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Abstract

This paper develops a Dynamic Stochastic General Equilibrium (DSGE) model
to study how the instability of the banking sector can amplify and propagate busi-
ness cycles. The model builds on Bernanke, Gertler and Gilchrist (BGG) (1999),
who consider credit demand friction due to agency cost, but it deviates from BGG
in that financial intermediaries have to share aggregate risk with entrepreneurs, and
therefore bear uncertainty in their loan portfolios. Unexpected aggregate shocks will
drive loan default rate away from expected, and have an impact on both firm and
bank’s balance sheets via the financial contract. In economic down turn, in addition
to credit demand contraction induced by low firm net worth, low bank capital posi-
tion can create strong credit supply contraction, and have a quantitatively significant
effect on business cycle dynamics.
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1 Introduction

Financial frictions have long been ignored in the literature on business cycles. The main
theoretical justification for this omission is the Modigliani-Miller proposition, which im-
plies that financial structure is irrelevant for real economic outcomes. However, the on-
going global financial crisis has demonstrated that financial conditions play a central role
in determining how real shocks are transmitted through the economy and has shown that
financial disturbances can be a source of economic fluctuations. Moreover, there are many
historical episodes in which distressed banking systems and adverse credit market condi-
tions have triggered or contributed to serious macroeconomic contractions.® Yet in the
canonical Dynamic Stochastic General Equilibrium (DSGE) models, there are no financial
sector and consequently no financial shocks. Recently, a number of authors have sought to
incorporate banking sector and related credit market frictions into DSGE models to study
the interaction between the real economy and the financial sector. This paper is part of
that effort.

Generally speaking, there are two aspects in integrating credit market frictions: one is
credit frictions from the demand side, and the other is from the supply side. Earlier work
by Bernanke and Gertler (1989) and Bernanke et al. (1999) (hereinafter BGG) investigated
the role of credit demand friction, as a result of asymmetric information between the bor-
rower and the lender. Their model established a link between firms’ borrowing costs and
net worth. In an economic downturn, firms’ leverage ratio increases, causing them to face a
higher external finance premium because information asymmetry is exacerbated, reducing
capital demand. The drop in capital demand reinforces the initial decline of firms’ net
worth and the business cycle is propagated. This mechanism is known in the literature as
the "financial accelerator”. However, the financial friction coming from the credit supply
side or the vulnerability of the financial intermediary itself has not been incorporated into
DSGE models. Recent authors have tried to link the financial structure of banks to their
lending rate to motivate the role of bank capital (e.g. Markovic (2006), Aguiar and Dru-
mond (2007)) or have modeled the function of banks in a detailed manner (Gerali et al.
(2009), Christiano et al. (2007) ). However, by using financial contracts that insulate banks
from aggregate shocks, previous models have avoided the key issue of linking systemic risk
to banks’ balance sheet and the related banking instability, which is then passed on to
the macro economy through the credit market. This linkage is shown to be of critical
importance in the current crises.

This paper focus on financial structure of banks and related credit supply frictions. The
basic model is a closed economy DSGE model similar to BGG. Key deviations from the
basic model is integrating a financial contract where borrowers and lenders share systemic
risk. At the end of each period, a loan contract is signed based on two parties’ expec-
tation of future economic condition. Contractionary aggregate shocks in the next period

3Including past crisis in Scandinavia, Latin America, Japan, and other East Asian countries.



will lead to higher than expected loan default rate, and will therefore not only influence
firm’s balance sheet, i.e. net worth, but also bank’s balance sheet, or capital position, as
they face large write-offs from the unexpected loan losses. This is in contrast with the
BGG model, in which banks issue state-contingent contract with entrepreneurs, therefore
returns on their loan portfolio are indepedent of any aggregate shocks. Given its initial
capital position, banks face the trade-off between increasing asset size and higher funding
cost, as households perceive lower capital-asset ratio as more instable financial structure
and charge a higher premium for holding banks’ equity. Therefore, in economic downturn,
in addition to the credit demand friction induced by low firm net worth, as captured in
a financial accelerator, low bank capital position also gives rise to strong credit supply
friction. Credit frictions from both sides will interact and reinforce each other, and drive
the economy down further.

Model simulations show that instability of the banking sector alone can create strong
credit supply frictions and can amplify and propagate short-run cycles significantly. Shocks
that originate from the banking sector, e.g. a sudden decline in bank capital, can lead to
strong contraction in the real economy. In the long run, instability of the banking sector
implies a lower capital stock in the economy and therefore a lower level of investment and
output.

This paper also compares the relative contribution of various frictions in shock trans-
mission. Three cases are considered. In the first case, only nominal rigidities and capital
adjustment cost are considered; in the second case, a financial accelerator effect is added;
in the third case, the bank balance sheet channel is incorporated. Model simulations show
that the bank capital channel is more important than the financial accelerator in amplifying
policy shocks. This is consistent with previous findings in the literature that the financial
accelerator contributes only marginally to monetary policy transmission.*However, the rel-
ative importance of the two channels is reversed when a positive technology shock hits the
economy, when strong corporate balance sheets play an important role in driving up asset
prices and increasing aggregate investment.

