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Abstract

This paper develops a small open economy dynamic stochastic general
equilibrium (DSGE) model with the collateral constraints. Using Bayesian
methods, the model is applied to the Taiwan’s data. We assess the welfare im-
plications of monetary and macro-prudential policies setting counter-cyclically
regulatory loan-to-value (LTV) ratio. Our analysis finds that both the opti-
mal interest-rate rules and optimal LTV ratio rules lead to the Pareto im-
provements. The optimized interest-rate rule in this economy is a muted re-
sponse to either credit growth or changes in housing prices, and it will in-
crease volatility of inflation. The LTV ratio rule leaning against total credit
growth could significantly increase the social welfare and the individual wel-
fare with similar inflation variation, and it could stabilize the credit-to-GDP
ratio most effectively.



1 Introduction

The subprime mortgage crisis in 2007 has served as a sharp reminder
to economists and policy authorities of the importance of development
in the housing market for the border economy. Moreover, the Federal
Reserve Chairman Bernanke (2008) stated that "Housing and housing
finance played a central role in precipitating the current crisis".! In
addition, Iacoviello (2010) and Das, Gupta, and Kanda (2011) indicate
that research on the housing market has become part of mainstream
€conomics.

From the perspective of financial supervision, this crisis has high-
lighted that traditional micro-regulation is insufficient to ensure the
soundness of the financial system. Therefore, the Basel Committee has
introduced some fundamental reform named as Basel lll which shifts
the micro level of financial supervision towards the macro-prudential
dimension. Also, Borio (2003) suggests that the objective of a macro-
prudential approach is to limit financial system-wide distress and avoid
output costs for the economy as a whole.

Although macro-prudential framework is an important part of the
financial regulation and supervision, IMF (2011) points out that there
is little consensus on what is meant by macro-prudential policy. How-
ever, the instruments targeting on housing prices and credit cycles has
received primary attention from macro-prudential policymakers. In
particular, the most frequently used tools are the restrictions on the
LTV ratio in many countries including Taiwan (Wang, Chen, and Lin,
2017).

In terms of theoretical development, Fisher (1933) proposes the

debt deflation theory to emphasize that the deterioration of credit con-

'See Ben S. Bernanke Chairman, Speech At the Federal Reserve System Conference on Housing
and Mortgage Markets, Washington, D.C.: Housing, Mortgage Markets, and Foreclosures (Dec. 4,
2008).



ditions is not just a passive reflection of a declining economy, but might
be one of major forces of depressing economic activity. Besley (1995)
indicates the credit market failures are usually the result of financial
frictions like imperfect information or limited enforcement. When
the short-run output fluctuations are triggered by exogenous shocks,
financial frictions cause the changes of credit conditions between the
market participants, and result in the persistent and amplified response
referred to "financial accelerator" or "credit channel".

After Bernanke and Gertler (1989) formed the framework of DSGE
model to analyze the impact of credit conditions, there are literatures
incorporate this issue by the structural DSGE model with the contract
of information asymmetry (Carlstrom and Fuerst, 1997; Bernanke, Gertler,
and Gilchrist, 1999; Chen, 2001; Meh and Moran, 2010), or with the
contract of limited enforcement (Kiyotaki and Moore, 1997; Cooley,
Marimon, and Quadrini, 2004; Iacoviello, 2005; Liu, Wang, and Zha,
2013; Guerrieri and Iacoviello, 2017).

Housing demand is linked directly to agents balance-sheets and
hence affects the credit conditions. Lots of literatures that study the
relation between housing market and real economic activity are ex-
tended from this kind of view of credit.

In Taiwan, there are many empirical researches related to housing
market. For example, Lee and Chou (2008) and Ma and Lin (2009)
study the identification of housing market cycle, Chang et al. (2009),
Huang, Chiang, and Chang (2017), and Peng and Tsai (2017) focus on
the discussion for the housing prices. But few literatures construct the
structural model to combine the housing market with business cycle.
Chen and Cheng (2012) developed a DSGE model with credit frictions
based on asymmetry information, to characterized the Taiwan’s hous-
ing market and business fluctuation.

In contrast to the backward-looking dynamics of housing prices



proposed by Chen and Cheng (2012), we apply the collateral constraints
as in Kiyotaki and Moore (1997) from the view of limited enforcement,
and generate the forwarding-looking dynamics of housing prices. We
bridge the housing value to the collateral constraints of entrepreneurs
and borrowers, and develop a small open economy DSGE model, by
using Bayesian estimation, to investigate the effect of the monetary
policies and LTV ratio rules in Taiwan.

Specifically, we address the questions whether monetary policies
need to respond to housing prices or credit market, and what the wel-
fare implications of monetary policies and macro-prudential policies
are in Taiwan.

Our analysis finds that both the optimized interest-rate rule and
optimized LTV ratio rules lead to the Pareto improvements. The opti-
mized interest-rate rule in Taiwan is a muted response to either credit
growth or changes in housing prices, and it will increase the volatil-
ity of inflation. The LTV ratio rule leaning against total credit growth
could significantly increase the social welfare and the individual wel-
fare with lower inflation variation, and it could stabilize the credit-to-

GDP ratio most effectively.

