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Abstract

This paper aims to estimate a version of Dynamic Stochastic General Equilibrium (DSGE)
model using Thai data. We develop a DSGE model with a “financial accelerator” mechanism. For
some model parameters which we have strong prior belief or their values are predetermined by the
model, we follow the typical method of calibration. We apply a Bayesian method (Metorpolis-Hastings
algorithm) to estimate the rest of the parameters. We found the Bayesian premise of incorporating
prior beliefs while, at the same time, allowing data to “speaks for itself’, to have significant effects on
results. Data is informative to the extent that the posterior distribution differs from prior distribution. We
then analyse the model dynamics using estimated parameters. Compared to models that use
calibrated parameters, the model with partially-estimated parameters exhibits less pronounced
responses to shocks. The dynamics are less fluctuated and revert back to steady states more readily.
Finally, we found the sensitivity of external finance premiums to firms’ leverage to be significantly
different from zero, an indication of the existence of the financial accelerator mechanism. These

findings should provide further insights into the conduct of macroeconomic policy.
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2.1 Motivations for the introduction of financial-real linkages into a DSGE model

One problem with standard macroeconomic models is they are not able to reproduce the
characteristics of economic fluctuations without the use of extensive and persistent shocks. Empirical
studies that focus on the identification of shocks-e.g., Cochrane (1994) and Summers (1986)-conclude
that extensive and persistent shocks cannot easily be found and explained. Therefore, the
reproduction of business cycle properties by models is still motivating the search for a mechanism
able to transform shocks in a specific sector of the economy into extensive and persistent fluctuations
in the aggregate output of the economy. The extraordinary events in the U.S. housing sector that
intensified in late 2008 have emphatically highlighted the need for including in macro models such
mechanism. The seemingly localized problem in the housing market has continued to create long-
lasting effects on the broader economy-more than three years later-and have even led the Federal

Reserve promising to keep the interest rates low for the next three years.

This amplification and propagation phenomenon prompts us to have a deeper understanding
of the forces that cause financial disruption and economic displacement. Of no less importance is the
process whereby the financial and real sides of the economy are intertwined in a manner that they
have the potential to enduringly feed into each other. The Federal Reserve believed that, as the crisis
was unfolding in 2008, such an adverse feedback loop was underway: a restriction in credit availability
prompts deterioration in the economic outlook that, in turn, spurs additional tightening in credit
conditions. It is thus important that we are able to empirically examine and quantify the adverse

feedback between weakening activity and intense financial strains.

Economists have long recognized the microeconomic underpinnings of such an adverse
feedback loop. It is the presence of certain rigidities and constraints that limit perfect accessibility to
an unlimited amount of funding-in other words, financial frictions. A well-received example of financial
frictions in the literature arises from information asymmetry between borrowers and lenders: lenders
who know less about the probability of success of the borrowers need to monitor lenders’ projects.
Thus, the monitoring costs give rise to the “external finance premium,” defined as the difference
between the cost of external sources of uncollateralized funding and the opportunity cost of funds
internal to the firm. This borrowing premium depends inversely on the strength of the borrowers’

financial position (e.g., net worth). The more the borrowers have a significant stake in their enterprise,
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the lower the need for intensive evaluation and monitoring by the lender, as borrowers’ incentive are

better aligned with the lenders.

Once the notion of the external finance premium is in place, it is incorporated in the standard
macroeconomic model to create not only the presence of the two-way link between the financial and
real sides of the economy but also the prolonged persistence and enlarged amplitude of cyclical
fluctuations. It is the procyclical nature of net worth that causes the external finance premium to fall
during booms and to rise during recessions, thus propagating the responses of firms to financial
shocks. For example, home equity is often a significant part of net worth for households. Households
with low mortgage loan-to-value ratios (i.e., in good financial conditions) can borrow on relatively
favorable terms through home-equity lines of credit, with the equity in their home effectively serving as
collateral. With changes in homeowners' net worth affect their external finance premiums and thus
their costs of credit, changes in home values thus affect household borrowing and spending more
than suggested by the conventional wealth effect. In sum, these financial frictions may significantly

amplify the magnitude or persistence of fluctuations in economic activity.

