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We document the importance and wide-spread popularity of loan securitization in

the modern banking era. Instead of holding the loans on the balance sheets until

maturity, banks pool the loans they made, create securities backed by these loans

and sell to investors. We recognize the importance of securitization and we develop

a real business cycle model, where banks endogenously ”originate and distribute”

the mortgage loans they administer. We calibrate the model against the US data.

We solve the model by perturbation techniques. Our results show that the model

is able to generate some important stylized facts of the business cycles and the

cyclical properties of the bank balance sheet items.
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Chapter 1

Introduction

Fluctuations in the aggregate economic activity has long been an interest of the

economists for decades. One of the main questions they try to answer is that

relatively small shocks such as oil shocks in 1973, monetary shocks or sub-prime

mortgage credit shock lead to large fluctuations in the aggregate economic activity.

One answer proposed in the literature is that credit frictions among agents in the

market could amplify and propagate the small shocks. Recent financial crisis

that the world faces strengthens this idea because the relatively small shock in

sub-prime mortgage market has devastating effects on the real economy, i.e. a

small shock is amplified into a recession via securitization and leverage. In this

paper, our main objective is to develop a dynamic stochastic general equilibrium

(DSGE) model which includes a banking sector in a ”modern way”-banks originate

and distribute loans. Then we calibrate the model against the US data and show

that the model is able to capture some important stylized facts of US business

cycles.

One explanation that researchers come up with for the puzzle is the principal-

agent approach to credit markets. In this approach, to acquire information about

1
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borrowers’(agents) balance sheet conditions lenders (principals) have to bear some

costs, hence agents have to pay more to outside financing than internal financing,

and the premium is inversely related to the agent’s net worth. This premium

is called the agency cost of external finance. A reduction in the net worth of an

agent, which may be the result of a decrease in cash flow to the borrower or a lower

value of collaterizable asset, increases the external funds required. It also increases

the premium on external finance, and decreases the spending and production of

borrowers [Bernanke et al. (1996)]. Generally consumers, small firms, and firms

who have weak balance sheets (highly leveraged firms) face high agency costs when

accessing to the credit market. Bernanke et al. (1996) argue that the endogenous

changes in the credit conditions affect the borrowers who have high agency cost

more, hence their access to credit markets decreases (the flight to quality). As a

result they reduce their economic activity. The mechanism works as follow: first a

negative shock comes and suppresses the agent’s economic activity, but also, since

their net worth is decreased, their ability to borrow also decreases. As a result the

agent’s economic activity is further suppressed. They refer to the amplification

of initial shocks brought about by the endogenous changes in the credit market

conditions as ”financial accelerator.” Also in the case of manufacturing firms,

they found empirical evidence that firms with high agency costs are differentially

affected by the downturns in terms of accessing to credit markets and the real

economic activity.

Kiyotaki and Moore (1997) try to answer the same puzzle in a similar theoretical

study. They argue that the dynamic interaction between credit limits and asset

prices play an important role in transmission and amplification of shocks. They

model an economy where land is used as a factor of production and as a collateral
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for borrowing. A negative productivity shock decreases the net worth of the bor-

rower and her credit limits, hence in that period the credit constrained firm has to

reduce its investment in output production and investment in land. Since the total

supply of land is fixed, and the demand for the land decreases, the price of land

decreases in the subsequent periods, which in turn effects the credit limits of the

firm negatively since land is used as a collateral to borrowing, hence investment

in the next periods.

In Bernanke et al. (1996) and Kiyotaki and Moore (1997) how the credit frictions

on non-financial firms’ borrowing affects the real economy and the role of financial

intermediaries is not taken into account. However, the recent financial crisis has

shown that the credit frictions on financial sector’s borrowing might have devas-

tating effects on the real economy. Gertler and Kiyotaki (2009) focuses on the

credit frictions which affect the financial sectors’ borrowing, assuming that there

is no friction on non-financial sector borrowing. In their model, households de-

posit their savings to intermediaries and the intermediaries provide funds to the

non-financial firms. Deposits of households is not the only source of funding of the

financial firms. They can also borrow among each other (inter-bank market). They

introduce an agency problem similar to Bernanke et al. (1996) and Kiyotaki and

Moore (1997). If an exogenous decline in the asset values occurs, the net worths

of banks decrease. If the banks are highly leveraged, the decline in asset values

is enhanced with leverage. This decline tightens the banks’ borrowing constraints

which leads to fire sales of assets, and a fall in investment.