The model can also explain the long-established puzzle that aggregate lending does not
decline immediately following a contractionary monetary policy shock but increases for
four to six quarters and then falls. (Christiano et al. (1996) ). The mechanism behind this
phenomenon is that firm net worth contracts faster than asset prices in the initial period
following a negative policy shock, and that therefore firms have to rely more on external
financing. In the following period, contraction of firm net worth slows down, while asset
price is declining faster, so that firm’s external borrowing declines.

This paper is also related to the banking literature which focus on fragility of financial
intermediaries. Representative work from Diamond and Dybvig (1983) shows the inherent

1See Meier and Mueller (2006), Christensen and Dib (2008).



instability coming from the bank liabilities side. Given the explicit or implicit government
guarantee on bank deposit, this problem has been mitigated to a large extent. This paper
shows the banking instability arising from the asset side. i.e., although banks can diversify
away idiosyncratic shocks by holding a large loan portfolio, they are still vulnerable to any
systemic risk. Another key difference is that in this model, financial instability is driven
by fundamentals rather than pure self-fulfilling expectations.

The remainder of the paper is structured as follows. Section 2 presents the model.
Section 3 describes the calibration strategy. Section 4 discusses the effect of the bank
capital channel on long-run steady states and short-run dynamics. Section 5 concludes.

2 Model

The economy is inhabited by four types of agents: households, entrepreneurs, retailers
and bankers. The structure of the basic model is the following: Bankers raise equity and
deposit from the households, and then intermediate these funds to the entrepreneurs. En-
trepreneurs combine their own net worth and the money they borrowed from banks to
purchase physical capital, which will be used in aggregate production together with labor
supplied by households. The product will then be differentiated in the retail sector to
become final goods, which is either invested or consumed by the agents. Nominal Return
on risk-free assets (i.e.,deposit) is set by the central bank, who conducts monetary policy
following a Taylor rule. Banks are subject to regulatory requirement on minimum capital
ratio.

Next, we will present a financial contract where borrowers and lenders share aggregate
risk, and then integrate it into a general equilibrium.

2.1 The Financial Contract

In this part, we discuss the design of an optimal financial contract between entrepreneurs
and banks, which is the key deviation of our model to the original BGG model. The
contract is derived in a partial equilibrium setting, taking the price of capital goods, en-
trepreneurs’ net worth, the cost of deposits and bank capital as given. We then imbed the
optimal contract in the general equilibrium setting.

There are two parties to the contract: an entrepreneur with net worth and a financial
intermediary, which we call "bank”. Bank takes deposit from and issue equity to house-
holds to finance the loan demanded by entrepreneurs. We will discuss the detail of the
banking sector later. Both parties are assumed to be risk-neutral. At the end of period t, a
continuum of entrepreneurs (indexed by 7 € (0,1)) need to purchase capital for production
at t+ 1. The quantity of capital purchased by entrepreneur i is denoted K +1- The price of
capital in period t is ¢; (in real term). The return on capital is subject to both idiosyncratic



and aggregate risk. The ez-post gross return to entrepreneur i is wi,, Rf,;, where wj,; is
an idiosyncratic productivity shock to entrepreneur i, and RfH is the ez-post aggregate
rate of return on capital. wj,, is identically and independently distributed (across time
and entrepreneurs) with log-normal distribution and unit mean.

To finance the purchase of capital, entrepreneurs use internal funds (net worth) and
borrow the rest from a bank. Let N7, ; denote the net worth of entrepreneur i at the end
of period of t; then borrows from the bank is the following:

Li+1 = CItKZH - Nti—i-l (1)

wj,, is private information to entrepreneur i and the bank has to pay a monitoring cost
to observe it. Entreprenuers observe the realization of wj,; and decide whether to repay
the debt or default. If they repay the debt, they pay RtLHLtH. RtLJr1 is the gross loan rate
specified in the contract that the entrepreneru need to pay to the bank. It can be fixed or
state-contingent. If they default, the bank seizes the entrepreneur’s remaining assets after
paying the monitoring cost.? For a particular value of R} |, there is a corresponding cut-off
value of idiosyncratic productivity @), , such that, if the realization of the idiosyncratic
productivity falls below it, the entrepreneur defaults. That is:

— k i i
W R a Ky = RtL+1Lt+1 (2)

The monitoring cost is assumed to equal a proportion p of the realized gross capital re-
turn wi,, R, ¢ K}, ,. Parameter ; captures the degree of monitoring cost or information
asymmetry. ©

In BGG, entrepreneurs are assumed to bear all the aggregate risk. By issuing state-
contingent loan contract, banks are insulated from aggregate shocks and always obtain
risk-free rate of return on loan portfolios . The optimal contract, as a result, maximizes
the expected return to entrepreneurs as following:

max F {/ W§+1Rf+1QtKZ+1f(W§+1)dW - (1= F<w§+1))wi+lRf+1QtKZ+l} (3)

X3
Wiyl

where expectations are taken with respect to the random variable R}, and w, , is a
function of realization of R}, (and therefore, function of the states). f(.) and F(.) are
respectively the density function and the cumulative distribution function of the random
variable w. The optimal contract must observe the participation constraints of the bank

