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Abstract

The paper addresses the topic of the conference, explaining and forecasting the great recession and its
aftermath with structural models, by outlining first the origins of the financial crisis 2007/2008. It
disentangles the financial channels occurring in boom and bust phases. A New Keynesian DSGE
model incorporates the bank lending channel, a principal agent problem between banks and
entrepreneurs as well as the collateral channel for housing with a feedback loop in order to study the
effects of a shock to the monitoring costs of the households considering the capital requirements of
banks and of an increase in the demand for housing. In a scenario of unfulfilled expectations, the
housing boom is followed by the bust. The model displays the spikes in the yields on housing, in rising
bank balance sheets, wages, consumption and inflation, with the output of the entrepreneurs exhibiting
the reverse dynamics. It calls for a monetary policy explicitly targeting the credit and property price
gaps in the realm of financial stability.
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1. Introduction

The Fed has initialized three quantitative easing programs since the financial crisis 2007/2008
to stem against the outcomes. On top of the accommodative monetary policy, a boost through
fiscal stimulus is on the way by the tax reform of the current US administration, which is
expected to amount to 1.5 trillion USD, and by additional spending of 300 billion USD. It is
now forecast that the Fed will further raise the interest rates four times this year and two times
in 2019, on the back of stronger growth and the economy at full employment. Although there
were signs of an upswing in wages and inflation this month,' central bankers still puzzle over
the loose connection of unemployment, wage growth and inflation. This accounts as well for
the Eurozone, where, at the current stage, the economy shows very strong momentum and
rising employment. After having phased out the quantitative easing, interest rate increases
will follow in sequence. In the last meeting, it was decided to lower the monthly purchase of
assets to 30 billion USD.? The amount of bonds on the balance sheet of the ECB, mainly
sovereign debt, passed 2.3 trillion EUR.?> Government bond rates have been pushed down by
the programs and the announcement of the head of the ECB Draghi to do “whatever it takes”,
while the overly indebted countries do not seem to have significantly changed or are going to
change their long term behaviour towards reducing the debt burden. The debt-to-GDP ratio of
Greece as of today fluctuates around 177 percent,” that of Italy around 134 percent,” and that
of Portugal around 131 percent,’ in spite of the boundary of 60 percent it was agreed on,
artificially as it turns out. In June 2016, the British voted to leave the European Union.

The paper addresses the topic of the conference, explaining and forecasting the great
recession and its aftermath with structural models, by outlining first the origins of the
financial crisis 2007/2008. It disentangles the financial channels occurring in boom and bust
phases. A New Keynesian DSGE model incorporates the bank lending channel, a principal
agent problem between banks and entrepreneurs as well as the collateral channel for housing
with a feedback loop in order to study the effects of a shock to the monitoring costs of the
households considering the capital requirements of banks and an increase in the demand for
housing. In a scenario of unfulfilled expectations, the housing boom is followed by the bust.

2. The Origins of the Financial Crisis 2007/2008

The financial crisis was originated in the US housing market, specifically the subprime
mortgage sector. A housing bubble was created which bust and along with collapsing stock
markets. The severest banking crisis, ongoing dried up or subdued lending and mistrust
between banks, affected the real economy. Consumption and investment dropped.” In
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expectation of higher yields on housing in the future, credit was provided to persons unworthy
of credit and the value of the housing served as the collateral. While the yields kept on rising,
the bank could seize the property in case the loan was not repaid, resulting in a profitable
investment. When the bubble bust, however, there was no other income to be seized and the
issuer of the loan incurred losses, triggering to an unprecedented extent several downward
spirals through financial channels. The expectations of higher prices were unfulfilled.® More
technically, financial innovation such as the FICO-scores to measure the credit worthiness,
Mortgage-Backed-Securities intended to finance the mortgage and, based on these securities,
Collateralized-Debt-Obligations instead accelerated losses and spurred contagion.’” Readily
the securities were also absorbed by German Landesbanken. The assumption of the mortgages
bundled together being uncorrelated or nearly so did not hold, thereby not diversifying but
increasing risk, the different risk classes underlying the product were not accurate and the
riskiest part of the mortgage was sold to special vehicles, or subsidiaries, of the banks thus
remaining in them.'” Underlying it, credit was made available due to non-core funding, i.e.
interbank liabilities and marketed-based funding apart from retail deposits. Not only were
financial institutions linked via the products, also hedging against idiosyncratic risk lead to
the institutions being exposed to the same risks."' Creating moral hazard, it was insured
against the default on these securities in a market of hundreds of billions USD of credit
default swaps. Moreover, the brokers of the mortgages were solely remunerated based on the
amount of contracts concluded, regardless of the risk inherent. Contracts included teaser rates
initially, followed by adjustable rate mortgages overburdening the holder of the mortgage.
Rating agencies as well relied on the past data to presume an ongoing profitable development
of the mortgage market and they rated products of companies which constituted at the same
time their clients, giving rise to conflicts of interest.'?

