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Abstract

The objective of this study is to investigate the international transmission mechanism of
the role of banking sector. We propose a Dynamic Stochastic and General Equilibrium
model of a two-country two-bank world with nominal rigidity. Bank lends funds to
entrepreneurs to purchase capital. The banking capital position has influence on loan
rate spreads which can affect the real economic activities. Financial impact is originated
from entrepreneur defaulting on their borrowings. The calibration results show that a
country-specific financial shock causes international crisis. Furthermore, a negative

monetary policy shock also drives simultaneous recession across countries.

Keywords: DSGE, loan rate spreads, banking capital, international business cycles
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1 Introduction

1.1 Motivation

The 2007 subprime crisis occurred in the U.S became the global financial crisis after the
bankruptcy of Lehman Brothers in the autumn of 2008. The international economy has
not been on the road to recovery. The crisis provides researchers concerning financial
impact on the issues of macroeconomics and international finance. However, in standard
Dynamic Stochastic and General Equilibrium models (henceforth, DSGE model), both
Real Business Cycles model (henceforth, RBC model) and New Keynesian model,
assume that households hold capital stock and supply them to firms directly without
frictions. Financial frictions and the propagation mechanism of financial-real linkage
are absent from traditional DSGE models. Entrepreneurs finance their investment
through borrowing funds from financial intermediation in practice. In addition, banks
have to maintain the minimum capital requirement regulated by the Basel Accords. The
position of banking capital influences the ability of bank’s loanable funds, therefore,
affects the real economic activities. Empirical studies also underline the importance of
banking sector to understand business cycles. Buch and Neugebauer (2011) find that the
quantity of large bank lending has significant effects on short-run fluctuations. The
impact of a negative bank-specific shock is more sensitive to bank’s lending level than
positive shock. Kashyap and Stein (2000) measure the bank lending views of monetary

transmission and how the monetary policy has asymmetric influences on bank lending.



They find that banks with lower liquidity respond more to the negative monetary policy
shock by cutting loan supply.! As financial intermediation becomes an indispensible
part of modern economy activity, its importance has been rising in the literature.

There are various studies in literatures that research the mechanism of financial
frictions, moral hazard, external finance, and collateral constraint. This paper, instead,
underlines banking capital mechanism and the propagation of entrepreneurs default on
their borrowings. Household saves her deposits in banking sector and bank lends money
to entrepreneurs to purchase capital. As entrepreneurs defaulting on their repayments,
crisis sparked, banking sector faces liquidity shortage. With losing funds in financial
intermediation, returns to household and loans to entrepreneurs are becoming more
insufficient. As a result, the economy goes to a further recession. Financial accelerator
mechanism that deepens economic fluctuation is an important part of this paper.

Furthermore, international business cycle is another concern in this study. The
discussion of worldwide propagation financial shock has been a central issue these
years due to the global financial crisis since 2008. However, there are few literatures
considering international quantitative dynamic model embedded with banking sector.
For this reason, this paper constructs a two-country New Keynesian DSGE model to
evaluate financial shocks as well as international transmission across countries.

Kollmann et al. (2011) formulate a two-country RBC model with one global bank
which collects deposits and loans to both countries to investigate the international
propagation of default shock. The financial intermediation in this paper is in the spirit of

Kollmann et al. (2011). The differences between Kollmann et al. (2011) and our work

1 “Liquidity” is defined as the ratio of securities to assets in their work.



are that we assume a two-country two-bank model instead; the bank in each country
collects the deposit from both countries households, but makes loans to the domestic
firms only due to the difficulty in credit check. Furthermore, this paper is a New
Keynesian model with nominal rigidity.

The purpose of this paper is to study the role of banking capital of a bank running
the global business in the transmission of shocks. The main structure of the model is as
follows. Bank collects deposits from Home and Foreign households and lends to
intermediate firms (entrepreneurs). Bank faces banking capital regulation. The quantity
of bank capital affects the spread between loan rate and deposit rate. Nominal rigidity is
introduced in entrepreneurs. Entrepreneurs hire labor and purchase capital to produce
intermediate goods and sell them to Home and Foreign final goods firms (retailers). The
pricing of intermediate goods is set as producer currency pricing (PCP). Retailers
behave perfect competition and final goods are non-tradable. The details will be

presented in section 2.

1.2 Literature Review

There is a notable literature on modeling DSGE models with financial frictions (known
as “the credit channel”), beginning with Bernanke et al. (1999) (henceforth, BGG
model). They stress the importance of “financial accelerator” in the source of business
cycle transmission mechanism, which can amplify economic fluctuation. Hereafter,
financial frictions have seen increased attention being given to thesis investigating in
literatures. Christensen and Dib (2008) modify BGG model and develop an estimated

New Keynesian DSGE model. They show that the financial accelerator mechanism can



improve the model performance and fit the data. lacoviello (2005) completes the
channel of borrowing constraint. He examines a New Keynesian DSGE model with
collateral constraint; both households and entrepreneurs face restrictions in borrowing
tied to their real estate holdings.” He simulates a scenario with housing prices shock.
However, their works do not assign any role of financial intermediation, which may be
the source or the propagation mechanism of the recent crisis.