®see Townsend (1979) and Gale and Hellwig (1985) .
6The existence of the banking sector in this paper is taken as given. It could also be motivated
by assuming that banks have information advantage compared to households in monitoring the project

outcome, ie. Hbank < Hhouseholds-



as well, such that, for each possible realization of states of nature (and therefore, RF "+ and
W, 1) the contract satisfies:

) ) Wi i1 . )
(1— F(@ ) RE Ly + (1— ) / WERE K fW)dw = RIGLEL,  (4)

In equation (4), the left hand side shows that banks’ return on the loan portfolio has two
components: the loan amount that is paid back by the entrepreneurs, and, in the default
case, the acquisition of the firm’ remaining assets after paying off the monitoring cost. Rf 41
is the funding cost of the bank, which will be determined in the general equilibrium. Since
the participation constraints hold for each realization of Rfﬂ, banks face no uncertainty
in the return on loan portfolio, which equals to the risk-free rate.

The risk-sharing rule among entrepreneurs and banks is a bit stylized, nonetheless.” In
reality, banks face great uncertainty in their loan portfolio. The major source of uncer-
tainty is shocks to default risk. To account for this, we assume that aggregate risk is shared
between banks and entrepreneurs. The financial contract cannot be therefore contingent on
the realized capital return but has to be written based on the two parties’ expectation of cap-
ital return in the next period.® Under this risk sharing rule, we have to make a distinction
between the ex-post loan default threshold wiﬁl and the ex-ante wi’j_‘l.

Let EtRfH denote the expected capital return at the end of period t. We assume
that the entrepreneur can only offer the contract based on EtR,’?Jrl instead of all possible
realizations of Rfﬂ- 9The contract maximizes the expected return of the entrepreneur as
following:

/, w§+1EtRf+1Qth+1f(wi-s-l)dw — (1 - F(wiﬁl))wiﬁlEtRfﬂ%KZH (5)

—1,a

Wity

where wiﬁl is the cut-off idiosyncratic productivity that the entrepreneur is expected to de-
fault in period t+1 based on information up to period t. Correspondingly, the participation
constraint of banks is also based on E;R} ; :

—i,a

) ) Wit1 4 . )
(1- F(wt’ﬂ))RtLHL;H +(1 - N)/O W;JrlEtRf+1QtKZ+1f(WZ+1)dw = Rtf+1Li+1 (6)
By solving the contract we obtain the credit demand equation (see Appendix A ):

a K}
EtRf—i—l =5( Nit+1)Rg‘+1 (7)
t+1

"See footnote 10 in their paper.

8 A state-contingent contract could be prevented by assuming that the state of the economy is not
observed by the enforcement of the contract, but only observed at the very end of the period when people
form expectations for the next period.

90ur assumption actually simplifies the characterization of the financial contract, as it corresponds to
the problem of solving one case of no aggregate risk in the original BGG.



The property and interpretation of S(.) is identical to BGG, where S denotes the external
finance premium, which captures the wedge (driven by the existence of monitoring cost)
between the cost of finance from the firm’s side and the cost of funds from the bank’s side.
S’> 0, implying that the higher is the leverage ratio of firms, the higher is the external
finance premium.

After solving the optimal contract, the contractual lending rate could be derived as

L Wi By Ry K
R, = :
t+1 Lt
t+1

(8)

Note that in this model the contractual lending rate is fized and independent to the realiza-
tions of the return on capital in t+1, whereas in BGG the lending rate is state-contingent:

— k i
RL  — Wi R @S
t+1 — Lz
t+1

(9)

In period t+1, given the specified loan rate R}, and the realized return on capital, the
ex-post default threshold @*’ is now determined by:

- RE L
—i,b 141141
Wi = —F——— 10
i RE @K, (10)
Recall that the expected default threshold is defined by:
Wi BREaKY = RiyLiyy (11)

This implies:
—i,a k
b Wi By Ry
wi 41 = T (12)
t+1
From this expression, we see that any deviation of the realized capital return from
expected one will drive a wedge between ex-post loan default rate and ex-ante. We will

discuss its impact on banking sector and aggregate economy later.

2.2 General Equilibrium

In this section, we analyze how can aggregate shocks influence firm and bank’s balance sheet
via the financial contract in a general equilibrium. In addition to a firm’s credit demand
curve which is contingent on its net worth ( capturing the traditional financial accelerator
effect), this model also derives an implicit credit supply curve, which is contingent on
bank’s capital position.



2.2.1 Households

There is a continuum of households in the economy, each indexed by i € (0,1). They
consume the final good, ¢, invest in risk free bank deposits, d;,;, and bank equity, e;1,
supply labor h; and own shares in a monopolistically competitive sector that produces
differentiated varieties of goods. The households maximize the utility function:°

oo d1+§0
max B, 3 8 lnfeens) + 755 + Il s (13)
subject to the sequence of budget constraints:
dt+1 + Ct+1 + Ct = wtht + Rfdt + Rf(]_ — ¢t)et + Ht (14)

diy1 and eqyq are deposits and bank equity(in real terms) held by the household from t to
t+1. R? and R¢ reflect the gross real return on holding deposit and bank equity, and ¢,
is the default rate on bank capital. h; is household labor supply, w; is the real wage for
household labor, II; is dividends received from ownership of retail firms. Following Van den
Heuvel (2008), the liquidity services of bank deposits are modeled by assuming that the
household has a derived utility function that is increasing in the amount of deposits. The
households’optimization problem yields following first-order conditions:

Ue(cr) = BERY (1 — ¢p1)Uc(ci11) (15)
Ue(ct) = Ualdyi1) = BE R Ue(citn) (16)
- c,t/Uh,t = Wy (17)

Equation (15) shows that households’ intertemporal consumption decisions are determined
by the default-adjusted return on holding bank equity. Equation (16) shows the optimality
condition on bank deposit. Equation (17) describes the usual trade-off between consump-
tion and leisure. In the model set up, bank equity has to offer higher return than deposit
for two reasons: the first is the liquidity premium, since deposits can provide households
extra utility in addition to carry a monetary reward; the second is to compensate for the
default risk. As will be discussed later, banks will be shut down and default on capital
return when their capital ratios fall below the regulatory threshold.!!

2.2.2 Entrepreneurs

Other than difference in the financial contract, the entrepreneur sector at the aggregate
level is identical to the BGG. We describe the entrepreneur sector for completeness purpose

Tnserting deposits into the utility function is just a modeling device to capture the bank’ liquidity cre-
ation function. Model dynamics are robust if we consider a standard utility function with only consumption
and leisure.

' This paper assumes a relationship between households and bankers as delegated monitoring. Therefore,
households do not care about the capital structure of banks in their decision.

7



below. After signing the financial contract, entrepreneurs combine loans acquired from the
bank and their own net worth to purchase capital. They use capital and labor to produce
wholesale goods and sell them on a perfect competitive market at a price equal to their
nominal marginal cost. The aggregate production function is given by :

Y, = Athék(ht>ah(hf)ae(h?>ab (18)

Following BGG, We assumed entrepreneurs and bankers supply one unit of labor ser-
vices inelastically to the general labor market: h¢ = h? = 1. As will be see later, a, and
oy, are calibrated so that these two additional labor forces have a negligible effect on the
output level and model dynamics.!?

The optimization problem of production remains standard:

2 = ozkmct% (19)
wy = ahmct}% (20)
wy ozemcth% (21)
w? oa,mqE (22)

where z; is the real rental rate of capital and wy,w¢ and w? are, respectively, the real
wage of households, entrepreneurs and bankers. mc; denotes real marginal cost. The
expected return on capital is then:

qt

The accumulation of entrepreneurs’ net worth consists of two parts: profits from oper-
ating the firms and labor income. It is assumed that, in every period, entrepreneur will die
with the probability 1 — ~. This assumption ensures that entrepreneurs never accumulate
enough net worth to finance a project without external financing. Those entrepreneurs
who die at time t will consume (1 —~)V;. The evolution of aggregate net worth is therefore
given by:

Zi1+(1—0
EtRf_:,_l — E, < t+1 ( )Qt+1) (23)

Nipr =V +wy (24)

where V; represents gross return on operating business. It is the difference between
gross capital return and loan payment.

Vi = / WRfHQthHf(W)dW - (1 - F(wb))RfHLiH (25)

w

12The salary that bankers earn from labor supply could be understood as fee income collected from
transaction services, a function of financial intermediaries that is not modeled in the paper.



2.2.3 Capital Producers

Capital producers purchase a fraction of final goods from the retailer as investment goods i,
and combine this with the existing capital stock to obtain capital stock in the next period.
A quadratic capital adjustment cost is included to motivate a variable price of capital,
which contributes to the volatility of firm net worth and bank capital. Capital producers
will choose the quantity of investment goods to maximize profit subject to the adjustment

cost: )
Qe — U — % (k_i — 5) k’t] (26)

where ¢; is the real price of capital. The optimization problem yields the following capital
supply curve:

max F;

1
@ =1+x(;- =) (27)
t
where y captures the sensitivity of capital price to investment fluctuation. The higher y

is, the more volatile the price of capital. The aggregate capital stock evolves according to:
kt+1 == it -+ (1 - 5)kt (28)

where ¢ is the depreciation rate.

2.2.4 Banking Sector
The banks’ equity value is accumulated through retained earnings:
eri1 = (1= @r)es + [Ri L (1 — F(@"))

—b

+(1 - M)/ WRfHQthHf(W)dW - R{+1Lt+1] + wf
0

where ¢; is the bank default rate, which will be explained in the bank regulation section.
Aggregate bank equity at time t+1 consists of three parts: (1 — ¢;)e; is equity from those
banks who did not default at time t; the term inside the square bracket is unexpected gains
or losses in the loan portfolio; w? is bankers’” wages.
Substituting equation (6) into the above equation, we get:

eri1 = (1 — @)y + REy Lyt (F(@0*) — F(@))

—b

(- p / WRE K f () ds
0

—a

- p) [ BB 0K fw)do + o)
0

Notice from the financial contract, we have derived following relationship between loan
default threshold and aggregate capital return:

—a k
—b Wi Br Ry

w =
t+1 k
RtJrl

(29)



Consider the case when a contractionary shock hits the economy, which reduces realized
capital return R, ; below the expected value E;RY, ;. This will lead to higher ex-post loan
default threshold @?, ; than expected @, ,, correspondingly higher loan default rate F'(w”)
than anticipated F(w®), and creat unexpected losses RY, | L1 (F(w®) — F(@")) that write
down bank’s capital position. This is the key difference of our model from the original
BGG model in terms of shocks transmission. In the BGG setting, all aggregate shocks
are absorbed by firms’ balance sheets; while in our model, aggregate shocks are absorbed
partly by firms’ balance sheets and partly by banks’ balance sheets via the financial con-
tract.

