.

ASsUMPTION 2.5. Type I agents are more productive than type Il agents over the
range of available capital. That is for any k € [0, K|, f(k) > g(k).
ASSUMPTION 2.6. Total population in the economy is fixed, and is of unit mass. The

proportion of type I agents is 6, and that of type II agents is (1 — 6).

ASSUMPTION 2.7. The aggregate capital stock neither grows, nor shrinks, and is
distributed between the two agent types, such that 0k, ; + (1 — 0)ks; = K, for all

t>0.
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Equilibrium Condition

For given values of (ky¢—1,b14-1,ka¢-1,b24-1), an equilibrium is a sequence of
asset prices, interest rates, lending, borrowing, consumption and capital holdings

{a;, Ry, 17,07, Clas Cops K g k;t}fio such that
Lo A{ch 4 bF, ui 4 KT 820 maximizes 2.1 subject to Equations 2.2, 2.3 and 2.4;
2. {e54 15 Ys 4 k3 4 }i2o maximizes 2.5 subject to Equations 2.6, 2.7 and 2.8;
3. credit markets clear, that is 0b, = (1 — 0)l;;
4. goods market clear, that is ¢y ¢ + (1 — 0)car = Oy1 4 + (1 — 0)y2,; and

5. capital market clears, that is Assumption 2.7 holds, or 6k, + (1 — 0)ke; = K.

Equilibrium Behavior

The representative type I agent maximizes 2.1 subject to 2.2, 2.3 and 2.4. This
can be written as a Bellman equation. For a value function V', the Bellman equation
is

V(kig—1,bi-1) = max  u(ciy) + SV (ki br), (2.9)

c1,t,b,y1,t,k1,t

subject to 2.2, 2.3 and 2.4 at t.

The behavioral conditions are given by:

yipe = flkri—), (2.10)
(Cra by, kry) = al"gbmkaxu(cl,t)+51V(k1,t,bt)> (2.11)
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and, the decision functions are:

Cit = hl,c(kl,t—labt—l)
bi = hip(kie1,001)

ki = hig(kig—1,0-1).

Similarly, the representative type II agent maximizes 2.5 subject to 2.6, 2.7 and 2.8.
This can be written as a Bellman equation. For a value function W, the Bellman
equation is

W(kQ,t—la lt—l) == max u(czt) + ﬂgW(k/’Q,t, lt), (212)

co,t,le,y2,t,k2,

subject to 2.6, 2.7 and 2.8 at t.

The behavioral conditions are given by:

Yor = g(kai-1), (2.13)
(Cot,li koy) = argmaxu(cay) + BoW (kay, i), (2.14)
c2,t,lt,k2 ¢

and, the decision functions are:

Cotr = h?,c(kQ,t—lalt—l)
li = hop(kog—1,li-1)

koy = h?,k(kZ,tflaltfly

The functional forms of V', W, and the decision functions h, depend on the func-
tional forms of utility and production functions. Two functional forms are analyzed
in this dissertation. This chapter considers the case when utility function is linear

and the production function can be both linear and non-linear. The next chapter
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looks at the case where both utility and production functions are non-linear.

Linear Model

Consider the special case when both utility and production functions are linear.
In particular, the production function is assumed to be additively separable. Suppose

the utility and production functions of type I agents are

u(eir) = o (2.15)

Yie = flhie1) = Akiea, (2.16)

where A > 0. Similarly, for type II agents, the utility and production functions are

u(car) = cop, (2.17)

Yo = G(koy—1) = Bkoy_1, (2.18)

where A > B > 0. This ensures that type I agents are more productive than type II

agents for any given amount of capital.

Equilibrium Interest Rate

Standard economic arguments can be used to show that type I agents will be

indifferent between consuming today or in the future when

(2.19)
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while type II agents will be indifferent at

m_
R = 2 (2.20)

By Assumption 2.3, we know that 1 < 2, and this means
R' > R"

This leads to a unique situation. Any market equilibrium above R!! will cause type
IT agents to lend everything they have, and reduce their current consumption to zero.
To prevent this situation market interest rate, R, has to be the rate at which type II

agents are indifferent, that is
1

(2.21)

The problem is any interest rate below R! will induce type I agents to borrow as
much as they can (and here, R < R!), and since loans depend on collateral being
offered they will use all their net worth to borrow. Thus, this market interest rate will
induce consumption of type II agents to fall to zero. This situation can be overcome
by putting an exogenous limit on the amount that type II agents can sell, and thus
put a limit on their tradable output. The exact limit on this tradable output is

established in the next section.

Determining the Steady State

Define the user cost of capital as

pe =g — 2L (2.22)
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Since type II agents are the ones lending, and have linear preferences, the user cost

of capital must equal their discounted marginal product. That is,

1, di+1
—qg(koi—1) =pr = q — —. 2.23
RQ( 2,t 1) Pt = q: R ( )

Type I agents will buy capital if the marginal cost of capital is equal to the tradable

marginal output of capital, that is

af' (k1) =pe = q — Qt—;, (2.24)

where x is the tradable part of type I agents’ output. For the time being I will not
use the specific functional form of type I agents’ production function. The reason
behind this formulation will become clear over the next few pages. Let y be the non-
tradable part of type I agents’ output. Thus, production function of type I agents is

(z+y)f(kri-1).

Denoting steady state values by an asterisk, from Equations 2.23 and 2.24 we get

s 0 N Sy
p =q — E = xf/<k1) = Egl(kz)-
which implies
T(] = -Tf/(lﬁ) = Egl(k’z) =D (2-25)

We can use the principle of unimprovability to show that the above will constitute
a steady state, and that type I agents will only consume the non-tradable part of
their output. Consider type I agents. Suppose their tradable output in period t is
xf(ki4—1). Total value of capital that a representative type I agent owns in period

tis q:k14—1, and the agent’s debt repayment for the period is Rb,_;. The agent’s
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tradable net worth is therefore, x f(k1,) + ¢k1,—1 — Rb;—1. The agent has the option
of doing two things: either, consume it, or, use it to for investment. If the agent
consumes this surplus, for each unit of tradable net worth the agent’s consumption
in the current period will be 1, and consumption in all future periods will be zero.
On the other hand, if the agent invests, then the agent gets nothing of the tradable
net worth in the current period. Given that p; is the unit cost of capital, each unit of
consumption goods invested yields 1/p; units of capital. In the next period each unit
of investment produces (z + y)f'(k1) units of goods, of which the agent can again
invest x f'(k1 +) units and consume y f’(k1 +) units. The process continues ad infinitum.

The two consumption paths are then given as follows

PERIOD t t+1 t 42
INVEST 0 (M) (mf,(kl,tﬂ)) (yf,<k1,t+1>)

pe Dt De+1
CONSUME 1 0 0

At the steady state the user cost of capital becomes p*, and the above array can

be rewritten as

PERIOD t t+1 t+2
1( 1.* 1( 1.% 1 1.%
INVEST 0 (yf (k1)> (xf (kl)) (Z/f (kl))
p* p* p*
CONSUME 1 0 0

In any period t, if the representative type I agent decides to consume the tradable

net worth, the agent’s lifetime utility is 1. In case the agent decides to invest, the
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discounted lifetime utility, U?, is given as

Us — g, (yf’(ff)) e (:vf’(*ki‘)) (yf’(ff)) P (xf’(*kf))z(yf’(*kf)> L
- iﬁfzx /<k1‘>>5‘1 (y];%kr)) p p p
s=1 P P*
- S () ()

Given the value of p* in Equation 2.25 we get

- ()30

which is an infinite geometric series with sum

(2.26)

As long as lifetime utility of investment given in Equation 2.26 is greater than utility
of consuming the tradable output, the representative type I agent will invest that

output. This requires

y B

> 1.
x1— [

Therefore, for investment to be the optimal decision in the neighborhood of the steady

state the following must hold:

ASSuMPTION 2.8. The proportion of output that the representative type I agent can

sell has to be strictly lower than their stochastic discount factor.

B >

) 2.27
r+vy ( )
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As By is close to 1, this is not a restrictive constraint. When Assumption 2.8 holds,
the representative type I agent will use all tradable output to invest, and consume

just the amount that cannot be sold, or ¢ = yf (k7).

The Case of Two Production Functions

So far the production function of both agent types has been assumed to be linear.
In this section that assumption is relaxed for one of the agent types: type I. The
reason behind this is illustrated below.

When the borrower is using a linear production function we can write it as

Y10 = (@ +y)ki—1.

From Equations 2.23 and 2.24 we know that

1

Pt = Eg,(kltfl) = l’f’(lﬁ,t*l)-

With linear production function this reduces to

}%B _ (2.28)

Note that (x+y) = A. Thus, at the steady state the productivity of the representative
type II agent has to be exactly R times that of the the representative type I agent’s
tradable productivity. Any technology shock that alters this equilibrium can send all
capital flowing in one direction: either to type I agents, or type II agents. This is a
problem, for in that case asset prices are just a reflection of productivities and not

of demand. This can be overcome by using a decreasing returns to scale production
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function for at-least one agent type.
Suppose type I agents have a decreasing returns to scale production y;; = (z +
y) f(k14—1), f'(k1) > 0,and f”(k1) < 0. Also suppose that the marginal product of

this function as k; — 0 rises so that the following holds:

AsSSUMPTION 2.9. The discounted marginal product of the representative type II
agent lies between the marginal product of the representative type I agent with zero

capital, and that of representative agent type I agent with all the capital.

1(0) > %B > f (100 . 9) : (2.29)

When the amount of capital held by the representative type I agent falls in this
range, their marginal product rises with falling capital holdings, and thus it raises
the price of capital due to increased demand. The fact that their marginal product
with zero capital holding is above the marginal product of the representative type II
agent ensures that the representative type II agent never ends up owning all capital.
Further, the fact that the marginal product of the representative type I agent, when
they own all capital, is less than the marginal product of the representative type
IT agent when they own nothing, means type I agents can never end up owning all
capital.

This arrangement ensures both agents have some positive amount of capital to

work with, and thus also ensures that their consumption will never fall to zero.
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Market Behavior at the Steady State

Having established that the representative type I agent will use all available net

worth to buy new capital, we can say that

1
[z f(k14-1) + qkr—1 — Rbi—1],

De

kie =

where the left hand side is the amount of capital held by the representative type I
agent at the end of period ¢, and the right hand side is the ratio of the agent’s net-
worth at the beginning of period ¢, and the user cost. At the steady state the credit

constraint (Equation 2.2) is binding, and hence we have
* 1 *
ki = Ef”f(kl)- (2.30)

Using Equation 2.3, 2.25 and 2.30 we get

1
R—-1

o f (kD)K. (2.31)

Using market clearing condition for capital market we get

* 0 1 !(1.%\ 1.*
" = mﬁﬁf (k1)K (2.32)

and,

* * 0 1(1.%

The representative type I agent will consume just the amount that they are unable

to sell. That is,
i = yf' (k7). (2.34)
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PrOPOSITION 2.10. For the economy described above there exists a unique steady
state and the following hold:

1. the interest rate is always equal to the inverse of the discount factor of the more
1

E;

2. the price of capital at the steady state is proportional to the productivity of

patient agent, the type II agent, that is R =

R—-1 1
agents such that, Tq* =uzf'(k}) = }_2B;

1
3. the amount of debt that type I agents hold is positive, b* = 7 1:vf’(k:1‘) T

4. and, both agent types consume a positive amount in the steady state, and type

I agents only consume the output they cannot sell.

Proof. Condition 1 follows from Equation 2.21. Condition 2 follows from Equa-

tion 2.25. Conditions 3 and 4 follow from Equations 2.31 and 2.33 respectively. [

Numerical Simulation

System dynamics of the model described above can be done by linearizing the
system around the steady state. This has traditionally been done by estimating the
equations that describe the behavior of variables of interest around the steady state.
But more recently there has been a move to let computer programs perform these
simulations. This dissertation opt for computer simulations to study how an economy
at the steady state responds to an unexpected technology shock. Simulations were
carried out using Dynare (a pre-processor) and MATLAB. Figure 2.1 illustrates how
capital holdings, bond holdings, and capital price change in response to an unexpected
1% positive technology shock. The first point to note is that the effect of the shock
persists for about 5 periods after the shock has hit. This indicates that the model does

capture the role of asset prices as a transmission mechanism. In the neoclassical world
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Figure 2.1 — Impulse Response Functions: Linear Model

the effect of the shock would have died out in the period the shock hit. Secondly,
two of the three variables change by more than the quantum of the shock. While
capital and bond holdings change by more than 3.5%, capital price changes by just
under 1%. Though, over the life of the effect of the shock, capital price does change
by more than 1%.

KM do not perform simulation of the basic model in their work, but do perform
simulations of a larger model which also incorporates reproducible capital, and depre-
ciation. Qualitatively the results presented here are similar to that in KM (see figure
3 in KM), but quantitatively they are different. Introduction of reproducible capital
reduces the impact of shocks in the model they have analyzed, while at the same time
increasing persistence. A more detailed comparison of the simulation results from this

dissertation, and various versions of KM, are presented in the next chapter.

Summary

The linear model presented in this chapter is the closest in structure and spirit
to the basic model presented in KM. The two models (the one in KM, and the

one presented here) start with the same basic premise, but use different functional
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specifications and solution methodology. Using a non-linear production function for
one of the agent types keeps the steady state of the economy away from corners,
which is a big departure from KM. The results obtained here do prove the robustness
of results in KM, but still do not address the fact that in practice we are unlikely to
encounter linear utility or production functions. This issue is addressed in the next

chapter.
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CHAPTER 3

CREDIT CYCLES REVISITED

Description of the Economy

The structure of the economy follows from the last chapter. The chapter presents
the case where the utility and production functions used in the model can account
for risk aversion decreasing returns to scale production. As earlier, agents of type I
be borrowers, and agents of type II be lenders. Total population is normalized to a

unit mass. The proportion of type I agents is 6, and that of type II agents is 1 — 6.

Type I Agents

Let ¢;; € Ry be the consumption of the representative type I agent, the borrower,
at date ¢; and let 5y € (0,1) be the time discount factor for the representative type
I agent. Let u(ciy) be the utility that agents derive from consumption at time t.
Agents are assumed to be infinitely lived, and maximize lifetime utility: Y ;= u(cq ),
where u(cy¢) : Ry — Ry, The utility function is assumed to be strictly concave.

Let k1;,—1 € Ry be the capital available to representative type I agent at the

beginning of time ¢. The agent uses it to produce y; € R, units of output at the end
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of time ¢. The production function is f: R, — R,

Y1t = f(ki-1). (3.1)

The production function is assumed to be strictly convex. There is a commodity
market where one unit of capital is exchanged for ¢; € R, units of output. There
is a credit market where one unit of output at date ¢ is exchanged for R;y; € R |
units of output at date t + 1. Let b; be the amount borrowed by the representative
type I agent at time ¢. Following the arguments from the last chapter the amount
payable in period ¢t + 1 for the loan taken in period t has to be less than or equal to
the value of the collateral on offer. Further, in the absence of uncertainty (with the
exception for the random shock), both agent types know the future price of the asset
on offer for collateral, capital, which is ¢;11. This gives the credit constraint for the

representative type I agent as:

Riv1by < qeyrka s (3.2)

The flow of funds constraint for the representative type I agent can be stated as

Yrp+ b > @by — k1) + Ribion + e, (3.3)

where the left-hand side is the total income of the representative type I agent at date ¢
(including debt), and the right-hand side is the total expenditure on purchase of new
capital, on payment of old debt, and on consumption. The maximization problem of

the representative type I agent can be written as:
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MAXIMIZATION PROBLEM 3.1.

o0

max Z Biu(crs) (3.4)

k1 ¢,be,c1 ¢, el
{k1,t,be,¢1,6,91,6 152 P

subject to
Rt+1bt < Qt+1k1,t, (3-5)
(k1 —kie—1) + Ribior +c1p < yie + by, (3.6)
v < f(kig—1) (3.7)
and

Cit >0, k’l,t > 0,91,1& > 0.

forallt=0,1,2...