Instead of focusing on the role of financial sector as propagating the shocks that

is originated in other sectors of the economy, Jermann and Quadrini (2009) in-

troduce a model in which the financial sector is the originator of shocks to the

economy. In their model, firms finance their investments with equity and debt.
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However, the firms’ ability to borrow is limited by the firms’ expected lifetime

profitability, which is also subject to random disturbances which they define as

financial shocks. They argue that it is not possible to generate dynamic properties

of the US business cycles with only productivity shocks, but a model with financial

shocks and productivity shocks is able to capture the dynamic properties of the

real activity and also the dynamics of financial flows.

In these models supply side of the financial intermediation is not stressed. Balance

sheets of the banks could be the propagator of the shocks. Pierrard et al. (2009)

investigate this issue. They develop a model with a heterogenous banking sector,

endogenous default rates, and capital requirements for the banks set by the reg-

ulatory authority. Their model is micro founded in the sense that all the agents

are maximizing their own utilities. They find that the productivity shocks alone

cannot generate the dynamic properties of the US business cycle. On the other

hand, introduction of a market book shock improves their results. We will follow

this model since their way of identifying the banking sector helps us to implement

our idea of incorporating securitization into the model. As we will explain below,

securitization is an integral part of modern banking era.

In the last decade, the traditional banking transferred into ”originate and dis-

tribute” model. Previously, banks were maintaining their loans on their balance

sheets until maturity. In such an environment, all the risk of the loans was born

by the issuing bank. In the ”originate and distribute” banking model, banks give

loans, make a portfolio of different loan types, tranche these loans according to risk

levels of the loans and sell these loans to the investors via securitization. Therefore

the risk is transferred to investors who have appetite to bear high risk then they

would receive high return [Brunnermeier (2009)].
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The popularity of the securitization can be attributed to the following reasons:

First, banks can pass the risk otherwise they would hold to the investors who

would like to bear it. Since the securitized loans are no longer on the balance

sheets of the banks, the risk is dispersed to all of the agents in the market. This

helps banks to increase the amounts of the loans they make. However, as the risk is

passed to other agents, banks decrease their effort on screening and monitoring the

borrowers. They even lend to the borrowers who have no chance to receive credit

in normal times [Brunnermeier (2009)]. Contrary to what is expected, banks have

too much exposure to these securitized products, the risk never left the banking

system[Duffie (2008)].

Second, due to the bank capital requirements imposed by Basel accord, banks

find it profitable to establish special purpose vehicles (SPVs) which invest in long

term loans of the banks and finance their operations by issuing short term asset

backed securities [Gorton (2009)]. Then, banks provide contractual and reputa-

tional credit lines to these SPVs. The capital requirements for contractual credit

lines are much lower than on the balance sheet items, and there is no capital re-

quirement for reputational credit lines [Brunnermeier (2009)]. With this method,

banks decrease their capital requirements.

Third, because of the expansion in the collateralized borrowing, there is excess need

for assets that could be used as collateral. Senior tranches of securitized assets

serve this role since they are ”informatively-insensitive” debt like the deposits

[Gorton (2009)]. An asset is ”informatively-insensitive” if investors cannot take

position against the asset by gathering information. Since the securitized assets

are highly complex and the senior tranches are considered to have very low risk,

they are regarded as ”informatively-insensitive”[Gorton (2009)].
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Fourth, securitized assets are backed by mortgages who have historically low delin-

quency rates. Hence there were optimistic forecasts about the future of these prod-

ucts[Brunnermeier (2009)]. Because of all these reasons and many more, banks

continued on securitization during the housing boom.

However, the securitization boom had some adverse effects on the market, espe-

cially on the credit quality. Since, banks are able to spread the credit risk, they

decreased their lending standards. Mian and Sufi (2008) show empirically that,

from 2001 to 2005, on the areas where there are relatively less income and em-

ployment growth, a relative decrease in denial rates for mortgage applications,

an increase in mortgage originating and an increase in house prices are observed.

Keys et al. (2010) also investigate how securitization affected the default rates and

screening. They found that the default rates of the portfolio on which the securi-

tizion is easier are around 10%−25% higher than the default rates of the portfolio

on which the securitization is harder. Also, they find that securitization adversely

affects the screening of sub-prime mortgages. Demyanyk and Van Hemert (2009)

find that the quality of mortgage loans deteriorated for 6 years before the crisis,

and securitizers were aware of this.