The aim of this chapter is to examine the empirical evidence of the macro-financial linkage
and to study and quantify the external finance premium in the Thai economy, with the objective of

finding a good estimate of the external premium that has realistic financial frictions content.1

The remainder of this chapter is organized as follows. Section 2.2 provides a simple evidence
of the financial-real linkage in the Thai economy. Section 2.3 presents results and discussions of an
analysis of the external finance premium in Thailand, starting with an appropriate measure for the
external finance premium in section 2.3.1 and then moves on to the relationship between the measure

and the financial health of Thai firms in section 2.3.2.
2.2 The macro-financial linkage in the Thai economy

Figure 1 plots the index of credit standards (line with markers) against the level of GDP (solid

Iine).2 One of the most widely used indicators that potentially reflect strain on firms’ access to external

As the external finance premium is unobservable, one criterion that could be used in assessing measures of the external finance
premium is certain recessions coincide with substantial increases in the premium.

2
Data source for the Credit Conditions Reports: http://www.bot.or.th/English/EconomicConditions/Thai/Pages/CreditCondition.aspx.
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finance is the changes in credit standards as reported in credit condition surveys. This indicator
provides a clear indication of the strain that firms face in attaining external funds (Lown and Morgan,
2006). For Thailand the Bank of Thailand has conducted a quarterly credit conditions survey since the
last quarter of 2007. The survey compiles opinions of senior loan officers from 25 Thai commercial
banks, branches of foreign commercial banks, and specialized financial institutions, covering more
than 90 percent of total loans in the financial system. The index below (above) zero indicates credit is

tighter (looser) compared with the previous quarter.

A striking feature of Figure 1 is the synchronicity of the credit cycle and the business cycle. In
other words, bank lending standards are highly correlated with real output, with the correlation

coefficient of 0.7.

Figure 1: High-yield corporate bond spread and economic activity
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2.3 The external finance premium in the Thai economy

2.3.1. Key findings and discussion on various measures of the external finance premium

2.3.1.1. Findings



= Prime spread. This measure of the premium is defined as the difference between the prime

loan rate (minimum lending rate, MLR) and the policy rate (one-day repurchase rate, RP1D).3
Figure 2 shows the prime spread (line with markers) for the Thai economy since 1994, plotted
against the level of real GDP (solid line).

Figure 2: Prime spread and economic activity
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While this measure is simplest to construct it may not best reflect the external finance
premium. First, it is seen that, over the sample that covers the 1997 Asian financial crisis, the prime
spread dropped below zero, which is difficult to reconcile with the fact that asymmetric information
give rises to monitoring costs and consequently a positive premium for external finance. This unusual
finding follows from the substantial rise in the policy rate during the financial crisis to stabilize the
currency. Second, during the recent 2008 crisis the prime spread rose only gradually; in contrast,
GDP already dropped noticeably. This finding corresponds to De Graeve’s (2008) general finding that
the prime spread is a lagging indicator and that is because of the sluggish response of retail bank
interest rates. Third, and most important, as the prime loan spread focuses on firms of the highest
credit quality, to which financial constraints are least relevant, it potentially provides a poor indication
of financing conditions of firms typically considered vulnerable to financial frictions.

= Corporate bond spreads. Gertler and Lown (1999) and Bianco and Pasaogullari (2009)

find that corporate bond spreads, in particular the high-yield spread-the spread between

the yields of high-yield bonds and higher-grade bonds (say, AAA corporate bonds)-might

3
Data sources for the minimum lending rate and GDP: http://www.bot.or.th/thai/statistics/financialmarkets/interestrate/Pages/index.aspx

and http://ni-qgdp.nesdb.go.th/macro/NAD/1_qgdp/statistic/menu.html.
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be a suitable measure for the external finance premium. This is because the high-yield
bonds are potentially better isolates developments specific to firms that have a less solid
financial status and thus sensitive to the default probabilities of firms. The Thai Bond
Market Association (ThaiBMA) has compiled data on spreads between bonds of certain
risk ratings (namely, AAA, AA, A, and BBB) and government bonds since mid-2001 (mid-
2004 for AAA).4 The BBB-AAA spread for the Thai economy is constructed based on the
ThaiBMA data; Figure 3 plots this corporate bond spread (line with markers) against the

level of real GDP (solid line).

Figure 3: High-yield corporate bond spread and economic activity
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Although this measure of the external finance premium is available only recently relative to
GDP, it appears reasonable as it reflects the pronounced difficulty during the recent global financial
crisis between late 2008 and 2009, during which the BBB-AAA spread shot up more than 200 basis
points. Note that at the end of 2009 this measure of the borrowing premium came down, consistent

with output recovery.

2.3.1.2. Discussion
“Corporate bond spreads as an improved measure of Thailand’s external finance

premium from the existing literature.”

Data source for the corporate bond spreads: http://www.ibond.thaibma.or.th/main/govbond.html.