It is argued, though to different extent, that the monetary policy of the Fed contributed to the
housing bubble by providing too cheap credit over the years preceding the crisis (Streissler
(2011), Taylor cit. in Eakins and Mishkin (2011), Weidmann (2015)."> US policy effectively
promoted and further shored up the housing market."* Sreissler (2011) further extends the
scope of the analysis to state that the finance around the housing sector, together with
consumption credit and government finance, was the only profitable investment left in the
US." This time, the realised, excess investment in the US limited the savings, largely
imported from outside the US: with the realised losses on the investment in the US, savings
channelling through to other parts of the world with demand for profitable investment was
hindered, as ex-post realised investment and savings must equalize globally.'® In the macro
view of Borio (2014), monetary policy needs not only to be concerned with the risks out of a
financial bubble but with the general build up of macroeconomic risks. The inclusion of the
financial variables of credit and property prices into the objective needs to be part of the
interest rate policy, which has all the more signalling effect. While the main focus in on
monetary policy, financial stability needs to be targeted further by prudential policy and fiscal
policy. The approach for the central bank is to pursue a more symmetric policy, i.e. in the
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boom phase to tighten more and in the bust phase after an immediate crisis management to be
less accommodative. '’

Finally, it is pointed on the missing restructuring mechanism for banks and non-transparent
balance sheets. Regulation of banks via liquidity and capital requirements was insufficient for
the banks to be capable of bearing the losses accrued instead of shifting the liability to
others."®

3. The Channels of the Financial Cycle

Externalities might arise on the side of financial intermediaries. In the context of the financial
cycle, the external effects of the decisions of financial institutions are not internalized in the
boom and bust phase if credit and asset prices do not reflect the effect of one decision maker
on the others: in a downturn spiral, the individual decisions of selling off assets
simultaneously have an higher negative impact system-wide than the aggregation of them in
isolation would imply. The liquidation of assets pose an externality on the other institution via
prices and the balance sheets are impaired indirectly in the contagion. Thereby, the constraints
of financial actors are shifted, the pecuniary externalities are also called fire-sale
externalities.'’

The bank lending channel is essentially a supply side channel, which incorporates the capital
position of the bank. The funding conditions and the supply of loans are impaired if the
financial intermediaries face problems on their capital position. By a shock to the capital base,
relating possibly to a liquidity spiral or a tighter capital requirement, the bank has to resort to
a different composition of deposits and equity. The issuance of equity is bounded in the
market and in consequence, the provision of loans is affected. In the literature, the bank
lending channel is also called the bank capital channel and the liquidity spiral. If the assets are
sold by the bank exhibiting a liquidity shortage, possibly at fire sale prices, the deterioration
of capital continues, which sets off the spiral. Moreover, the volatility in the market rises and
although the price decrease of equity might be temporary, the mechanism is accelerated by the
liquidity mismatch inherent in the assets of the banks which comove in a financial crisis.*’
The period of high funding problems is accompanied by creditors subtracting to lower
leverage ratios to be safe. Furthermore, higher haircuts, or equivalently higher margins, are
required due to asymmetric information and in order to guard against the adverse effects of
falling prices of the assets in future. In line with the higher risk in the financial markets,
higher margins or haircuts are pledged on the collateral comprised of the value of the asset in
the next period, which intersects with the collateral channel. In the precautionary behaviour of
market participants, the formation of expectations is therefore crucial. It is also called the
margin/haircut or leverage spiral, which leads to a further acceleration in the downturn. The
two liquidity channels are both moving together aggravating the crisis with spillover effects.”’

"7 Borio (2014: 9 ff.). For empirical evidence on the indicators for banking crises, i.e. credit together with the
property price deviations from historical trends, reference is made in Borio (2014) to Borio and Drehmann
(2009) and Drehmann et al. (2012). The approach is seemingly adopted in Weidmann (2015: 41), yet putting
more emphasis on macroprudential policy as the first guard for financial stability.
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Elementary in the credit cycle are in addition the balance sheet effects on the side of the
borrower, which can be categorized by the different models of the collateral channel and the
agency-cost models. The collateral channel defines the relation between the value of the
collateral and the credit market. If the value of the assets on the side of the borrowers
improves, equivalently to a lower leverage, then so does the value of the collateral. This
relaxes the borrowing constraint of households and in general also of firms.** Relating this
effect to the boom phase of the financial cycle, the creation of financial imbalances is then
characterised by the build up of overburdened private sector balance sheets and aggressive
risk taking.”> The agency-cost models go further in that lending is determined endogenously
by shifts in the value of the underlying assets with feedback effects. Not only is the borrowing
activity spurred but also the investment, it is further explicitly grounded on asymmetric
information between lenders and borrowers.”* A common name of the feedback loop in the
downturn of the economy is the debt-deflation mechanism: it is triggered by a fall in asset
prices in the deflation, spreading over to a lower value of the collateral and a lower exposure
on credit.”