2 The Model

We extend the model featuring collateral constraints from Iacoviello
(2005) and Guerrieri and lacoviello (2017) to the small open econ-
omy framework built on Kollmann (2001), Kollmann (2002), and Dib
(2011). The economy features two types of households (savers and bor-
rowers), entrepreneurs, retailers, labor unions, a final good firm and a
government.

Households consume, work, and accumulate housing (in fixed sup-

ply), while entrepreneurs produce homogenous intermediate goods



using capital, housing and hired labor. The key difference between
agents is the value of their discount factors: the discount factor of
savers (f3;) is higher than those of borrowers (8;) and entrepreneurs
(Be). Monopolistically competitive retailers are only used to introduce
the staggered price settings a la Calvo (1983) contracts, and wages set-

ting from labor unions is modeled in a way analogous to price setting.

2.1 Production Sector

The structure of goods production is divided into following sectors: a
final good firm, domestic intermediate goods retailers, imported inter-
mediate goods retailers, and entrepreneurs who product intermediate
goods in competitive markets. Adding retailers permits us to intro-

duce price inertia into this economy.

2.1.1  Final good

There is a perfectly-competitive representative firm that combines ho-
mogeneous composite domestic intermediate goods y,; and homoge-
neous composite imported intermediate goods y,,; into final good, y;,
by using the following CES technology:
ye=[(=@n)yg + @nyu I (1)
where, 1 > w,, > o denotes a positive share of composite imported
intermediate goods, and x > o is the elasticity of substitution between
composite domestic and imported intermediate goods.
Given the price of final good P;, the composite domestic and im-

ported intermediate goods prices P;; and P,,;, the maximization prob-



lem of final goods firm is:
max Ptyt - Pdt)’dt - Pmt)’mt
Ydt>Ymt

subject to

k=1 1 K—1
—_— K

yie=[(1~ wrn) “Vai T OmYm I

Therefore the demand functions for composite domestic and im-

ported intermediate goods are:

= (- 0,) () 7y, @)
Ymt = wm(%)_KYt- (3)

Thus, when the relative prices of composite domestic goods Py, /P,
rise, the the demand for composite domestic intermediate goods de-
creases. Similar to the demand for composite imported intermediate
goods. The price elasticity of these demand functions for composite
domestic and imported intermediate goods is «.

Besides, perfect competition in the final good market implies that
the price level of final good is linked to domestic-output and import

prices through:
P, =[(1- wn)Py" + 0, PlF] . (4)

The Dixit-Stiglitz aggregates of composite domestic and imported

intermediate goods are defined as:

Var = f Var(s) lfdlds e (5)
ymt=[fo Ve (s) (6)

where 14, 1, > 1 are the elasticities of substitution between the differen-

/m ds] Lm—l

tiated domestic and imported intermediate goods. y4:(s), Ym:(s) (s €

[0,1]) are differentiated domestic and imported intermediate goods



from domestic and imported retailers. Py (s), P,:(s) are the domes-
tic prices of differentiated domestic and imported intermediate goods,
respectively.

Thus, the cost minimization problems yield:?

yar(s) = (Pd;—:j))_ld)’dts (7)

yuu(s) = (£

Pmt

)_lmymt- (8)

2.1.2 Domestic intermediate goods retailers

To motivate sticky prices we introduce the costs of adjusting nominal
prices and, as in Bernanke, Gertler, and Gilchrist (1999), monopolistic
competition at the retail sector. A continuum of domestic intermediate
goods retailers of mass 1, indexed by s € [0, 1], buy intermediate goods
yar from entrepreneurs at P}’ in a competitive market, differentiate the
goods at no cost into y,,(s). The differentiated intermediate goods is
sold in the domestic market y4(s) and exported y,,(s) at the same

price of Py (s). So that

Yat(s) = Yar(s) + yur ().

Following McCallum and Nelson (1999), Teo (2009a), and Dib (2011),
the foreign aggregate demand function for domestic exports is assumed
to resemble the domestic demand function and given by:

Pdt
etpif

Ve = O )7, (9)

*The corresponding price indices are given by:

Pd,:(f Pa(s)'™ds) ™,
Pmt:(f Ppi(s)' "' ds) = .



with e; being the nominal exchange rate; P-tf the foreign price index in
foreign currency; @ > o a scaling factor.3

Similar to McCallum and Nelson (1999), Teo (2009a), and Dib (2011),
we assume that the domestic intermediate goods retailers cannot price
discriminate across markets, so that the export price in foreign cur-
rency is simply Py, /e, in foreign currency. k, > o is the elasticity of
substitution for export, when the relative prices Py/(e,P/) rise, the
exports decrease.

Domestic intermediate goods retailers adopt the Calvo (1983) stag-
gered pricing strategy. Each period, each retailers set price optimally
with the probability of (1-6,;). Therefore, the price remains unchanged
for1/(1-60,) periods.

Given the demand curve facing each retailer by (7), the optimal

price P;,(s) solves:

S 08B, A, (LS - _Xa
k=0 Pd t+k Xd t+k

v~ Vark(s)) =0, (10)

where A, is the the stochastic discount factor;* X, = P;;/P} is the
price markup which in steady state equals X, = 14/(t4 — 1). This con-
dition states that the retailer sets his price where expected discounted
marginal revenue is equal to expected discounted marginal cost.