Tanboon et al. (2009) is the first study that attempts to measure the external finance premium
for the Thai economy. The authors use firm-level data to compute the “risk premium” on external
borrowing. This risk premium is defined as the spreads between effective borrowing rates charged to
firms that are listed in the Stock Exchange of Thailand and a risk-free rate. A firm’s effective
borrowing rate is defined as the ratio of its interest rate expenses to its interest-bearing debt (the latter
is defined as total liabilities minus trade credits). The authors then use the spread between the

effective borrowing rates and the policy interest rate as proxy for the external finance premium.

There is one potential problem with using the effective borrowing spread as proxy for the
external finance premium. The effective borrowing costs are obtained by aggregating over various
debt contracts with different maturities, whereas the policy rate is for one-day maturity transaction.
Consequently, part of the premium inevitably reflects the term premium of loan contract terms and
potentially overestimates firms’ external finance premiums. The top panel of Figure 4, reproduced from
Tanboon et al. (2009), shows the effective borrowing spreads over 1994Q1-2009Q1. When one
extends the effective borrowing spread and compares it with the BBB-AAA corporate bond spread
over 2009Q2-2011Q4, we see that the effective borrowing spread is higher than the corporate bond
spread by about 200 basis points, as shown in the bottom panel of Figure 4. Consequently, to guard
against the possibility of overestimation of the external finance premium, in the present study we will
use the BBB-AAA corporate bond spread as our preferred measure of the external finance premium in

quantitative modeling of the macro-financial feedback loop. °

Tanboon et al. (2009) would prefer to use the corporate bond spread as a proxy for the external finance premium; however, at the
time of their research the time series would be too short to meaningfully draw any conclusion, so they resorted to the effective borrow
spread. They also tried to confirm their result by constructing another time series from model-implied credit spreads, as calculated from

Merton's (1973) and Black-Scholes (1973) option pricing models and find that both measures were qualitatively similar.
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Figure 4: Comparison between measures of the external finance premium
Top panel: Risk premium as proxy for the external finance premium,

calculated as the difference between the effective borrowing rate and the policy interest rate
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Source: SET by authors’ calculations

Bottom panel: Corporate bond spread as proxy for the external finance premium,

calculated as the difference between BBB and AAA yields
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2.3.2. Key findings and discussion on financial health of Thai firms

Figure 5 shows three measures of overall corporate financial conditions of non-financial
companies listed on the Stock Exchange of Thailand-all of them are related to business cycles. The
left panels cover the entire sample of 1994-2011; the right panels cover the recent period starting
from 2004. First, firms’ profitability (measured by the operating profit margin) declined sharply during
the 1997 Asian financial crisis and to a lesser extent during the 2008 global financial crisis. Second,
firms’ debt-servicing ability (measured by the interest coverage ratio) reached the lowest level in the
1997 crisis and again to a lesser degree in the 2008 crisis. Third, firms’ leverage reached the highest
level in the 1997 crisis and thereafter declined as firms deleveraged to an almost constant IeveI.6 In
sum, we have seen the macro-financial linkage as reflected in pro-/counter-cyclicality of these

measures of financial health.

Figure 5: Measures of financial health of Thai firms
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Of the three measures, the debt-to-equity ratio has remained relatively unchanged since the 1997 crisis; having learned the lessons of

over-leveraged firms have been reported to target the leverage ratio since.
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UNN 3 2157mnsndsneaiuazsziiauis (Literature review and methodology)

In section 3.1 below, we review a strand of literature that attempts to incorporate financial
conditions of firms into a standard DSGE model, the so-called “balance sheet’” or “financial
accelerator” mechanism. We then survey existing Bayesian methods that have been applied to
estimate DSGE models in section 3.2. We also present in some detail the two leading Bayesian

estimation methodologies in this section.

3.1 Literature review on DSGE models with the financial accelerator mechanism

Research in this area aims to incorporate the quality of firms’ balance sheets into an otherwise
standard DSGE model. In this richer environment, monetary policy could influence the real economy
through the so-called “balance sheet channel” of monetary policy transmission. There are volumes of
papers that suggest the relevancy of financial frictions in amplifying and propagating shocks to the
economy, starting with Bernake and Gertler (1989), Kiyotaki and Moor (1997), etc (see also chapter 2
of this report). Bernanke, Gertler, and Gilchrist (1999) summarized key ideas of the mechanism and
systematically introduced it into a standard DSGE model. The BGG model forms the basis of our
model.