In a sense, all the different mechanisms and channels described are subject to the risk channel,
i.e. the factor risk goes beyond it. Most often in the modeling literature covered, it is explicitly
resorted to the mathematical toolbox, rather than pointing on the occurrence of a certain
event, such as the bank default or bank runs.?®

4. Model

The model is populated by representative agents of households, final and intermediate goods
producing firms, banks and a central bank. Households consume goods and have the option to
save by depositing their money with a bank. They take out loans in order to finance housing.
They work for the intermediate goods producer, provide capital to them and receive in turn
the wage for labor as well as the rent on capital. Capital adjustment costs are introduced.
There is monopolistic competition in the markets of the respective inputs and the producers
face price adjustment costs. Demand for credit is created on the side of these entrepreneurs for
the purpose of funding their activities. In addition, there are final goods producer using the
intermediate goods while acting in perfect competition. The demand for deposits emerges on
the side of the banking sector, which accrues profits from the supply of loans issued to
entrepreneurs and households. Both the intermediate goods producing sector and the financial
sector are owned in aggregate by the households and distribute dividends to them. Monetary
policy by the central bank follows the Taylor rule and the policy rate represents the price of
savings.

Financial frictions are introduced in the form of monitoring costs: the depositors face
monitoring costs when supplying funds to the financial sector. The costs depend on the

** Alpanda et al. (2014: 4) and the model for Brazil in de Carvalho et al. (2014: 6 ff.). In the latter, the collateral
of the household constitutes labor income, the one of the entrepreneur capital.
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leverage of the banks measured by a certain deviation from the capital requirement, the higher
the deviation the higher the costs. The friction can be subsumed under the bank lending
channel. Besides, the financial sector faces monitoring costs when issuing loans to the
entrepreneurs. These costs depend on the leverage position of the entrepreneur incorporating
an agency-cost problem. The costs on lending to the household depend on the value of the
housig%g, which serves as the collateral, relative to the whole loan exposure, reinforcing each
other.

The model extends the covered literature in various ways: it combines the bank lending
channel and a principal agent problem similar to Alpanda et al. (2014) and Gambacorta and
Signoretti (2014) with the default modeling of Lozey et al. (2016) for housing. Moreover, in
the principal agent problem between banks and entrepreneurs, not the capital serves for
computing the net worth of the entrepreneurs but the dividends, which channel through to
households. Banks do optimize with respect to capital and the built up of capital by
reinvesting profits versus distributing them is modelled differently. Finally in comparison, the
New Keynesian Model applied for the real economy similar to Pichler (2008) is of rather
simple form.

Households

The representative household maximizes the utility function with respect to consumption ¢,
housing hou, and labor 4;:

ctl_r _1 Zhouhoutl_l
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maxU = Exp, éﬂt[ d,+x,(1-h)] (1)

where S is the discount factor, y;,, and y;, are parameters equal to the weights of preference
given to housing and to leisure, d; is an AR(1) process increasing the demand for housing.

The budget constraint is:
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w, 1s the wage, A, are the hours of labor, div, are the dividends of producers, divbank, the
dividends of the bank both reasoned by the ownership, ; is the rent on capital k;, investment

x, =k, —(1-9)k, 3)
where ¢ is the depreciation rate of present physical capital. y is a cost parameter for the capital

adjustment costs, such that they take the following form accounting for the law of motion of
capital:

T Source of the simplified New Keynesian Model without a financial sector: course material of Pichler (2014),
identical to the model in Pichler (2008). The modeling of the financial frictions is mainly derived from Alpanda
et al. (2014) and Gambacorta and Signoretti (2014), the modeling of the household default from Lozey et al.
(2016). All the optimality conditions and the symmetric equilibrium conditions are listed in the Annex.
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s; 1s the gross savings rate on the real market value of the deposits dep,. The savings rate is
assumed to be a perfect substitute to the interest rate on overnight loans of reserves from one
bank to another, i.e. the policy rate. All variables are in real terms. p; is the price of final
goods at time ¢, 7, = p, / p.; 1s the gross rate of inflation, ¢, is the gross rate of returns on
housing, derived from the prices of housing. The value of the property of the household is
reset every period, while the return on savings and the costs on the loan are bound to the

period the decision on deposits and loans are made.
The monitoring costs have the following form:

(+ p) = yd\(v )2 q, )

kbank,

v is a capital requirement target defining a ratio of the required capital to the total assets,
which are comprised of the loans in real terms /oan,. yd1 is a level parameter accounting for
the spread in the costs in the steady state, yd2 an elasticity changing the costs with respect to
the deviation from the capital requirement. @, is an AR(1) process.”® As it is created on the
supply side via the financial sector and in equilibrium affects the expected lending rate of the
firm, the current lending rate on housing and thereby the provision of credit, it is subsumed
under the bank lending channel.”’ The optimal decision regarding deposits for both
households and banks in the equilibrium yields the following relation:
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There is asymmetric information between the household and the bank with respect to the
solvency of the bank, or at least to the quality of deposits and assets within the banking sector,
for which reason monitoring costs incur. A lower capital ratio than required would go together
with a higher perceived risk of the deposits and, hence, with higher costs for the household.
Finally, the household has an incentive in the long run that the bank makes profits because of
accruing at least partly the dividends. The household is aware of this by requiring the bank to
fulfil the capital requirement, i.e. has some capital buffer: the monitoring costs rise with a
deviation from the target such that in equilibrium, the positioning of the bank with respect to
the capital requirement influences the costs of its funding and thus the funding itself.
Furthermore: “Although this formulation abstracts from bank default per se, these monitoring
costs can be interpreted as the fraction of funds that are defaulted upon by the banks (i.e., "bad
loans"), following Curdia and Woodford (2011). Another interpretation of these monitoring
costs is that they reflect the cost of purchasing default insurance on funds extended to banks,
similar to a credit default swap (Amdur, 2010).” (Alpanda, Meh and Cateau 2014: 10)30