The following simple graphical representation of the above helps us form the op-

timization problem later in the chapter:

BEGIN TIME t END TIME ¢

Known Variables Choice Variables
Capital, ki 41 Capital, ky,
Capital Price, ¢ Consumption, c;,
Loans Outstanding, b;_q New Loans, b;

Note that in case of choice variables, the choice is only between two of three variables.
The third is automatically decided by the budget constraints and market clearing

conditions once the other two are chosen.
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Type II Agents

Let co¢ € Ry 4 be the consumption of the representative type II agent, the lender,
at date ¢; and let By € (0,1) be the time discount factor for the representative type
IT agent. Let u(co,) be the utility that agents derive from consumption at time t.
Agents are assumed to be infinitely lived, and maximize lifetime utility: Y ;2 u(cay),
where u(coy) : Ry — Ry. As earlier, the utility function is assumed to be strictly
concave. Assumption 2.3 follows from Chapter 2.

Let k2,1 € Ry be the capital available to the representative type II agent at the
beginning of time ¢, they use it to produce y2, € R, units of output at the end of

time t. The production function is

Yo.r = g(ka 1) (3.8)

The production function is assumed to be strictly convex. The representative type
IT agents are not credit constrained. But, for the sake of completeness, suppose they
lend an amount [; € R, at time ¢, then the borrowing/lending constraint of the

representative type I agent is specified as:

Ripi (=) < qrirkoy (3.9)

The flow of funds constraint for the representative type II agent is then

Yor + Rili—1 > qi(koy — koy—1) + 1 + coy, (3.10)

where the left-hand side is the total income of the representative type II agent in

period ¢, and the right-hand side is the expenditure on new capital, on new loans,
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and on consumption. The maximization problem for the representative type Il agent

can then be written as:

MAXIMIZATION PROBLEM 3.2.

max i Bhu(cat) (3.11)
=0

{k2,t,lt,¢2,8,y2,6 1520 “—

subject to
Rivi(—l) < qe1koy, (3.12)
qt(kor —kor—1) + 1l +cop < yar + Rilia, (3.13)
Yor < g(kos—1) (3.14)
and

cor > 0,k > 0,y24 > 0.

forallt=0,1,2,...
As earlier, assume that the representative type I agent is more productive than the
representative type II agent (see Assumption 2.5). Equilibrium concept also follows

from earlier.

Equilibrium Condition

For given values of (Kky;—1,b14-1,k2¢-1,b24—1), an equilibrium is a sequence of
asset prices, interest rates, lending, borrowing, consumption and capital holdings

{C]:, Rrv l;ﬁv b;tkv CT,t? CE,t? kim kz,t}r?io such that
Lo A{c 0, yi s BY 1 }820 maximizes 3.4 subject to Equations 3.5, 3.6 and 3.7;

2. {5415 Y54, k3 4 }i2 maximizes 3.11 subject to Equations 3.12, 3.13 and 3.14;
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3. credit markets clear, that is 0b, = (1 — 0)l;;
4. goods market clear, that is 0c; ¢ + (1 — 0)car = Oy11 + (1 — 0)yo,; and

5. capital market clears, that is Assumption 2.7 holds, or 6k, + (1 — 0)ke, = K.

Determining the Interest Rate

Optimal choice of bonds require that the marginal benefit of borrowing or lending
must equal or exceed the marginal cost of doing so. This implies that the gains from
every unit lent or borrowed (which is nothing but the interest rate from period ¢
to t + 1, R;r1) must be equal to or greater than the discounted marginal utility of

consuming the unit in period ¢ + 1. Mathematically, this implies that

u'(ciz) > (1) Bis (3.15)

Rt+1

where 7 represents the agents, with ¢+ = 1 implying the representative type I agent,
and ¢ = 2 implying the representative type II agent.

At the steady state at least one of the agents is credit constrained, and thus
equation 3.15 should hold for at least one of ¢« = 1, 2. Furthermore, consumption, and
hence utility and marginal utility of consumption, will not change at the steady state

thus implying

! > B;.
Ry

Finally, given Assumption 2.3 we know that 8; < (s, thus for the above to hold we

must have

1
Rt—‘,—l - R — =, (316)
P2
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and that

1
R < —.
B

LEMMA 3.3. The equilibrium interest rate in the above economy will always be the

inverse of the discount factor of the more patient agent.

Determining the Steady State

The optimization problem as described above is recursive in nature and lends
itself to examination using dynamic programming. Both agent types are maximizing
their lifetime utilities, given a set of constraints. Neither their utility functions, nor
the structure of the constraints is changing in the lifetime of the agents. Capital
holding, the amount of outstanding loans, and the price of capital is known to both
agent types. It is also known that the total amount of capital in the economy is fixed
(though this information does not become useful till we get to a later part in the
chapter).

Consider the case of the representative type I agent first. The agent is trying to
maximize lifetime utility given a certain set of constraints. Consider the behavior
of the representative type I agent at the beginning of time ¢. The agent knows the
amount of capital available, k;,_;, the amount of loans from the previous period,
b;_1, and the current price of capital, ¢;. The agent also has access to a production
technology that can produce output using capital and the agent’s labor as input.
Labor is assumed to be intrinsic to the agents, and does not become a part of the
production function. The representative type I agent chooses how much to consume,

¢14, how much capital to buy, (ki;—1 — k1¢), and given the constraints how much to
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borrow, b, to finance the purchase of capital. Thus, the known variables in case of
the representative type I agents are ki, 1, ¢, and b,_;. As stated above, the agent
chooses between two of three choice variables, say ki, and 0,. Give the choice of k; ,
and b;, the budget constraint and the borrowing constraint helps determine the third
variable, ¢y ;.

Let x¢ = {k1+-1,b1—1,¢:} be the known variables vector, and yy = {k1+, b:} be the

choice variables vector. The value function for the above system can be written as:

Vix) = max 3 B ulxe,ys)
subject to the transition constraint:
Xs11 = G(Xs,Ys)-
In expanded form the Bellman equation can be written as:

V(lﬁ,t—h bi—1,q) = max [U(Cl,t) + /Blv(kl,t7 by, Qt+1)] . (3.17)

F1,¢,bs }
The budget constraint and the borrowing constraint for the representative type I

agent can then be used to rewrite Equation 3.17 as

V(k14—1,bi-1,q) = max [u(f(k1i-1) — q(kis — k1-1) + b — Ribi—1) +

{k1,¢,b¢}

51V(/€1,t> by, Qt+1)}'
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Rewrite the part inside brackets on the right hand side as

V(k1t—1,be—1, @, k1, br) = u(f(kri—1) —qe(kve—F1—1) b — Ribe—1 )+ 51V (kv ¢, be, get1)

(3.18)
Thus, the Bellman equation becomes:
V(kl,tfb bta qt) = {/?laz(} v(kl,tfla btfla qt, kl,b bt) (319)
1,t,0t
The first order conditions are:
0 -~
V(kl,tfla btfh qi, kl,ta bt) = O (320)
Ok 4
0 ~
_V(kl,tfla btfh qi, kl,ta bt) = O (321)
ob;

As stated earlier, the known variables at date ¢ are (kj;—1,b:—1,¢:), and the choice
variables are (ky,,b;). Consumption is automatically chosen when capital stock and
borrowing are chosen. The price of capital in period ¢ + 1 does not come into the
equation since there is no optimization with respect to ¢;. Given that there is no un-
certainty, agents know what the price of capital in the next period will be. Therefore,

with this information we can write the transition functions as:

kl,t = kl,t(kl,tfla bi_1, %) (322)

by = bt(kl,t—la bi_1, Qt)~ (3'23)

With the first order conditions holding, we can state that:

V(kit-1,bt,q) = V(k1t—1, 001, G k1t (k1e—1, 001, qe), be(k1e—1, be—1, qr))- (3.24)
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The Benveniste-Schienkman conditions are then obtained by taking the derivative

with respect to known variables. Consider ky;_; first.

) OV (t) Okyiy  OV(t) Ob, oV (t)
V(k1t-1,bi-1, = —— + +
Ok 41 (R, bt @) Okyy Oky 41 Ob, Oki41  Okiy1
Ok, 4 by IV ()
= (0 "4+ (0 +
( )akl,t—l ( )akl,t—l akl,t—l
V()
8k?l,t—l

where the second line uses Equation 3.20. With respect to the other known variable

b;_1, the Benveniste-Schiekman condition is:

) _OV() 9b,  OV(t) Ob, OV (t)
o Fenbona) = e et
B Oky 4 b, OV (t)
= O T O% S T ans
V()
 Oby

where the second line uses Equation 3.21. To summarize the Benveniste-Schienkman

conditions for the representative type I agent are:

) oV (¢)

Vi(kis_q1,bi = 3.25
3k1¢,1 ( 1,t—1,Yt—-1, Qt> akl,tfl ( )
o) oV (t)
_ _ = 2
8bt,1v(k1’t 1, b 17Qt> Dby, (3 6)

The symmetry of the choices and utility functions means that the representative
type Il agent faces similar optimizing choices. Let W be the value function for the
representative type II agent. At date ¢, the known variables are (ko¢—1,l:—1,¢), and
the choice variables are (kay,l;). As earlier choosing ks and [;, will automatically

decide ¢y, from the budget and borrowing constraints. The Bellman equation for the
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representative type Il agent can then be written as:

W(kQ,t—lylt—laQt> = Inax [U(CQ,t) +52W(k2,taltaQt+1)]' (3.27)

ko,¢,ls}

The budget and borrowing constraints for the representative type II agent determine

the agent’s consumption path, and Equation 3.27 can be rewritten as

Wikos—1,li—1,q:) = {kmaf}[u(g(kzt—l) — qi(kot — kog1) — L+ Rely—q) +

62W<k72,t7 ly, Qt—l-l)]‘

Rewrite the part within brackets on the right hand side as

Wikot—1,li—1, Gty koe, ) = w(g(koi—1) —qi(kop—kot—1) =l Rels—1)+BoW (kat, le, Gri1)

(3.28)
Thus, the Bellman equation becomes:
W(kos—1,li,q) = kmafW(kQ,t—l, i1, Gy ko, ). (3.29)
2,t,0t
The first order conditions are:
0 -
W(k2,t717 lt717 qt, k2,t7 lt) =0 (330)
Okay
o -~
ﬁw(kz,tfly li—1,qu, k2,t7 lt) = 0. (3-31)
t
The transition functions can be written as:
koy = kos(koi—1,li—1,q) (3.32)
Iy = lt<k2,t717 li—1, Qt)- (333)
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With the first order conditions holding, we can state that:

Wikat—1,l,qt) = Wikas—1, lim1, qe, kg (koi—1, lie1, @), Le(kog—1, L1, @) (3.34)

The Benveniste-Schienkman conditions are then obtained by taking the derivative

with respect to known variables. Consider ko ;1 first.

d OW(t) Oksy  OW(t) Ol AW (t)
W(kaso1, b1, q) = S +
Ok 41 (k-1 e, ) Okoy Okoyy Oly Okay—1  Oli
Oky 4 o, OW(t)
= ()= +(0 +
( )akQ,t—l ( )81432,15—1 ak?2,t—1
W ()
ak‘Q,t—l

where the second line uses Equation 3.30. With respect to the other known variable

l;_1, the Benveniste-Schiekman condition is:

) _OW(t) o,  OW(t) o,  OW(t)
g,V kel ) = =g =y S
Ok ol, oW (1)
= g 0% T,
OW (t)
alt—l

where the second line uses Equation 3.31. To summarize the Benveniste-Schienkman

conditions for the representative type Il agent are:

9 oW ()
Wikoy—1,l;_1, = 3.35
(9k2,t,1 ( 2,t—1, bt—1 Qt) 3/{:27t,1 ( )
0 oW ()
ol W(kQ,tfla li—1, Qt) = ol (3-36)

The above set of optimizing conditions (Equations 3.20, 3.21, 3.25, 3.26, 3.30, 3.31, 3.35
62



and 3.36) do not lead to a closed form solution. To analyze the behavior of this
economy there is, therefore, a need to specify functional forms to both utility and
production functions. In general, analytic solutions tend to focus on estimating the
policy function by seeking convergence in the state space. But, the main concern of
this dissertation is the dynamics of the system post a shock. The next section uses
specific utility and production functions, and obtains a closed form solution of the
resulting economy. The response of various variables of interest to a random, unex-
pected, 1% technology shock, once the economy has reached a steady state, are then

presented in the subsequent section.

Special Case

The economy’s basic structure remains as above. This section specifies functional
forms for utility and production functions, and the resulting economy is analytically
solved to determine the steady state. The system’s response to a random, unexpected,

1% technology shock is then analyzed using numerical simulations.

Type I Agents

Let ¢1; be the consumption of the representative type I agent at date ¢; and let
By be the time discount factor. Agents maximize utility u(c; ;) = (¢;;” — 1)/ (1 — o),
subject to a set of constraints. 1/0 is the inter-temporal elasticity of substitution.

Let k1;—1 be the capital available to the representative type I agent at the begin-
ning of time ¢. They use it to produce y; ; units of output at the end of date ¢ using
a production function f(ki; 1) = akf, ; where a,a € R, and o < 1. The produc-
tivity parameter, o, with a value less than one ensures decreasing returns to scale.

Type I agents are assumed to be credit constrained, and the borrowing constraint for
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the representative type I agent is

Rip1be < gk

The flow of funds constraint is

ak$y y + b > qi(kre — kie—1) + Rebi1 + iy,

(3.37)

(3.38)

where the left-hand side is the total income of the representative type I agent at date ¢

(including debt), and the right-hand side is the total expenditure on purchase of new

capital, on payment of old debt, and on consumption. The maximization problem

that the representative type I agent solves is:

MAXIMIZATION PROBLEM 3.4.

S .
t 5
max E bi| ———
{k1,6:bt,¢1,6,91,6 152 —0 l-o

subject to
Rt+1bt < Qt+1k1,t>
(k1 — k1) + Ribeor + 1 < yie + by,
yl,t S ak?’t_l
and

c1 2> 0, kl,t > Oﬂkit—l > 0.

forallt=0,1,2...

64

(3.39)

(3.40)
(3.41)

(3.42)



Type II Agents

Let co; be the consumption of the representative type II agent, the lender, at
date ¢; and let By be the time discount factor. Agents maximize utility u(coy) =
(c3:7 —1)/(1 — o) subject to a set of constraints. 1/o is the inter-temporal elasticity
of substitution.

Let ky4—1 be the capital available to the representative type II agent at the begin-
ning of time ¢. They use it to produce y,; units of output at the end of time ¢ using

a production function g(kgy—1) = zk3,_; where z,6 € R, and § < 1.
Yai = 2k, ;. (3.43)

The representative type Il agent is not credit constrained. Suppose they lend
an amount [; at time t. For the sake of completeness specify the borrowing/lending

constraint for the representative type II agent as:
Rip1 (=) < gryrkay (3.44)
The flow of funds constraint for the representative type II agent is then
Zkg,t_1 + Rili—1 > qi(koy — kop—1) + 1 + cay, (3.45)

where the left-hand side is the total income of the representative type II agent in
period ¢, and the right-hand side is the expenditure on new capital, on new loans,
and on consumption. The maximization problem for the representative type II agent

is then
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MAXIMIZATION PROBLEM 3.5.