The most important part of the model can be sketched as follows. A firm’s borrowing rate will
depend on its balance sheet. This is because we depart from the perfect information world and
assume instead that firm knows more about its own profit than bank does. As a result, bank needs to
pay monitoring cost if it wants to audit firm's profit. As shown by Townsend (1979), this setup justifies
the standard debt contract between bank and firm. The borrowing firm promises to pay interest to the
bank, and, in case it becomes insolvent, bank pays monitoring cost before collecting firm's assets. For
this contract to be acceptable to bank, the interest rate bank gets should cover its opportunity cost
(that is, some risk-free interest) plus the expected value of its loss in the case of default-the latter
gives rise to the external finance premium. This premium will depend on the proportion of firm’s own
funds (net worth) to the amount it borrows. The lower its own funds are, the higher the premium will

be, as it reduces the expected amount the bank can recover in the case of default.

Key equations are as follows:
Qf ."l\’;I = J’)’; + ."\"vf

Qi K, g
( Ny )

RE — Ry
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The first equation characterizes firm's balance sheet. On the left side Q is the price of capital
and thus QK is the nominal value of firm's total assets. The right side consists of B (nominal debt) and
N (net worth). The second equation is the most important equation in the model. The left side is the
premium on top of the risk-free interest rate. This external finance premium increases in the ratio of
QK to N. The intuition is that the bigger is the firm's project relative to its internal funds, the greater is
the probability that the firm will not be able to repay the borrowed funds and thus the higher is the

premium.

The above is the key aspects of the model, which will be further developed during the second

half of the project. One of the most important parameters of the model is V in the equation for the
external finance premium. The existing work on Thailand, Tanboon et al. (2009), calibrated this
parameter. The present report estimates it, using the Thai data, among which is the time series of the
external finance premium that is estimated using the BBB-AAA spread. The next section will provide a

literature review of the estimation method.

3.2 Literature review on the Bayesian estimation of DSGE models

To implement a model, we need to assign values to its parameters. One of the main goals of
this report is to find and apply an appropriate econometric method to estimate parameters of DSGE
models. From the start, DSGE model parameters typically have been “calibrated” i.e. they were
computed from matching some limited set of moments from data or by borrowing from microeconomic
evidence, see for example Kydland and Prescott (1989). “Formal estimation” of DSGE model was
impossible partly because of the lack of efficient methods to solve/compute the model. Estimation of
DSGE models using, for example, a likelihood approach would require computing the model many
times in an iterative fashion. Beginning in the 1990s, however, efficient methods to compute
equilibrium models became available, see for example Judd and Guu (1993), Judd (1992).
Development of simulation techniques such as Markov chain Monte Carlo (MCMC) and an increase in
computing power also have made formal estimation of DSGE models feasible. One reason the
profession prefers “estimation” over “calibration” is its objectiveness and rigor. Calibration is based on
a set of empirical targets and then a second set of empirical targets is used to judge the model’s
performance. These targets could be rather arbitrary. As for estimation, parameterization is
accomplished via formal statistical methods based on real data and the model’s empirical performance

is assessed via hypothesis testing.
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In this report, we intend to find and apply an appropriate methodology to estimate the model
already under development at the Bank of Thailand, see for example Tanboon et.al. (2009). We
employ actual Thai data for this purpose. Various methods have been developed to estimate DSGE
models, for example, methods of moments, maximum likelihood and Bayesian methods. The first two
categories can be classified as Classical methodologies. Recently, the literature appears to converge
on preferring Bayesian methods over Classical ones. Canova (2007) and DeJong and Dave (2007)
discuss the relative merits of these two econometrics paradigms in the context of DSGE model
estimation and inference. Preference of Bayesian methods over Classical ones such as maximum
likelihood, is due, firstly, to the generally accepted notion that maximizing likelihood of a DSGE model
is very difficult because its likelihood is a high-dimension object. Moreover, the likelihoods of DSGE
models are full of local maxima and minima and of nearly flat surfaces, making classical method
almost impossible to implement. Secondly, a Bayesian approach allows a formal incorporation of prior
information in a rigorous and straightforward manner7. In many cases, pre-sample (prior) information
could be considerably useful and researchers should capitalize on it. Finally, Bayesian procedures
formalize model comparisons using, for example, posterior odds analysis. The last two features of
Bayesian estimation mentioned above are simply missing in classical statistical methodsB. For these

reasons, we choose to follow the Bayesian path.