In a symmetric equilibrium, Pj (s) = P;, and y;,(s) = y%,, follow-

ing the price of composite domestic 1ntermed1ate goods is:

Py = (0aPY,  + (1 04)(P}) ") "4, (11)

After linearization, we can derive a forward looking Phillips curve:

) B.E;In (ﬂd”l)_(l_ed)(l_ﬁl@d) (th
04

T4t

In(—

) +ug,  (12)

] s . .
3We define @ = w, % Ya, where e, pf,py,, ya (without subscript ¢) are the steady-state value of

er, Ptf » Pat, yar, respectively. So that the ratio of export-to-GDP in steady-state is w,.
4Assume the domestic intermediate goods retailers are owned by savers.



where 7y = "” - is inflation rate of locally produced goods; ug; is the

domestic cost-push shock.

2.1.3 Imported intermediate goods retailers

Analogous to the setting of domestic intermediate goods retailers, there
are a continuum of imported intermediate goods retailers, indexed by
s € [0,1], who buy homogenous intermediate goods at the price etP{
in domestic currency term (McCallum and Nelson, 1999; Teo, 2009a;
Dib, 2011). Each imported goods retailers differentiates the goods into
Ymi (), which is sold in a home monopolistically competitive market
for the price P, (s) to produce the imported-composite good y,,,.
Also, we assume that each retailers can change their prices with
a probability with (1 - 8,,). Given the demand function by (8), the

optimal P;,(s) solves:

ZHkE{At ( mt(s) X

(8} =0, (13)
mt+k Xm,t+ky ’Hk( ))}

where X, = 1,,/(1,, — 1) is the steady state value of the price markup
Xt which is equal to P,/ (e.P)).
In a symmetric equilibrium, P;,,(s) = P}, and y;,(s) = y, fol-

lowing the price of composite domestic intermediate goods is:
Py = (0 Py, +(1 _em)(P:qt)l_lm)ﬁ) (14)
After log-linearizing, we can obtain the Phillips curve:

) < g In( Tty - L0 BOn) g Ty, )

m em m

Tt

In(==

where 7,,; = is inflation rate of imported goods, u,,, is the im-

Pt
Prt—

ported cost-push shock.



2.1.4 Entrepreneurs

The production function for the entrepreneurs is
Yar = Acki (hi)" () 007 () o0, (16)

where A; is productivity shock; k;_, is the capital stock; h{_, is real
estate; 15, n? are hours of work supplied by savers and borrowers; and
o0 < U, v, <1are constant parameters.

Entrepreneurs produce intermediate goods in the perfect compe-
tition environment, and sell domestic intermediate goods to domestic
retailers at the price P}’. They maximize the expected discount utility
function

max E, tz Bz T log(cé —e.c.)), (17)

=0

where E, denotes the expectation operator; ¢{ denotes the entrepreneurs’
consumption; &, measures habits in consumption; I'. is a scale factor
to ensure the marginal utility of consumption is 1/c¢ in steady state;’
z, captures a shock to intertemporal preferences. Following Iacoviello
(2005), we assume that 8, < f3; to assure the flow of funds from savers
to entrepreneurs.

The budget constraint for entrepreneurs is given by:

P . R;_
(i + D) +q AR+ win +whnl ¢ —2pe = Jat + b,
Py it Xat

(18)

with i; being the investment, g; the real housing price, w; the real wage
of savers, w’ the real wage of borrowers, b¢ the loans in real term, R;
the nominal interest rate, @, = %(% —1)2k;_, the adjustment cost of

investment (Ireland, 2003), ¢ > o the parameter of adjustment cost.

5T.. = =&
FCL 1_ﬁzsc'

10
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- Py’

After defining p, (18) can be written in the form:

. R,_
pi(ci +i+ @) +qr & hf +winj + wfni’ + = lbf_l = Qat +bf. (19)
T4t Xar

Entrepreneurs are credit constrained, and the maximum amount
b¢ they could borrow today is
Ta e hf
b < msexp(ult)Et[%], (20)
t
where m* denotes the LTV ratio.

As shown in Kiyotaki and Moore (1997) and Iacoviello (2005), the
limit for borrowing expressed as the fraction of asset value. Suppose
that, if entrepreneurs fail to repay their debt, the lenders can repossess
the entrepreneurs’ assets by paying a proportional transaction cost (1—
m*)E;(qs+,h¢). In addition, exp(u;,) is a shock to the LTV ratio.

The capital stock k; evolves according to the law of motion:
kt = aiit + (1 - 8)kt—l) (21)

where a! is the investment-specific technology shock.
Entrepreneurs choose c¢, h¢, b¢, k;, ni and n? to maximize the life-
time utility subject to the flow of funds constraint, technology con-

straint, capital law of motion and the collateral constraint. The first-

11



order conditions for the entrepreneur’s optimization are

Atpe = ucy, (22)

VVa t+1 s e
Nige = E{BAL[5 7 + ()] + v explan) i mas)

St+1lh g
(23)
[/3 Atﬂ + [LlfR ] (24)
,t+1
1 ki HYat+1 k§+1
A[— - D(1- E{A a(— - —
P =00~ 1)) BB+ pu (- 6=l
(25)
wi= S (26)
thnt
y_ -a)(Q-—p-v)yau
Wt thnf > (27)

where A{, u¢ are Lagrange multipliers, and uc{ denotes entrepreneur’s

marginal utility of consumption defined by:

Zt ﬁeztﬂgc
= E Tl — . 8
wet =Bl ey e ) =8)

2.2 Households

2.2.1 Savers

The economy is populated by two groups of households (savers and
borrowers), each group having unit mass. Savers maximize the fol-

lowing expected discount utility function:

max E, Y Bizi(Tlog(c; — ecci_,) + jiIn log(h;
t=0

ny)"™"),
(29)

where ¢;, h}, and n] are consumption, housing, labor hours of savers,
respectively; 7 is the inverse of the Frisch labor elasticity; j, is the hous-

ing preference shock; 7, is the labor supply shock; €. and ¢, measures

12



habits in consumption and housing, respectively; I« and I},s are the
scaling factors.®

A saver’s revenue flow in any period comes from the wage income,
lump-sum profits from retailers and labor unions, then uses the all rev-
enue finance consumption, housing, and saving in the domestic and
international credit market, as well as the adjustment costs. The budge

constraint faced by savers is thus:

P e,P/ R/
—tcf +q; Db+ b+ il (btf - Hb{_l + Dy, + tax, =
Pdt Pdt 7'[{
S48 R i
Wil | T bi_ +Divi, (30)
ws T4t

with b; being the domestic bonds, b! the foreign bonds in foreign cur-

f
rency term, 71{ = ;Tf the foreign inflation rate, ®@;, the adjustment cost

of foreign bonds,” R{ the foreign nominal interest rates, tax, the lump-
sum tax, X,,s , the wage markup, and Div; is the lump-sum profits from
retailers and labor unions.

Let pys = 1;,—';:, then (30) can be written in the following form:

s s s p”” f R{—l f
P +qr AR+ b+ X (by - 7 bi_, + D) =
mt T[t

win; N R,

- b;_, + Div}. (31)
w; dt

Savers choose ¢, h, n$, b3, b{ to maximize their expected utility.

6r I ,rhS: 1—¢€p

¢ 1B 1-Peen®
7To ensure that there exists a stationary solution in the small open economy, following Schmitt-
Grohé and Uribeb (2003), Karabarbounis (2010), and Chen and Cheng (2012), we introduce the
adjustment cost of foreign bonds ®; = %(b{ — bf)? parameterized by ¢;, > o, where b/ is the

steady state value of btf .
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The first order conditions are:

Aip: = uc;, (32)
Aiqe = Ei[BoAiqin] + uhy, (33)
WS
ZtTt(i’li)” = /\;Xv:; > (34)
R
A = BE Ay, ——], (35)
T4, t+1

f

m m +1R
[1+ ¢o(b] - bR = g s, Bren ), (36)

th m,t+17T¢

where A; denotes the Lagrange multiplier; ucj, uh; denote the saver’s

marginal utility of consumption and housing defined by:

Z ~ Bszii1&c 1
(c;-eci,) (el —ec)) ™™
jtzt B /—’)sjt+1zt+13h ]}
(hi —enhi_,)  (hi, —enh})

uc; = E/{[T+{

Llh; = Et{rhs{

2.2.2 Borrowers

Borrowers maximize the expected discount utility function:

T¢

b\1+n
),

(37)

max E, ZﬁZ(Fcb log(ct —e.ct ) + jiTyw log(hb — eyht ) - -

t=0

where c?, h?, n? denote the consumption, housing, and labor hours of
borrowers, respectively. I'., and I, are the scaling factors.®

Following Funke and Paetz (2013), Mendicino and Punzi (2014),
and Ng and Feng (2016), borrowers can not finance their expenditures
from international credit market. And they do not own the retailers,
their dividends Div? only come from labor unions. The budget con-
straint is given by:
wint +(bY - hbf_l) + Div?. (38)

wb,t T4y

b b
pic/ +q: A hi =

8 _ 1-¢ _ 1-g
rcz = =, rhz =

1-B,ec

1-Baen ©
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Similar to entrepreneurs, borrowers are credit constrained by:

b
Qt+177d,t+1ht ]

b < mb exp(uy ) Ey| R
t

(39)

Borrowers choose c?, h?, n?, b? to maximize their expected utility.

The first order conditions are:

A2pe = ucf, (40)
Mg = E[BoAli i + pim® exp(upe) qroama ] + uh?,  (41)
b b Wf
T(n!)" = AtX_b’ (42)
b b R[ b
Al = Et[/sb)tm— + /"th]’ (43)
ﬂd,tﬂ

where A%, 4% denote the Lagrange multiplier, uc’, uh® denote the bor-

rower’s marginal utility of consumption and housing defined by:

b _ Zt ﬁbztﬂec
uc; = EAT — >
e T e W
wh? = BT, jiz _ Brjrnzenaen 1. (45)

(h?_ghh?ﬂ) (h?ﬂ_shh?)
2.3 Labor unions

We model wage setting in a way that is analogous to price setting. We
assume that there are two kind of unions, each kind labor union hires
homogeneous labor services from savers and borrowers, respectively.
Labor unions differentiate the labor services as in Smets and Wouters
(2007), so there is some monopoly power over wages, which allows for
introduce the sticky nominal wage in Calvo scheme. They offer labor
services to wholesale labor packers who reassemble these services into
the homogeneous labor composites 73, n?. These packers supply labor
service to entrepreneurs.