= t C%;U —1
max Z By | —— (3.46)

{ka,t,lt,c2,6,y2,6 52 p— 1—0

subject to
Rt+1(—lt) < Qt+1k2,t> (3-47)
Qi(koy — koyo1) +le+cor < you+ Rilis, (3.48)
Yor < Zkg,t—l (3.49)
and

cor >0,k >0, Zk?g,t—l > 0.

forall t=0,1,2,...

Determining the Steady State

Following Lemma 3.1 we can say that at the steady state the equilibrium interest
rate would be the inverse of the time discount factor of the more patient agent: the

representative type II agent. Thus,
R'=R=— (3.50)

where R* represents the steady state value of the cost of borrowing.

Consider any time t. Both agent types have two choices for every unit of available
consumption good: consume it during that period, or invest it for future use. If
agents consume during the current period, they get utility today. If they invest it
in purchasing new capital they get utility in the future through higher production.
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Economic theory suggests that the choice should boil down to which one of the above
choices gives the users higher marginal benefit. They will be indifferent between the
two choices when the marginal benefit of holding capital is the same as the marginal
cost of doing so.

Define p; as the user cost of capital, or the downpayment to purchase capital.
This will be the difference of the current price of capital and the discounted future

price of capital:

Pt =qr — Qt—; (3.51)

Standard economic theory suggests that optimal choice would require that the
amount spent on purchasing capital that increases future consumption must be suf-
ficient to offset utility loss of giving up present consumption. Consider periods t and
t+ 1. The above would imply that the extra output due to the purchase of capital is
the marginal product of that additional unit of capital purchased at price p;. Thus
the extra output of giving up one unit of present consumption is the ratio of the
marginal product of capital and the user cost of capital. This must be equal to the
ratio of extra utility gained in the future period (properly discounted) and the utility

given up in the current period. Thus, for the borrower the following must hold:

f'lkie)  d(crq)

= . 3.52
Pt u/(cl,t—i-l) ( )

Similarly, for the representative type Il agent,
gl(k:27t> — ul<627t) (3 53)

Dt UI(C2,t+1) .

Equations 3.52 and 3.53 both equate the marginal cost of holding capital, and the
marginal benefit from doing so. At the steady state consumption, utility, marginal
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utility, and capital holdings do not change, and the above two equations (Equa-

tions 3.52 and 3.53) become:

u(e)p” = Buf(k)v'(cp),

u'(cg)p” = Py (k3)u'(c3).

Canceling out common terms

p* = Puf'(k)) = Bag'(3). (3.54)

Equation 3.54 shows that the user cost at the steady state depends on the productivity
of agents, and their discount factors. The equation can be rewritten as
g'(k3) _ B

GRS (3.55)

which shows that the difference between the time discount factors of the two agents
determines the equilibrium difference between their productivities. In a perfectly
competitive economy with no credit constraints the marginal product of both agent
types must be equal. This is not the case here, and at the steady state the difference
in marginal products of agents depends on the difference in their discount factors.

If the agents are very different from one another in terms of their time preference,
then the more patient agents will hold a lot more capital than they should, and vice
versa. It also suggests that the equilibrium in this economy is not a first best outcome.
This is shown graphically in Figure 3.1.

The above results about equilibrium asset price and equilibrium interest rate, the
credit constraint of the representative type I agent, the budget constraints of both

agent types, and the market clearing conditions for capital and debt can be used to
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Capital Holdings

Figure 3.1 — Inefficiency Gap in the Economy: Note that the representative type
I agent has higher productivity than the representative type II agent
for most of the range. The representative type II agent has higher
productivity than representative type I agent when the agent’s capital
holdings falls close to zero. This prevents either agent type from
holding all capital.
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determine the steady state values for asset price (¢*), borrowing (b*) and lending (I*),

which are as follows:

* R * R !(1.%

¢ = e = AL k) (3.56)
* q* 1 1 1(1.%\ %

bt = Rl = R— lﬁlf (lﬁ)lﬁ (3-57)
* 0 * 1 /(1% K *

ProrPOsITION 3.6. For the economy described above there exists a unique steady

state and the following hold:

1. the price of capital at the steady state is proportional to the productivity of the

R R
S (R) = 1 Pag (R3);

agents such that, ¢* = I

2. the amount of capital held by agents is not efficient: the less productive agents

hold more capital than they should;

3. and, the efficiency gap in the economy is determined by the difference between

the agents’ discount factors.

Proof. The first claim follows from Equation 3.51 and Equation 3.54. Equation 3.55

proves the second and third claims. O

The response of this economy to a random, unexpected, 1% technology shock that

hits when the economy is at steady state is presented in the next section.

System Dynamics: Special Case

This section presents the impact of a 1% technology shock to an economy at the
steady state using simulations conducted on Dynare and MATLAB. A summary of

the simulation results is presented in Table 3.2. The set of graphs associated with the
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simulation are in Appendix A. A steady state is obtained in the model only if the pa-
rameters are within a certain range. If the parameter values exceed that range (which
depends on the functional forms of utility and production functions), the simulation
program returns an error. The simulations focus on changing three parameter values:
productivity of both agent types, proportion of type I agents (and by symmetry, type
IT agents), and the proportion of saleable output of the representative type I agent.
The behavior of the following variables is examined around the steady state: capital
holdings of both agent types, bonds issued by representative type I agents, the price
of capital, and the persistence of shocks. In a neoclassical setup any technology shock
will change output, consumption and price of capital in the period that the shock
hits, and there would be no change in future periods as the economy gets back to the
steady state in the same period. In the current setup shocks persist through time,
and amplify, before the economy gets back to the steady state.

The three parameters that are changed can each proxy for an economic variable.
The proportion of type I agents (and by symmetry, type II agents) can proxy as the
savings rate in the economy. The level of productivity can represent the development
status of the economy. Finally, the proportion of output that representative type I
agents can sell can proxy for production and distribution losses. One of the three
variables in each set of simulations is changed, while keeping the other two constant.
The parameters used for the simulation are in Table 3.1. The choice of parameter
values was largely driven by what has been used earlier in the literature. At equilib-
rium, the interest rate in the economy is assumed to be 4% per annum (as in KM),
and that translates to a discount factor of 0.96 for the representative type Il agent.
We have assumed that the representative type I agent has a lower discount factor,
and the choice of 0.90 was inspired by the value used by Cordoba and Ripoll (2004).

The productivity coefficient with the two production functions, o and §, were both
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PARAMETER SYMBOL VALUE

DiscouNT FACTORS

Type I agents 51 0.90

Type II agents Ba 0.96
PRODUCTIVITY PARAMETER

Type I agents « 0.70 - 0.90

Type II agents ) 0.70 - 0.90
Proportion of Type I agents 0 0.10 - 0.40
Proportion of Saleable Output (Type I agents) x 0.65 - 0.85
Inter-temporal Elasticity of Substitution /o 10

Table 3.1 — Parameter Values

chosen to be less than 1 to ensure decreasing returns to scale. While various values
were tried in the simulation, the reported results are for values between 0.7 and 0.9,
which is again inspired by Cordoba and Ripoll (2004) who use a value of 0.8. The
proportion of type I agents (6) is inspired by KM. KM also use a savings rate of at
most 50%, and so the simulations in the dissertation use the proportion of saleable
output to be above 50% (which is equivalent to saying a savings rate of less than
50%). The results are reported for values between 65% to 85%. Cordoba and Ripoll
(2004) use a value of 10 and 15 for inter-temporal elasticity of substitution in differ-
ent numerical simulations. The simulations in this dissertation use a value of 10. A
higher value of inter-temporal elasticity of substitution would imply lower sensitivity

of consumption to changes in real interest rate, and vice versa.

Impact of Changes in Agents’ Productivity

The productivity of agents is changed by changing the coefficient of productivity
in the production function. This part presents the case where the coefficient « rises
from 0.6 to 0.7 to 0.8. The other two parameters of interest, the proportion of type

I agents (), and the percentage of output that can be sold by the representative
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type I agent (z), are both kept constant at 30% and 75% respectively. The impulse
response functions are in Figures A.1, A.2, and A.3 respectively. Five parameters are
examined in response to a change in a: persistence (as measured by how long it takes
for the economy to get back to the steady state), capital holding of representative
type I and type II agents, bonds issued by representative type I agents, and the price
of capital.

As productivity rises shocks becomes more persistent. The effects of the shock
take 8 periods to disappear when o = 0.6, and that time frame rises to 13 periods
when « rises to 0.8. Given that type I agents are constructed to be more efficient,
we would expect that rising productivity should raise their demand for capital more
than proportionately, and this is what is observed. As « rises from 0.6 to 0.8, the
change in capital demanded by representative type I agents in response to the shock
rises from 3.5% to 4.5%. That is, when « is 0.6, a 1% technology shock increases the
demand for capital from the representative type I agent by 3.5%, and the same shock
increases capital demand by 4.5% when « is 0.8. This is simultaneously accompanied
by a fall in capital holdings of representative type II agents, from a fall in capital
demand of 1.4% when a = 0.6, to a fall in capital demand of 1.8% when a = 0.8.
Given that representative type I agents would be more interested in buying capital
when productivity is higher, we would expect capital price to rise more in case of
higher productivity, and this is exactly what is observed in the simulations. Capital
price rises by 1.4% in case o = 0.6, and this change rises to 1.8% when o = 0.8.
Bond issuance also rises as productivity increases. Changes in bond issuance are an
order of magnitude higher than the changes observed in the other variables. This
is understandable, since assets are being purchased with the help of credit, and the
leverage that the representative type I agent utilizes should reflect in the volume of

bonds issued.
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Impact of Changes in Proportion of Type I Agents

The next variable changed is the proportion of representative type I agents. Four
values of this parameter, 6, are examined, and it rises from 0.1 to 0.4 in equal in-
crements. The other two parameters, productivity coefficient, & = 0.6, and the
proportion of saleable output, z = 0.75, are kept constant. Simulation results are
shown in Figures A.4, A.5, A.6 and A.7.

The percentage change in capital holdings of the representative type I agent be-
comes smaller with rising aggregate percentage of type I agents. In particular, capital
holdings of a representative type I agent rises by 4.1% in response to a 1% positive
technology shock when the aggregate percentage of type I agents is 10%, and it rises
by 3.5% when the aggregate percentage of type I agents is 40%. Shock persistence
also falls from 10 periods to 7 periods as the aggregate percentage of type I agents
rises. Capital holdings of representative type Il agents sees an even bigger fall as the
aggregate percentage of type I agents rises. When the aggregate percentage of type
I agents is 10%, a 1% positive technology shock reduces capital holding of represen-
tative type II agents by 0.5%, but when the aggregate percentage of type I agents
rises to 40%, the same 1% positive technology shock reduces the capital holding of
representative type II agents by 2.5%.

Capital price rises with rising aggregate percentage of type I agents. When the
proportion of type I agents is 10%, a 1% positive technology shock raises capital price
by 0.7%, but capital price rises by 2.2% when the proportion of type I agents is 40%.
This is natural, as a rising proportion of type I agents would imply that there is more
competition for the same amount of capital (which is assumed to be fixed), and more
competition is bound to increase the price of capital. The impact on bond issuance

by representative type I agents is ambiguous. It falls at first, and then rises.
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Impact of Changes in Type I Agent’s Capacity to Sell Qutput

The last variable changed is the proportion of saleable output of the representative
type I agent. It is raised from 65% to 85%, while keeping the productivity and the
proportion of type I agents fixed with a = 0.7 and § = 30%. As the proportion
of output that can be sold rises, the increase in capital holdings of representative
type I agent falls from 3.9% in case the proportion of output sold is 65%, to 3.7% in
case the proportion of output sold is 85%. At the same time the capital holding of
representative type II agent sees a smaller fall, from 1.6% in case the proportion of
output sold is 656%, to 1.4% in case the proportion of output sold is 85%.

Capital price rises more with the same given shock as the proportion of output
that can be sold by the representative type I agent rises. A 1% positive technology
shock raises capital price by 1.4% when the proportion of output that can be sold is
65%, while the same shock raises capital price by 1.8% when the proportion of output
that can be sold rises to 85%. The amount of bonds issued by representative type I
agents also rises with the rising proportion of output sold.

Last, but not the least, the persistence of shock falls as the proportion of output
sold by the representative type I agent rises. Shocks persist for 11 periods when 65%
of the output can be sold, and it falls to 9 periods when 85% of output can be sold.

Results of the simulation are presented in Figures A.8, A.9 and A.10.

Comparison with Linear Model

The last chapter presented simulation results for the linear model. The impulse
response functions were in Figure 2.1. One of the first things to note with simula-
tions in the current context is that the transitions are smoother, and that would be

expected with non-linear production and utility functions. There are three important
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PARAMETER LINEAR MODEL NON-LINEAR MODEL

CHANGE IN CAPITAL HOLDINGS

Representative Type I Agents 3.6% 3.5-4.1%

Representative Type IT Agents (-)2.4% (-)0.5-2.5%
Change in Capital Price 0.9% 0.7-1.8%
Persistence of Shocks 6 Periods 7-13 Periods

Table 3.3 — Linear vs Non-Linear Model

differences between the linear and non linear simulations. First, the change in capital
holdings in case of non-linear version is larger than in the linear one. Secondly, asset
prices change by more in most non-linear simulations compared to linear simulations.
This is on expected lines. Using concave utility introduces risk aversion, and that
shows up in the form of larger asset price changes. And finally, higher persistence
is observed in the non-linear case. This is again on expected lines. Quantitative
differences between the two versions are summarized in Table 3.3. Do note that the
quantitative effects will depend on the choice of functional form of both production

and utility functions, as well as the choice of parameter values.

Ezxplaining Stmulation Results

The chapter started with the argument that asset prices can help act as a trans-
mission and amplification mechanism, and can help explain the differences between
observed shocks and their economic impact. Traditionally, transmission mechanism
refers to the process through which monetary policy influences the economy in gen-
eral, and the price level in particular. It would, therefore, by definition involve change
in either the stock of nominal money supply, or some short-term nominal interest rate,
to obtain a change in some real economic variable. The channels through which this

effect can pass through from the point at which the decision is taken to the final
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outcome is usually seen to be one of the following: the interest rate, the exchange
rate, asset prices, bank lending, firm balance sheets, and expectations.

The model presented in this chapter shows a slightly different way in which the
transmission mechanism can operate. First, money is not included in the model.
Credit though is a part of the model, as are asset prices. Second, expectations do not
play a role in this model since the only uncertainty is the random technology shock
that hits the economy. Third, interest rates do not change in the model. The shock
that hits the economy is a random technology shock, not a policy shock that changes
money supply or interest rates (that would be expected in the traditional definition
of a transmission mechanism). This technology shock changes asset prices and credit
constraints, and the impact on the economy is similar to that induced by a monetary
policy shock.

A positive technology shock increases output in the current period, increases the
demand for assets in the current and future periods, and increases the price of assets
in the current and future periods. As the price of assets increase, it increases the net
worth of representative type I agents, and thus increases their capacity to borrow.
This increased borrowing will in turn increase the demand for assets, and hence,
increase the price even further. Thus, the impact of the shock persists across periods,
and amplifies with time. This is unlike neoclassical models where the effects of the
shock dissipates over the same period that the shock is realized.