Given the aggregate loan size, L;, and bank equity, we obtain the aggregate capital
ratio: .
A =1 30
=1 (30)
The rest of bank funding

dt - Lt — €t (31)

will be collected from the households in the form of deposits. Therefore, from an aggregate
level, the opportunity cost of bank funding is a linear combination of cost of bank equity
and cost of deposits, where the proportion of each type of funding varies according to the
bank capital ratio.

R{—&-l = AR+ (1 At)R?H (32)

The respective costs of deposits RY, | and equity RY,; are derived endogenously from house-
holds’ optimization problem.

Bank regulation In modern banking regulation, capital requirement has become the
focal point.’® Given the implicit or explicit government guarantee on bank deposit, bank
capital regulation is imposed to curb banks’ excessive risk-taking. In 1987, the Basel Com-
mitee of Banking Supervision established the Basel I Accord, which provided a uniform
capital standard for all banks in the member countries. Basel I required the ratio of banks’
capital to risk-weighted assets to amount to a minimum of 8 percent, with at least 50
percent of it being tier 1 capital. By 1993, nearly all of the world’s big banks satisfied the
Basel capital requirement. Many of them have been increasing their capital ratio. Figure
1 presents a histogram of the risk-based total capital ratios of U.S. commercial banks in
the fourth quarter of 2000. As we can see from the figure, capital ratios vary across banks,
with most of them between 10 and 11 percent, and very few below 10 percent.

13In this paper, bank capital regulation is taken as given, instead of being motivated from a micro
perspective. It could be understood to mean that the threshold requirement is set to keep the government
or the central bank from having to shoulder the burden of massive bank failures.
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Motivated by this empirical observation, the capital ratio across banks in the model
is assumed to have log-normal distribution. The mode of the distribution is given by the
aggregate capital ratio derived above. A;, log-normal (A, ¢).!* The health of the banking
sector as a whole will depend largely on the variation of aggregate capital ratio. With a
higher aggregate ratio, the distribution moves to the right, and fewer banks will fall short
of the 8 percent threshold and thus default, and vice versa. The default probability is given
by the cumulative distribution function up to the regulatory threshold:!'®

b = cdf (A, o) (33)
The higher the default probability, the more it costs banks to raise equity. Therefore, a
low capital position today will lead to higher equity costs in the next period. This increase
in funding costs will dampen banks’ incentive to supply credit, and reduce aggregate in-
vestment.
By contrast, in the BGG model, banks’ funding costs are independent of banks’ capital
structure, and is always equal to the risk free rate. In economic downturns, even though
large loan losses lead to a weak capital position, funding costs remain the same, as house-
holds do not charge a risk premium for the increased banking instability; therefore, there
is no amplification effect of business cycles from banks.

2.2.5 Retail Sector

The retail sector is introduced into the model to motivate sticky prices. We assume mo-
nopolistic competition and Calvo pricing. Retailers purchase the wholesale good from
entrepreneurs at a price equal to its nominal marginal cost and differentiate them at no
cost. They then sell these differentiated retail goods in a monopolistically competitive
market. Let Y;(i) be the quantity of output sold by retailer ¢, measured in units of whole-
sale goods, and let P,(i) be the nominal price. Total final usable goods Y; are the following

composite of retail goods:
€/(e—1)

Y, = { /0 11@(2’)(61)/212’] ! (34)

with € > 1 representing the degree of monopolistic competition. The corresponding price

index is given by
1 1/(1-e)
P = { / thl—@dz} (35)
0

14The conditional distribution of bank capital ratio could be derived endogenously from the bank equity
accumulation equation. For simplicity, in the simulation only the mean of the distribution is used, while the
variance is assumed constant. As Krusell and Smith (1998) has shown, the behavior of the macroeconomic
aggregates can be described almost perfectly using only the mean of the wealth distribution.

15Since banks that fall below the regulatory threshold cannot make new loans, they exit from the
industry. Note that the default case in this model is benign, i.e. banks default because of bad fundamentals.
Irrational bank runs caused purely by shifts in people’s expectations are not considered here.
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Following Calvo (1983), in a given period the retailer receives the signal to adjust the price
with probability 1 — @ and otherwise has to maintain the previous price. Let P/(i) denote
the price set by retailers who are able to change price at t, and Y;*(i) the demand given
this price. The retailer will thus choose this price to maximize future expected discounted
real profits, given by:

o0

max Et Z [ekAt,th_‘_k (Z)/Pt_‘_k} (36)
k=0

subject to the demand function

(0) = (Z”) Yooy (37)

where the discount rate A,y = 87C;/Cyyx (given assumed log utility in consumption) is the
household intertemporal marginal rate of substitution, which the retailer takes as given.
Q44 is nominal profits given by (P (i) — MCy1)Y;% (7). The optimization problem yields
the following condition:

0 By e 0FA e MCoy ()Y (4) ) Pk
6—1 By o OF Nk Yiik (i) Py

Given that the share 6 of retailers do not change their price in period t, the aggregate price
evolves according to:

i) = (38)

Po= 0P+ (1= o) () ] (39)

Combining the optimal pricing and the evolution of aggregate price and then log-linearizing,
we obtain a standard Phillips curve where mc; represents the real marginal cost gap.