Each period, each kind of labor unions optimizes the wage with

the probability (1—-6,,). These assumptions deliver the following wage

15



Phillips curves:

ws ws Xy
In(—%) = B.E; In(—2) — &5 In(—22), 6
n(ﬂd) B:E:In( 7Td) € n(st) (46)
wb wb X0
1 t — El t+1 _ 1 t ,
n(—ﬂd) ByE;In( - ) = Eb n(—XWb) (47)

where, for each household type, W, = % denotes the wage inflation,
t—1

X, denotes the wage markup, and ¢, = w.

2.4 Government

We assume that the central bank sets the interest rule according the
Taylor-type rule:
R = R(ZE)™ () exp(uge), (48)
T4 Ya,t—1
with R being the steady state nominal interest rate, , and r,,, the policy
parameters, ug; the monetary policy shock.

The government budget constraint is given by:

g = taxy, (49)

where g; is the government expenditure which is simply assumed con-

stant.

2.5 Exogenous processes

There are nine temporary and persistent shocks in this model. The
temporary shocks including monetary shock (ug, ), domestic cost-push
shock (u4,), imported cost-push shock (u,,), and LTV ratio shock
(u1;) are i.i.d. shocks with mean zero and variance o2, 07 , 02 , 02,

The persistent shocks are assumed to evolve according to the first-

16



order autoregressive processes:

InA;=p,InA;, + €4, (50)
Inj,=(-pj)InJ+pjlnj_, +ej, (51)
Inz, =p,Inz,, + €., (52)
Int, =p,In7, + €, (53)
Ina}=p,lnaj_ +e;, (54)

where €,,x € {a, j,z, 7, i} are ii.d. shocks with zero means and vari-

ances o;.

2.6 Market clearing conditions

The market clearing conditions for final good market, intermediate
goods market, housing market, domestic credit market, and interna-

tional credit market are:®

V=P —Dy=cr +ip+ g, (55)

Yat = Yar + Yxts (56)

1=h+ hb + b, (57)

bs = bl + b, (58)
e,P! R/ e,P/

TB, =~ (bf bl ) =y - lgdf Y- (59)
t

where ¢; = ¢ +c? +c¢ denotes the aggregate consumption, T B; denotes
the real trade balance, y,, represents the real GDP.

The equilibrium is defined as the path of allocations {3, k3, 13, b3,
b{, ch, hb, nb, Y, c¢, he, be, key ity Yars Vats Vats Ymts Vi) 20> and prices
{gs Ry, wi, WP, Taes Tomes Xows> XW?, Xat» Xints P> Pt o200 satisfying

9The labor market clearing condition has been imposed at the beginning.
°Due to the effects of foreign interest rate and foreign inflation rate shocks are found to be near
zero of the output growth variations in Taiwan (Teo, 2009b), following Chen and Cheng (2012), we
assume foreign interest rate and foreign inflation rate are constants.
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the first order conditions of savers, borrowers, entrepreneurs, and the

market clearing conditions.

3 Data and estimation

3.1 Data

The model is estimated using quarterly data of Taiwan over 1993Q1
to 2017Q2, including GDP, consumption, investment, export, import,
GDP deflator, interest rate (interbank overnight call loan rate), wage,
housing price.

GDP, consumption, investment, export, import, GDP deflator, and
wage are obtained from Directorate-General of Budget, Accounting
and Statistics (DGBAS), interest rate is obtained from AREMOS, and
housing price is obtained from Taiwan Cathay Real Estate Index."

Except the interest rate, other data are seasonally adjusted using US
Census Bureau’s X-13 ARIMA-SEATS program, transformed into real
term by GDP defaltor. All data other than interest rate and real wage
are divided by the Taiwan’s population of age 15 years and over,”> and
converted into first differences of logarithms. Interest rate is divided
by four to obtain the quarterly interest rate. All data are demeaned

prior to estimation. Figure 1 shows the nine data.

3.2 Calibration

Table 1 describes the calibrated parameters in this model. Some pa-
rameters directly relative to the steady state values are calibrated to

match sample means in the data. For instance, the steady state value

"'Since we obtain two Taiwan Cathay Real Estate Indices with different intervals and base period,
we convert the two indices to the same base period by ourselves.

Following Teo (2009b), Hwang (2013), we remove the influences of demographic changes using
the population of age 15 years and over as a proxy for the working age population. The population
data comes form AREMOS.
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Figure 1: Taiwan’s data

of domestic inflation is set to match the average GDP deflator growth
rate m; = 1.000 during the sample period. f; is calibrated at 0.994,
which corresponds to a steady state annualized nominal interest rate
of 2.58% in the data. w, is set to 0.5795, which is in line with the sam-
ple mean of export/GDP ratio. w,, is calibrated at 0.5986 to match the
average import/GDP ratio of 0.5226. ;% is calibrated at 0.1562 to match
the average proportion of government expenditures.