In terms of actual output from the simulations a 1% technology shock, which
would have led to a 1% change in output in a neoclassical model, leads to a 0.85%
immediate change in total output, and a larger change in output over time in the
current model with credit constraints. Capital holdings change by as much as 4.5%
for the constrained agent, while capital price changes by more than 2%. The effects

of the shock persist for as much as 13 periods, or more than 3 years (since each period
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in the model corresponds to a quarter). None of this would be possible in a perfectly
competitive economy with no uncertainty: the effects of the shock will be realized
in the same period, and disappear in the same period. The impact on individual
variables will be of the same order of magnitude as the shock. Thus, the model, with
active credit constraints helps explain how shocks can amplify. The numbers reported
here, and in Table 3.2, only note the peak effect (except for the persistence column).
The combined effect over the entire time frame while the effects of the technology
shock are still being felt is much larger. Thus, the model can partly explain the
difference between observed shocks and observed economic changes.

Intuitively also the above results make sense. Consider a classical competitive
economy. Two of the defining features of the economy would be instantaneous price
changes in response to any shock, and the equivalence of all forms of funding. Thus, if
a positive shock hits the economy we would expect asset prices to rise instantaneously
in response to the shock. representative type I agents can borrow as much as they want
since everyone knows everything, and thus there would be no borrowing constraint.
In the current context both these assumptions break down. Debt depends on the
amount of collateral on offer, which in turn depends on the price of assets. There is
a feedback loop between asset prices and debt, and thus the effects of the shock do
not disappear in the period they are realized, but rather amplify with time.

Further, the simulations seem to suggest that, ceteris paribus, this effect on asset
prices and output rises as economic productivity rises. Shocks also become more
persistent. In practice we would expect this to hold. History suggests that asset price
changes have a bigger impact on developed economies where the relationship between
asset prices and banking sector helps in sustaining a feedback mechanism. Asset
prices cannot act as a major transmission mechanism when most asset purchases do

not involve the banking sector. This is true for most of the developing world. Thus, if
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there are any changes in asset prices it would not influence banks and financial sector
in a large way, and would not affect the representative type I agents’ borrowing, or
lenders’ capacity to lend. The 2008 financial crisis did not hurt most developing
countries banks’ as they were not exposed to asset prices in the same way as banks in
developed countries. Though the poorer countries did see their output growth shrink,
and some went into outright recession, but that was primarily an after effect of the
impact of the sub-prime crisis on international trade.

The second and third sets of simulations reported in Table 3.2 explain the impact
of changes in savings rate. A higher proportion of type I agents translates to lower
savings rate. Simulations suggest that a lower savings rate implies a lower output
change, and lower persistence. Asset price change becomes larger with falling savings
rate. This may be because the demand effect of a larger number of representative
type I agents in the economy outstrips the availability of assets, and thus leads to a
higher price increase.

Change in proportion of saleable output captures a similar idea. Given the struc-
ture of the economy, representative type I agents would spend all their net worth as
collateral, and can starve themselves to death (that is, reduce current consumption
to zero). This is so because the interest rate in the economy is below their rate of
indifference to borrow or not borrow. They would be indifferent between borrowing
and not borrowing at a higher interest rate. Since their loan depends on their capacity
to raise collateral, they would use all their current output to fund new investment to
maximize lifetime utility. If we do not put an exogenous limit on how much represen-
tative type I agents can utilize as collateral, their consumption in every period will fall
to zero, and they will use all their net worth to borrow. The exogenous investment
limit (which depends on usable net worth of the representative type I agent) forces the

representative type I agent to consume a positive amount each period. One example
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may shed some light on this issue. The 1997 Asian financial crisis was characterized
by large scale cross border borrowings which had become too attractive to poten-
tial borrowers in South East Asia. This was a result of the interest differential that
existed between those countries and the funding countries in the West. Firms, and
households, borrowed more than they could afford, and when asset prices collapsed,
these economies all came crashing down. A similar idea is being captured here. To
prevent representative type I agents from using all their current worth to borrow,
the model is forcing them to consume some part of their output, and use the rest as
collateral. In terms of simulation, without this exogenous limit the model will not
converge to an equilibrium since the consumption of the representative type I agent

will always be zero.

Comparison with Kiyotaki-Moore

KM present two versions of the credit cycles model in their paper, but provide
simulations for only one of them. The first version of the KM model is concerned with
establishing the relationship between asset prices and economic activity. In the second
model they make two major changes: they allow the use of reproducible capital, in
the form of trees, and they limit the ability of borrowers to invest by reducing the
probability of investment opportunity. The model in this dissertation is based on
the first version of KM model, while their simulations are for the the second version.
Thus, the simulation results presented earlier in this chapter, and those in KM are
not strictly comparable. With this disclaimer in place, it will still be instructive to
present a comparison of the two results.

KM present only one simulation graph in their JPE paper. The simulation pre-
sented is based on the assumption of 4% annual rate of interest, 10% annual rate

of depreciation, and a given price of reproducible capital. In this setup a 1% posi-
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tive technology shock increases both land (capital) holdings (0.10%), and debt held
(0.13%) by the more productive agents by one order of magnitude less than the shock.
Capital price increases by less than 0.4%. While this may not seem like a lot, it is
important to note that in the neoclassical world the change in asset price in response
to any technology shock would have been zero, and thus, any positive value for change
in asset price is a step in the right direction. The impact of the technology shock in
this version decays at a slow rate, and the effects of the shock disappear in about 10
years.

The authors also present two other simulation results in a working paper version
of the final paper (Kiyotaki and Moore (1995)). The first set of these simulations
assumes that the more productive agent always has the ability to invest. This is
similar to the setup in this dissertation. The simulation results in the working paper
show that a 1% positive technology shock (with other parameters as above) raises
capital price by 0.43%, raises land holdings (capital holdings) of the more productive
agents by 0.90%, while at the same time increasing their debt by 1.25%. These values
are similar to simulation results in the dissertation. The persistence of shocks in this
version is about 3 years, which is what is obtained in simulations in the dissertation.

The last set of simulations in Kiyotaki and Moore (1995) limits the probability
of investment in every period to 10% (as is the case reported in KM), and reduce
the price of reproducible capital by half, while sticking to other parameter values as
above. This change leads to a larger initial impact on both asset prices, and debt
holdings. Shocks are relatively less persistent compared to the model presented in
KM, but more persistent than the version where investment happens every period,
at about 6 years. Asset price movements also become less volatile, while at the same
time the initial impact on the variables of interest (quantity of capital, debt, and

capital price) is larger in this case.
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All three simulations above show that the impact of the 1% positive technology
shock in KM simulations are in general at least one order of magnitude lower than
the estimates presented in this dissertation. One exception is persistence, which
tends to be higher in KM models. The difference can be attributed to the damping
effect of both reproducible capital, and the inability to invest in every period. As
the probability of investment increases, or the price of reproducible capital decreases,
large part of the effect of the shock tends to be recognized early, and thus, the initial
impact on variables of interest are higher. The damping also reduces the convergence
in KM, and this makes the effects of the shock last longer in KM.

The model in this dissertation does not include either of these factors, and this is
reflected in the simulation results. The longest persistence observed in the model in
the dissertation is about 13 periods, or slightly more than 3 years. This is close to
the smallest persistence that KM observe. When the observed persistence is about
3 years in KM, the change in asset prices and capital holdings of the productive
agent are similar to the values obtained in the dissertation. When comparing with
KM, current values (in the dissertation) are about an order of magnitude higher than
what is reported in KM. This can be attributed to the fact that simulations in KM
only allow investment once in about 2.5 years, thus spreading out the effects of any

technology shock over a longer time period.

Summary

The chapter used a simple deterministic heterogeneous agent economy to show
that collateral constraints can act as important transmission mechanism, and can
help amplify shocks in the economy. The use of credit constraints and different time
discount factors helps isolate the role of collateral constraints as the transmission

and amplification mechanism. This confirms the results in KM, but unlike KM, the
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results do not hold for all possible parameter values. For a steady state to exist in an
economy with risk averse utility and decreasing returns to scale production function,
the range of parameters that can lead to a steady state, and that can help explain
the amplification of shocks, is very small. Unless agents differ a lot in their time
discount factors (which is unlikely) the results in KM may not hold for a large variety
of possible capital allocations. Whether the same argument applies to the case where
there is reproducible capital is an open question to be addressed in future work.
The next chapter looks at the role of real estate in the economy. An event analysis
is performed to examine if real estate cycles have been consistently associated with
larger economic malaise, or was the Great Recession of 2008 a random event. There is
no attempt to establish causality. It is only an effort to establish whether real estate
needs to be dealt with in a slightly different manner, and whether the recent spate of

changes in bank regulation are a step in that direction.
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CHAPTER 4

BANK REGULATION AND MORTGAGE FINANCE

The last two chapters used a heterogeneous agent model to show that asset prices
can act as an important transmission mechanism that can help transmit and amplify
technology shocks in the economy. It is widely agreed that the crisis of 2008 was
triggered by the collapse of the sub-prime mortgage bubble in the United States.
But was it true of other major changes in real estate prices across the world? One
question that has been doing rounds ever since the 2008 crisis is whether regulators
could have done anything to prevent the crisis? What can be learned from the crisis
to be used in the future? Is it time to go beyond traditional monetary policy regime
of using a single policy (inflation control) and a single tool (the policy rate), and
look for policy measures that go beyond these? This is particularly so when central
banks today have to address issues going beyond inflation, and onto output growth
and macroeconomic stability. This chapter looks at some of these questions and the
experience of various countries in this context, both prior to, and post the financial
crisis of 2008.

The chapter is organized as follows. First, data from a group of 18 rich countries

spanning the last four and half decades is analyzed to see if real estate cycles had
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an impact on their economic health. Subsequently, the current state of affairs with
regards to monetary policy regime and bank regulation is discussed. In terms of mon-
etary policy, most major economies today practice some form of explicit or implied
inflation targeting, following Tinbergen’s idea that a single tool should be used to
target a single policy measure. While this policy has served well for an extended pe-
riod of time, the recent economic crisis has made policy makers look at other possible
metrics of economic health.

In terms of bank regulation, most central banks today follow the recommenda-
tions of the Basel committee to determine local regulation requirements. There have
been arguments that Basel II recommendations may have in part contributed to the
crisis in 2008 (see Heid (2003), Pederzoli et al. (2010), and Bair (2014)), and some
of those shortcomings have been addressed in Basel III. Some of these changes are
discussed. The inter-relationship between mortgages and the banking sector is exam-
ined. Macroprudential regulation is examined in slightly more detail given the role
played by the real estate sector in the recent crisis. The chapter ends with a discussion
on how mortgage markets differ in terms of organization, funding, and other features
across the world, with particular focus on the two largest mortgage markets in the

world: the United States and Japan.

Asset Prices & Economic Activity: Empirical Evidence

In the aftermath of the sub-prime mortgage bubble collapse in the United States,
economies across the world were engulfed in the longest, and the deepest, recession
since the Great Depression. While policy makers across the world tried every trick in
the book, and then some, at the time of writing this (August 2014) the economy was
still not completely out of the woods. Unemployment rate in the US was at 6.2%,

still above the generally agreed upon natural rate of unemployment, almost 7 years
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after the recession began and 5 years after it ended. The loss in output from peak to
trough was the largest since the Second World War. Equity prices collapsed almost
50%, and housing prices in many states collapsed more than this. Remarkably, it
was also the first time since the 1970s that the US housing market saw a sustained
contraction in terms of both prices and new construction. This indicates that housing
prices can have a substantial impact on the state of the economy. But one instance
cannot be used to form a rule. There is need for more empirical support. The
problem is that housing price data is difficult to get for most countries, particularly
for longer time frames. The longest credible data set for housing prices is available
from the Bank of International Settlements. The data set has quarterly housing price
index for the following 18 countries going back to the first quarter of 1971: Australia,
Belgium, Canada, Denmark, Finland, France, Germany, Ireland, Italy, Japan, the
Netherlands, New Zealand, Norway, Spain, Sweden, Switzerland, the United Kingdom
and the United States. More recently, the BIS data has been updated with a few more
countries being added to the list. The price indices for the new countries on the list
is not as long as the ones used in this dissertation, and hence they are not included
here.

This data set is used to determine changes in housing price index, and then event
analysis is used to determine the correlation between housing price changes and other
aspects of the economy. A modified Bry-Boschon cycle dating procedure is used to
estimate the peaks and troughs in the house price index of the above 18 countries (see
Bry and Boschan (1971) for the original procedure, and Harding and Pagan (2002)
for a version that deals with quarterly data that is used here). Details of the cycles
are included in Table B.1. Summary statistics for the data are in Table 4.1.

With the dates of the peak and troughs determined we can then look at the changes

in the parameters of interest around these dates. While a number of variables can
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PARAMETER NOTES

Number of Contractions 93
Longest Contraction Japan (914 quarters, from 1990:4)
Average Length of Contraction (Quarters) 6.6 (With Japan)
5.7 (Without Japan)
Longest Expansion Spain (84 quarters, 1971:1 to 1991:4)

Double Dip Contractions Canada (1981-1984)
Denmark (1979-1982)
Germany (2005-2007)
Netherlands (2008-Continuing)
Norway (1988-1993)

Triple Dip Contractions Switzerland (1990-1998)
Most Cycles Germany, Norway (9 each)
Least Cycles Japan, Spain (2 each)

Table 4.1 — Real Estate Cycles Summarized

Sources: National sources, BIS Residential Property Price database, http://www.bis.org/

statistics/pp.htm, and author’s calculations.
be studied, this dissertation focuses on two variables: real GDP growth and private
sector lending. Before getting into the details of that analysis it will be instructive
to note why these variables were chosen. As we have seen earlier, asset prices can
influence the economy through four main channels. Changes in asset prices can
influence household wealth that affects consumption. It can influence the price of
capital relative to its replacement cost which influences investment (as in Tobin’s
g-theory). It can influence capital flows which affect demand through real exchange
rate changes. Lastly, it can also influence the balance sheet of banks, households, and
firms that can influence both investment, and government debt, as governments try
to recapitalize firms and financial intermediaries. Further, as stated earlier, the main
focus of this dissertation is the balance sheet effect, whereby changes in asset prices
influence borrowing and lending in the market through change in the balance sheets

of households and financial intermediaries.
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Asset price busts can damage balance sheets of households, firms and financial
intermediaries. This in turn would limit their capacity to borrow (through a fall
in value of collateral) and lend (through a reduction in the intermediary’s capital
position). Real estate happens to be the biggest component of household’s wealth,
and any fall in housing prices would influence their net worth. A similar analysis
would work for firms, but the problem is the lack of data on commercial real estate
prices. Researchers are therefore forced to use housing price index as a proxy for
commercial real estate. As housing prices fall they can reduce the value of assets that
financial intermediaries have on their books, thus reducing their capacity to make new
loans. This claim can be tested empirically to see what happens post a real estate
peak. In the data set analyzed here there were a total of 93 cycles in housing price
index over this period of 43 years. Not all of these were equivalent. Some were much
longer and deeper than others, while some contractions lasted just 2-3 quarters. A
longer contraction was generally deeper too, and can proxy a bust, rather than just a
minor correction in real estate prices. There are two ways in which these contractions
can be analyzed to determine which of these constitute a bust: either, through the
price changes from the peak to the trough; or, through the length of the contractions.
The former has been done in Helbling and Terrones (2003), while the latter method
is adopted here. The analysis focuses only on those contractions that are equal to, or
longer than, the average length of contractions which was 6.6 quarters. This reduces
the number of cycles to be analyzed to 39 cycles (out of 93). Denmark has had the
most of these (with 6 contractions lasting 6 or more quarters), while every other
country has had at-least one such cycle.