There are two major methods typically employed in the Bayesian estimation of DSGE models.
The first, and more common, is applied to a linearized model, where shocks are assumed to be
normally distributed. In this case, the likelihood is computed by the Kalman filter and a Random-Walk
Metropolis-Hastings (RWMH) algorithm could be applied to compute the posteriors to make inference
about model parameters. An and Schorfheide (2007) provides a good survey of this and related
methods. The Kalman/RWMH algorithm is sufficiently flexible to handle models with rich dynamics.
Major weaknesses of this method are its dependence on the assumptions of normal shocks and the
linearized structure of the model. Linearization would eliminate threshold effects, precautionary
behavior, and big shocks. Assuming normal distribution of shocks is also fairly restricted on the
ground that fat tails are a pervasive feature of the data (at least for the U.S.), see for example
Geweke (1993, 1994) and McConnell and Perez-Quiros (2000). A simple way to generate fat tails is

to have time-varying volatility in the shocks such as introducing stochastic volatility or regime-

7
From this perspective, calibration is a kind of Bayesian exercise involving the specification of a point-mass prior over model

parameters.

8
We will explain these Bayesian concepts in more detail below.
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switching. Linearization, by construction, would not allow time-varying volatility as the volatility terms
would drop. However, unless the objective is to explore these “second-order” properties of the model,
we consider linearization and normality assumption a reasonable first attempt to take the model to

Thai data.

A major competing method to Kalman/RWMH algorithm is to apply a kind of sequential Monte
Carlo method called the particle filter to compute the likelihood and then use the Random-Walk
Metropolis-Hastings algorithm to estimate the model. Villaverde (2010, 2007) discuss this method in
detail. This method could handle non-linear models and allow for non-normal shocks, and thus would

address some drawbacks of the Kalman/RWMH algorithm.

As mentioned above, the literature seems to converge on these two competing Bayesian
methods. We will thus present the two Bayesian methods in some detail instead of discussing at
further length other Bayesian methods that have been developed to estimate DSGE models. We start
with some basic ideas of Bayesian estimation, present the state-space representation of the model
and filtering theory, then we briefly give main ideas of the Kalman and particle filters. Finally, we
discuss the Random-Walk Metropolis-Hastings algorithm. In the presentation below, we closely follow
the discussion in Villaverde (2010, 2007) and Dedong and Dave (2007) although we will clarify some

points and give examples to simplify some notations and concepts.

3.2.1 Basic ideas of Bayesian estimation:

We first begin by discussing some key ideas in Bayesian estimation. Interested readers are
referred to detail in any textbook on basic Bayesian econometrics such as Koop (2003) or Lancaster
(2004). From a Bayesian perspective, parameters are interpreted as random variables (in classical
statistics, parameters are considered fixed). The objective of Bayesian estimation is to make
conditional probabilistic statements regarding parameterization of the model. Conditioning is made
with respect to three factors: the structure of the model, the observed data, and a prior distribution
specified for the parameters. The structure of the model and the observed data combine to form a
likelihood function. Coupling the likelihood function with a prior distribution using Bayes’ rule yields an
associated posterior distribution. Suppose we have some data yT = {yt}'gzl € RNXT, where t

indexes time period and N is the number of observable data series. The three components necessary

to conduct Bayesian analysis are:
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1. A parameter set e Rk, where k is the number of parameters in the model, and the
“prior” distribution 7'[(9): 91’ — R+ that captures pre-sample beliefs about the “right”
value of the parameters.

2. A likelihood function P (y7]8): RN*T — R™that tells the probability that the mode
assigns to each observation given some parameter values. These restrictions come either
from statistical considerations or equilibrium conditions.

3. A “posterior” distribution of parameters given by Bayes’ rules:
p(y"10)m(6)
n(0ly") = ——=
Jr(yT18)m(6)do

This rule essentially tells us how we should update our beliefs about parameter values: we
combine our prior beliefs, 7'[(9), with the sample information embodied in the likelihood, p(yTIH),
and we obtain a new set of belief, T[(HlyT). This fundamental Bayesian methodology is
conceptually straightforward. For any possible model, one just writes down the likelihood, elicits the
prior, and obtains the posterior. Once we have the posterior distribution of the parameters, we can
perform inference like point estimation or model comparison given a loss function that maps how
much we select an incorrect parameter value or model. The most difficult object to compute, at least
in the context of a typical DSGE model, is the likelihood, p(yT|9). Except in a trivial case, we do
not have any analytic solution to the likelihood of the DSGE model. The most general and powerful
route is to employ the tools of state space representations and filtering theory. The topic we now turn

to in the next section.

3.2.2 State-space representation and filtering theory

To implement filters and the RWMH algorithm, we need to write the model in the state-space
format. After solving the model and obtaining its (approximated) policy functions, we can write the
laws of motion of the variables in a state space representation as:

1. A transition equation, St = f(St—ll Wt; 9), where S, is the vector of states that
describe the economy at a moment in time, W, is a vector of innovations, and Ois a
vector with structural parameters that describe technology, preferences and information
processes.