Parameters not directly to the steady state values are chosen ac-
cording to the literatures. f3, and f3, are commonly used at the range
of 0.94 to 0.99, we set B, = 0.98 and 3, = 0.97 to ensure that the
borrowers and entrepreneurs have a large enough motive to take out
aloan. ¢ is calibrated at 0.025, corresponding to an annual capital de-
preciation rate of 10%. y is calibrated at 0.3, the same as the value used
by Teo (2009b). v is calibrated at 0.03, following Iacoviello (2005). m*

and m* are set to 0.85.3 The steady state values of markups X, X,,,,

B Chen and Wang (2007) found that the LTV ratio of the firm was about 85% in Taiwan from 1991
to 1994, while Wang, Chen, and Lin (2017) showed that the sample mean and standard deviation of
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X, and X, are calibrated at 1.2 according to Guerrieri and Iacoviello

(2017) and Teo (2009b).

Table 1: Calibrated parameters

Parameters Values

Discount factors Bs =0.994, B, = 0.98, B, = 0.97
Steady state domestic inflation rate T4 =1.000

Auxiliary parameters of export and import W, = 0.5795, W,, = 0.5986

Steady state proportion of government expenditures }% = 0.1562

Capital depreciation rate 0 = 0.025

Housing share and capital share Y =0.3,V=0.03

Maximum LTV ratios m® = 0.85, m® = 0.85

Steady state markups Xy=12,X,=12X,,=12,X,, =12

3.3 Estimation

We use the Bayesian methodology to estimate parameters. Table 2 and
Table 3 report the prior distributions and the posterior distributions
for the parameters.

The prior distributions are in accord with earlier contributions to
Bayesian estimations as a whole.™

The posterior mean of housing preference parameter j is 0.258,
higher than the US of 0.1, and lower than the China of 0.307; the pa-
rameter « relates to labor income share of savers is 0.784, similar to

US and China.’

LTV ratios are 64% and 11.83% during 2008Q1-2014Q3 in Taiwan, respectively. We simply set the
maximum LTV ratios of borrowers and entrepreneurs at 85% in Taiwan.

14See Justiniano and Preston (2010), Teo (2009b), He et al. (2017), Guerrieri and Iacoviello (2017),
and Hwang (2013).

5See Tacoviello (2005), Iacoviello and Neri (2010), and He et al. (2017).
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The household’s degree of habit persistence in consumption &, is
0.626, a little bit lower than Teo (2009b) of 0.744 estimated by Taiwan’s
data. The habit persistence parameter in housing ¢, is 0.501, which is
slightly lower than ¢.. The price elasticities of exports «, and imports
k are 1.717 and 1.419, respectively.

Moving to the parameters 84, 0,, and 0,, that govern the nominal
rigidities. The estimate of 8 is 0.502 implied that the domestic goods
prices are re-optimized on average every 2.009 quarters in Taiwan. The
imported goods prices are slights rigid than the domestic goods prices
with the 0,,, = 0.533. As for wages, the wage rigidity parameter 0, is es-
timated at mean 0.504 suggested that the average wage-change interval
on every 2.016 quarters. These numbers correspond to the estimates
of Teo (2009b) for Taiwan’s economy. However, these estimated values
of price and wage stickiness are much lower than those in the similar
model, e.g. Iacoviello and Neri (2010) and Guerrieri and Iacoviello
(2017), for U.S. economy.'¢

Turning to the estimates of the monetary policy rule, the mean of
the reaction coefficient to inflation is estimated to be relatively high
(rp = 2.679), and the mean of the reaction coeflicient to GDP growth
ry is 0.123. These suggest that Taiwan’s central bank pay more attention
to the inflation rate (Hwang, 2013; Teo, 2009b). Cheng and Mao (2013)
also showed that the Taiwan’s central bank target inflation more strictly
and achieve more stable inflation after 1988.

Final about the exogenous shocks, the technology shock, housing
preference shock and investment-specific technology shock are quite
persistent (posterior mean of AR(1) coefficient are 0.965, 0.984 and

0.977 respectively). The imported cost-push shock, investment-specific

'6 Comparing to the DSGE models without collateral constraint, the price and wage stickiness pa-
rameters obtained here are still much lower than Smets and Wouters (2003), Adolfson et al. (2007),
and Smets and Wouters (2007) on European and U.S. economy.
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technology shock and housing preference shock are more volatile (pos-

terior mean of standard deviation are 0.250, 0.193 and 0.160, respec-

tively).
Table 2: Prior and posterior distribution of the structural parameters
Prior distribution Posterior distribution

Parameter Density = Mean S.D. Mean  90% Confidence interval
] beta 0.2000 0.0500 0.2579 0.1734 0.3429
invg 5.0000 2.0000 2.1970 1.7622 2.6337
o4 beta 0.7500 0.0500 0.7837 0.6687 0.8935
& beta 0.7000 0.1000 0.6262 0.5646 0.6940
&n beta 0.7000 0.1000 0.5008 0.3679 0.6311
(o) gamm  5.0000 0.1000 5.0497 4.8833 5.2141
(o invg 0.0001 0.0100 3.2858 x107> 1.8922 X 107> 4.6422 X1075
0, beta 0.5000 0.0100 0.5023 0.4856 0.5184
m beta 0.5000 0.0100 0.5332 0.5161 0.5509
w beta 0.5000 0.0100 0.5039 0.4874 0.5203
Ky norm 1.5000 0.0500 1.7171 1.6446 1.7935
K norm 1.5000 0.0500 1.4189 1.3462 1.4987
T norm 1.5000 0.2500 2.6793 2.4046 2.9627
"ya beta 0.1250 0.0250 0.1225 0.0836 0.1606