Meh and Moran (2010) use a closed-economy DSGE model and indicate that the
contraction monetary policy causes the declining of banking capital. As banks lose their
capital, lending becoming decreasing; hence, magnify the recession. The importance of
banking capital mechanism can also be found in Gerali et al. (2010). They augment an
imperfect competition financial market a la lacoviello (2005). They show that banking
capital decrease causes tighter credit condition of banks that increases the loan rate and
deepen the fluctuation. Gertler and Kiyotaki (2010) and Dib (2010) construct a fairly
rich financial intermediation in a DSGE model. Dib (2010) evaluates financial shocks
and liquidity injection policy (as Quantitative Easing), while Gertler and Kiyotaki (2010)
involve in the unconventional credit policy. (See also Gertler and Karadi (2011).)

Since the crisis addresses the importance of global financial intermediation
propagating the fluctuation across countries, the role of banking in the international
business cycles literatures have been received great attention but was rarely modeled.
Kollmann et al. (2011) incorporate a two-country RBC model with a global bank. The
global bank can loan to Home and Foreign entrepreneurs. Financial shock is originated

from entrepreneur defaulting on their borrowings. Default shock lowers banking capital

2 The notation of “houses”, “real estate”, and “assets” are the same in his study.



and raises the loan rate spreads. With the mechanism of global bank and correlated
shocks, both countries sink into recession simultaneously.® In a related work, Kamber
and Thoenissen (2011) use a two-country, two-bank RBC model but consider
international relative commodity prices. Specific banking sector shock spills over to
another country through the current account channel. Both Kollmann et al. (2010) and
Kamber and Thoenissen (2011) capture the behavior of loan rate spreads. The properties
of their model, however, do not have obvious differences from canonical international
RBC model. Productivity shock explains most of business cycles phenomenon. Instead
of assuming competitive banking sector, Olivero (2010) focuses on monopolistic
competition banks in the structure of two-country RBC model. Firms finance their
investment by borrowing from international financial market. She draws that as a
specific positive productivity shock happened, banks compete severely among each
other to meet the need of firms for expanding their investment by financing from banks.
Therefore, global margins decrease and benefit the other country’s investors. The model
behaves positive co-movement properties across countries. While these researches have
highlighted the role of banking sector for international business fluctuation, their studies
are constructed on RBC model, in which productivity shock is the main source of global
business cycles. Financial shock plays a negligible role from their works.

The rest of this paper proceeds as follows. Section 2 presents a two-country,
two-bank New Keynesian DSGE model. Section 3 pictures the mechanism of loan rate

spreads associated with banking capital. Section 4 outlines the model’s parameterization

® Kollmann et al. (2011) assume that there are correlations between productivity shock and default shock.
The details will be described in section 4.



and the steady-state values. Section 5 describes the calibration results. Section 6

concludes.

2 The Model

Consider a discrete time two-country two-bank economy, called Home and Foreign, in
which all agents are infinitely lived. In each country, there are a representative
household, a financial intermediation, a retailer (final goods producer), and a continuum
of monopolistic entrepreneurs (intermediate goods producers). The banking sector is

based on Kollmann et al. (2011). Each intermediate firm produces distinct intermediate

goods indexed by i<[0,1]. There are also a government and a central bank. Household

consumes, holds deposits, and works. Bank collects Home and Foreign households’
deposits and lend to domestic entrepreneurs. Both countries are symmetric, having the
same preferences and technologies; therefore, the following setup focuses on the Home
country. The equation of Foreign country can be found in Appendix A. Foreign

variables are denoted by an asterisk.

2.1 Household

The Home household maximizes its expected lifetime “deposits-in-the utility function”
(1) by choosing real consumption, real Home and Foreign deposits holdings, and labor
supply; subject to the budget constrain (2). Foreign deposit is denominated in foreign

currency.
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where E; is the expectation operator, £ <(0,1) is the discount factor. We assume

that household and banker have the same discount factor.* Deposits provide utility to

the household. ¢,, D, D, and N, are real consumption, nominal Home deposits

holdings, Foreign deposits holdings, and labor supply respectively. The household

enters each period with deposits and Home government bonds B°. D/, and D/

t+1 t+1 are

the bank deposits held by the household at the end of period t. During the period,
household supplies her labor to the entrepreneur, earning her real income (W,/P)L,.

Household is the owner of entrepreneur so that she receives dividend II,. Household

also pays a lump-sum tax to government T,. We denote R Rp.

€ R,, and e, as

Home deposit rate, Foreign deposit rate, Home bonds rate (policy rate), and nominal
exchange rate respectively. Interest rate on deposits and bonds are set at t—1. y is
household’s deposit preference and n is the elasticity of labor supply.