Changes in median real GDP growth rates around the peak of the cycles are given
in Figure 4.1. GDP growth contracts substantially soon after housing prices peak,

with the trough being reached around 4 quarters after a real estate peak. Over the
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Figure 4.1 — Median GDP Growth Around Real Estate Peak

The graph represents median growth rate across 18 countries 8 quarters prior to and post the
peak of a long real estate recession. Housing price data are from the Bank for International Set-
tlements (BIS). Sources: National sources, BIS Residential Property Price database, http://
www.bis.org/statistics/pp.htm. GDP data are from the Organization of Economic Coopera-
tion and Development (OECD). OECD, “Main Economic Indicators - complete database,” Main
Economic Indicators (database), http://dx.doi.org/10.1787/data-00052-en (Accessed on
August 24, 2014). Copyright, 2014, OECD. Reprinted with permission.
entire length of the study the median quarterly growth rate of real GDP was 0.73,
while it reached —0.12 one year after housing prices peaked. This translates into a
3.44% annualized fall in median GDP growth rate: a number larger than the 2.95%
median annual growth rate experienced by these countries during the period analyzed
in the study.

Over the same period private sector lending experienced an even larger change.
The median growth rate of nominal private sector lending during the period was
2.15% quarter-on-quarter. The median growth rate rose above this number (2.15%)
leading to a real estate peak, and crashed substantially thereafter. Figure 4.2 plots
the changes in median growth rate of nominal private sector lending 8 quarters prior

to, and post a long real estate peak. Mean growth in private sector lending is above

the overall mean almost till the peak (not shown on this graph) while the median
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Figure 4.2 — Median Private Credit Growth Around Real Estate Peaks

The graph represents median private credit growth across 18 countries 8 quarters prior to
and post the peak of a long real estate recession. Housing price data are from the Bank for
International Settlements (BIS). Sources: National sources, BIS Residential Property Price
database, http://www.bis.org/statistics/pp.htm Private sector credit growth data from
the Bank for International Settlements (BIS) and the Reserve Bank of New Zealand. Sources:
National sources, BIS Private Credit database, http://www.bis.org/statistics/credtopriv
.htm and RBNZ.
growth rate starts falling below the overall median about 3 quarters before a real
estate peak. Median nominal quarterly growth rate of private credit does not fall
below zero, but it does go down to 0.5% about 6 quarters after a real estate peak.
The lower quartile of median nominal quarterly growth rate of private credit does
go down to —0.26% about 6 quarters post the real estate peak, thus suggesting that
in a worse-than-average contraction, nominal credit may actually shrink. On the
annualized scale, the fall from the overall median growth rate of private credit is even
larger than one observed with real GDP at 6.76%.
Taking into account the rate of inflation it would mean an even larger fall in real
credit growth. A fall in credit growth will have long term consequences on goods

and labor markets, and the empirical evidence above suggests that a sustained fall in

real estate prices does have a major impact on the state of the economy. But until
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recently real estate prices were not considered seriously enough. Inflation rate was,
and continues to be, the most preferred metric to analyze the health of the economy.
The question is whether that approach is right? In particular, can inflation predict
economic cycles that are led by real estate price movements. This, and some other

aspects of bank regulation, are considered in the next section.

Structure of Regulatory Policy

Inflation Targeting

Most major economies across the world today practice some form of explicit or
implied inflation targeting. While many central banks did this unofficially for a long
time, New Zealand was the first country to officially adopt an inflation target in 1989
that came into force in 1990. While the Fed, the European Central Bank (ECB) and
the Swiss National Bank do not have official inflation targets, they do follow regimes
which have similar features. This has been a result of a long debate starting in the
1940s about the role and conduct of monetary policy. The consensus that emerged
involved the central bank looking at one policy, that of inflation control, and use of a
single tool, the policy rate, to influence that measure. The policy has on average been
a very successful one. There are multiple studies that show countries following some
form of inflation targeting have had better economic outcomes compared to those that
did not (see Walsh (2009), Svensson (2011), and Thornton (2012)). Other methods of
price level targeting have been used. For a survey on an alternative type of price level
targeting see Ambler (2009). Inflation targeting has been so popular that no country
has voluntarily moved away from inflation targeting after adopting it, while many
have joined or are seriously considering doing so. Some European countries, most

notably Spain, did abandon inflation targeting after joining the European Monetary
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Union, but that was because the European Central Bank does not have an explicit
inflation targeting policy.

Inflation targeting as a tool seems to work well in normal times, but if there has
been any shortcoming it has been an inflation targeting regime’s inability to ensure
financial stability (Roger (2010)). While inflation targeting has helped keep inflation
under control, it has not been able to maintain financial stability. This was clearly
in evidence in 2008 across the world, and in other countries prior to that. Whether
this was a result of inability, or unwillingness, on part of the central banks is an open
question. Given the dominance of the Fed, and the clout of one of its longest serving
chairmen Alan Greenspan’s views on bubbles, it may have been a bit of both.

Monetary policy, based on inflation targeting, seemed so successful in the late
1990s and early 2000s that many started believing in its infallibility. The experience
of the world economy in general, and the American economy in particular, was one of
rapid growth, low unemployment, low inflation, and more importantly lower volatility
in all these variables. Economists called it the great moderation. The confidence that
this built in professional as well as academic economists about monetary policy’s
efficacy in dealing with business cycles was remarkable. This was ironically captured

in a famous remark by Robert Lucas (Lucas (2003)) who argued that

... central problem of depression prevention has been solved, for all prac-

tical purposes, and has in fact been solved for many decades.

As late as 2007, when the US economy was already in a recession an analysis from the
Federal Reserve Bank of Chicago (Mojon (2007)) argued that US monetary policy
had succeeded in reducing fluctuations in US output, and in decoupling household
investment from business cycles.

Though this was the dominant discourse there were some who questioned this
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complacence. One of the most prominent critics of this view was Richard Koo (Koo
(2003) and Koo (2008)), who used the Japanese experience to point out that one
needed to look beyond inflation rates. He opined that regulators needed to pay
special attention to real estate prices, and argued that the collapse in the real estate
sector was the main driver of Japanese economic troubles that began in early 1990s.
Japan’s experience post its asset bubble burst in 1990 has been anything but a great
moderation. What started as a recession has prolonged into lost decades of the
Japanese economy. In real terms Japan’s GDP grew at 1.433% quarter-on-quarter
in the 24 years prior to the collapse of the Japanese asset bubble, and at 0.247%
quarter-on-quarter in the 24 years post the crash. This meant that if Japan had
grown at the same rate post the asset bubble burst as it did prior to it, its economy
today would be more than three times larger than what it actually is. The obvious
question then is the following: why did the Japanese economy not recover from the
crisis even when all conventional tools were utilized? The Bank of Japan gradually
reduced interest rates to 0%, and the government went from a budget surplus to a
massive budget deficit, but none of this could take Japan out of the slow growth -
deflation period. Conventional policy tools have all been exhausted in Japan to no
perceptible effect on the economy. More recently, the Bank of Japan did something
unthinkable in January 2016. They reduced the policy rate to —0.10% in an effort
to break the deflationary cycle in the country. Koo claimed that the fact that asset
prices fell so much meant that Japanese firms and households were more interested in
repairing their balance sheets than in profits, and as a result of this change in behavior
what started off as a regular recession turned into something much bigger. He called
this a ‘balance sheet recession.” Koo’s argument has been that this is possible in
every economy where there is a major asset price correction, particularly one that

deals with real estate and hence policy makers have to be more careful when dealing
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with real estate bubbles. Opponents of the view argued that Japan’s case was unique
(with regards to its demographics and economic structure) and that such a scenario
was unlikely in other major economies, particularly so in the United States. The
great recession laid rest to any such complacence.

One common thread between the Japanese lost decades and the sub-prime mort-
gage crisis was the rapid and massive fall in asset prices, particularly real estate. The
prolonged nature of these crisis suggests that there was something unique about a fall
in real estate prices. The argument also finds support in data from other economies.
What is also instructive is the fact that the conventional monetary policy tool to
measure the health of the economy, the inflation rate, was well under control before
the real estate prices peaked and started collapsing. The conventional measure of
health of the economy didn’t indicate any problems, when trouble was brewing all
along (see Figure 4.3). Appendix C shows details of quarterly inflation rates for the 18
countries in our sample from 1971 to 2014 (except Ireland, whose data is from 1976
to 2014). When comparing the median quarterly inflation rate during the overall
period, and eight quarters preceding a real estate peak, there is no statistically sig-
nificant difference (at 99% confidence) between the inflation rates in the overall time
frame (Mean 1.0892, SD 0.3124), and that just before a long real estate cycle peaked
(Mean 1.0202, SD 0.6564). If there is no statistically significant difference between
the inflation rates before a real estate peak and its normal level, policy makers and
market participants are likely to think that everything is fine, and that the economy
is running normally. This also suggests that we need to look beyond inflation rate as
the only metric of economic health.

Rising asset values can make market participants (including regulators) compla-
cent, particularly when inflation is in the comfort zone. This in turn pushes house-

holds, firms and banks to move to higher leverage, which can then make any cleanup
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Figure 4.3 — Median Inflation Rates Around Real Estate Peaks

The graph represents median inflation rate across 18 countries 8 quarters prior to and post the
peak of a long real estate recession. Housing price data are from the Bank for International
Settlements (BIS). Sources: National sources, BIS Residential Property Price database, http://
www.bis.org/statistics/pp.htm Inflation data is from the OECD.
after a crash very expensive. Financial stability will come under major stress if a large
part of the economy deleverages simultaneously, which is very likely, if not inevitable,
with a major asset price correction. This is an aspect that cannot be addressed by
inflation targeting.

When looking at real estate cycles there are two major actors in the field: mortgage
lenders and borrowers. The reason for only looking at real estate cycles for now boils
down to this: real estate purchases tend to be funded by credit, and hence problems
in the real estate sector turn lead to problems in the banking and financial sectors,
while other assets tend to be cash purchases, and hence the impact on the economy
is not as large. Both have garnered more than ample attention post 2008.

In most countries banks tend to be the biggest mortgage lenders, so looking at

their regulatory structures becomes important. There are two points to consider here:

one, to look at the individual health of the financial institution which corresponds to
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the classical bank regulation debate, and one that the BIS recommendations focus on;
and two, look at their role in providing financial stability. Their inter-connectivity is
a major factor contributing towards financial stability, and it brings us to the domain
of macroprudential policy. Macroprudential combines two words: macroeconomy,
and prudential which means with foresight. A history of the origins and evolution
of the term ‘macroprudential’ is presented in Clement (2010). A wider literature
survey is available in Galati and Moessner (2013). While there are no internationally
agreed frameworks yet on macroprudential regulation, most major economies are
experimenting with some form of this framework.

The second pillar, the borrowers, also need to be dealt with. There is a need to
look at the borrowers’” ability to actually purchase a property, and their own stake in
the investment. Two parameters come in focus here: the loan-to-value (LTV) ratio,
and the debt-to-income (DTI) ratio. The loan-to-value (LTV) ratio determines what
part of any real estate purchase can be financed by a financial intermediary. The
debt-to-income (DTT) ratio determines a borrower’s ability to pay off the debt. To
illustrate how far both lenders and borrowers had gone during the sub-prime crisis
look at the so called NINJA loans (NINJA stands for No Income, No Jobs or Assets).
People ended up getting mortgages without putting a single penny down, without any
asset (except the house itself) as collateral, and with no prospect of actually paying
off the debt. On the other hand most Asian banks, outside Japan, require at least
20% down from the borrower, and the monthly mortgage payment is usually capped
at 40% of the borrowers’ monthly gross income. Income requirements are higher if
there is some other existing debt. This makes the borrower more responsible for the
mortgage with his skin in the game, and avoids over-stretching the borrower. This

may be a template for the future.
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Changes to Bank Regulation: The Basel Framework

It was just shown that inflation as the sole metric of measuring the health of the
economy has not been very useful in foretelling a crisis in real estate, or a real estate
induced banking or financial crisis, over the last four decades, or virtually the whole
period where inflation targeting has acquired the central position in monetary policy
framework across economies. Most earlier downturns in real estate cycles, including
major ones that caused banking crisis and major downturns in economic activity,
were primarily limited to a single country (as in Japan in 1990), or a single region
(as in Scandinavia in the late 1980s and early 1990s). The sub-prime mortgage crisis
that began in the US in 2006-07 was different in the sense that it spread further than
any earlier crisis in the sample.

Partly in response to the problems caused by collapsing banks and financial in-
stitutions post the sub-prime mortgage crisis the Basel committee in its latest set of
recommendations has tried to address two important issues: making banks more re-
sponsible for their actions by increasing capital requirements; and, indirectly looking
at the inter-linkages by putting more attention on systemically important financial
institutions. There have been arguments that Basel II may have been partly responsi-
ble for the extent of the crisis of 2008. The prime channel was the way risk weighted
assets were defined in the capital adequacy requirements. For example, debt to a
company like IBM, was considered to be riskier than that to any bank or financial
institution (see Bair (2014)). Thus transactions between banks, by definition, were
considered less risky than virtually any other transaction involving any other type of
firm, even when it was known that banks may all be hit by a common shock. Some
of these provisions, that were under the scanner, have been modified in Basel III

recommendations that are coming into force across countries. The full set of recom-
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mendations is likely to be in force by 2019. Table 4.2 compares some of the major
changes between Basel II and Basel III.

The two biggest changes from Basel II to Basel III have been an increase in the
amount of capital banks would be required to hold, and in the amount of leverage
they can take on. In terms of capital requirements, there has been an increase in not
only the amount of capital that banks would hold, but also in the composition of that
base. Thus, core equity requirement in Basel III has been raised to a level higher
than total Tier I capital requirement in Basel II. Similarly there have been changes
in the risk weights assigned to various types of assets, and a counter-cyclical capital
buffer has been introduced. Banks would thus be required to hold more capital in an
economic downturn, making them more likely to survive the crisis. The quantum of
leverage that banks can undertake has also been defined, and a leverage ratio of 3%,
implying a leverage of 33, has been introduced. The US Fed has used the leverage
ratio earlier than Basel III recommendations, but it failed to prevent the collapse of
Lehman Brothers whose leverage peaked at a value above 40 in 2007 for one simple
reason: Lehman was regulated by the Securities and Exchange Commission (SEC),
and the SEC did not have any such requirement. This also hints that there is a need
for more coordinated action, and more synchronized regulatory tools, between various
regulators. Further, in a nod to the role of interconnectedness of the financial system,
measures have been proposed to tackle financial institutions that are too big to fail.
Systemically important financial institutions (SIFI) would be required to hold more
capital than other financial institutions.

Basel III recommendations can be said to be a response to the increased use of
securitization, both within and outside financial institutions, and that of growing
inter-dependence of financial institutions across national boundaries. It addresses the

problem of bank solvency, and how to deal with it, but does not address the problem of
99



large asset price fluctuations and whether policy makers should do something about it.
This is quite natural since Basel recommendations are not looking at aspects beyond
the narrower domain of bank regulation. The bigger question is can we do anything to
prevent banks and financial institutions from getting into trouble, rather than looking
at ways to get them out of it once the crisis has hit? Basel III recommendations will
help banks be better prepared to deal with a crisis, but can we do anything to prevent

the crisis from happening in the first place?

Macroprudential Policy

One underlying principle of modern economics has been the belief that financial
markets are efficient in a pricing sense: that is, prices are a true reflection of all
available information, and that the joint hypothesis problem that markets are efficient
cannot be disproved. An implication of this belief is that we cannot have asset price
bubbles, and if we do have these bubbles we cannot recognize them in time to do
something about it. In other words, we cannot recognize a bubble till after it has
burst. A concern for central banks leaning against a bubble has been that while there
may be problems in one asset market, the policy rate is too blunt a tool to act against
one specific sector. For example, if housing prices are rising rapidly, and the central
bank increases interest rate to counter it, the rise in interest rate will also influence
other investments where there may not be a bubble. We therefore need something
more granular to counter problems in specific sectors of the economy. As a result of
this consensus, central banks across the world were hesitant to explicitly target any
asset price increase till it was too late.