Now there are two prominent views about securitization: one is in favor of it,

the other is against it. On the former, securitization is favored since it enables

to spread the risk among the market hence leads to more efficient functioning of

the market. On the latter, securitization is regarded as evil, since it was just like

putting the ”hot-potato” to the most fool agent in the market[Shin (2009)]. In this

case ”hot-potato” is bad loans. However the most fool agents in the market are

the leveraged financial intermediaries. Greenlaw et al. (2008) report that half of

the sub-prime loss were borne by the leveraged financial institutions. Shin (2009)

claims that the second view is as flawed as the first one, since the proponents of
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the second view could not distinguish between ”selling a bad loan” and ”selling a

security backed by bad loans”. In the first one, sellers get rid of the credit risk,

however in the second one they continue to hold the credit risk on their balance

sheets or on SPVs which are sponsored by them.

From all these,we can conclude that securitization plays an important role in the

modern banking era. Hence, any DSGE model, which lacks the banking sector and

the securitization activities of the banks, misses an important feature of the mod-

ern economy. In this paper, we incorporated a housing market and securitization

process into the model of Pierrard et al. (2009). The model with securitization

generates some important stylized facts of US business cycles. Chapter 2 presents

the model, Chapter 3 explains the calibration of the model, chapter 4 shows the

simulation results, and chapter 5 concludes.



Chapter 2

The Model

In our model, there is a representative firm, a representative bank and a continuum

of households distributed on the interval [0, 1]. Following Pierrard et al. (2009)

we depart from the standard RBC model by introducing a housing market, an

endogenous banking sector, endogenous default rates for firms and households,

and loan securitization for the bank. The firm may default on its loans and the

households may default on their mortgages but they have to bear the cost of

defaulting. The firm and households choose how much of their debt to pay back.

We assume that the bank does not default on its obligation to the households.

This is a reasonable assumption for the OECD countries.

The firm, owned by the households, produces not only the consumption/invest-

ment good, but also housing. It sells the house it builds to the households. The

households deposit their savings to the bank and take mortgage loans from the

bank. The bank also gives loans to firms.

We depart from the literature by introducing a bank which does not have to hold

the mortgages until the maturity date. It may securitize some of the mortgages it

8
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makes, and sell these securities to the households. In our model, securitization is

simply selling of the future mortgage receivables.

2.1 Mortgage and Securitization

In each period t, the representative bank lends Mt for 4 subsequent periods to the

households at a price 1/(1+rmt ), i.e. in real terms the bank lends
∑4

i=1Mt

(
1

1+rmt

)i
at period t and receives Mt at periods t + 1, t + 2, t + 3, t + 4. Contrary to the

traditional banking model, the bank ”originates and distributes” the mortgages

by securitization. Let St be the amount of the mortgage that the bank securitizes

at period t. This means that the bank is selling the amount St from the future

mortgage receivables Mt for the next 4 periods. We assume that the bank pools the

mortgages that are given at the same period, and assume homogeneity of degree

one for the securities. i.e. each security represents 1 unit of mortgage and the sum

of these securities are equal to St. The bank holds a fraction, d, of these securities

on its balance sheet. This is a reasonable assumption, and in accordance with the

market, since exposure of the bank to its securities would give confidence to the

investors [See Shleifer and Vishny (2009) for detailed explanation]. Then, the bank

sells 1 − d of the securities to the households at a price Q4
t , and the households

trade these securities among themselves, at a price Qj
t ,where j represents the

remaining periods till maturity. Since the mortgages mature in 4 periods, and

the securitization is simply the selling of these mortgage payments, the securities

mature in 4 periods. Q0
t = 0 since there is no future payment.
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2.2 Firm

There is a representative firm which produces the consumption/investment good

and housing. The firm decides on the proportion of capital stock, vt, and on the

proportion of labor, ut, to be used in the consumption/investment good production

where 0 < vt, ut < 1. The production functions for each sector are

Yt = At[vtKt−1]µ[utNt]
1−µ (2.1)

ht = Bt[(1− vt)Kt−1]η[(1− ut)Nt]
1−η (2.2)

where Yt is the amount of the consumption/investment good production, ht is the

housing production, Kt is the capital stock, Nt is the amount of available labor

hour at time t. For the sake of simplicity we assume that the depreciation rates of

capital stock used in the consumption/investment good and housing are the same,

δK . In our model, the only financing source for investment is bank lending. Each

period, the firm borrows the amount Lt at a price 1/(1 + rlt) from the bank and

next period repays αt+1Lt to the bank. However, it has to bear a quadratic search

cost, γ
2

[
(1− αt−1)Lbt−2

]2
, for the defaulted amount. Also, the firm takes disutility,

df (1− δt), from the defaulting. The maximization problem of the firm is:

max
K,N,L,α,v,u

∞∑
s=0

Et

[
β̃t+s{πft+s − df (1− αt+s)}

]
(2.3)
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under the constraints:

Kt = (1− δK)Kt−1 +
Lt

1 + rlt
(2.4)

πft = At[vtKt−1]µ[utNt]
1−µ + PtBt[(1− vt)Kt−1]η[(1− ut)Nt]

1−η (2.5)

− αtLt−1 −
γ

2
[(1− αt−1)Lt−2]2 − wht (1− ut)Nt − wKt utNt

β̃t+s = βs
UCt+s
UCt

(2.6)

where equation 2.4 is the law of motion for the capital stock, equation 2.5 is the

profit function of the firm and equation 2.6 is the stochastic discount factor.