The first-order conditions for Home household’s maximization problem are,

* An alternative setup assumes that household is more patient than the bank; this can also generate a
positive loan rate spreads (See e.g., lacoviello (2011)).



c Cy (1+Ry .,
P HI-;t+ﬂEt H,t( D,tl)zl, (3)
d, Ch 141711
C Ch (1+ Rl;,t+1)et+1
¥—++BE =1 (4)
d, Ch 14271118
n _ W
Ny = )
t
c,,(1+R
BE, M =1, (6)
CH,t+lﬂ.t+l

with the definition of w, =wW,/P, df =D" /P, df,=eD /P, 7,=P,/P,
e =R/R".

Equation (3) and (4) relate the Euler equation for Home deposits and Foreign
deposits. Equation (5) represents a standard intratemporal optimally condition setting

the marginal rate of substitution between consumption and leisure equals to the real

wage. Intertemporal allocation of consumption is in equation (6).
2.2 Retailer

The Home final goods producer operates in a perfectly competitive market. We suppose
that intermediate goods are sold to retailers in both countries; however, final goods are
non-tradable. The production function of retailer is in a constant-elasticity-of

substitution (CES) technology,

v
v-1 1 v-1 [y_1

f)r e (YE) | W)

Y = (1—(0)% (Y

t

where © measures the weight of imported goods, 0<w <1, and v represents the



elasticity of substitution between Home and Foreign intermediate goods, v>1.°

Retailer purchases Home intermediate goods, Y., and imports Foreign intermediate

goods, Yg ., and combine them to produce final outputs, Y,. Yg, and Y., arein the

/e gle—1 e1/e gle-1
composition of Y =|:J.:(YE|-,|t(i)) ! di} and Yg, =[J.:(Ygft*(i)) Y di} , with

& >1 represent the elasticity of demand for each intermediate good.

Cost minimization conditions for Home retailer give,

YEi-,'t ()= P YE|-,|t’ (8)
E.t
i [PL@) e
YEF,t ()= E’t* YEF,t : (9)
PE,t
Retailer’s intermediate goods demand curves for Y, and YZ. are,
H PE,t /
v _(1_0))[_J v, (10)
’ P
eP’ )"
L,
P
. 1 L \l-e . Yl-e . 1 . \le 11-¢
with P, =|:J.O(PE't(I)) dl} and P/, =|:-[O(PE't(I)) dl} . Therefore, the
aggregate price index, CPI, in Home country yields,
ES
1-v |-y
P =[(1—a))PE{tV +o(eP:,) }1 : (12)

® The production function reduces to a Cobb-Douglas technology as vV =1.



2.3 Entrepreneur

2.3.1 The Intermediate Goods Market

We assume that entrepreneurs behave monopolistic competition and introduce nominal
rigidity in the intermediate goods market. Entrepreneurs finance funds from banking
sector for purchasing capital. Intermediate goods producers maximize their profits
subject to three restrictions. The first is production function; the second is that some
firms are not allowed to adjust their price in each period; and the third is the demand
curve which each intermediate firm faces. The pricing of export intermediate goods is
set as producer currency pricing (PCP).

The production function of the monopolistically competitive intermediate firm i

is in the Cobb-Douglas technology,
Ve (i) = AKZ(N“(0), (13)

where Y. (i) is the output of the firm in period t, K (i) and N,(i) denote capital
stock and labor respectively, A is an exogenous productivity shock (see below).
The entrepreneur finances its capital acquisition from Home bank each period,
L (1) = QK. (D), (14)
where Q, is the capital price and L, (i) is the borrowings. We do not allow firm can

finance its capital acquisition from Foreign bank due to credit check problem.

The evolution of capital accumulation equation is according to,

10



Ko@) = (1= 8) K, (i) +1,(), (15)

where & is the depreciation rate.

First-order conditions suggest the following optimal labor and capital demand

decisions,
W, (i) = MC, (i) (1- Ye )
t - t ( a) Nt(i) ! (16)
Y, (D)
MC, (i) -2 +(1-6)Q,
1+R (i) = K (l , (17)
' Qi
therefore, we can derive the (nominal) marginal cost,
n o [(1-a)[(1+R, ()0, -1-5)0 ]
v,y - ) (1-a)] (1+ L,[(n))_Qt_l @-90]| )
A(l-a) aW, (i)

Equation (18) implies that the change of (contractual) loan rate, R (i), can influence

firm’s marginal cost; marginal cost increases as loan rate rises.

Following the recent New Keynesian model literatures, we introduce nominal
rigidity in the intermediate firms. We assume that the monopolistic competition
entrepreneurs have the market power to choose their optimal price to maximize profits.