The recent crisis has shown that the cost of clean up is way too high to ignore
asset price bubbles, particularly those fueled by an expansion in credit. Blanchard,

Dell’Ariccia, and Mauro (2014) have captured this in a very simple framework. They
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PARAMETER

BASEL I1

BAseL IIT

Quality of Capital

Tier II capital could be 100%
of Tier I capital. Common eq-
uity is 50% of Tier I capital.

Tier I capital to be the domi-
nant part of capital of banks.
Tier II capital can only be
25% of core capital require-
ments. Common equity also
rises to more than 50% of to-
tal capital requirement (4.5%
of Risk Weighted Assets).

Quantity of Capital

Total capital requirement is
8% of Risk Weighted Assets.

Total capital requirement
raised to 13% of Risk
Weighted Assets, with ad-
ditional  supplements
important  fi-
nancial The
5% increase consists of 2.5%
as counter-cyclical capital
buffer and 2.5% as capital
conservation buffer.

for
systemically
institutions.

Leverage

No explicit leverage ratio.

Leverage ratio set at 3%, im-
plying a leverage of slightly
more than 33 for both on- and
off-balance sheet assets.

Short Term Liquidity
Coverage

No explicit regulation.

Introduction  of  liquidity
coverage ratio that requires
banks to hold enough high
quality liquid assets that
cover for liquidity outflows
over a 30 day period of stress.

Long Term Funding

No explicit regulation.

Introduction of a Net Stable
Funding Ratio (NSFR) that
requires firms to maintain sta-
ble long term funding that is
firm specific.

Counter-party Risk Ex-
posure

No provision.

A counter-party risk buffer
has been introduced. Meth-
ods to determine risks modi-
fied.

Table 4.2 — Basel II to Basel III Changes
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argue that the choice between pricking a bubble, and not pricking it is like a trade-off
between Type I and Type II errors. While it is difficult to decipher in real time
whether a particular phase of increase in asset prices is a bubble or not, the argument
seems to be veering towards central bankers acting against these increases without
worrying about the nature of its increase. That would mean opting for higher Type I
error, that is acting against an asset price increase even when it is not a bubble, than
higher Type II error, that is not acting against an asset price increase assuming it is
not a bubble. This change in attitude has been primarily driven by the rising cost of
cleaning up after a bubble has burst.

One big component of this change in attitude has been the increasing focus on
macroprudential regulation. The term literally means interaction between prudential
policy (that is, policy that acts with foresight) and the macroeconomy (Haldane
(2014)). While regulation thus far, including that in banking, dealt with regulation
of individual firms and institutions there is a need to look at the feedback loops, and
the interaction between various firms. These feedback loops make most conventional
tools on a firm level less relevant during a crisis (Borio, Drehmann, and Tsatsaronis
(2012)), and give a wrong sense of calmness. Towards this, there is a need to search
for the appropriate set of instruments that can act as the go-to tool, like inflation rate
does for monetary policy. But the definition of instruments requires specifying the
objective of these tools: are we trying to protect the financial system from changes
in the real economy, or vice-versa (Haldane (2014)).

Some of the choice we have for these instruments are price based measures (as
in taxing certain types of transactions) or quantity based measures (as in reducing
loan-to-value and debt-to-income ratios). Both have been tried by various countries,
but it is too early to judge either for their efficacy. For example, Singapore imposed

an additional buyer’s stamp duty (ABSD) on purchase of residential real estate in
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late 2011 at the rate of 10% for foreigners and 3% for permanent residents who are
not citizens. In early 2013 it was raised to 15% for foreigners, 10% for permanent res-
idents, and a new 5% ABSD was introduced for citizens. The Singaporean residential
real estate market which rose more than 50% in the 5 years prior to the higher ABSD
imposed in January 2013, has fallen in every quarter since then. What can be said
with more certainty though is that some of these measures can act as early warning
systems (see Borio and Lowe (2002) and Borio and Drehmann (2009)). They are
also better suited to act in a more precise manner and target one particular sector or
area, unlike monetary policy which is a blunter tool. For example, China restricted
home ownership in Beijing and Shanghai in 2013 (see Barboza (2013)). They also in-
creased capital gains tax, reduced loan disbursements, and imposed additional duties
to discourage speculative purchase of real estate. These regulations did not apply to
other cities in the country, thus making them very region specific. South Korea has
actually gone ahead to do so for certain regions within Seoul (see Kim (2014)), thus
indicating how precisely the tools can be applied.

Both price and quantity based measures mentioned above deal with the real estate
market. The question that naturally arises is why should real estate prices play such
an important role in the process? One answer to this would be that both property
cycles and financial cycles are of a much lower frequency than traditional business
cycles (and consequently equity cycles), and the peak of the property and the financial
cycles tend to coincide with systemic banking crises, or serious strains, in the banking
sector(see Figure 6.1 in Borio (2014)). It has also been shown that positive deviations
from the long term mean of ratio of private credit to GDP, and property prices, if
both happen simultaneously, usually indicate financial imbalances. Thus, any such
comovement of these variables can act as an early warning indicator for policy makers.

The growing acceptance of this hypothesis can be seen from the string of measures
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adopted by policymakers across the world over the last few years to cool down the real
estate market. Table 4.3 lists some of these measures. Countries with names in small
capital letters in the table are a part of the earlier sample of countries analyzed in
the dissertation. Nearly all of these measures are attempting to cool down real estate
markets to some degree, and help prevent a repeat of 2007-09. While the measures
being adopted across the world are very similar, as it should be given the fact that the
fundamental economic problem is the same, the nature of mortgages and mortgage
markets across the world are anything but similar. These issues are addressed in the

next section.

International Mortgage Markets

Mortgage markets have grown quite dramatically over the last few decades. The
growth has been particularly rapid in the US and the UK in terms of the type of
financing available, and the type of institutions that supply these funds. Markets
in rest of the rich world have also become large, but are still dominated by bank fi-
nancing, which in turn is sourced from consumer deposits or bond sales(International
Monetary Fund (2011a)). Markets in Asia (outside Japan), Latin America and Africa
are still in their relative infancy, with higher borrowing costs, lower maturities, and
lower market depth (see for example, Kobayashi (2013) for a brief survey of Asian
markets; Cubeddu, Tovar, and Tsounta (2012) for Latin American markets; and the
Housing Finance Information Network for African market). Table 4.4 gives a brief
comparison of mortgage market characteristics for our sample of countries. It shows
that the use of deposits to fund mortgages is widespread. Germany, the Scandinavian
countries and Spain rely primarily on bonds to fund these mortgages, while the use
of mortgage backed securities or other derivatives has become the primary source of

funding in the US residential mortgage market. Ireland and the United Kingdom get
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just over half of all their mortgages funded through deposits: the other funds coming
through derivatives or bonds. The tenure of mortgages is 20 years or longer in all
cases, except France, where the mortgages may be of a shorter maturity. Mortgage
debt-to-GDP ratios tend to be higher in English speaking countries and in Scandi-
navia, perhaps indicating a higher encouragement to home ownership. Going forward
these maturer markets may provide lessons to developing economies on how to house
millions who are leaving their ancestral homes in search for greener pastures. Of par-
ticular interest is the way the two largest mortgage markets, the United States and
Japan, have evolved over the last few decades. The two countries also happen to be
the ones hit most strongly by real estate led banking and economic crisis. There are
some fundamental differences in the structure of the two mortgages markets (sum-
marized in Table 4.5), but over the last few years there has been convergence with

regards to the way they function, particularly in the secondary market.

Mortgages in the United States

Home ownership has always been a part of the American dream. For a long time
the volume of mortgage debt has grown faster than output. In 1949, mortgage debt
was about 20% of US GDP, a number that rose to 50% in the 1980s, and peaked at
just above 86% in 2008 (Green and Wachter (2005), Isgro and Johnson (2014)). In
the same period mortgage debt as a percentage of disposable income rose from less
than 20% in 1949, to just above 100% in 2007, before falling (Mishel, Bivens, Gould,
and Shierholz (2012)). Along with the volume of debt the regulatory framework and
source of funding has also changed dramatically.

The US mortgage market was small prior to the Great Depression. Mortgages
were short term, and needed frequent refinancing. The debt was non-amortizing and

required a large bullet payment on maturity. But that did not prevent a housing boom
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in the roaring twenties. In 1925 more than 900 thousand new houses were built, but
soon after the market dovetailed, and that volume of new housing construction was
not achieved in the US till the end of the Second World War. But this housing boom
happened despite the frictions in the mortgage market. The situation worsened post
the Great Depression. Mortgage loans which were hard to come by became even
more scarce as housing prices fell more than 50%. As a part of the New Deal, the
Roosevelt administration established the Home Owner’s Loan Corporation (HOLC)
in 1933 which brought the US government in the market for the largest purchase most
households ever make. The idea behind establishing the corporation was to prevent
mortgage loans that were in default to go in foreclosure, which could cause more
distress in an already fragile market. It did so by purchasing loans in default and
changed them to a fixed rate 15 year fully amortizing loans. The rate of interest was
5% to begin with, and was later lowered. The HOLC would finance 80% of the value
of the house, with the borrower paying the rest. These loan purchases were financed
by issuing bonds, which had the full credit of the United States government behind
it. This role of providing liquidity in the secondary mortgage market by government
linked institutions continues to this day. The HOLC refinanced more than a million
mortgages, a vast majority of which were paid off before maturity. Once out of the
depths of depression the HOLC stopped any new refinancing and finally wound down
operations in 1951. At the time of its closure the HOLC generated a small profit for
the US government.

In the meanwhile the Federal Housing Administration (FHA) was established in
1936 under the National Housing Act. FHA’s role was to insure home mortgages,
whereby it insured up to 80% of the appraised value of the house. The other 20%
had to be insured by private insurers. Like the HOLC, the FHA generated funds

through issue of bonds. The FHA was performing its assigned role but the success of
108



HOLC didn’t go unnoticed. To bank on this success the Federal National Mortgage
Association (Fannie Mae) was established in 1938. Fannie bought mortgages from
banks, thus freeing up their capital to generate new loans, and then sold off those
loans to private investors. This activity generated the much needed liquidity in the
market for mortgages. For the next two decades Fannie Mae had a monopoly over
the secondary mortgage market. Post the Second World War they even purchased
mortgages insured by the veteran affairs loan guarantee program.

The next major change in the US mortgage market came in 1956 when the loan-
to-value ratio was raised from 80% to 95% for new construction, and 90% for existing
homes. Home ownership rates rose rapidly through the period reaching more than
60% in 1960s. Fannie’s and the FHA’s role in this transformation cannot be under-
stated.

In 1968 Fannie Mae was privatized, thus becoming the first government spon-
sored enterprise (GSE). Given the sensitivity of Fannie’s veteran affairs loans and
other government lending programs, the company was split into two, with the gov-
ernment related loan portfolio becoming a part of the Government National Mortgage
Association (Ginnie Mae), and the other assets remaining with the new Fannie Mae.
Two years later, in 1970, Fannie was again split when the savings and loan mortgages
were hived off into a new company, the Federal Home Loan Mortgage Corporation
(Freddie Mac).

1970 is also important for a different reason. It was when Ginnie Mae issued the
first mortgage backed security (MBS). The issuance of a residential mortgage backed
security (RMBS) changed the way the American mortgage markets functioned. Gin-
nie Mae insured that investors who purchased these mortgage backed securities would
receive the mortgage payments as a “pass through” amount every month. This was

a first step in a series of innovations that were designed to increase home ownership
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in the country. Some of these included buy-downs, graduated payment mortgages,
negative amortization loans, and collateralized mortgage obligations. With a negative
amortization loan, the borrower paid a part of the interest payment, and the remain-
ing interest was added to the principal. Thus the principal of the loan increased: the
borrower was not paying down but paying up the loan! The introduction of pass-
through securities improved liquidity in the mortgage markets, and the housing price
index kept rising. The securities were also sold off to foreign investors who were more
than happy to buy into the US housing market.

1970s was also a period of rapid inflation across the world. With the collapse of
the Bretton Woods system and the two oil shocks, inflation was rollicking in the US
and elsewhere. To counter this inflation, the Volcker Fed increased the federal funds
rate to 20% in 1981. That interest rate hike did manage to bring inflation under
control, but in the process it made life difficult for savings and loans (S & L) whose
cost of funds went up without increasing their returns on investment. S & L had
historically held deposits, and used these to make mortgages. As a group they were
the largest mortgage originator in the country at the time. The increase in the federal
funds rate introduced a wedge between the return on their investments and the cost
of funds, pushing many of them over the line. The resulting S & L crisis cost the
American taxpayers more than $500 billion! It also illustrated the problem in funding
fixed rate mortgages using deposits as the source of funds.

Given the trouble the savings and loans associations were in, the government
allowed them to expand their business to other activities. At the same time the gov-
ernment also allowed other financial institutions to enter the mortgage market. This
increased the type of institutions that were into mortgage origination and lending,
and also increased the type and complexity of instruments used to fund the mort-

gages. Securitization increased, as did the number of layers between the eventual
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borrowers and lenders. The incentive system also went through rapid changes, and
more information asymmetry was introduced into the system. Mortgage originators
lost the incentive to do due diligence of the borrowers since they rarely held those
mortgages on their book, and investors who bought the securities hardly knew which
mortgages were a part of the pool they were buying into. The investors did know the
general characteristics of the mortgages in the pool, but they had no way of knowing
which individual mortgages were a part of the pool, and what was the credit worthi-
ness of a specific borrower. What market participants hoped was that the gains from
securitization would be more than sufficient to offset potential losses from increased
asymmetry.

Post 9/11 a renewed push to increase home ownership accompanied by histori-
cally low interest rates meant that mortgage originators were essentially searching
for borrowers from the bottom of the credit pool to generate new mortgages. The
percentage of people whose score is below what is classified as prime (a FICO (Fair
Isaac Corporation) score of 640 or higher) has historically been more than 30% of
the total population. Home ownership had tapered off in the high 60% range in
the 1960s, and any push towards more home ownership meant you had to go into
the sub-prime part of the market. Many of these borrowers were not in a position
to meet the traditional requirements for a mortgage, and had to be brought in using
some other lending standards. This included a loan-to-value ratio of 100%, no income
verification, adjustable rate mortgages with options, and other innovations. The fact
that many of these loans did not stay on the books of the originators meant there
was a rush to issue the mortgage as soon as possible, and then sell it off to investors
across the world. The share of GSEs in the mortgage market kept falling through this
period. At the peak of the sub-prime bubble the share of GSEs in the mortgage mar-

ket fell to less than a third. After the bubble burst in 2007 many of these mortgage
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originators rapidly went out of business. This included Countrywide, the then largest
private mortgage lender in the country, which was bought over by Bank of America
in a $4 billion all-stock deal. With many private lenders and originators shutting
their doors the share of GSEs in the mortgage market again went up, and by 2008
they accounted for more than 75% of all American mortgages. The problem with this
growth in the share of GSEs was that it was not backed by a proportionate increase
in capital of these companies, and they had to be brought under direct government
control in September 2008.