πft = Profit of the firm.

Lt = The amount that the firm borrows from the bank at time t.

αt = Loan repayment rate for the firm at time t.

rlt = The interest rate that the firm pays to bank at time t.

df = Parameter of disutility of not repaying the loan.

At = Total factor productivity.

Bt =Housing production technology parameter.

Pt = Price of housing relative to consumption/investment good.

wh = Real wage paid to workers in house production sector.

wK = Real wage paid to workers in consumption/investment good production

sector.

2.3 Bank

In our model, there is a representative bank which takes deposits from the house-

holds, and gives loan to the firm and mortgages to the households. As explained

in section 2.1 the bank securitizes some of its mortgages, and sells these securities
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to households. However, the bank has to obey the capital requirements which

are set by the supervisory authority. The own funds, F b
t , of the bank should be

greater than or equal to a fraction, k, of the risk adjusted value of its portfo-

lio, which consists of mortgage loans, securities, market book and loans to firms.

Technically,

F b
t ≥ k

[
w̄Lbt + w̃(St +B) + ¯̄wM t

]
(2.7)

As in Pierrard et al. (2009), we assume that the bank gets utility from the buffer

of own funds, dF b
(
F b
t − k

[
w̄Lbt + w̃(St +B) + ¯̄wM t

])
, where M t is the mortgage

balance at time t and

M t =
3∑
j=0

(Mt−j − St−j)
4−j∑
i=1

(
1

1 + rmt−j

)i
.

The total balance of securities at time t is St = d
∑4

j=0 St−jQ
4−j
t . Each period, the

bank puts a fraction of its own funds, ξ, to the insurance fund, then the fractions

ζL and ζM of the defaulted amount of loans and mortgages respectively are repaid

back by the insurance fund. We also assume that on the balance sheet of the bank

there is fixed market book, B, which has constant return ρ.

The maximization problem for the bank is

max
D,L,M,S,F

∞∑
s=0

Et

[
β̃t+s{ln(πbt+s) + dF b

(
F b
t+s − k

[
w̄Lbt+s + w̃(St+s +B) + ¯̄wM t+s

])
}
]

(2.8)
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under the constraints:

F b
t = (1− ξ)F b

t−1 + υbπ
b
t , (2.9)

πbt = αtLt−1 −
Lt

1 + rlt
+

Dt

1 + rdt
−Dt−1 + ζL(1− αt−1)Lt−2 (2.10)

−Mt

4∑
i=1

(
1

1 + rmt

)i
+ δt

4∑
i=1

[Mt−i − (1− d)St−i] + StQ
4
t

+ζM(1− δt−1)
4∑
i=1

(Mt−i−1 − St−i−1) + ρB

where, equation 2.9 defines the law of motion for the own funds. Equation 2.10

defines the period t profits.

F b
t = Own funds of the bank at time t.

dF b = Utility parameter that the bank gets from buffer of own funds above the

capital requirement.

πbt = Profit of the bank at time t.

k = Coverage ratio of risky assets imposed by the financial supervisory authority.

w̄ = Risk weight on loans.

¯̄w = Risk weight on mortgage loans.

w̃ = Risk weight on mortgage backed securities and market book.

υb = The share of the profits that put to own funds.

ξ = The proportion of the own funds that are put to insurance fund.

ζL = The fraction of the firm’s defaulted loan that the bank takes from the insur-

ance fund.

ζM = The fraction of the defaulted mortgages that the bank receives from the

insurance fund.
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2.4 Households

There is a continuum of identical households on the interval [0, 1]. Each household

deposits its savings to the bank and receives mortgage loans from the bank, and

buys securities from the bank. The households trade these securities among each

other. The households get utility from consumption, leisure, and housing stock,

where housing stock evolves according to equation 2.13. The households also get

disutility from depositing above the steady-state deposit level, and having secu-

rities different from their target security level. The households borrow mortgage

loans from their bank, use the loans to finance their housing consumption and con-

sumption/investment good consumption. Households have to repay this amount

in four equal installments. They choose how much of these loans should be paid

endogenously, but they have to bear a quadratic search cost based on the amount

they defaulted. The maximization problem for each household is

max
c,d̃,u,h̃,m,s

U(c, n, h) =
∞∑
s=0

βsEt

[
ln(ct+s) + m̄ln(1− nt+s) + h̄ln(H̃t+s)