% For the modeling of the monitoring costs, Alpanda et al. (2014) refer to Curdia and Woodford (2011). In
Signoretti and Gambacorta (2014), the banking sector directly has to pay the costs associated with the deviation
from the target.

%% The effects are analytically discussed at the description of the banking sector.

3% Alpanda et al. (2014: 9 ff.). Reference is made to Curdia and Woodford (2011) and Amdur (2010)
respectively.



The equilibrium condition for housing reveals that the returns today depend positively on the
discounted expected returns in the future and on the shock process d;:*'

T - q,.
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In addition to the control variables c¢;, hou,, h,, k:+; and dep,, the household decides upon the
loan loanh,.

Final-goods producer

The firms are split into producers of final and intermediate goods. The final goods producer
are assumed to be perfectly competitive, i.e. no profits are made such that no dividends are
disbursed. They use the intermediate goods yj, as inputs. The intermediate producers are
indexed j €[0,1]. It is further assumed a constant returns-to-scale technology:

Lo o
v, =y, dj)" (6)
0
where 0 is the elasticity of substitution between two intermediate inputs and y, is the output:
with respect to the final good, the firm will not able to produce as much if it has to substitute
one input with another. The imperfect substitutability gives the intermediate goods producer

market power because each intermediate good producer is a monopolist for the single input
who sets the price instead of taking it as given.

Intermediate-goods producer

The representative agent maximizes the discounted value of expected real dividends:

T
max Exp, 2. f§f' A,div, (7)
=0

with Bf the time discount factor which differs from the one of households and banks due to
asymmetric information. 4, denotes the Lagrangean multiplier from the budget constraint of
the households, in other words the shadow price of one unit of additional wealth. It gives the
change in the value of the objective function, i.e. the maximization of the utility function, if
the budget constraint is changed by one unit, i.e. by one unit of additional wealth. The
stochastic discount factor of the household is valid for the firm because of its ownership
structure, the firm is assumed to behave in the best interest of its owner.

RN 13 ; +_ Yioanf,_,
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by which pj,; denotes the price of the intermediate goods. /f; is the gross lending rate on loans
updated to the current period and loanf, ; is the real market value of the loans taken out in the
last period. The loans are used to finance the production with the inputs provided by the
household.

3! Equilibrium condition (54). Reference in Lozey et al. (2016) is made in general to Clancy and Merola (2014),
in turn based on Benes et al. (2014). Note: In equilibrium, the aggregate housing stock is fixed.



The intermediate goods producing firm exhibits a constant returns to scale Cobb-Douglas
production function:

Vi, =k (zh,)" (9)

yj, 1s the output of intermediate goods producer, z; is a technology shock.

They act in monopolistic competition such that each firm j can set the price of each input pyj,,
revealing market power. Moreover, the firms are subject to quadratic price adjustment costs
according to Rotemberg (1982). Price changes are costly while compared to the steady state
inflation 7* The underlying assumption is that, varying from industry to industry, price
changes are costly, as customer relationships are destructed or due to menu costs. The costs
are given in real terms, i.e. adjusted for the general price level in the economy p;:

pac, =5 (Z2=—1) y, (10)

In the interpretation of the results, the implied version of a New Keynesian Phillips curve is
. 132
crucial:
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It is forward-looking due to the price adjustment costs. It features an expression for the costs
of production in terms of labor, a gap in inflation, and additionally the expected deviations in
both inflation and output from their steady states.

Banking sector

The financial intermediaries maximize the discounted value of expected dividends:

T
max Exp, Y ' A,divbank, (11)

t=0
The time preference factor as well as the stochastic discount factor is the one of the
shareholders. The balance sheet constraint of a bank is comprised of loans to the firms loanf,
and the loan to the households loanh; on the asset side, loan, = loanf, + loanh, , corresponding

quantitatively to the deposits of the household dep; and the capital kbank; on the liability side.
At the end of the period ¢, the following condition holds:

loan, = dep, + kbank, (12)

In the optimization, the stochastic discount factor v, is introduced in order to account for the
costs associated with deviating from the balance sheet identity. kbank,.; will be determined
via reinvested profits, in addition banks choose to distribute a fraction of the profits to the
households in the form of dividends. The accumulation of bank capital thus follows the law of
motion:

kbank ., = (1—consb)kbank, + reinvpr, (13)

32 Equilibrium condition (59)



whereas consb is the parameter owing to the consumption of bank capital and reinvpr, are the
reinvested profit of the bank in the current period.”® In order to improve the capital base and
thereby diminish the monitoring costs of the households, the banks are obliged to reinvest a
higher share of the profits accrued. In the following cash flow, the dividends and the
reinvested profits are separate variables:

. If 1 ' th,_; (1-&, )loanh d .
divbank , = of:f"l + D oglowhe,  dop — =72 — (1+ ¢)loanf, —loanh, —reinvpr,

T

(14)

The dividends consist of the profits accrued from the interest on loans to the households and
entrepreneurs minus the interest on deposits paid to the households. The extension of the
loans to firms is captured by loanf; with the monitoring costs imposed:

(1+¢) = 715" b, (15)

div,

(1+¢) are the monitoring costs for the banks when contracting the loans. The costs arise due to
the monitoring of the leverage position of the borrower of the funds, i.e. the intermediate
goods producer. The agency-cost problem is introduced. y// is the level parameter, y/2 the
elasticity. The AR(1) process b, might account for the variance in the net worth of the firm,**
and additionally for the risk of the loans not reasoned by the leverage of the entrepreneur.”” In
equilibrium, higher monitoring costs on both sides thus channel through to an higher expected
discounted lending rate:*°

)
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The crucial element in the financial crisis of households defaulting on their loans for housing
is modeled by examining a threshold for which this is the case. In particular, a negative

idiosyncratic shock u#,~ N(0,ou) hits the value of the collateral of the loan of the previous
period, i.e. the housing stock at current prices, to the extent that the household defaults:

exp(u, )2 < Ih, ,loanh, (16)

=exp(u, )f, < fbar, ,, with f, = %and fbar, | =lh,_loanh, . Isolating u, on the left hand

side, one arrives at the probability of default j;:

fbar,_
log[ 1 J
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33 In an extension of the model, adjustment costs can be placed at the law of motion for bank capital, in order to
better model the associated problems the banks faced in the crisis.

3 Boivin et al. (2010) cit. in Alpanda et al. (2014: 15)

3% Christiano et al. (2010) cit. in Alpanda et al. (2014: 15). For the modeling of the monitoring costs, the authors
refer to Curdia and Woodford (2011).

3% Equilibrium condition (65)
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where @ is the cumulative standard normal distribution function and ou accounts for the
idiosyncratic risk. Given default, roughly half of the loan exposure is lost for the bank,
captured by the parameter & while the rest can be recovered.”” Due to the Law of Large
Numbers, the probability of default can also be interpreted as the share of non-performing
loans. When the bank decides upon the loan to the household, it takes the probability of
default as given. The equilibrium condition yields: **

T
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t

The current lending rate that the banks require rises with the expected probability of
household default, reinforcing each other, and with the monitoring costs for the household
implied by the deviation from the capital requirement. The banks require to be compensated
for the higher risk of the households defaulting on the loan.

Central bank

The central bank follows a Taylor rule comprising deviations from the steady state for the
policy rate, output and inflation:

Sl* yt 7[[
; i pylog(ﬁ) +prlog(—)+ &, (18)

St
log(ﬁ) = pslog(

5. Calibration

In part, the parameters of the related literature are used in the model:** Following Angeloni
and Faia (2011), ¢ amounts to 30. y is set to 10, as in Pichler (2008), Gerali et al. (2010) and
Alpanda, Cateau and Meh (2014). J is set at 0.025, in line with most of the covered literature.
Following Pichler (2008), 7 is 2, the parameter 6 for the labor costs in the version of the New
Keynesian Phillips curve is 6 and the typical Taylor rule parameter ps, py and pz are 0.7, 0.5
and 1.5 respectively. y/2 is set at 0.05, similar to Bernanke et al. (1999) cit. in Alpanda,
Cateau and Meh (2014). yd2 is at 0.01 for the illustration of the bank capital channel, v at 0.1
as in Alpanda, Cateau and Meh (2014) and o 1s at 0.36. The persistence parameter pa is set to
0.9 as in Alpanda, Cateau and Meh (2014), ga to 0.07, pd to 0.95 and ad is the estimated 0.14
of Lozey et al. (2017) for the Irish housing boom in lack of the estimation for the US, & is
roughly 0.5 as in Lozey et al. (2016). z is 1 as in Lozey et al. (2016).

The rest of the parameters is calibrated. The calibration is based on the averages in the data
for the US from 2000 to 2007. The source is the FRED Database of the St. Louis Fed.* The

37 ¢ is assumed to be exogenous and can be subject to shocks. In an extension of the model, & can rise with the
severity of the crisis.

¥ Equilibrium condition (66). Note: the optimization with respect to the credit as in Lozey et al. (2016), contrary
to Lozey et al. (2017), takes the probability of default as an independent variable.

3% The parameter can be found in Pichler (2008: 13 f. and 16), Gerali et al. (2010: 21 f. and 44), Signoretti and
Gambacorta (2014: 155 f.), Alpanda et al. (2014: 25 ff. and 39) and Angeloni and Faia (2011: 13 ff.), Lozey et
al. (2016: 42) and Lozey et al. (2017: 33). An overview of all parameter values is provided in the Annex.