The pricing process is followed Calvo’s staggered type. All of the entrepreneurs cannot

adjust their prices in every period with the probability &. Denote PX'(i) as the

optimal decision chosen by entrepreneur in period t. The entrepreneur’s optimal pricing

strategy is to choose an optimal PZ% (i) to solve,

11



E t+k

-MC,, (')]( E.t+k (i) +Ye E.t+k ('))}
where A, =B"(c,,/c, 'Hk) is a discount factor. The First-order condition is,

iékAmk{( ) (PR (W) " Pl Yer +eMC, () (P (G)) lPE‘ﬁHkYE’Hk}:O.

t=k

We can rearrange the above equation as follow,

zf Att+kMCt+k(|) E,t+k Et+k

€ i

8_1 51
Z§ Att+kPE t+k Et+k

opt (I) _ (19)

Consider a special case in which all entrepreneurs are able to adjust price every

periods. As & =0, equation (19) reduces to,
P (i) =—— MC, (i)
’ c-1
The expression g/(g—1)>1 is the gross markup; hence, each entrepreneur sets its

optimal price equal to a markup over its (hominal) marginal cost.

The Calvo’s type adjustment process implies the following price evolution,

1

P =[£(Pe) ) (P) ] @0

2.3.2 Aggregation

Without loss of generality, we restrict attention to a scenario in which all entrepreneurs
behave symmetrically. Entrepreneurs have the same marginal cost due to operating in

perfect competition factor markets. As the same demand elasticity, they choose the same

12



price and face the same demand. Entrepreneurs hire the same amount of labor and
purchase the same quantity of capital, therefore, to produce an equal amount of ouput.
Since all intermediate goods firms operate identically, the aggregate intermediate goods
price level equals to the price level of the entrepreneur. Hence, we can substitute an

entrepreneur on behalf of the intermediate goods market. Notation (i) can be

eliminated from the above.

gle-1
. . e . . 1 L \é-Ve
Starting with the composition of intermediate goods, Y.\ =[ J'O (Y () }

gle-1

and YEftz[j:(YEft(i))cvg} . Since they are the same across all i, we have,

gle-1

gle-1
YO SYEO|[di] =YRG  and YE=YEG@|[idi] <¥G@)  respectively
gle-1
Therefore, the output of intermediate good is Y., =Y., (i)“oldi} =Y. (i) . We can
apply an integral on equation (13) and obtain Y., :A(I:Kt“(i)Ntl*“(i)=A[Kt“Ntl*“.

Since all the intermediate firms are behaving the same, the aggregate intermediate

goods price level equals to the price level of each intermediate firm, P., =P, (i).

According to the same logic, the finance of capital accqusition and the capital

accumulation equation are becoming L =QK,, and K, =(1-8)K +1,
respectively. The first-order conditions can be written as W, =(1-a)MC, Y., /N, and
(1+R.)Q. =aMC, Y, /K +(1+5)Q, . Therefore, the nominal marginal cost is

MC, = (1/ A)(W, )H‘ [(1+ R, )Qu—(1- §)Qt]a a(1- a)f(H’) . The optimal staggered

pricing will be,

13
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k &
Z é: At,t+k MCt+k I:>E ,t+kYE,t+k
port _ _ &tk

E.t

c-1 = k £~
z é: At,t+k PE,tikYE t+k

t=k

To compute the above equation in Dynare, we have to rewrite the expression as follows,

o _ & 2
o127}
Wlth Ztl = Mct I:)Eg,tYE,t + g At,t+lEtZtl+l and th S, PlszlYE,t + é: At,t+lEtth+l *

2.4 Financial Intermediation

The banking sector is followed Kollmann et al. (2011). There is a representative bank in

each country. In the beginning of period t, bank receives the repayments from

entrepreneur, (1-o;,)(1+R )L, , where &, is the default shock (see below).

Et

Financial intermediation obtains deposits, D/, and D]}

t+1 t+1 7

from Home and Foreign
households and lends L., to Home entrepreneur at the end of period t. Let

D" =D/ +Df; be the aggregate deposits in the bank. We induce the bank’s capital

t+1 T M+l t+1

L,,— D), has to satisfy a proportion y of the assets L,,.° It is costly for bank to

hold less capital than the ratio y . Denote the bank’s excess capital as

® We do not interpret y is the minimum capital requirement as the Basel Accord suggested. y is not

the constraint when banking sector running services. The bank capital position in our model behaves rise
and fall through business cycles. We allow that the level of bank capital can be lower than the ratio y .

However, capital has to hold at y in the steady-state; in other words, there is no excess bank capital in
the steady-state.

14



X =(L.,— D) 7L, =(1-7)L., - D}, attheend of period t.

i1

Bank bears a cost ¢(x,) asa function of x, . The properties of ¢(x,): ¢(x,) isa
strictly convex function; ¢(0)=0, ¢'(x,) <0, and ¢"(x)>0. ¢'(x) <0 implies that
decreasing banking capital raises the cost; but the cost equals to zero as bank meets the

bank capital ratio y . The financial intermediation also carries an operating cost,