]
(2.11)

−
∞∑
s=0

βsEt

 4∑
i=1

χ

2

(
(st+s,i − s̄)

i∑
j=1

(
1

1 + rmt

)i)2

+
χ

2

(
d̃t+s

1 + rdt+s
−

¯̃d

1 + r̄

)2


subject to

ct +
d̃t

1 + rdt
+ Pth̃t + δt

4∑
i=1

mt−i + (1− d)
4∑
j=1

Qj
tst,j +

θ

2

(
(1− δt−1)

4∑
i=1

mt−i−1

)2

= wKt utnt + wht (1− ut)nt + d̃t−1 + π̃f t + (1− υb)π̃tb +mt

4∑
i=1

(
1

1 + rmt

)i
+(1− d)

4∑
j=1

Qj−1
t st−1,j + δt(1− d)

4∑
j=1

st−1,j (2.12)

H̃t = h̃t + (1− δh)H̃t−1 (2.13)
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where,

st,i = The amount of securities bought by each household at time t which will

mature in i periods. From the market clearing conditions
∫
i
st−1,jdi = St+j−4

where i represents the households and i ∈ [0, 1].

c = Consumption of each household.

n = Labor supply of each household.

h̃ = Housing consumption of each household.

H̃ = Housing stock of each household.

π̃f = Profit received by each household from the ownership of the firm.

π̃b = Profit received by each household from the ownership of the bank.

m̄ = Weight of the utility coming from the leisure.

h̄= Weight of the utility coming from house owning.

χ
2

(
d̃t+s

1+rdt+s
−

¯̃
d

1+r̄

)2

= The disutility of differing of the deposits from their long run

equilibrium level.

d̃t= The amount that each household deposits to bank at time t.

¯̃dt= The target deposit level for each household.

rdt= The deposit rate.

mt= The amount of mortgage each household takes at time t.

rmt = The mortgage rate at time t.

s̄ = The target security holding level.

Pt= The price of house at time t.

H̃t= The house stock.

δh= Depreciation rate for house.

χ
2

(
(st+s,i − s̄)

∑i
j=1

(
1

1+rmt

)i)2

= The disutility of differing of the securities from

their long run equilibrium level.



Chapter 3

Calibration

We calibrate our model against US data from 1985Q1 to 2008Q2. Since we followed

the model of Pierrard et al. (2009), and extended the model with a housing market

and securitization for the mortgages, our approach is to match as much as possible

with this paper, and calibrate the rest according to aggregate balance sheet of the

U.S. banks and the U.S. economy.

Following Pierrard et al. (2009), we set rd = 0.35% and rl = 1.6%. These figures

give a discount factor of β = 1/(1 + rd) = 0.9965. Average return of Dow Jones

index at the relative time period is 2.2%, and based on the assumption that banks

have more profitable securities on their balance sheets other than the Dow Jones

index, the authors set the return on market book, ρ = 3%. From the aggregate

balance sheet of the US banks, we impose D/L=2, B=L. According to Basel

regulations, the ratio of own funds to the risk adjusted assets should be greater

than 8%, and the risk weights for the loans to firms, market book, and mortgage

loans are 0.8, 1.2, 0.35 respectively (ω̄ = 0.8, ω̃ = 1.2, ¯̄ω = 0.35). We assume

that the bank adopts a higher own funds to risk adjusted assets ratio in order

to avoid any penalty, hence we set the effective ratio to 15%. Each period, the

16
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bank puts half of its profit to own funds(υb = 0.5), and distributes the rest to the

households. Also 80% of the defaulted commercial loans to firms are reimbursed

by the insurance fund(ζL = 0.8).

For the mortgage rate, we use the quarterly average 30 year fixed mortgage rate,

rm = 2.01%. To be able to generate positive profits for the bank we set St/L = 0.1.

We had problems to access the historical delinquency rate for the mortgage loans.

The New York Fed provides only the 2009Q4 delinquency rate which is 5.6%. The

time period we are interested in consists of the housing boom we set the average

delinquency rate to 5% (δ = 0.95).