2. A measurement equation, Yt = g(St, Vt; 9) where Y, are the observables and V, a

set of shocks to the observables (like measurement errors).
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Note that we have considerable degrees of freedom to select the observables in the
measurement equation. The only restriction is that a number of series must be less than or equal to
the number of shocks in the model (W, and V,). Otherwise the model will be up to first order,
stochastically singular, that is, the extra observables would be deterministic functions of the other

observables and the likelihood would be -0 with probability 1, voiding any inference exercise.

Note that the state space representation lends itself to many convenient computations. From
St = f(St—ll Wt; 9), we can compute p(St|St_1; 9); from Yt = g(St, Vt; 9), we can
compute p(Yt|St; 9); and from St = f(St—1: Wt; 9) and Yt = g(St, Vt; 9), we have:

Yo = g(f (St-1, W5 0),Vi; 0)
and hence we can compute p(Yt |St_1; 9).

Our objective is to evaluate the likelihood function of the observables Y at parameter values

6 p(yT | 9) By the Makov structure of our state space representation, we can write:

p(y"l6) —p(yllé’)l_[p(ytlyt 1, 6)

= [ p(¥151;0) dS; sz(Yt|5t, 0) p(Scly*=; 6) ds;
We need to know p(St Iyt‘l; 9)%;2 and p(51|9) to evaluate the likelihood of the model.

The main goal of filtering theory is to find the sequence of conditional distributions of states

given observations, p(Stlyt_l; 3)%;1. It relies on two main tools, the Chapman-Kolmogorov

equation:

P(Ses1lyt; 0) = jp(5t+1|5t; 0) p(Scly*; 6)ds,
and Bayes’ theorem:
P(VelSe; 0) p(Sely*™; 6)
p(yelyt=46)

p(St|yt; 0) =

where

p(elytL6) = j (.15 0) p(S,lyt=1; 0)ds,

is the conditional likelihood.
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Note that the Chapman-Kolmogorov equation tells us the distribution of states tomorrow given
an observation until today, p(SH_llyt; 9), is equal to the distribution today of p(Stlyt; 9)
times the transition probabilitites p(5t+1 |St; 9) integrated over all possible states. Bayes’ theorm
updates the distribution of states p(Stlyt_l; 0) when a new observation arrives given its
probability p(yt|St; 9) By a recursive application of forecasting and updating, we can generate
the complete sequence p(St |yt_1; 9)%;1 we are looking for.

The practical implementation of the Chapman-Kolmogorov equation and Bayes’ theorm is
cumbersome because it involves the computation of numerous integrals. Even when the number of
states is moderate, the computational cost of these integrals makes an exact evaluation of the

integrals unfeasible.

3.2.3. The Kalman filter

When the transition equation and measurement equation are linear and the shocks are
normally distributed, all of the relevant conditional distributions are Gaussian. Therefore, we only need
to keep track of the mean and variance of these normals. This is done through the Ricatti equations
of the Kalman filter (for more details, refer to any standard textbook, such as Harvey 1989, or Stendel

1994).

Suppose we write the model in linearized stochastic difference equation of the state-space
form (see also section 5.4.2.2) as:
xe = F(W)xe—q + e
e = G(Wv,
AN / [
E(ecer) = GEW )G (W) = Q)

This system of equations comprises the “state” part of the state-space representation. It
describes the evolution of the nx1 vector of model variables x,. These variables are then mapped into

the mx1 vector of observable variables X, via either
_ !
Xe = H(w) x;
if we there are no measurement errors. Or

Xe = H(uw)'xp + ug, E(ueug) = Xy,
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if there are measurement errors.

The last two equations are known as measurement equations or the “space” part of the state-

space representation. The Kalman filter can be used to compute likelihood functions based on the

assumption of normality for {et} and {ut}.

The idea behind the algorithm is to compute the conditional probability associated with the
g t-1
time-t observation X, given the history of past realizations X' = {Xj}j—l' Denote this probability as

L(thxt_l), with L(X1|X°) denoting the unconditional likelihood associated with Xl- The

sequence of conditional likelihoods {L(Xt|Xt_1)}tT=1are independent across time, thus the

likelihood associate with X is given by the product of the individual conditional likelihoods:

T
Lo = | [roxen

Regarding the structure of L(Xt |Xt_1), this is most simply described for the case in which

t—1
each of the elements of x, is observable, so that X,=x,. Conditional on {x]-}j_l, we observe that the

optimal forecast of x, is given by

X = F(u)xp—1

and the difference between the forecasted and observed value of x, serves as the inferred value of e,