D ~t+l

r(o!,L,)=T,D},+I L, with T, T >0. We suppose that the marginal

operating costs are constant over time.
We assume that the discount factor of bank is the same as household. The Home
bank maximizes its expected lifetime utility (21) by choosing real consumption subject

to the budget constrain (22),

E,Y A'Inc,,, (21)
t=0
1+R,,)DY T(DY,, W (1-8.,)(1+R
CBt-i-LHl-i—( D,t) t i ( t+1 Lt+1)+¢(XI): Dt+1+( E,t)( L,t)Lt. (22)
- R P R P P
The first-order conditions yield,
c..(1+R
pr sl Ro) yop Ly (29)
C 1117t
c.. (1+R
B E, Mﬂ—ro +¢'(%), (24)
C 1117t
C..(1-0 1+R
S E, o: (1=9%1a)( L’”1)=1+FL+¢’(xt)(l—y). (25)

C T

B,t+17"t+1

Equation (23) and (24) behave the Euler equation for Home and Foreign deposits. The

15



marginal benefit for accepting more deposits to increase the consumption of bank is on
the left hand side of equation (23). Meanwhile, however, bank bears a marginal

operating cost T, and her excess banking capital decreases are on the right hand side
of equation (23). The intuition of equation (25) is equivalent to equation (23); at the

optimal of lending decision, the expected marginal benefit equals to the marginal cost.

2.5 Government

Government balances the budget with a lump-sum tax and bonds,

1+R)B
Gt+—( ) t=Tt+&.

P P
We do not impose government purchases in each period, which implies G, =0. Hence,

we do not discuss government expenditure here.

2.6 Central Bank

We suppose that the monetary policy according to a Taylor rule. The central bank

adjusts the policy rate, R, endogenously in response to the deviation of inflation and

output from their steady-state,
Rt = (1_10R)|:R TP, (”t _7[)+pY (IOth o IOgY)]_FpRRtfl T Er (26)

where R, 7, and Y are the steady-state values of policy rate, inflation, and output

respectively. &, isa monetary policy shock which is normally distributed.
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2.7 Shocks Process

There are productivity shock and default shock except for monetary policy shock. Both

of them follow AR(1) processes,
INA =(1-p,)InA+p,InA_ +5,,, (27)
Oy = (1_ Ps ) O + PsOg rat Espy (28)

where A and &. are the steady-state values. p, and p, are the autocorrelation

parameters all assumed to be between O and 1, while ¢,, and &,  are white noise.

2.8 Market-Clearing Conditions

We assume that the bank purchases final goods to operate deposits and lending services
and the excess banking capital cost also carries in final goods. Therefore, these costs
have to be computed to clear the final goods market in addition to the consumption from

household and bank and the investment,

r(p’,
Y =cH’t+cB’t+It+¥+¢(xt), (29)

t
t

r(o! )
.

t

Y, =Cy,+Cq + I, +

+¢(X). (30)

Equation (30) is the market-clearing condition for Foreign final goods. As for

intermediate goods,
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YE,t = YEH,t + YEF,t , (31)

YE* T YEH,t* + YEF,t*’ (32)

3 Bank Capital and Spreads

Here we picture the mechanism how banking capital influences loan rate spreads. It is
the core of the model. Furthermore, we obtain some of the bank variables by using
first-order approximation.

First of all, dividing equation (24) and (25) together,

E, (1_5E,t+1)(1+ RL,t+1) _ 1+, +¢I(Xt)(1_7/)
1+R 1T, +4(x)

D,t+1

and using first-order approximation, the above equation becomes,
Rl i~ Rowa =Fp+ T = 72'(0) - 74"(0)x,, (33)

where R[.,, =E, (1— 5EM) R .. Isthe effective loan rate and a linear approximation of

#'(x,) at x =0 is assumed, ¢'(x)=¢'(0)+¢"(0)x . Equation (33) suggests that a
decrease in banking capital raises the effective loan rate spreads. This implies the
dynamic of effective loan rate is not only be decided by equation (25) but the position of
banking capital does. Furthermore, the financial friction behaves more stern as ¢"(0)
becoming larger. The value of ¢"(0) is estimated by Kollmann et al. (2011).

The entrepreneur makes optimal decision based on the contractual loan rate (see

equation (17)), therefore, shock on default rate alters the optimal decision making for
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entrepreneur. Consumption, investment, deposits, loans, and output are influenced in
turn.

We use first-order approximation to provide more details for the loan rate spreads
mechanism associated with a default shock. Up to first-order approximation, the
banker’s optimal (real) consumption equals a proportion 1- 4 of her beginning

wealth,

Coi = (l_ﬂ)l:(l_5E,t)(l+ F;L,t) Ll _(1+ RD,t) DtW ] . (34)

t

Bank’s consumption equals to the repayments from entrepreneur but subtracts the
returns of worldwide obligation debt, deposits, at each period, and times a fraction of
1-4.