Banks
k =0.08 ω̄ = 0.8 ¯̄ω = 0.35 ω̃ = 1.2
dF = 1.5 B = 0.18 ζL = 0.8 ζM = 0.24
ξ = 0.04 υ = 0.5 ρ = 0.03 d = 0.01
Firms
df = 0.1 µ = 0.33 η = 0.11 γ = 50.8
δK = 0.03 β = 0.9965 σ = 0.01
Households
m̄ = 4.5 h̄ = 4.4 χ = 0.01 θ = 4.6
δH = 0.016 M̄ = 0.87 S̄ = 0.18

Table 3.1: Parameter values

For the firm side, capital share of production is set to 0.33, average working time

to 0.2 as usual in RBC literature (µ = 0.33, N = 0.2). To match with Pierrard

et al. (2009) we set average default ratio of firm to 5% (α = 0.95), capital to

output ratio is set to 10 (K/F = 10), and depreciation rate for capital stock to 3%

(δK = 0.03). Empirically we see that the depreciation rate of housing stock is less

than the depreciation rate of capital stock, then δH = 0.016 [Davis and Heathcote

(2005)]. From the data of Bureau of Economic Analysis, the ratio of hours worked

on construction industry to hours worked on domestic industry is 0.055, proportion



Chapter 3. Calibration 18

of capital used in construction industry to capital used in nonresidential capital

stock is 0.014 (u = 0.944 and v = 0.986).

From these impositions, we are able to derive the other parameters which are given

in Table 3.1



Chapter 4

Results

4.1 Simulation Results

As usual in RBC tradition, we made simulations based on the shocks to the

technology parameter in the Cobb-Douglas production function which evolves as

At = (At−1)ρεexp(zt) where ρε = 0.95 and zt ∼ N(0, σ2). By looking at the second

moments of the variables, we check whether we are able to generate some styl-

ized facts about business cycles. In table 4.1 the moments of real data and the

model are reported, and our model is able to generate some important stylized

facts which are summarized in Altug (2010).

In the data, consumption is strongly pro-cyclical as our model. Investment in res-

idential structures is pro-cyclical and highly volatile. We are able to capture the

high volatility of residential structures (relative standard deviation of h is 13.5).

In our model, residential investment is pro-cyclical, but its correlation with output

is low, 0.018. This can be explained as follow: in our model there is only one shock

which comes only to the consumption/investment good producing sector. As can

19



Chapter 4. Results 20

be seen by the IRFs of u, v, h investment in consumption goods increases but in-

vestment in housing decreases. In our model, employment is strongly pro-cyclical,

real wages and productivity vary less than the output, which are in accordance

with the stylized facts. Real wages are strongly pro-cyclical, but the data does

not show clear tendency for pro-cyclicality. Moreover, in the data, profits are

highly volatile which is captured by our model, as we show the relative standard

deviations of firm profit and bank profit are 50.5 and 8 respectively. However, in

the data correlation between the hours worked and the productivity is near zero

or negative, therefore we were not able to generate this fact. In our model these

two variables are highly correlated. Also, capital stock fluctuates less than the

output and is largely uncorrelated with the output [Cooley (1995)]. We could not

generate these two facts. In our model capital stock fluctuates almost the same as

output and it is strongly correlated with output.

Mean
Relative
Standard
Deviation

Correlation
With
Output

First
Order
Autocorrelation

Data Model Data Model Data Model Data Model
rd 1.7 1.40 1.2 4.85 0.47 0.04 0.88 0.97
rl 6.61 6.49 1.2 1.29 0.36 0.18 0.9 0.96
α 95.4 95.08 0.52 0.025 0.52 -0.55 0.82 0.85
L 0.67 0.32 4.03 1.96 0.36 0.93 0.79 0.89
D 1.59 0.80 1.38 23.30 -0.11 0.16 0.87 0.95
F 0.22 0.71 4.62 0.79 0.01 -0.08 0.64 0.99
C 0.69 0.66 0.82 0.72 0.81 0.9 0.83 0.99

GDP 1 1 1 1 1 1 0.86 0.94
N 0.2 0.2 1.03 1.79 0.77 0.68 0.96 0.964
M 0.8 11.9 0.90 0.37 0.44 0.21 0.995 0.997

Table 4.1: Cyclical Properties

In addition to real economic variables, we were able to generate some cyclical

properties of interest rates and balance sheet components. In the data the interest

rates tend to be pro-cyclical and we are able generate this; however correlations

with the output is stronger in the data. The relative standard deviation of loan
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rate, rl, in the model is almost matched with the data. Also, in our model we

capture the volatility of the deposit rate, rd. However, the volatility in our model

is higher than the data. Also, the interest rates are more persistent than the

data. Similar to the indications by the data, the correlation between rl and rd is

high. But for the repayment rate, we were not able to replicate the pro-cyclicality

and volatility of α. Balance sheet components are volatile in the data. In our

model both the loans and the deposits are volatile. The former is more volatile

in the data, whereas the latter is more volatile in the model. The bank loans

is pro-cyclical contrary to the deposits which is counter-cyclical. We were able

to generate pro-cyclicality of bank loans, but we could not replicate the counter-

cyclicality of deposits. As seen in table 4.1, the correlation between the bank

loans and the output is high, and we have a small correlation between the output

and the deposits. However, the sign of the correlation with output is positive,

whereas there is a negative correlation in the data. As seen in the first-order

autocorrelations part of table 4.1, almost all of the variables are highly persistent.