1-0 .
/BEtﬂ-tJrl = Tt — (1 — B@)Tmct (40)

2.2.6 Monetary Policy

To facilitate comparison with previous models, we assume a simple rule according to which
the central bank adjusts the current nominal interest rate in response to the lagged inflation
rate and the lagged interest rate.

L= P peTer + € (41)

3 Calibration

In the household utility function, p is chosen so that steady-state labor is 0.3. ¢ is cal-
ibrated so that the steady-state liquidity premium is 380 bp on an annual basis. [ is
calibrated at 0.983..
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In the aggregate production function, the capital share is 0.33, the share of household
labor is 0.66, the share of entrepreneur labor is 0.00956 and the share of banking labor is
0.00044. Capital depreciates at 2.5 percent quarterly. Capital adjustment parameter yx is
calibrated at 2 based on the estimates in Chirinko (1993).

In the retail sector, the degree of monopolistic competition € is calibrated at 6, which
implies a steady-state mark-up of 20 percent. The Calvo probability that a firm does not
change price in a given period € is set to 0.75, which implies that prices in the economy are
adjusted every four quarters on average. In monetary policy, the autoregressive coefficient
is set to 0.65 and the coefficient of lagged inflation 1.2. These calibrations are standard in
the literature.

In the financial contract, the monitoring cost parameter p is set to 0.12, following BGG
1999. The probability that entrepreneurs die in a given period 1 — 7y is set to 0.019. The
variance of idiosyncratic productivity is set to 0.265. These parameterizations lead to a
capital-to-net worth ratio of 2 (leverage ratio of 0.5), an annual loan default rate of 2.56
percent and an annual external finance premium of 180 bp. In the distribution of the bank
capital ratio, the steady-state ratio is calibrated at 10 percent and the variance of the
distribution is set to match a steady-state annual bank default rate of 1 percent. Based on
Dimson et al. (2002), Annualised return on equity is calibrated at 5.8 percent and return
on deposit 1 percent.

Based on King and Rebelo (1999), the aggregate productivity shock follows an AR (1)
process, with a coefficient of 0.9 and a standard deviation of 0.0056.

4 Simulation

Technology shocks, monetary policy shocks and financial shocks are considered in the
simulation. First, the impulse responses to shocks are analyzed; then the model is compared
with a model where the only financial friction comes from the credit demand side and with
a baseline model with no financial friction. The marginal contributions of the bank capital
channel to the long-run steady state and short-run dynamics are studied.

4.1 Technology shocks

Figure 2 and 3 display impulse reponses to a positive technology shock with the size of
one standard deviation. After a positive technology shock, the realized capital return is
higher than expected, leading to lower than expected loan default rate. This generates
unexpected gain on the loan portfolio, which strengthens banks’ capital position. Given
the improvement in banks’ balance sheets, households expect a lower bank default rate
in the next period and are therefore willing to hold bank capital at lower rates of return.
The reduction in the cost of funding from the banks’ side expands credit supply and
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drive up investment in equilibrium. On the other hand, after a positive technology shock,
firms’ net worth increases and leverage ratios decline, causing them to face lower agency
costs in the credit market and enabling them to obtain loans at lower external finance
premiums. The positive reaction from both the credit supply and credit demand side
drive up aggregate lending to a large extent, which implies an investment boom. This
raises output, consumption, and asset prices. The marginal cost of production falls after
productivity increases; therefore, inflation falls.'6

4.2 Monetary policy shocks

Figure 4 and 5 show impulse reponses to an unanticipated twenty-five basis point increase
in the policy rate. After a monetary policy tightening, the cost of deposits rises, bank
credit supply declines, ex-post loan default rate goes up. The unexpected loss in loan
portfolio will write off bank’s capital. The deterioration in banks’ balance sheets will
lead households to demand higher returns for holding bank capital in the next period.
The difficulty in raising capital will further depress banks’ credit supply and propagate
the monetary policy shock. On the other hand, the net worth of entrepreneurs falls, the
leverage ratio rises. This makes them look less attractive in the credit market and forces
them to pay a higher external finance premium. Note that, despite the contraction in both
credit supply and credit demand, the aggregate lending rises for about four to six quarters
and then falls. This behavior has been well documented in empirical studies. Christiano
et al. (1996) argue that ”following a contractionary shock to monetary policy, net funds
raised by the business sector increases for roughly a year, and then fall”. Recall aggregate
lending is determined by: L;11 = ¢ K11 — Nyyr1. The reason for the temporary increase in
the loan amount is that, after a monetary policy tightening, there is contraction in firm net
worth, capital stock and asset prices. The adjustment speed of capital is low; therefore,
the change in aggregate lending depends on the adjustment speed of net worth and asset
prices. Since at the beginning net worth decreases much faster than the asset price, the
firm has to borrow more external funds to finance a reduced amount of investment. In the
following period, contraction of firm net worth slows down, while asset price is declining
faster, firm’s external borrowing therefore goes down. The rest of dynamics are standard:
after interest rates are increased, inflation and consumption fall. Contraction of investment
and consumption reduces the output level.