Define (nominal) bank wealth at the end of period t is,
Sen =L — Dtvzl + F(Dtvzv Lt+l) +¢(X,) (35)

Equation (34) and the budget constraint, equation (22) suggest that the optimal

bank wealth is the fraction g of bank’s beginning wealth,

Sta = ﬂ[(l_é‘E,t)(lJ’_ RL,t ) L _(1+ RD,t ) th ] (36)

The form of bank wealth is similar to equation (34). Note that only default shock
influences the bank credit health; however, productivity shock plays no direct role in the
financial intermediation system. Kollmann et al. (2011) argue there is an attenuate effect
by equation (33) as a positive productivity shock occurred. Positive productivity shock

raises household’s wage rate; hence, deposits holdings increase. Increasing aggregate
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deposits lower the (excess) banking capital and the loan rate spreads rise. Therefore, the
banking capital mechanism mitigates the positive effects on investment and aggregate
production. Note that Kollmann et al. (2011) is a two-country, one global bank model.

Up to first-order approximation of equation (35),

Sea =L [1+T +(1-7)¢'(0) |- D, (1-T', +¢'(0)), (37)
and using B(1+R,)=1-T,+¢'(0) and B(1+R{)=1+T +¢'(0)(1-y)=1, which
are the steady-state of equation (23) and (25), we can simplified equation (37),

S.i=Lyu—A(1+R;) D, (38)

Substituting equation (38) into the definition of the excess banking capital that is

mentioned in section 2, we can obtain,

(1-7)S., +[ B(1-7)(1+R,)-1] DY, (39)
_ |

t

Therefore, we connect the relationship between bank wealth and banking capital.
Equation (39) implies that the decreasing of bank wealth and aggregate deposits lower

the banking capital; according to equation (33), which raises loan rate spreads in turn.

4 Calibrated Parameters

4.1 Steady-State

The steady-state values are the same in two countries due to a symmetric model.
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Kollmann et al. (2011) obtain their steady-state by using a specific method. First of all,
they assign the steady-state values of deposit rate, effective loan rate, and contractual
loan rate based on empirical data instead of solving them endogenously. Given these
assumptions, second, compute the other variables values. The method of obtaining the
steady-state of our model is equivalent the same as Kollmann et al. (2011). However,
comparing to them, we obtain the deposit rate endogenously. Detail is shown in

Appendix B. We set the steady-state deposit rate, R,, at 1.47% per annum. The

D!

steady-state effective loan rate, R, and the default rate, &, are set at 2.5% and 0.95%

per annum respectively, following Kollmann et al. (2011); hence, the steady-state
contractual loan rate (which includes default rate), R, is 3.48% per annum. There is no
inflation in the steady-state so that all of the prices equals to 1 in the steady-state.
Capital price also equals to 1. The model has to behave deterministic, therefore,

productivity shock in the steady-state is setat A=1.

4.2 Parameter Values

The discount factor, g, is calibrated at 0.9938 as Kollmann et al. (2011), so that the
steady-state policy rate is 2.5% per annum. The capital share of intermediate good
output, «, and the depreciation rate, ¢, are set at 0.36 and 0.025 respectively. The
inverse of elasticity of labor supply, 7, is set at 1, following Bergin et al. (2007). We
calibrate the country’s elasticity of substitution between Home and Foreign intermediate
goods, in final goods production, v=5 according to Bergin et al. (2007). The ratio of

the value of imported good, @, is set at 0.2. We assume the markup of price over

21



marginal cost in the production of intermediate goods, g/(g—l), equals to 1.2 which

suggests & =6. We calibrate the average duration between price changes at & =0.75
as commonly assumed in the New Keynesian model literatures. Household’s deposit
preference parameter, y, is set to 0.014, following Kollmann et al. (2011).

The banking capital requirement, », is set at 7%. We suppose that the excess

baking capital, x, has to be hold at zero in the steady-state. As equation (23) and (25)
show, Bc,(1+R,)=1-T +¢'(0) and Bcy(1-6.)(1+R. )=1+T +¢'(0)(1-7),

give the same steady-state with any values of T',, T',, and ¢'(0). According to the
properties, I'; >0, I', >0, and ¢'(0) <0 associate with the steady-state statement of

equation (23) and (25) mentioned above, we can obtain the relationship among these

parameters. We assume ¢'(0) = —0.002. We set ¢"(0) =0.125/Y in the steady-state.’

The random processes of productivity shock and default shock are based on

Kollmann et al. (2011). The autocorrelation of productivity shock in both countries, p,

2

equals to 0.95. We calibrate the standard deviation as E(SA,t)Z =E(e&p,) =(0.0053)".

The correlation between Home and Foreign productivity shocks is 0.82. The

autocorrelation of default shock in both countries, p,, equals to 0.97, while the

standard deviation is E(gm)2 = E(g;f,t)2 = (0.000282)" . The correlation between Home
and Foreign default shock is set at Corr(z,,,&;,)=0.76. Kollmann et al. (2011) also

suppose that there are correlations between both countries’ productivity shock and

’ Kollmann et al. (2011) set ¢"(0)=0.25/Y in their work. Not that they are one global bank model;
however, there are two banks in each country in our study. Therefore, we bisect the value.
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* * *

default shock, Corr(z,,,&,,)=Corr(z,,, &5, )=Corr(z;,,£,,)=E(&;, £, ) =—0.63.

s €,
The monetary policy follows Clarida et al. (2000), therefore, p,=0.8, p_=1.5,
and p, =0.1; the standard deviation is set to 0.0016.
We outline the parameter values in table 1; table 2 summarizes some of the

steady-state values (see page 29 and page 30 respectively).