Overall, it can be said that our model works quite well in terms of generating the

stylized facts of the business cycles and the cyclical properties of the balance sheet

component in the US.

4.2 Impulse Response Functions

Figures B.1, B.2 and B.3 show the response of the variables in the model to a one

standard deviation shock to the technology parameter. In figure B.2 we see that

capital stock, consumption and real wage rate are hump-shaped. After the initial

shock, the marginal productivity of capital increases followed by an increase in the

investment in capital stock. Also, the marginal productivity of labor increases,
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and this leads to an increase in the wage rate. Similarly, the total hours worked

and output increase first and then decrease. However, in the data, the output is

hump-shaped, but we cannot not generate this fact.

For the house production side, since we give a shock to the marginal productivity

of capital in the consumption/investment good, the firm switches its resources to

the shocked sector, then u and v increases, which leads to a reduction in house

production and house stock. However, at the same time the house price increases

which leads to the reduction of u and v in the subsequent periods. This can also

be seen in equation A.5. The antecedent of Pt = µAt[vtKt−1]µ−1[utNt]1−µKt−1

ηBt[(1−vt)Kt−1]η−1[(1−ut)Nt]1−ηKt−1

increases hence P rises. Then, investment in housing increases. As seen in the

figure B.2, housing and house stock first decrease followed by a rise, then return

to steady-state levels. In figure B.1, we see that the house price first increases and

gradually decreases to its steady-state level.

The IRFs of interest rates and bank balance sheet items are depicted in figure

B.3. In our model, the only financing source for capital investment for the firm is

bank lending. Since marginal productivity of capital increases, capital investment

increases, hence we see that loans to the firm goes up. Since the demand for

loans rises the loan rate, rl, increases first and then decreases as the demand

for capital investment decreases. Then we see that the loan rate goes below its

steady-state level and after that it converges to its steady state level. We also

see that other interest rates, rd and rm move almost the same as rl. The IRF

of mortgage repayment rate, δ, first decreases, and then increases, and finally

goes below the steady-state level. In equation A.14, since C increases, δ has to

decrease to satisfy the equation. As time passes the cost of defaulting exceeds

the benefit of it, therefore the repayment rate rises. We observe that M and S

follow similar paths with the mortgage repayment rate. As the shock increases the
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marginal productivity of capital, loan demand and loan rate increases, hence the

bank uses its resources to supply the loan demand, hence supply of the mortgages

decreases then M decreases. In our model, the bank actually decides on how much

mortgage loan to hold on its balance sheet, hence S follows M . However, due to

the reduction in δ it is profitable for the bank to increase securitization and pass

the risk to the households at the first periods. Also, the price of the security is the

expected future discounted value of the cash flows, and the cash flow is determined

by the repayment rate, Qj follows δ.
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Conclusion

In the last decade we have witnessed the transformation of the traditional banking

model into ”originate and distribute” banking model. With widespread popularity

of securitization, banks do not have to hold the loans they made until maturity.

They pool the loans, tranche according to their risk level and sell to investors.

Via securitization, they were able to expand their balance sheets, disperse the

risk on their loans, and make money. However, with the help of global financial

conditions, which are out of the scope of this paper, there occurred a bubble in

the housing market, and it eventually burst.

In this paper, we attempted to incorporate this important phenomenon of the

modern banking model into the DSGE model of Pierrard et al. (2009), calibrated

the model against the US data and we were able to generate some important

stylized facts of the US economy.