22



Table 3: Prior and posterior distribution of the shock processes

Prior distribution Posterior distribution
Parameter Density = Mean S.D. Mean 90% Confidence interval
Pa beta 0.7500 0.1000 0.9649 0.9508 0.9791
pj beta 0.7500 0.1000 0.9841 0.9734 0.9957
Pz beta 0.7500 0.1000 0.9769 0.9649 0.9903
Pai beta 0.7500 0.1000 0.9444 0.9142 0.9780
P beta 0.7500 0.1000 0.5668 0.4943 0.6405
Oup invg 0.0010 0.2000 0.0257 0.0216 0.0296
0, invg 0.0010 0.2000 0.0273 0.0234 0.0311
of invg 0.0010 0.2000  0.1595 0.0715 0.2381
o invg 0.0010 0.2000 0.1067 0.0803 0.1317
0, invg 0.0010 0.2000 0.1929  0.1512 0.2344
0; invg 0.0010 0.2000  0.1156 0.0961 0.1353
Oy, invg 0.0010 0.2000 0.2497  0.2153 0.2841
Oy, invg 0.0010 0.2000 0.0221 0.0178 0.0260
Oy, invg 0.0010 0.2000 0.0009 0.0002 0.0016

4 Model properties

4.1 Housing preference shock

Figure 2 shows the impulse responses to a one standard deviation hous-
ing preference shock. The increase in the housing demand leads to a
higher housing price, hence raises the real estate wealth and relaxes
the collateral constraint of entrepreneurs, results in the increasing in-
vestment, and thus causes the growth in output.

Moving to the consumption, a rise in housing price enhances the

collateral capacity of constrained-agents, therefore allowing them to
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borrow more and to raise their consumption, which is called wealth
effect. On the the other hand, the boosting housing price increase the
cost of purchasing housing and crowed out the consumption, namely
substitution effect. Considering these two effects, the net effect on the
aggregate consumption is positive.

Figure 2 also illustrates the responses for three alternative versions
of the model in different LTV ratios. Lowering LTV ratios limits the
borrowing ability of constrained-agents, following the lower increment
of output, investment and consumption. Furthermore, facing the ris-
ing housing price, the model without collateral effects (m¢, m® = o)
predicts the negative response of aggregate consumption which is mainly
driven by the substitution effect.

For the dynamics of housing price, housing preference shock gen-
erates higher inflation increment for higher LTV ratios, following the
higher interest rate under the Taylor-type rule. This suppresses the
boosting of the housing price, and results in the lower increment of

the housing price.

4.2 Technology shock

A positive technology shock of one standard deviation increases the
output, induces entrepreneurs to enhance demand of investment and
housing, thus the increase in housing price. The rising housing price
raises the value of real estate, consequently entrepreneurs could bor-
row and invest more to amplify the output.

The greater supply pushes down the inflation, requires the reduc-
tion in the interest rate, increases the aggregate consumption.

In addition, Figure 3 displays the amplified effect of output, invest-

ment, consumption and loan for higher LTV ratios.
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4.3 Monetary shock

Figure 4 plots the impulse responses to a monetary shock. Unlike pre-
vious two shocks, we consider the shocks which rise the interest rate by
1 percent. First, the adverse monetary shock yields a drop for the de-
mand of consumption and housing, also causes a decline in housing
price. Declining housing price results in the decreasing value of as-
sets, tightens the borrowing constraint of entrepreneurs, hence pushes
down the investment and output.

As the figure shows, with the same rises in interest rate, we could
see the amplified effect of consumption, output, investment, and credit
for higher LTV ratios, i.e. collateral effects magnify the aggregate vari-

ables to monetary shock.

5 Optimal policy and welfare analysis

We study the optimal monetary and macro-prudential policies by us-
ing the welfare-based evaluation rather than an ad hoc loss function.
That is, policymaker maximizes the social welfare subject to the com-
petitive equilibrium conditions and the class of interest-rate and LTV
rules considered.

According to Schmitt-Grohé and Uribe (2004), Schmitt-Grohé and
Uribe (2007), Kim et al. (2008), and Faia and Monacelli (2007), we
measure the individual welfare conditional on the initial state, t=0, be-

ing the deterministic steady state, The individual welfare of each agent
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is defined by following conditional expectation of lifetime utilities:
V= maxE, 3" BLUL (i)
t=0
VP = max E, i/a’liUb(cf, h,n?),
t=0
V¢ = max E, i/}éU@(cf),
t=0

where V3, V!, and V¢ denote the welfare of savers, borrowers and en-
trepreneurs, respectively.

Following Mendicino and Pescatori (2007), Rubio (2011), and Lam-
bertini, Mendicino, and Punzi (2013), the social welfare are aggregated

by the weighted sum of individual welfare:
Vomtal = (1 - ﬁs)VoS + (1 - /jb)vob + (1 - ﬁe)voe'

The welfare of savers, borrowers and entrepreneurs are weighted by
(1-8°), (1—BP) and (1-f3¢), respectively. So that the social planner can
equalize utility across different type of agents given a constant utility
level. We evaluate the social welfare according to the different policy
rules over varying parameters, and explore the optimal policy of the

interest rate rules and the counter-cyclical LTV ratio rules.