5 Dynamics

To evaluate the contribution of the banking sector in our model, we simulate the
impulse responses to the Home productivity shock, the Home default shock, and the
Home monetary shock. Figures 1 to 12 report the results. Each variable’s response is
expressed in percentage deviations from its steady-state, interest rate in percentage

points.

5.1 Productivity Shock

Figures 1 to 4 represent responses to a 1% positive Home productivity shock (see page
31 to page 34 respectively). The positive shock results in more efficient in producing,
hence, intermediate goods firm is more willing to purchase capital and more willing to
borrow funds from bank, loans are increasing which trigger investment rising in turn as
well as output. There is a moderate deflation accompanied with the shock. The positive
productivity shock causes appreciation in Home country. Home intermediate goods are
relatively expensive for Foreign retailer and Foreign intermediate goods are becoming

inexpensive for Home retailer, therefore, Home export falls which implies that the
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output of Foreign retailer decreases. Furthermore, Home household saves less in the
Foreign bank, the Foreign bank loanable funds becomes insufficient, therefore, loans
decays as well as investment. Hence, the decreasing of import and the loans result in a
recession in Foreign country. Note that the spread decreases in Home country while
rises in Foreign country. This may another reason can explain that why in this
experiment, positive Home productivity shock does not predict a simultaneous boom

across countries.

5.2 Default Shock

Figures 5 to 8 report dynamics to a one-time unexpected increase in Home default
shock, Home intermediate firm default on their borrowings (see page 35 to page 38
respectively). We use this experiment on behalf of a financial shock scenario in our
model. The default shock sparks the international recession; output, investment,
employment, export, and loans decrease in both countries. As Home intermediate goods
firm defaulting, crisis happened, Home bank faces liquidity shortage. With losing funds
in banking sector, returns to household and loans to intermediate goods firm are
becoming more insufficient. The shock causes Home capital price decreasing which
influences the ability of borrowings of the Home intermediate goods firm, furthermore,
accompanied with losing loanable funds in financial intermediation, there is a sizeable
fall in Home investment and the aggregate production decreases in turn. The recession
dominates the effect of the depreciating Home currency, Home export falls. Since the
import and the bank deposits decay in Foreign country, the result is similar as the above

case, Foreign country suffers form a recession; output, investment, loans and export
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decrease. There is also unemployment in Foreign country. Therefore, Home default

shock drives an international crisis in our model.

5.3 Monetary Policy Shock

Figures 9 to 12 plot the impulse responses to a negative 1% Home monetary policy (see
page 39 to page 42 respectively). The contraction monetary policy also triggers a
recession across countries. Output, investment, loans, and employment fall in both
countries. Note that the negative monetary policy shock causes a sizeable decay in
Home investment. Home real wage behaves persistently decreases. For Foreign country,
the dynamic paths and international transmission mechanism are equivalent the same as

the default shock experiment.

6 Concluding Remarks

The global financial crisis has highlighted the financial factor and the role of financial
intermediation in the propagation of international business cycles. The importance of
embedding banking sector with DSGE model has been growing in literatures. To
investigate the international transmission mechanism of financial shock, this paper
proposes a two-country two-bank New Keynesian model. The crisis is triggered by
entrepreneur defaulting on their borrowings.

The calibration results suggest that the model predicts an international crisis with a
Home default shock as well as a negative Home monetary policy shock. The

country-specific default shock to Home intermediate goods firm not only causes a
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recession in Home country but transmits the financial shock to Foreign country. As the
repayments is less than contractual agreed to financial intermediation, the liquidity in
the economy is becoming more inadequate. Intermediate goods firm finances funds
from banking sector for purchasing capital; therefore, with the shortage of liquidity, the
financial mechanism magnifies the fluctuations. The Home country-specific shocks
transmit to Foreign country through bank deposits and the international trade channel.
With Home household saves less in Foreign bank and the fall of Home intermediate
goods export, Foreign loanable funds decreases as well as Foreign final goods output.
To concentrate on formulating a two-country two-bank New Keynesian model, we
leave a number of issues for further works. Sensitivity analysis is absent from our study
as well as the optimal monetary policy. The international loan channel is also be
simplified in our model. It would be interesting to investigate these issues to understand

more details of international business cycles with financial intermediation.
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Table 1: Parameters

Parameter Description Value
Calibrated parameters
a Capital ratio 0.36
B Discount factor 0.9938
o Depreciation rate 0.025
X Deposit preference 0.014
n Labor supply aversion 1
v Elasticity of substitution between 5
Home and Foreign intermediate goods
) Imported goods share 0.2
€ Price elasticity of demand 6
g Nominal rigidity 0.75
/4 Required banking capital ratio 0.07
Autocorrelation of shocks
o Productivity 0.95
Ps Default 0.97
Pr Policy rate 0.8
o, Inflation 15
oy Output 0.1
Standard deviation of shocks
£, Productivity 0.0053
£ Default 0.000282
£q Policy rate 0.0016
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Table 2: Steady-state