ér = x¢ — F(u)xe_q

The conditional likelihood associated with the observation of x, can thus be assessed as the

likelihood assigned to ét by its assumed probability distribution (say p,):

LX X1 = pe(ér)

The details are slightly more complicated when certain elements of x, are unobservable or
there are measurement errors. But the basic idea is the same: conditional likelihoods represent
probabilities associated with the realization of observables at time ¢, given the sequence of variables

what were observed previously.
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3.2.4 The patrticle filter

When the state space representation is not linear or when the shocks are not normal, filtering
becomes more complicated because the conditional distributions of states do not belong, in general,
to any known family. Villaverde (2010, 2007) propose a simulation algorithm called the particle filter, a

particular example of a sequential Monte Carlo. The main idea is simple: we replace the conditional
T

— ] N
distribution p(Stlyt 1; 9)?;:1 by an empirical distribution of N draws {{Sélt—l}- 1} from
1=17t=1

the sequence p(St |yt_1; 0)’{:1 generated by the simulation. Then, by a trivial application of the

law of large numbers:
N T N
T ~ 1 i 1 i
p(y'10) = Nz p()’1|50|0F 9) nﬁz P(Yt|5t|t—1F 9)
i=1 t=2 i=1

The problem is then to draw from p(St |yt_1; 9)’11;:1. Following Rubin (1988), we can apply

sequential sampling:

. N _ ~iyN
Proposition 1: Let {Szlt—l}- 1be a draw from p(St|yt 1; 0) Let the sequence {Sé}i . be
i= =
i N
a draw with replacement from {St|t—1}- 1where the resampling probability is given by
1=
l .
p(yt|5t|t—1' 0)
N i .
i=1 p(Yt|St|t—1' 9)

VN
Then {gé}i=1 is a draw from p(Stlyt; 9)

Wy =

- N 3 . N
Proposition 1 recursively uses a draw {Sat—l}i:lﬂom p(5t|yt 1; 9) to draw {Sélt}iﬂfmm

p(Stlyt; 9). But this is just the update of our estimate of St to add the information on Y That

Bayes’ theorm is asking for.

;N
Once we have {Sat}- N we draw N vectors of exogenous shocks to the model from their
L=

; N
corresponding distributions and apply the law of motion for states to generate {S£+1|t}- % This
L=

step, known as forecast, puts us back at the beginning of proposition 1, but with the difference that
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we have move forward one period in our conditioning, from t|{-71 to t+17|t, implementing in that way the

Chapman-Kolmogorov equation.

3.2.5. Posterior simulator: Random-Walk Metropolis-Hasting algorithm
Once we have an evaluation of the likelihood function from filtering theory (whether it's Kalman
or particle filter), we can maximize it over parameter ranges (if we are classicalist) or we can compute

posterior (if we are Bayesian). Remember the posterior is:

p(yT16)m(6)
[p(yT18)m(6)d6

n@ly") =

With the result of the previous section, we can evaluate T[(QlyT) for a given 7 (up to a
proportionality constant), but characterizing the whole distribution is nearly impossible, since we do not
even have a close form solution for p(yTIH) Recently, Bayesians use Markov chain Monte Carlo
(MCMC) simulation method to address this problem. We want to produce a Markov chain whose
ergodic distribution is n(HIyT). Then, we simulate from the chain and, we approximate
TL’(QlyT) by the empirical distribution generated by the chain. We need a method to specify the
Makov chain. This procedure is known as Metropolis-Hastings algorithm (the Gibbs sampler is a
particular case of MH algorithm). In the MH algorithm, we come up with a new proposed value of the
parameter and we evaluate whether it increases the posterior. If it does, we accept it with probability
1. If it does not, we accept it with some probability less than 1. In such a way, we always go toward
the higher regions of the posterior but we also travel, with some probability, towards the lower

regions. A simple psedo-code for an MH algorithm is as follows:

Step 0, Initialization: Set /~*?0 and an initial Qi- Solve the model for Hi and build the state space
representation. Evaluate T[(Qi) and p(yT |9i)- Set jW+1,
* . *

Step 1, Proposal draw: Get a draw 91 from a proposal density q(@i_l, 91 )
Step 2, Solving the Model: Solve the model for Qi* and build the new state space representation.
Step 3, Evaluating the proposal: Evaluate 1'[(91*) and p(yT|9i*) with the particle filter or Kalman
filter.

p(0=6;|y")a(6;;6=6i-1)
p(6=0i_1|yT)a(6i-1;6=6)

Step 4, Accept/Reject: Draw Y ~ U(O,l). If Xj < min [1,

set 9i = 91*; otherwise 9i = 91_1.
Step 5, lteration: If i<M, set i"?i+1 and go to step 1. Otherwise stop.
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This algorithm requires us to specify a proposal density q(.,.). The standard practice is to
choose a random walk proposal, Hi* = 91_1 + K, Ki~N(0, ZK), where ZK is a matrix that

the researcher selects to obtain the appropriate acceptance ratio of the proposals.