4.3 Financial shock

Figure 6 depicts the model dynamics after a negative shock to bank capital. Assume that
there is an exogenous deterioration of bank’s balance sheet and therefore a sudden drop of
bank capital, possibly due to the burst of an asset price bubble, which leads to larger write-
offs of bank equity compared to the case where asset swing is only driven by fundamental

16Tn all the graphs in the simulation part, the X-axis represents the number of quarters after shocks hit
the economy, the Y-axis represents the percentage point deviation from the steady state value.
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as modeled in this paper. From the simulation we can see that, a sudden drop of bank’s
capital position leads to strong contraction in bank’s credit supply. We observe a decrease
in aggregate lending and an increase in credit spreads. Tightening of credit market leads
to dampened aggregate investment, which further deteriorates firm’s balance sheet, loan
default rate goes up. Weak aggregate demand leads to both low output and inflation.

4.4 Model Comparison: Marginal Effect of Banking Instability

Next, we compare this model with a model where only the BGG type of financial friction
exists as well as with a standard model with no financial friction. The results show that
banking instability can lead to lower capital stock and investment in the long run and have
an acceleration effect on the short-run dynamics of the model.

4.4.1 Long-run effect

Table 1 displays steady states of model economy with different frictions. In the long run,
instability of the banking sector implies higher bank funding cost, compared to the risk-
free rate in BGG model. Given the increased funding cost, banks are only willing to
finance project with higher return. Since the marginal return on capital is decreasing at
the aggregate level, this implies a lower capital stock in the equilibrium, and therefore
lower investment, output and consumption level.

4.4.2 Short-run effect

Figure 5 and 6 compare the relative importance of various frictions in shock transmission.
The dashdot line describes impulse responses in a standard DSGE model, where only nom-
inal rigidity and capital adjustment costs are considered. The dashed line incorporates the
additional friction coming from the credit demand side, or the financial accelerator effect.
The solid line captures the model dynamics where the bank capital channel is added to
the previous frictions.

As we can see from the figures, the bank capital channel has a strong acceleration and
propagation effect on both the impulse responses to the technology shock and the mone-
tary policy shock. Compared to previous literature (e.g. Markovic (2006)), where the bank
capital channel can generate the acceleration effect, but very little propagation effect, as
the marginal contribution of credit supply friction vanishes after around 8 quarters fol-
lowing a policy shock. In this model, by introducing bank capital as a state variable, low
capital position not only amplifies the cycle, but also creates more persistence of cycles.
This corresponds to the real world senario, where after a one-time deteriation of banks’
balance sheets, it takes time to repair the balance sheets and restore credit supply.

The most significant effect of bank capital is on investment, asset prices, and credit
spreads. The instability in the banking sector introduces extra volatility to these vari-
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ables, while its impact on output is relatively minor. This is because consumption, which
accounts for 80 percent of output in the model calibration, is not strongly subject to the
influence of banking instability. If consumer loan is incoporated, bank capital channel will
have a much larger effect on the consumption level, and therefore a more significant impact
on output.

Another observation from figure 5 is that the bank capital channel is more important
than the financial accelerator in amplifying policy shocks. This is consistent with previous
findings in the literature that the financial accelerator contributes only marginally to mon-
etary policy transmission. However, the relative importance of the two channels is reversed
when a positive technology shock hits the economy, where strong corporate balance sheets
play an important role in driving up asset prices and aggregate investment.

5 Conclusion

This paper extends a general equilibrium model with a BGG-type financial accelerator to
a model in which financial friction coming from both the credit supply and credit demand
sides are considered. By integrating a financial contract, in which entrepreneurs and banks
share aggregate risk, aggregate shocks will have impact not only on firms’ balance sheet,
but also banks’ balance sheet. In economic downturn, in addition to credit demand friction
induced by low firm net worth, this paper shows that low bank capital position also creates
strong credit supply friction, and leads the economy to contract further. This bank balance
sheet to credit market linkage has been shown to be critical importance in the current crisis.

The extended model enables us to study how real shocks, e.g, technology shocks, mon-
etary shocks, affect the financial sector and how shocks originate in the banking sector can
influence the real economy. The model also facilitate us to understand the role of different
frictions in shock transmissions.