Variable Description Value

C, Household consumption 2.1664
C, Bank consumption 0.0116
C Aggregate consumption 2.1779
I Investment 0.6407
Y Output 2.8796
K Capital input 25.6286
w Real wage 1.8240
N employment 0.8420
L Loan 25.6286
D% Aggregate deposit in bank  23.8346
R, Deposit rate (p.a.) 1.47%
R, Contractual loan rate (p.a.) 3.48%
R¢ Effective loan rate (p.a.) 2.5%
R Policy rate (p.a.) 2.5%
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Appendix

Appendix A: Foreign country equations
A.1 Household

The First-order conditions of the Foreign worker’s optimization are,

c, C:Lt 1+ RI;,t 1

X |-||-|'i+ﬂEt E " +):1’
dt CH,l+17z-t+l

c, C(1+ Ry, )e
%J’_ﬂ Et Vt*( ¥ - ) t =1,
d Cpi 11 Tes®

H t+17%t+1~t+1

g Sl R)

*
Ch 11t

with the definition of w' =wW,"/P*, d/; =D";/P*, d/;=D[;/eP", x|

t+1 t+1 t+1 t+1

A.2 Final goods producer

The production function is,

The First-order conditions of the Foreign retailer are,
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A.3 Intermediate goods producer
The technology is,
Yo = AR (NG
The finance of capital acquisition,
L =Q'Ki,
The evolution of capital accumulation equation is according to,
Kii=(1-0)K +1I,.

The optimal labor and capital demand decisions,
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Y*
(1+R,)Q;, = Mcja%ﬂl—a)c}j.

t

Therefore, the (nominal) marginal cost,

1-a)

MC; = — W) [(1+R)QL--0)Q | @ (1-a)
The optimal pricing strategy;,

0
k * * * 3 *
Zg At,t+kMCt+k (PE,t+k) YE,'(+k
)Opt € i

-1 © * . -,
¢ Z gkAt,Hk (PE,t+k )1 YE,Hk

t=k

The evolution of intermediate goods price,

1

o= §(Pe) T o) (RE) T
A.4 Banker
The definition of excess banking capital,
X =(1-7) L., - D
The first-order conditions,
Car (1+Rp

B Et*—*)zl_FD +¢'(X).

c T,

B,t+17"t+1

The dynamic of loan rate spreads,
RETHl - RI;,Hl =T, +I -9'(0)- 7/¢"(0)X:-

The banker’s optimal (real) consumption,
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(1-B)| (1-6¢)(1+RI )L —(2+R5, ) D" |
P’ '

t

*
CB,t -

The bank wealth,
St*+1 = L,t:l - ﬂ(l+ RI; ) Dtvyrf

Therefore, the relationship between bank wealth and banking capital,

X, =

(1-7)Sia+] A(1-7)(1+Ry)-1] DY
P '

t
A.5 Shock processes
Monetary policy shock,
R'=(1-pa)[ R +p, (7 =7")+ py (log ¥, —logY ") |+ peRY, + &,
Productivity shock,
INA =(1-p,)InA" +p, INA +¢,,.
Default shock,

521 = (1_106)5; + pdé‘;t—l +é

ot
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Appendix B: Endogenous deposit rate

As the steady-state assumption that we describe in section 4, from equation (3) and (4), we

can obtain d" =d" . The steady-state deposit holding is,

d" = 1—,8(;1(—+RD)C M (A1)
The steady-state of equation (5) is,
w
C, = o
Hence, equation (A.1) can be written as,
G . (A2)

T1-B(1+R,) N
The steady-state of equation (19) is MC = ¢ —1/¢. Therefore, we can obtain the
-a l-a Yo
steady-state wage, w= {MC(RL +5) [0{“ (1-«a) J} . The steady-state of

equation (16) and (17) are N =[(1-a)MC Y ]/w and K =(aMC Y)/(R_+&). Thus

we can also obtain the steady-state investment | =(saMC Y)/(R_+&). According to

equation (14), we know L=K.

We assume that the steady-state excess banking capital has to be zero; therefore,

combine the steady-state of equation (37) and (38) gives D" =(1-y)L . The
steady-state of bank’s consumption is ¢, =(1- ﬂ)[(l— 5:)(1+R)L-(1+R,)D" ] :

Substitute c,, ¢,, |, D", and L into the steady-state of the market-clearing

condition of final goods, equation (29), and rearrange,
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- sl\icé‘[(l_ﬂ)(l_é‘E)(l'i' RL)_(l_ﬁ)(l"' RD)(1_7)+5+FD(1—7)+FJ
. L ’ . (A3)

Solving equation (A.2) and (A.3) simultaneously, we can obtain the steady-state

output, Y, and an endogenous deposit rate, R, .
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