Government conservatorship of Fannie and Freddie came with a string of measures
to counter future problems. Many bills were introduced in the US Congress post the
crisis to deal with the issues raised during the crisis. Of particular focus was increasing
the accountability of Fannie and Freddie, reducing the cost to the government, and
changing the charter of the GSEs if, and when, they leave government conservatorship
(Weiss (2013)). The Covered Bond Act of 2011 was introduced to encourage the issue
of covered bonds in the US.

Two other important legislations have also tried to change the functioning of the
US mortgage markets. The Bowles-Simpson act has proposed reducing tax deduction
for mortgage interest paid on principal and on second mortgages. The idea is to reduce
the demand for mortgages and home ownership, as well as reduce the price and overall
size of housing units. The Dodd-Frank Act in its section on the Consumer Finance
Protection Board (CFPB) directs implementation of financial regulation to implement
“qualified mortgages” which would affect risk retention, underwriting, pooling, and
selling mortgages as a part of an MBS. This is to protect both the customers, who may
be gulled into signing something they cannot afford; and financial institutions who
may underestimate risk. The CFPB is also developing procedures to review mort-

gages servicing process and establish standard rules for record keeping and the process
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to change interest rates. Further, the Federal Housing Finance Agency (FHFA), the
Fed and the Federal Deposit Insurance Corporation (FDIC) have proposed regula-
tions affecting capital that insured depositories must hold against mortgages. These
measures are all aimed at reducing the likelihood of the sub-prime mortgage crisis
repeating itself in the future.

To summarize, we can say that while American regulators have been successful
in increasing the rates of home ownership in the US to one of the highest levels in
the world, the journey has not been without incidents. The transparency, and the
liquidity, on offer in the US mortgage market is admirable. But, in the push towards
higher ownership the government may have put undue strain on the economy. Home
ownership rates were above 60% in the late 1950s, and is currently about 65%. Over
the last fifty years it has fluctuated around the 64-65% mark, with the only major de-
viation occurring when the sub-prime market boomed in the late 1990s. We all know
what happened once that market crashed. Maybe this is an indication that pushing
for higher home ownership rates may not be justified. If the concern is to house the
poor, and the vulnerable, the policy makers may take a leaf out of what some other
governments have done across the world: provide low cost housing in high density
areas. For example, home ownership rates in Singapore in the resident population
is over 90%, but more than 80% of the resident population lives in government sub-
sidized high rise complexes with the average size of about 1000 square feet. Co-ops
in the US do something similar, and maybe they are a better way to support the
needy. Further, it is evident that deposits cannot be used to fund fixed rate mort-
gages, so a major secondary market for mortgages is required. The question then is
what instrument to use to fund these mortgages in the secondary market. Mortgage
backed securities are the preferred choice in the US, but as we have just seen they

may lead to massive moral hazard problems. An alternative is to use covered bonds
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which provide long term fixed rate funding like mortgage backed securities, but do so

with a smaller problem of moral hazard. This is discussed later in the chapter.

Mortgages in Japan

The Second World War left Japan devastated. By some estimates Japan lost more
than 40% of its fixed capital stock in American bombing (Ferguson (2009)). Post War
Japan spent substantial resources to rebuild its capital stock. Towards this effect
the government established the Government Housing Loan Corporation (GHLC) in
1950 with the stated goal of providing stable housing finance and improving the
stock of the Japanese housing. This was done through low-fixed-rate mortgages and
preferential treatment for mortgages on housing stock that was energy efficient, or
was handicap/elderly friendly. It financed about a third of housing stock constructed
between its establishment in 1950, and its reorganization to the Japanese Housing
Finance Agency (JHF) in 2007. GHLC's role in terms of providing stable long term
funding for mortgages was similar to that of the FHA and Fannie, but the structure
was different. Unlike FHA and Fannie, the GHLC was involved in loan origination,
and at one point of time was the largest mortgage lender in the world. The GHLC
received funds from the Japanese treasury, which in turn were funded through postal
savings schemes, and the Government of Japan, and used them to offer fixed rate
mortgages. The GHLC imposed no pre-payment penalties, though they did pay
these penalties to the treasury in case of pre-payment. These penalties were in turn
subsidized by the Japanese government. Private lenders were unable to compete with
this arrangement, given that they funded their mortgages through short term deposits,
which by their very nature make provisioning for fixed rate mortgages difficult. This
also meant that Japanese mortgage market was clearly demarcated between GHLC

with its fixed rate mortgages, and private lenders with their adjustable rate mortgages
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(Kobayashi (2009)). The structure has remained similar post the reorganization of
the GHLC, with the only difference being that private lenders now also originate fixed
rate mortgages.

In 2007 the GHLC ceased to exist and its existing assets were transferred to the
Japan Housing Finance Agency (JHF). The transformation was much more than a
mere change in nomenclature. The JHF is much closer to Fannie and Freddie in
both purpose and structure. JHF does not originate home loans. Private lenders
now issue both fixed and adjustable rate mortgages, but sell the fixed rate mortgages
to the JHF while retaining the adjustable rate mortgages on their books. The JHF
only buys fixed rate mortgages from banks, with the underlying idea being that the
government supported agencies should only provide products that are not available
through the private sector. The private sector was happy providing adjustable rate
mortgages, and that continues to be the case today. The JHF on purchasing fixed
rate mortgages from private lenders securitizes them, and then sells them to investors
in the form of mortgage backed securities. It also provides mortgage insurance and
provides loans for urban development projects. As a part of its social obligations, it
also funds the construction of rental housing for the elderly, and housing for those
with small children. Thus, JHF has moved from providing loan origination services
of commercial banks or mortgage banks, to that of providing liquidity to the mort-
gage market through secondary market operations. This is very similar to the roles
performed by GSEs in the US. One difference between the institutions is that the
the residential mortgage backed securities issued by JHF have features that make
them similar to covered bonds. Assets included in the mortgage backed securities are
parked separately in a special purpose vehicle (like in all mortgage backed securities),
but they stay on the books of JHF. In case there is a problem (a trigger event), these

assets will not be available to JHF. Further, in case there are problems with the pool
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of assets itself the investors can go after other assets of JHF to recover their losses.
Thus, JHF has an incentive to monitor these loans very carefully. This reduces the
disconnect which exists between parties in the US mortgage market, where mortgage
backed securities are the main source of funds.

The similarity with the US mortgage market ends with the role and functioning
of the JHF. On virtually every other parameter Japanese mortgage market is very
different from that in the US, in both organization and functioning. The differences
are summarized in Table 4.5. Some of the most prominent differences in the two mar-
kets arise from the difference in the structure of the economy and the banking sector.
Unlike US mortgages, most Japanese mortgages tend to be adjustable rate mortgages
(ARM). This happens for two main reasons. Firstly, most Japanese mortgages are
funded by deposits which can be fickle, and banks try to minimize their exposure
to interest rate risks by offering adjustable rate mortgages. Secondly, Japanese con-
sumers today expect the low interest rate regime to continue, and thus are more likely
to seek adjustable rate mortgages which tend to have lower interest rates than fixed
rate mortgages (ARMs today have interest rates closer to 1%, while the fixed rate
mortgages are more than twice as expensive). While interest rates in Japan were on
the higher side in the 1970s and 1980s, they have tended to stay very low since the
early 1990s thus feeding back into the demand for adjustable rate mortgages.

According to the Japan Housing Finance Agency, about 80% of all Japanese mort-
gages are still funded through deposits, while in the US that number is less than 40%.
At the same time agency mortgage backed securities (residential mortgage backed se-
curities issued by Freddie and Fannie in the US, and JHF in Japan) constitute less
than 10% of Japanese mortgage funding, but close to 50% in the US. Residential
mortgage backed security (RMBS) market in Japan is still very small compared to

that in the US (the US market is more than 100 times larger). Annual issuance of
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PARAMETER UNITED STATES JAPAN

Mortgage Type Fixed Rate (Mainly) Adjustable Rate (Mainly)
Mortgage Term 30 years 35 years or longer

Funding Source Deposits and MBS Mainly Deposits

Mortgage Decision ~ Mainly Objective Largely Dependent on Loan Officer
Pricing & Valuation Transparent Largely Opaque

Credit Information  Easily Available Underdeveloped

Table 4.5 — Comparison of US and Japanese Mortgage Markets

residential mortgage backed securities in Japan is about ¥2 trillion, and almost all
of that is through JHF. Till about 2007, almost half of RMBS issued in Japan were
by the private sector, but private players have virtually disappeared from the market
since then. Further, Japanese RMBS tend to be similar to covered bonds like the
Pfandbriefe in Germany and other European countries (for a survey of the covered
bond market in Europe and elsewhere see Mastroeni (2005) and Avesani, Pascual,
and Ribakova (2007)) and the JHF continues to hold the mortgages it purchases on
its balance sheet. Similar to the sovereign guarantees that Fannie and Freddie enjoy,
the securities issued by JHF are guaranteed by the Government of Japan. Like other
Zaito agencies (a Zaito agency is a government agency that carries out public policies
by receiving loans, investments, and/or loan guarantees from the Fiscal Investment
and Loan Program of the Ministry of Finance, Government of Japan) it performs a
specified role in the economy, that of providing liquidity to the mortgage market, and
gets government guarantees in return for the services it provides.

A further difference between the two markets arises from the the way mortgages
originate, and the way they are repaid. While the US housing market is very trans-
parent, the same is not the case in Japan. Owing to the long periods of deflation,

limited availability of sales data, and the underdeveloped nature of credit reporting
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measures, Japanese mortgage originators are skeptical to issue mortgages with assets
as collateral. They look more at the income of the borrower, and the history of the
borrower before deciding on the loan application. The decision taken is largely de-
pendent on the loan officer, so introductions and connections become very important.
The loan repayment methodology is also very different. Unlike most other markets
where monthly installments of the loan are fixed, Japan tends to have a setup where
the borrower pays 10 or 11 relatively small payments every year, and one or two
large payments in June and/or December when most Japanese employees get their
annual or semi-annual bonuses. Further, unlike the US, and various other countries,
mortgages are recourse loans in Japan. If on foreclosure, or default, the value of the
property mortgaged is not enough to recover the loan, the lender can go after the
borrower’s other assets for the remaining amount. Even after these issues the rates
of default on Japanese mortgages remain very low.

The Japanese policymakers have been trying to move the country towards more
fixed rate mortgages, like in the US and most other developed markets. They believe
that the low interest rate regime cannot continue forever. But, long-term low-fixed-
rate financing requires a liquid secondary market of funds where investors are willing
to provide funding. It cannot happen within the current structure of the Japanese
mortgage markets. That was one of the reasons to reorganize GHLC as JHF, and
focus more on providing liquidity in the secondary market. The bigger problem
though is to move the consumers away from adjustable rate mortgages, which will be
very difficult in a low interest regime. What Japanese policy makers do to overcome

this problem would be interesting to watch.
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Mortgage Funding

Mortgage markets have grown leaps and bounds over the last 50 years. Home
ownership has gained traction across the world, but the source of funding and avail-
ability of mortgage products varies widely across countries. While many developing
countries have relatively underdeveloped mortgage markets, the richer countries tend
to have a wider spectrum of products available for customers to choose from. As is
evident from earlier discussion, the source of mortgage funding can vary widely, and
can influence the type of mortgages available in any market. The three most common
sources of funding are deposits, mortgage backed securities (MBS) and covered bonds
(CB). While deposits have some presence almost across the board, mortgage backed
securities are more common in the English speaking world (the US, and the UK in
particular), and covered bonds are more common in continental Europe. Markets
where deposits are the main source of funding tend to have predominantly adjustable
rate mortgages, while markets with MBS or covered bonds as the main source of
funding tend to have predominantly fixed rate mortgages.

Deposits tend to be short-term, and any mortgage funded by short term deposits
is exposed to interest rate risk. When interest rates rise banks cannot fund low-rate
long-term loans since the short term cost of borrowing rises. Thus, they have no
other option but to offer adjustable rate mortgages whose rate varies with changes in
the cost of funding. Not adjusting to this change can lead to massive problems, as
many savings and loan associations found out during the 1980s S & L crisis. In most
Asian markets, including Japan, deposits tend to be the biggest source of funding for
mortgages, and therefore, these markets tend to see mainly adjustable rate mortgages.
Some banks in these markets do provide fixed rate mortgages, but they tend to be

much more expensive than adjustable rate mortgages to counter the interest risk that
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banks are exposed to.

Covered bonds and mortgage backed securities allow long-term funding at lower
rates, but these sources are not available in every market. Then tend to be more
common in richer countries with deeper debt markets. The two operate in similar ways
in the sense that both are backed by mortgages, but the structure of the instruments
differ (Murphy (2009)). A mortgage backed security represents a pool of mortgages
which allows the owner a claim on the cash flow from the mortgage pool, but if
the pool does not perform there is no recourse for the owner. On the other hand a
covered bond is almost always overcollateralized, that is, the value of the bonds issued
against a pool of mortgages is lower than the value of the pool itself. With a covered
bond the issuer stands ready to cover losses if the pool does not perform, and bond
owners retain claims against loan originators. Unlike a mortgage backed security a
covered bond stays on the balance sheet of the issuer. Covered bond originators do
not sell their mortgages, and hence the servicing relationship with the mortgagee does
not change. In case of a MBS the servicing of mortgages will be contracted out to
a third party. Given this structure, covered bonds provide incentives to ensure that
originators perform due diligence before issuing mortgages, thus reducing asymmetric
information, while simultaneously getting the benefit of cheaper long term funding.
What is remarkable is that there has never been a covered bond default in the nearly
300 year history of these bonds. The same cannot be said about mortgage backed
securities which are not even 50 years old.

Most covered bonds in the market today are based on the German Pfandbriefe.
They also tend to be much more common in continental Europe than elsewhere. Given
the problems encountered in the aftermath of the sub-prime mortgage crisis there
have been suggestions that covered bonds may be a substitute for mortgage backed

securities. As stated earlier they are able to provide long term funding but with the
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added advantage of security owners having a recourse to recover investments in case
of problems. This encourages transparency and due diligence on the part of the loan
originator. One other difference between the two securities is that mortgage backed
securities tend to be static instruments. Once the mortgages are pooled in an special
purpose vehicle they do not change. This allows for mortgage backed securities to be
tranched, while covered bonds have a more dynamic pool of mortgages to maintain
their value, and as such are not open to tranching. For this reason MBS investors
usually have more information about mortgages in the pool than do investors in
covered bonds.

Post the sub-prime mortgage crisis covered bonds have garnered more interest.
There have been arguments that covered bonds may be a better source of funding
for mortgages than mortgage backed securities. But Carbé-Valverde, Rosen, and
Rodriguez-Fernandez (2011) have argued that it may not be the case. They argue
that covered bonds and mortgage-backed securities serve different purposes, with
covered bonds being used to increase liquidity in the market, while mortgage backed
securities tend to exploit some agency problems in the market, and that firms use it
more as a tool of risk management than liquidity provisioning. Their conclusion may
be a result of the sample they chose: banks in 6 countries that had a certain minimum
size, and issued either an MBS, or a CB, or both. They ignored the role played by
government sponsored enterprises, which happen to be some of the largest issuers
of MBS, and they looked at a relatively short period of time (2003-2007), which in
many ways was one of the best periods for most banks and financial institutions.
They however do indicate that banks which issued MBS during the period seeked out
more government bailouts than comparable institutions which issued covered bonds.
That is reason enough to seriously consider covered bonds as a tool to raise funds for

mortgages.
121



Summary

Over the last few pages we have seen that real estate markets are an important part
of economies across the world. People may have an emotional connect with a house,
but the bigger issue is that for most households it is the single largest purchase made
in their lifetime. Coupled with the fact that in most rich economies this purchase is
funded by loans brings banks and other financial institutions into the picture. Their
interaction plays a major role in financial stability of the economy, and hence keeping
a good eye on them will help in maintaining the overall well being of the economy.