5.1 Interest rate rules

We investigate what the optimal interest rate rule that maximize the
social welfare is. Firstly, we address the welfare implication of baseline
policy based on (48). And we assess the alternative interest rate rules

that react to either credit growth or changes in housing price.

i a r X r
R = RO (20 () explun), (60)

where X; € {b;,q:} and rx > 0. We obtain the optimized interest rate

rule by conducting the grid search over the multidimensional param-
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eters with constant LTV ratios.”

Table 5 reports combination of the parameters for the optimized in-
terest rules that maximize the social welfare function. The optimized
interest rate rule features a muted response to either credit growth or
changes in housing price, which means that targeting the financial
variables would not improve the social welfare when the policy au-
thority implements the optimized policy.

Besides, adopting the best Taylor-type rule not only maximizes the
social welfare, but also improves the individual welfare for savers, bor-
rowers and entrepreneurs, i.e. is Pareto optimal.

Although the best monetary policy refers to a higher response co-
efficient to inflation (r, = 3.3), the aggressive output growth reaction
coefficient (r,, = 2.5) still induces a higher inflation volatility than the

baseline policy (see Table 6 for the stabilization effect).

5.2 Counter-cyclic LTV ratio

Now we assess the implications of adopting the dynamic regulation
on LTV ratios as macro-prudential tools. Following Mendicino and
Punzi (2014), we assume that the policy authority sets the LTV ratios

vary in a counter-cyclic manner:
X

X

with X, € {yu, b, 4}, m' = 0.85, i € {b, e} being the steady state LTV

), ie{b,e} (61)

i = '

ratios, ¢, < o being the reaction parameter. We fix the parameters
of Taylor-type rule at the baseline model, and search over the range
[-20, 0] for the parameter ¢, to obtain the optimized LTV ratio rule.’®
Accordingly, the LTV ratios will be tightened in response to the growth

of the targeting variables, and vice versa.

"7The search ranges are set to be r,; € [1.1,4], 7y, € [0,3] and rx € [0, 3]. The grid step for each
parameter is 0.1.
¥ The grid step is 0.01.
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The optimized LTV ratio rules targeting different variables are shown
in Table 5. Comparing to the baseline model with a fixed LTV ra-
tio, allowing for the counter-cyclical LTV policies increase the social
welfare as well as the individual welfare of savers, borrowers and en-
trepreneurs. That is, these counter-cyclic LTV ratio rules all result in
a Pareto improvement.

Across these three optimized rules, adopting the LTV ratio rule
that responds to the domestic credit not only derives the best effect
of social welfare, but also increases the individual welfare of all group
of agents. Besides, the LTV ratio rule targeting domestic credit is the
most effective way to reduce the volatility of credit-to-GDP ratio, and
thereby housing price. In contrast to the other LTV ratio rules, the rule
responding to domestic credit growth generates the largest variation
of the LTV ratios, which effectively reduces the volatility of credit-to-
GDP ratio and housing price.

This is not the cases for the rules that target GDP or housing price
growth. These two rules generate the lower volatility of the counter-

cyclic LTV ratios and hence mitigate the the impact on credit variation.

5.3 Overall evaluation

In terms of welfare evaluation, the optimized interest rate rule and the
optimized LTV ratio rules are all Pareto optimal. Among these mon-
etary and macro-prudential policies, allowing for the counter-cyclic
LTV ratio rule reacting to domestic credit obtains the best effect of
social welfare as well as individual welfare of all groups of agents.
With respect to mitigating the volatilities of key variables, the opti-
mized interest rate rule and the three optimized LTV ratio rules could
all stabilize the variations of the credit-to-GDP ratio, the housing price

and the output. However, considering the impact on inflation, adopt-
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ing the optimized interest rate rule would induce a higher inflation
volatility. Moreover, implementing the LTV policy leaning against the
domestic credit could increase the welfare most significantly under the
similar inflation variation.

From the perspective of total consumption, the three LTV ratio
policies could reduce the volatilities of aggregate consumption, while
the optimized interest rate rule would rise the level of total consump-
tion.

In regard to financial stability, the LTV ratio rule that targets do-
mestic credit is the most effective way to reduce the volatility of credit-

to-GDP ratio, therefore stabilize the financial system.?

6 Conclusion

We extend the model featuring collateral constraints from Iacoviello
(2005) and Guerrieri and Iacoviello (2017) to the small open econ-
omy framework built on Kollmann (2001), Kollmann (2002), and Dib
(2011). This model is applied to the Taiwan’s data by using Bayesian
technique. The estimated model allows us to assess the welfare impli-
cations of the monetary and macro-prudential policy.

Our results suggest that the optimized interest rate rule and the
optimized LTV ratio rules all lead to the Pareto improvements. The
optimized interest rate rule illustrates that targeting the financial vari-
ables, e.g. the credit growth or the changes in housing prices, would
not improve the social welfare. Implementing the LTV policy reacting
to the domestic credit could increase the social welfare as well as indi-
vidual welfare most significantly under the simlar inflation variation.

However, adopting the optimized interest rate rule would induce the

YEuropean Systemic Risk Board (2014) indicates that excessive credit growth has been identified
as a key driver of financial crises identified four intermediate objectives.
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higher volatility of inflation. Furthermore, allowing for the LTV ratio
rule leaning against total credit growth would obtain the best effect on

stabilization of the credit-to-GDP ratio.
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