40 A description of the data is provided in the Annex.
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following targets are met: j = 0.0107, loanh/y = 0.19, loanf/y = 0.09, hou/y = 0.82, If = 1.064,
s = 1.034, g = 1.024. Due to missing data for the non-performing loans in the real estate
sector, the average was borrowed from the ratio of non-performing loans to all loans. No data
was available for /4. In order to roughly match the ¢ of 0.5 as in Lozey et al. (2016), it
amounts to 1.04. Inflation derived from the GDP deflator amounts roughly to 1 percent per
quarter, i.e. 7 is 1.01.

The calibration of the time discount factors results in somewhat lower values than usually
found in the DSGE literature because the averages of 6.4 percent for the lending rate of firms
and 4 percent for households are relatively high, respectively. For the gauge of the monitoring
costs of the household in the steady state, i.e. in order to arrive at the savings rate of 3.4
percent, the level of bank capital which is consumed by the bank is close to zero but negative
at the steady state. It means that without any interference, the banks build up equity every
period in order to reduce the monitoring costs implied by their leverage, resulting in
reinvested profits close to zero but negative in the steady state. Overall, the calibration in
accordance with the target levels yields only barely positive dividends of the banks which in
fact was not the state in the US preceding the crisis.

Caveats

As appears in the previous section, the model lacks a thorough calibration or estimation of the
parameter, in particular might the persistence parameters and the intensities of the shock
processes or the parameters of the monitoring costs not set accordingly such that a close fit to
the actual development results. Related to this issue is the one of over-fitting parameter.

Besides, non-linearities are claimed to play a larger role when modeling the behaviour in the
financial markets, in particular explosive price paths.

A feature not modelled explicitly is that the financing of firms in the US happened to be more
self-finance, capital market based, rather than resorting to financial intermediaries.*' Financial
securitization is not modelled per se, and an open-economy perspective could account for the
international trade balance, exchange rate and spill-over effects, and further contagion risk.

6. Interpretation of the Results

Shock to the monitoring costs of the household

The shock to the standard deviation of the shock process related to the capital requirement
pushes the savings rate required by the household inducing a drop in deposits. In order to
reduce the monitoring costs, banks reinvest heavily in rebuilding capital and incur losses
which affect the cash flow of households.

s dep TRlbvE divbank
0.1 0 0.2 05
0 e 02 0 L 0
04
0.1 02 -0.5
5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

! Streissler (2011: 23)
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The higher funding costs further channel through to a higher lending rate for households and a
lower level of credit for housing, leading to a fall in non-performing loans. The returns on
housing are depressed, which overall reveals the dampening effects on the housing market.
The current loan rate for firms drops, only in expectation lead the higher monitoring costs to a
higher rate which is counteracted by the considerable increase in dividends and the immediate
drop in loans for firms, thereby alleviating the principal agent problem of banks and firms.
After roughly two quarters, however, the rate is back at the long run level and the loans for
the firms turn into positive territory to remain there even after the 20 quarters considered.

div loanf
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5 \‘_
5 0z -0.02
5 10 15 20 5 10 156 20 5 10 15 20
c 3 pi
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D/r’\ u\,—— D\f;\
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Output approaches quickly its steady state and after the initial drop inflation, with lowered
wages and consumption, rebounds roughly after two quarters to remain above the steady state,
though quantitatively of minor importance.

Shock to the demand for housing

The shock to the standard deviation of the shock process related to the demand for housing
yields a boost in housing returns which remain above the long run level even after the 20
periods. The loan rate for housing is diminished, such that the credit for housing is spurred,
the probability of household defaults declines.

q 4 loanh w103
0.1 ol i 0.02 o Bl
0.05 \ -1 // 0.01 \ * f
] i} ] -4
o 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

The total credit in the economy rises and, along with higher reinvested profits on the expense
of bank dividends, the capital stock is increased to drive down the costs for banks to deviate
from the capital requirement. Accordingly, the costs of funding via deposits rise initially
while at the same time the balance sheet of the bank is enlarged by an higher level of funding.
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The principal agent problem between banks and firms is alleviated due to a spike in dividends
and the reduction of credit to the firms, similar to the response described for the shock to the
monitoring costs for households. Output is levelled up initially and remains above the steady
state over the time horizon, and along with wages and consumption falling, inflation is
depressed, though quantitatively of minor importance.

Boom and bust scenario of the housing market

In order to model the boom and bust scenario of the housing market in the US, market
participants expect an housing boom to occur in one year, i.e. anticipate the development of
rising prices for housing. When the point of time is reached, however, the expectations are
unfulfilled and the demand for housing does not materialize, which leads to the bust. It is
coded like a “pure” news shock and the development of the variables represent the deviations
from the steady state.*

The expectations of higher demand for housing in the future are accompanied by rising yields
on housing and an higher respective credit. The loan rate remains depressed until the bubble
bust. The dividends of banks rise.