However, we solved the model with the perturbation techniques, this does not

allow us to make crisis experiment. Since we are making Taylor approximation

around the steady-state, we cannot model the over-accumulation of the mortgage
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loans and the securities on the balance sheets of the banks. The model gives us a

d = 0.01 value, which is very low, since the financial institutions on the US were

holding half of the securitized loans on their balance sheets or on the SPVs which

are sponsored by them. One possible extension of this paper is to solve this model

with non-linear techniques and make a crisis experiment by putting a financial

shock into the model, letting the bank to over accumulate the securities.
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First Order Conditions

A.1 F.O.C.s for the firm

Kt : −λft + Et

{
β̃
[
λft+1(1− δK) + µAt+1[vt+1Kt]

µ−1[ut+1Nt+1]1−µvt+1

]}
+Et

{
β̃
[
ηPt+1Bt+1[(1− vt+1)Kt]

η−1[(1− ut+1)Nt+1]1−η(1− vt+1)
]}

= 0 (A.1)

Nt : (1− µ)At[vtKt−1]µ[utNt]
−µut + (1− η)PtBt[(1− vt)Kt−1]η[(1− ut)Nt]

−η(1− ut)

−wht (1− ut)− wKt ut = 0 (A.2)

Lt :
λft

1 + rlt
− Et

{
β̃αt+1 + β̃2γ[(1− αt+1)2Lt]

}
= 0 (A.3)

αt : df − Lt−1 + Et

{
β̃γ[(1− αt)L2

t−1]
}

= 0 (A.4)

vt : µAt[vtKt−1]µ−1[utNt]
1−µKt−1

−ηPtBt[(1− vt)Kt−1]η−1[(1− ut)Nt]
1−ηKt−1 = 0 (A.5)

ut : (1− µ)At[vtKt−1]µ[utNt]
−µNt − PtBt[(1− vt)Kt−1]η(1− η)[(1− ut)Nt]

−ηNt

+whtNt − wKt Nt = 0 (A.6)
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A.2 F.O.C.s for the representative household

Ct :
1
Ct

= λt (A.7)

ut : wK
t = wh

t (A.8)

Nt :
m̄

1−Nt
= λt(wkut + wh

t (1− ut)) (A.9)

Mt : λt

4∑
i=1

(
1

1 + rm
t

)i

=
4∑

i=1

Et

[
βiλt+iδt+i + βi+1λt+i+1θ(1− δt+i)2Mt

]
(A.10)

ht :
h̄

ht + (1− δh)Ht−1
= λtPt (A.11)

Dt : χ(
Dt

1 + rd
t

− D̄

1 + rd
) + λt = Et

[
β(1 + rd

t )λt+1

]
(A.12)

St,j : χ(St,j − S̄)
i∑

j=1

(
1

1 + rm
t

)i

+ λtQ
j
t = Et

[
βλt+1

(
Qj−1

t+1 + δt+1

)]
j=1,2,3,4(A.13)

δt : −λt

4∑
i=1

(Mt−i − (1− d)St−i) + λt+1βθ(1− δt)

(
4∑

i=1

Mt−i

)2

= 0 (A.14)

A.3 F.O.C.s for the bank

Dt : λt =
[
Etβ̃t+1λt+1(1 + rd

t )
]

(A.15)

Lt : −dF kw̄ −
λt

1 + rl
t

+ Et

[
β̃t+1λt+1αt+1 + β̃t+2λt+2ζL(1− αt+1)

]
= 0 (A.16)

Ft : dFυb =
(
λt −

1
πb

t

)
− Et

[
β̃t+1(1− ξb)

(
λt+1 −

1
πb

t+1

)]
(A.17)

Mt : −dF k ¯̄wEt

 3∑
j=0

β̃t+j

4−j∑
i=1

(
1

1 + rm
t

)i
− λt

4∑
i=1

(
1

1 + rm
t

)i

+ Et

 4∑
j=1

β̃t+jλt+jδt+j


+Et

[
ζM

4∑
i=1

β̃t+i+1λt+i+1(1− δt+i)

]
= 0 (A.18)

St,4 : −dF kEt


3∑

j=0

β̃t+j

[
dQ4−j

t+j w̃ − ¯̄w
4−j∑
i=1

(
1

1 + rm
t

)i
]− (1− d)Et

 4∑
j=1

β̃t+jλt+jδt+j

+ λtQ
4
t

−Et

[
ζM

4∑
i=1

β̃t+i+1λt+i+1(1− δt+i)

]
= 0 (A.19)
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Impulse Response Functions

0 20 40 60 80 100
−3

−2

−1

0

1

2

3
x 10

−4 Q1

0 20 40 60 80 100
−8

−6

−4

−2

0

2

4

6
x 10

−4 Q2

0 20 40 60 80 100
−1.5

−1

−0.5

0

0.5

1
x 10

−3 Q3

0 20 40 60 80 100
−2.5

−2

−1.5

−1

−0.5

0

0.5

1

1.5
x 10

−3 Q4

0 20 40 60 80 100
0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016
P

Figure B.1: IRFs for asset prices and house prices
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Figure B.2: IRFs of the real variables
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Figure B.3: IRFs for the bank’s balance sheet items, interest rates, and default
rates
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