In future research, this model could be extended to consumer loans. Since consumption
is the major component of output, once the feedback from banking instability to consump-
tion is incorporated, the effect on output will be much more significant compared to the
corporate-loans-only case. The model could also be extended to an open economy and
study how the instability of a financial intermediary in one country could influence the real
sector in the other economy.
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Appendix A: The Financial Contract

In the financial contract, the entrepreneurs maximize expected profit subject to the par-
ticipation constraint of the bank,

max / WE Ry g K} f(w)dw — (1 — F(@"))w" E,Ry, 1 K

subject to

(1 - F(_Z a))Rt+1Li+1 + (1 - H) / wEtRquthHf(W) Rt—l—lL;-i—l
0

Recall that .
—’“Eth+1thZ+1 = Rt+1Li+1

The key difference in solving the contract compared to BGG is that, in BGG, the expec-
tation operator is outside the brackets, since w itself is not fixed but instead contingent on
Rt+1

max F, {/ WRY g K} f(w)dw — (1 — F(wiva))wi,aRiﬂHthZH}

subject to

—1i,a

(1-F(w" ))Rt-i-lLi—i-l + (1 — M)/O WRII:CH%KZHf( Jdw = Rt—&—lL;—i-l

This participation constraint has to hold for each realization of R} ; therefore, @® is a
function of ng‘H. By contrast, in our model the participation constraint only holds for
E,R} , and will break down ex-post if the realization of R}, deviates from expectation.
Define

r@*) = [ wfw)ds - (1- F@)a" (A-1)

—i,a

G(@) = / W f(w)dw (A-2)
0
The financial contract can then be transformed into

max (1-— F(_”))EthHthZH

Ki @
subject to
(P(@™*) - NG(wi’G))EtRfHQtK:H = R{H(%KZH - Nti-i—l)
Define external finance premium s* = % and firm leverage ratio k' = N:i and let \ be

the Lagrange multiplier on the bank participation constraint. First-order conditions imply
that: .

(@)
F@) - 16 @)
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, A
st = . . - A-4
L= T@) + AT @) — pG@) Ay
Combining first-order conditions with the participation constraint enables us to derive
a one-to-one relationship between the external finance premium and the cut-off thresh-
old value, as well as a one-to-one relationship between the leverage ratio and the cut-off

threshold value:

s =s(@") =

MTﬂ (A-5)

1 — T(@") + A@"*)(D (@) — uG (@)

i AL (@) — pG (@)
k= k(@) =1 A-6
( ) + 1 _ F(F a) ( )
Therefore there exists a one-one relationship between the firm leverage ratio and the ex-
ternal finance premium:

k= o(s") (A-T)
or K}, = p(s')N],;. Since the leverage ratio is the same across firms, they pay the

same external risk premium s. We can thus easily aggregate this equation, and derive the
following;:

@K1 = o 7 )Nt+1 (A-8)

where K;,; and Ny, represent aggregate capital and firm net worth. We can also rewrite
this equation into equation (6) in the paper:

VRl (A-9)
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Appendix B: First-Order Conditions

Ue(cr) = BEthEH(l — ¢ri1)Uc(Cry1)
Uelcr) = Ua(drir) = BER] Uelcenr)

- c,t/Uh,t = Wy

]{'t+1 == it + (1 - 5)kt
zep1 + (1= 0)gi

Rfﬂ - %
K1
EtRfH = S(—N + )R{+1
t+1

R{—&-l = AtheH + (1 - At)R?H

—a k - L
Wi Ee Ry e Ky = By Ly

QK —a —a —q
N = =1- S(wt+1)(r(wt+1) - NG(WtH))
t+1
o= w?HEtRfH
1= T pE
" Ry,

Nip1 =V +wy
Vi = /b WRerlthKtHf(w)dW —(1- F(wb))RtL—i-lLi-i-l

¢t - Cdf<At7 U)
_ 0 E Do O Mk MCy i (1) Y1) ) Py
6—1 Ey Yl o Mk Yin (1) / Py
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err1 = (1= dr)es + Ry L (F(@) — F(@))

—b

H1=p) [ wRb ki f)ds
0

—a

(- n) [ wBRE @K f)ds + ol (B-20)
0
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Appendix C: The Steady States

RE(1 = ¢ss) = 1/5

(o}

Css
d%s

—o
Css _ _h

w
l?g ss

Rl;s = S(levss)Rfs

Rics = Assts + (1 - ASS)Rgs

l
wa _ RssLSS
ss
RI;S Gss Kss

—b _ —a
wss - wss

levss = 1 = s(W5,)(D(W5,) — pG(@5))

Nygs = (1 = y)wg,
¢ss = pdf(A537 0)
€ss = (1 - ¢ss)w25

Tes = 1
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Table 1: Steady states comparison

Variable Zhang BGG
Capital 7.1621  7.4116
Investment  0.17905 0.1853

Output 0.86509  0.875
Consumption 0.68604 0.68964

24



Table 2: Notation of key variables

Symbol

Variable
Capital
Investment
Output
Consumption
Bank deposit
Bank equity
Firm net worth
Asset price
Loan
Gross return on capital
Gross return on bank deposit
Gross return on bank equity
Contractual loan rate
Bank default rate
Expected loan default rate
Realized loan default rate
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Figure 1: Distribution of Bank Capital Ratio of U.S. Banks in 2000:4
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Figure 2: Impulse responses to a productivity shock
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Figure 3: Impulse responses to a productivity shock
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Figure 4: Impulse responses to a monetary policy shock
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Figure 5: Impulse responses to a monetary policy shock
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Figure 6: Impulse responses to a financial shock
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Figure 7: Impulse responses to a monetary policy shock
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Figure 8: Impulse responses to a productivity shock
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