9 loanh w103 divbank

The amount of non-performing loans for housing approaches its long run trend towards the
end of the first year. Also the total credit in the economy is expanded as is the bank capital,
initially by reinvesting profits. The balance sheet of banks is enlarged by additional funding.
The savings rate falls, while the central bank does not target the credit and the property price
gaps.

i loan

94 kbank

reinvpr

0.05 | 0.008 \ a

20

*2 The boom and bust scenario is similar to Lozey et al. (2016), the coding is from Pfeifer (2013) referring to
Portier (2004), for example, as appears in the forum of Dynare (2013).
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Wages and consumption are spurred constantly, culminating at around four quarters. It takes
longer for inflation to reverse its upwards trend. The output of entrepreneurs in line with the
disbursed dividends bounces back when completing the first year. The unfulfilled
expectations reverse the effects, resulting in a drop in the yields on housing and the dividends
of banks, a shrinking balance sheet of banks, falling lending rates and falling inflation.

7. Sensitivity Analysis

Price adjustment costs

The parameter ¢ provides the gauge of price stickiness in the model, i.e. how costly it is for
intermediate goods producer to change prices. It thus enters the New Keynesian Phillips curve
in front of the inflation and the output gaps. ¢ amounts to 30, which corresponds both to the
estimated value of Gerali et. al. (2010) in the Eurozone, i.e. the baseline model for Signoretti
and Gambacorta (2014), and to the value of Angeloni and Faia (2011): “a value that matches,
in the Rotemberg framework, the empirical evidence on the frequency of price adjustments
obtained using the Calvo-Yun approach.” (Angeloni and Faia 2011: 13 f.) In the baseline New
Keynesian Model of Pichler (2008), ¢ however amounts to 80, in turn based on the estimates
of Ireland (2001) for the US. The following figures display the sensitivities for the shock to
the monitoring costs of the household:

loaiil ~ ¥ 5210 pl

5 B s 5

The higher gauge of price stickiness is accompanied by a larger drop in credit to the
entrepreneurs and in output, contrary to the measure of price increases, which exhibits lower
volatility.

Shock persistence

The persistence parameter of the shock process pushing the demand for housing pd is varied
from 0.95 to 0.9 and 0.85:
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Accordingly, the impact on the yields on housing, output and inflation and is less pronounced.
Taylor rule

More sensitivity analyses are pursued for the parameters of the Taylor rule. The smoothing
parameter ps is set to 0, such that the central bank fully adjusts to deviations in inflation and
output. In addition, the parameter pz is set to 0.5 to consider a more accommodative monetary
policy within the given targeting approach. The shock pushing the demand for housing yields
the following dynamics:

1 ¥ L | pi Y 10 loanh

If the central bank does not adjust the policy rate gradually, output follows a higher path in
the beginning and the deflation is less targeted over time. Output is below the baseline
scenario when the monetary policy is more accommodative and the deflation is more severe.
In every case, there is a very close match in the dynamics of the credit for housing, owing to
the missing link between the firms and the housing market.

8. Summary

The boom and bust scenario for housing is able to replicate some crucial dynamics associated
with the financial crisis 2007/2008. Within the given framework, the main task is to estimate
the parameter to better fit the data quantitatively. Furthermore, higher-order dynamics need to
be included and with respect to the elements, the model needs to feature an open economy in
order to account for the international dimension.
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Annex

Optimality conditions

Household

The Lagrangean function set up from (1) and (2), 4, is the Lagrange multiplier:

T I-7 _1 ]’l I-1 h
Lagrange = Exp, ¥ 1™ ——+ 2240 d, b1~ )|+ AT wih, i, + div,
=0 -7 -1 f
d lh,_loanh
+divbank, + 5% loanh, — q,hou, —c, — x, — Y& sy k, —(1+ p)dep, — &]}
T, 2 'k, .
(19)
Control variables are ¢, &, dep, ki+;, hou, and loanh;:
1
0=—-4 (20)
ct
0=—yh+Aw, (21)
1
0= _ﬂt (1 + /J) + SzﬂExpzﬂ‘Hl — (22)
t+1
k k k k
0= 4,11+ y (-2 =)= fExp, Ay [1y +1-8 =L (CH2 = 1) + (12— 1) =12 (23)
kt 2 kt+1 kt+1 kt+1
- 9+
0= %,hou'd, —q,2, + BExp, (A, —)
7 (24)
/1 + oan, — v
0= A, —Ih, BExp, (1) = 2, yd1 yd 2(v 1) > a,dep, (25)
t+1
The budget constraint:
qthout_l . . Sr—ldept—l
0=—"—"—4+wh, +rk, +div, + divbank, + ————+ loanh,
k h toan @9
~g/hou, ¢, ~x, =L (= 0)*k, = (L4 p)dep, ~ =
Final-goods producer
The objective function, plugging in (6):
1 1 E i 1
max(y, p, - [ i, pi,dj1 = rr;?X[(ij, " dj)*" p, ~[ i, pi,dj] 27)
Jt 0 Jt 0 0

The optimality condition wrt. yj,, using (6):
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p_jt)—9

P,

Vi =( Y, (28)

The objective function, plugging in (28):