Large fluctuations in real estate markets have almost always led to comparable
changes in financial markets, and real estate cycles tend to coincide with financial
cycles. An above average increase in real estate prices does not always lead to a
crisis, but when that increase in price is accompanied by an increase in private sector
credit that may be a lead indicator of a banking and/or financial crisis. It may be
instructive to construct an index that combines these variables to come up with an
indicative tool like the inflation rate, but that is work left for the future.

The nature of funding varies across markets, and the nature of funding plays a
role in determining the extent of, and the impact of, information asymmetry in the
market. Economies where deposits are the main source of funds for mortgages tend
to rely heavily on adjustable rate mortgages, while economies where covered bonds
or mortgage backed securities are more commonly used tend to rely more on fixed
rate mortgages. Fixed rate mortgages tend to be better for the end consumer with
the certainty that it provides, but that would require markets with adjustable rate
mortgages to look at alternate sources of funding. The nature of funding in itself
does not say anything about the likelihood of a real estate bubble, or a banking

or financial crisis. The US, which uses mortgage backed securities as the primary
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source of funding, and where mortgages are non-recourse loans, just went through
a massive economic crisis; as did Japan which uses deposits as the main source of
mortgage finance, and where mortgages happen to be recourse loans. Even markets
where covered bonds are used much more frequently are not immune from real estate
bubbles, but what has been different is that they have not faced a comparable banking
crisis when a real estate bubble burst. That would suggest further exploration of the
use of covered bonds to generate funds for mortgages.

One aspect of mortgage finance that was not touched in this chapter is the use
of real estate investment trusts. They were first introduced in the US in 1960, but
were not very common outside the country till about 10-15 years ago. Over the
last decade many countries, including Germany, Japan and the UK, have introduced
enabling legislation that allows the setting of these companies with the primary aim
of purchasing or constructing commercial real estate, and other income generating
property. They can increase liquidity in the commercial real estate market, and make
transactions more transparent. Whether they will have an impact similar to the

introduction of mortgage backed securities is an open question.
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CHAPTER 5

CONCLUSIONS AND FUTURE WORK

This dissertation examined the role of asset prices as a transmission mechanism.
Using a heterogeneous agent economy it showed that asset prices are a credible trans-
mission and amplification mechanism. Numerical simulations suggest that the effec-
tiveness of asset prices to act as a transmission mechanism rises with rising produc-
tivity. That would suggest richer countries are likely to suffer from consequences of
asset price crashes more severely than poorer countries. This may be a result of the
rising importance of banking as countries get richer. Asset price fluctuations influence
the health of the banking sector, and in turn influence overall economic activity.

On the empirical side the dissertation examined the role of housing prices in the
economy. It illustrated that when there is a large increase in housing prices, that is
also accompanied by an increase in private sector credit, the peak of the housing crisis
is usually accompanied by the start of a banking crisis. Inflation rates do not show any
measurable changes around housing peaks, and hence cannot act as an early warning
system in case of crisis that are led by exuberance in the real estate sector. While
there was a long time consensus that central bankers should not intervene in asset

price bubbles, that consensus seems to be breaking down. As of this writing there
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is a very active debate on whether central banks should lean against an asset price
bubble (see, for example, Agur and Demertzis (2013), Hellwig (2014), Smets (2014),
and Svensson (2014)). Some prominent central bankers have argued about at least
considering the impact that massive asset price increases can have on the economy.
The biggest driver for this change has been the rising cost of cleanup after an asset
price bubble has burst. As Blanchard et al. (2014) suggests: we may be better off
pricking some asset price expansions even when they are supported by fundamentals,
than cleaning up after a bubble has burst. There has been an increase in the use of
macroprudential tools. The Bank of International Settlements has been advocating
a counter-cyclical banking regulation framework with special emphasis on counter-
cyclical buffers and higher capital requirements for systemically important financial
institutions. Stress tests of banks have become regular features across major markets.

An important aspect not addressed in the theoretical part of the dissertation is
the role of financial intermediaries. Most transactions between borrowers and lenders
involve a financial intermediary, so a richer model of their interaction must bring
intermediaries into picture. The model presented here does not have one, and the
transactions are direct. Introducing an intermediary would lead to a richer system
dynamics, and more importantly would allow the study of the impact of different
types of shocks. Of particular interest would be to study the impact of changes in the
availability of credit, changes in the value of assets and collateral, and the arguments
they provide in the bank regulation debate.

A place to start such a study would be Holmstrom and Tirole (1997). They extend
the standard Diamond model of banking to examine both the asset and liability side
of banking by making the intermediary credit constrained. They show that in case of
a credit crunch the intermediary would increase the interest rate spread and squeeze

out firms with lower net worth. The same thing would happen with falling savings
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rate or falling net worth of firms. In the model, monitoring can partly substitute for
collateral. The paper shows that smaller firms, and highly leveraged firms, who are
more dependent on bank financing, also submit to stricter monitoring, and are the
first ones to be excluded from credit markets in case of any crisis. In some ways the
work endogenizes the agency cost story in Bernanke and Gertler (1989) by arguing
that as agency costs change over a business cycle, firms with the highest agency costs
tend to be the first to be excluded from credit markets.

In a subsequent study, Chen (2001) extends HT to a dynamic infinite horizon
model and comes up with some contradictory results. While Holmstrom and Tirole
(1997) show that the capital asset ratio for intermediaries is pro-cyclical, Chen (2001)
shows that with asset prices included it turns out to be counter-cyclical. Both these
studies incorporate two levels of shirking by the intermediary, but do not consider
the possibility that monitoring of firms may increase the probability of success of a
project. In practice, one argument for monitoring is that it prevents shirking by the
borrower, and hence monitoring should have an impact on the probability of success.
Incorporating this idea into their models will be an exciting project for the future.

Another possible extension of the work presented here would be to use it as a
model of contagion. It is conceptually easy to accept the two agents in the model as
two countries, or two different parties. We can then allow the technology shock to
hit just one of the two agents. That will initially alter the behavior of just one agent
type, and through their trade interactions, can influence behavior of other agents
over time. One way to incorporate this system would be to assign some probability
of a shock hitting an economy at any given point of time, and then examining the
behavior of agents as they digest this information.

The empirical part of the dissertation offers even more avenues for future research.

The first thing that jumps out of the empirical chapter is that the rate of inflation
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is unable to foretell the arrival of a banking or economic crisis led by a real estate
cycle. With increased exposure of the banking sector to the real estate sector this is a
uncomfortable situation to be in. While it is obvious that housing price data is very
localized, and infrequent, there is a need to find some proxy that can act as an early
warning signal. One potential candidate may be some combination of the number of
housing units sold, or built, along with the changes in the amount of loans to the
sector. Both these data points are available more readily, and can potentially act as
an early warning indicator.

Different regions use different sources to fund mortgages. But, there seems to be
no systemic relationship between the source of funding and the possibility of facing a
major real estate led crisis. Japan, which uses deposits as the main source of mortgage
funding saw a massive real estate bubble, as did the United States, where mortgage
backed securities are much more important. Continental Europe which relies more on
covered bonds was also hit by multiple real estate crashes. In fact, Switzerland was
the only country in the sample analyzed in the dissertation which faced a triple dip
contraction in housing prices. What has not been examined is whether all crises were
equally severe, and whether a particular funding method offers less volatile cycles.
Theoretical considerations will suggest that covered bonds should offer the best of
both worlds: lower moral hazard problems, and long term fixed rate mortgages. But
the fact that countries with covered bonds as the main source of mortgage funds
have had more frequent real estate cycles dampens the excitement in them. A more
intensive analysis of the relationship between funding source, home ownership, and
the frequency and depth of real estate contractions will provide us with more answers
in this regard.

There is a need to examine the role of government policies in general, and tax

policies in particular. Most countries provide tax deduction on mortgage interest,
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but over the last two years there has been a move in multiple countries to reduce or
eliminate this tax deduction, and at the same time reduce the leverage in the banking
sector by limiting the loan-to-value ratio as well as the debt-to-income ratio. There
have been arguments that Japanese land laws were the prime driver of the real estate
bubble in Japan (see, for example, Noguchi (1994), and Seko (1994)), and land values
rose higher in Japan than virtually anywhere else in the world. Laws that distort
markets are not unique to Japan, and a future study may look at common features of
laws that distort real estate markets and can potentially lead to financial instability.
The Bowles-Simpson Act has recommended reducing tax incentives for housing, and
similar measures have been adopted elsewhere. Only time will tell whether these
work, or we land up again in a scenario so aptly captured by Carmen Reinhart and
Kenneth Rogoff (Reinhart and Rogoff (2009)) in the title of their seminal work: This

Time is Different!
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APPENDIX A

DETAILS OF SIMULATION

This appendix includes the complete set of simulation graphs. The first set of
graphs (Figures A.1, A.2, A.3) shows the impact of a change in productivity. The
second set, Figures A.4, A.5, A.6 and A.7 shows the impact of a change in the pro-
portion of borrowers. The final set, Figures A.8, A.9 and A.10 shows the impact of a

change in the proportion of saleable output.
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IMPACT OF CHANGES IN PROPORTION OF BORROWERS
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APPENDIX B

DETAILS OF REAL ESTATE CYCLES

The real estate index was obtained from data compiled by the Bank of Interna-
tional Settlement (BIS) from national and private sources. The data can be obtained
from http://www.bis.org/statistics/pp.htm (Last Accessed: August 28, 2014).
To this index was applied the modified Bry-Boschon algorithm (Harding and Pagan
(2002)) and changes in the time series were detected. A total of 93 cycle changes were
observed (including incomplete cycles, most notably Japan’s that began in the last
quarter of 1990 but is yet to end). The average length of the cycles was observed to be
slightly more than 6 quarters. Few countries had double dip contractions (meaning
an expansion turned into a contraction in just 2 quarters), while Switzerland was the
only country that had a triple-dip contraction that began in the second quarter of

1990. As a result the Swiss real estate index did not attain its 1990 peak till 2008.
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COUNTRY

PEAK

TROUGH

Australia

Belgium

Canada

Denmark

Finland

France

Germany

Ireland

1982:2
1995:1
2003:4
2008:1
2010:2
1980:1
1990:4
1994:3
2008:3
1981:4
1983:1
1987:1
1989:1
1994:1
1997:2
2008:2
2011:2
1979:3
1980:4
1986:2
1988:4
1991:4
2007:3
2010:3
1985:1
1989:2
1994:2
2000:2
2008:2
1985:3
1991:3
1996:3
2007:4
2011:3
1974:3
1983:2
1986:2
1989:3
1995:2
2002:3
2005:1
2006:3
2008:4
1971:4
1984:3
1986:3

1982:4
1996:1
2004:3
2009:1
2012:1
1983:1
1991:2
1995:1
2009:2
1982:3
1984:3
1987:3
1990:2
1996:1
1998:3
2008:4
2012:3
1980:2
1982:3
1987:4
1990:4
1993:2
2009:1
2012:1
1985:3
1993:1
1995:4
2000:4
2009:1
1986:1
1995:1
1997:1
2009:2

1975:1
1984:4
1988:1
1990:1
1998:1
2003:3
2006:1
2007:2
2010:1
1972:2
1985:2
1987:2

COUNTRY

PEAK

TROUGH

Ireland

Italy

Japan

Netherlands

New Zealand

Norway

Spain

Sweden

Switzerland

United Kingdom

United States

1990:3
2007:3
1984:2
1993:3
1997:4
2008:3
2011:3
1973:4
1990:4
1978:2
1990:2
2008:3
2010:3
1990:3
1997:4
1999:3
2007:4
2010:1
1973:2
1975:2
1979:2
1984:3
1988:1
1990:2
2002:2
2008:2
2010:2
1991:4
2008:1
1980:3
1982:3
1991:3
2008:3
2011:2
1973:3
1977:3
1990:2
1991:3
1994:1
1981:3
1989:3
2007:3
2010:3
2012:3
1990:1
2006:1
2010:1

1991:2
2013:1
1984:4
1995:1
1999:1
2010:1

1975:2

1982:4
1990:4
2010:1

1992:1
1998:1
2000:4
2009:1
2010:4
1974:1
1976:1
1980:1
1985:1
1989:4
1993:1
2002:4
2008:4
2010:4
1993:1

1981:4
1983:1
1995:4
2009:1
2012:1
1976:3
1978:1
1991:1
1993:3
1998:4
1982:1
1992:4
2009:2
2011:2
2013:1
1991:1
2009:1
2011:4

Table B.1 — List of Real Estate Cycles
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APPENDIX C

QUARTERLY INFLATION RATES

The following table lists the quarterly inflation rates of all countries in the sample
from 1971 to 2014, with the exception of Ireland whose data runs from 1976 to 2014.
Overall mean and median show the mean and median quarterly inflation rates for the
whole range of dates that we have data for. The Pre-Peak mean and median inflation
rates refer to the mean and median inflation rates 8 quarters prior to a long real
estate contraction, whose peak date is mentioned in the second column. The table is

based on data obtained from OECD, national sources, and author’s calculations.
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COUNTRY PeEak MEAN MEDIAN MEAN MEDIAN

Overall Pre-Peak
Australia 2010Q2  1.37 1.0 0.66 0.75
Belgium 1980Q1  0.94 0.7 1.10 1.15
Canada 1983Q1  1.05 0.9 2.65 2.75
1994Q1  1.05 0.9 0.44 0.40
Denmark 1980Q4  1.13 0.9 2.81 2.75
1986Q2  1.13 0.9 0.95 1.15
1988Q4 1.13 0.9 1.00 1.10
1991Q4 1.13 0.9 0.59 0.75
2007Q3  1.13 0.9 0.45 0.30
2010Q3  1.13 0.9 0.43 0.30
Finland 1989Q2  1.22 0.9 1.28 1.20
1994Q2  1.22 0.9 0.39 0.35
France 1991Q3  1.10 0.7 0.78 0.75
2007Q4  1.10 0.7 0.35 0.20
2011Q3  1.10 0.7 0.45 0.45
Germany 1983Q2  0.69 0.6 1.23 1.30
1986Q2  0.69 0.6 0.39 0.40
1995Q2  0.69 0.6 0.64 0.70
Ireland 2007Q3 1.26 0.8 1.10 1.00
Italy 1993Q3  1.65 1.1 1.23 1.20
2008Q3  1.65 1.1 0.63 0.60
2011Q3  1.65 1.1 0.51 0.45
Japan 1973Q4  0.66 0.3 2.13 1.80
1990Q4  0.66 0.3 0.65 0.50
Netherlands 1978Q2  0.83 0.7 1.47 1.00
2008Q3  0.83 0.7 0.51 0.45
2010Q3  0.83 0.7 0.33 0.40
New Zealand 1990Q3  1.55 1.0 1.48 1.20
Norway 1988Q1  1.16 1.0 1.96 1.80
1990Q2 1.16 1.0 1.13 1.05
Spain 2008Q1  1.74 1.3 0.83 0.35
Sweden 1991Q3 1.16 0.9 2.44 1.85
Switzerland 1973Q3  0.61 0.4 1.78 1.75
1991Q3  0.61 0.4 1.38 1.55
1994Q1  0.61 0.4 0.75 0.90
United Kingdom 1989Q3 1.40 1.0 1.10 1.00
2007Q3  1.40 1.0 0.60 0.60
United States 2006Q1  1.03 0.9 0.86 0.75
2010Q1  1.03 0.9 0.40 0.90

Table C.1 — Quarterly Inflation Rates
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