1 1 .
o Pi-o. . .
max[y, p, - [ i, pj,dj1 = max{(v, p, = [ =9y, pj,dj] (29)
t 0 yl 0 t
The optimality condition wrt. y;:
! al
p.=(| pidj)"* (30)
0

Intermediate-goods producer

The Lagrangean set up from (7)-(10), in real terms and using (28), w, is the Lagrangean
multiplier:

’ .
Lagrange = Exp, X A" (2,120 y, + loanf, ~w,hj, ~ g, - L2241
=0 D, T,
i . €1y
_%(%_ 1)2yz ] + wt[kaa (Zzhjz)l_a - (&)_H yt]}
The control variables are 4j,, kj;, loanf, and pj,:
0==Aw, +o,(-a)kjz " hj," (32)
0=—Ar, +wak; " (z,hj,)"™ (33)
/
0= //Lt - ﬂfExpz /1:+1 le (34)
t+1
pjt -0 yt p.]t Wt
0=2[1-o) Lyl By P
pt pt 7 * p.]t—l 73 * p.]t—l (40)
+ fentrExp, 2, [(2e - BBty g (B otg 21y
7* pj, P p, p,
The production technology constraint:
g pota _ Py
Ozk]t (Zzhjz)l _(_t) Hyz (41)

t
Banking sector

The Lagrangean set up from (11), (12) and (14), y; is the Lagrangean multiplier for the
balance sheet:
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lftloanft—l + th—l (1 - é:jt )loanh,_l + dep, _ St—ldept—l
7, 7, (42)
—(1+¢)loanf, —loanh, —reinvpr, |+, (loanf, + loanh, — dep, — kbank )}

T
Lagrange = Exp, Z(:),B' [
{=

t

The control variables are dep,, kbank,;, loanf; and loanh;:

1
0= ﬂ’t - SNBEXPM'HI S

" (43)
0=—4, + PExp, 4., (1-consb) —y, (44)
l +
0=-4[72(0+¢)+ (1 +3)]+ fExp, A, S v, (45)
t+1
0= _/1t + lhzﬁExpzﬂ’Hl M ty, (46)
t+1
The balance sheet constraint:
0 =—dep, —kbank +loanf, +loanh, (47)
The symmetric competitive equilibrium
T = pz/pz-1
hou;= hou
hjt = hy
kjt =k
D =D
Equilibrium conditions
From (20):
1
/1t =7 (48)
ct
From (21) and (48):
0=—yh+-t (49)
cl‘
From (22) and (48), or alternatively from (43), (48) and (61):
1 1
0=——(1+ 4), +5, BEXp,(———) (50)

t ct+1ﬂ-t+l
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From (23) and (48):

_ A/ 1 _s-L 5y ol gy
0= T[1+7(k 0)]= PExp i—Ir, +1-0 2(k J) +7(k 5)(k o+DI} (51

Ct t t+1 t+1 t+1 t+1

From (26), (8) and (14):

0=y, —%(%— 2y, +loanf , — (1+¢),loanf , + dep , — (1+ u),dep , + qfh‘t’”
g hou + Ma (= ift)loanh =1 lhf-ll‘;“t”h Ll - x, - g(;_i_ 8)k, — reinvpr
(52)

From (3):
0=k, —(1-0)k, —x, (53)
From (24):
0=z hou”d, ==+ pExp, (1)

c, Ry (54)
From (25) and (48):
0= Ci —Ih, BExp, ( ,111 - ) —% 2d1 yd2(v 17> a,dep, i (53)
From (9):
0=k“(z,h,)"“ -y, (56)
From (32) and (33):
O=awh —(1-a)rk, (57)
From (8)
0=y, +loanf, —r,k, —w,h, —%—%(%—l)zyt —div, (58)
From (40), (32), (9) and (48):
0=Lp—0+0- Mo T 1) Ty g (Tt oy T Yo (59)

c/ (1-a)y, T* T* ¢, m* T* y*
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From (34) and (48):

1 Vi

t t+1 t+1

From (22) and (43):
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From (44), (48) and (61):
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t t+1 t+1 ct+1
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N A 11
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(63)

(64)

(65)

(66)
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A\ T S
0= pslog =)+ pylogCl) + prlog(5)+ 5, ~log()

From the definition of f;:

_ Ghou,,
0_ (1ou; f‘t

From the definition of fbar;:
0=1h, ,loanh, , — fbar,
From the definition of loan;:

0 =—loanh —loanf +loan,

Shocks

(69)

(70)

(71)

(72)

The two shocks processes for the analysis follow ARI processes, with &,~ N(0,0u”) and

ad,~ N0, od ?):
0= paloga, , + &, —loga,

0=pdlogd, | +&l, —logd,
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Parameter values

Parameter Value
b 0.9625
bf 0.9492
T 2
xh 1.6406

xhou 0.0509
y 10
0 6
0 0.025
o 0.36
1) 30
% 0.1
consb -0.0541
xdl 0.9854
xd?2 0.01
xl1 1.0087
X2 0.05
pS 0.7
P 1.5
py 0.5
pa 0.9
pd 0.95
oa 0.07
od 0.14
ou 0.793
& 0.5365
hou 0.82
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