Once we have run the algorithm for a sufficient number of iterations, we can perform
inference: we have an empirical approximation of the posterior of the model and finding means,
standard deviations, and other objects of interest is a trivial task. In general, we choose values of 90

(prior) from a standard calibration exercise.
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4 The Model

This section provides a detailed description of various agents in the economy, the first order
conditions that govern their optimal behavior, exogenous processes which are not affected by
but have bearings on agents’ actions, market clearing conditions, steady-state conditions, and
the equilibrium that characterizes this model economy.

There are five types of agents interacting in the model economy: households, capital pro-
ducers, wholesale good producing firms, retailers, and the monetary authorities. Households
maximize their utility subject to a budget constraint. Wholesale good producing firms hire
inputs—namely labor from households and capital supplied by capital producers—to produce.
Retailers buy the wholesale good from the wholesalers and set the price of the final good. The
central bank sets the policy interest rate. In what follows, each type of economic agents is
described in details.

4.1 Households

There is a continuum of households optimizing their utility by taking various decisions on
consumption, labor supply, and financial asset holdings.  Algebraically, the representative
household maximizes

00 B L1+77
Eo Y 8" |(1—x)logCy — "=t (1)
t=0 L+m
subject to
PG+ By < (1+ Ri1) Bioa + Wil + 32, 95 (2)

In the budget constraint (2), Cy, Ly, and B; denote respectively time ¢ consumption, labor
supply, and bond holding. The timing convention in this quarterly model is such that, in each
period t, B;_1 is predetermined and By is the stock of bonds to be determined at the end of the
period. The price of the consumption good is given by P;. W3, the nominal wage, is the price
of labor. The gross interest rate on B;_1 is predetermined and given by 1 + R;_1. ®; denotes
firm’s j’s profits that are remitted to the households who are the ultimate owners of firms.

In the utility function (1), Eq is the expectation operator conditional on the information at
time 0. [ is the discount factor. ¢ is the scaling parameter for the disutility of supplying
labor and 7 is the inverse of the Frisch elasticity of labor supply. C,is the habit-adjusted
consumption which depends on C; and C;_; and the parameter y. In order to generate
persistent consumption dynamics, we introduce consumption habit persistence by assuming that
utility obtained from consumption in this period does not depend on how much is consumed
today, but instead depends on this period’s consumption with respect to some “habit,” which
is in turn related to the previous period’s consumption. Algebraically,

Cy — xhy

C’:
t 1=

with h; = (1 + Oé)Ct_l. (3)

Cy is the habit-adjusted consumption that enters the household’s utility function, C} is today’s
consumption, and h; is the level of habit. In the simple setting where the steady-state growth
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rate of the economy, «, is zero, we have hy = C;_1. Here the household obtains utility from
consumption only if today it consumes more than yesterday. When « > 0, the reference point
needs to be adjusted up instead of simply taking yesterday’s consumption as a benchmark. How
strongly the household refers to past consumption depends on the value of the parameter y
that governs habit persistence. When y = 0, the household completely disregards the previous
period’s consumption: C; = C;. Note also that consumption in the steady state

A CfS_X(l—i_a) tsfl CES*XCISSS SS

CSS: = = .
t 1_X 1_X t

That is, habit persistence is irrelevant along the balanced growth path.

Finally, the Lagrangian for the household’s problem (1)—(2) is given by

00 ~ L%+7’
L=Ey» p (1=x)log Cr — o 5 N
S| [0+ Re) By + Wili + 55, @5 — (1= )RCi — xPihy — B}

where \; is the marginal utility of nominal income.

4.1.1 Consumption decision

The household’s intertemporal problem with respect to consumption decision can be solved by
setting 0L/0C; = 0:

1

- = )\tPt.

Ci

In words, utility forsaken by consuming one unit less (1 / ét> is equal to marginal utility of nom-

inal income (the Lagrange multiplier, \;) times the nominal income gained from not consuming
that unit of consumption (i.e., P,—the price of one unit of the consumption good).

4.1.2 Labor supply decision

The first-order condition obtained from setting 0L/0L; = 0 is given by
)\tWt = (pLL?

In utility terms, the shadow value of labor—which is the product of the price of labor, W3,
times the Lagrange multiplier, \;—equals the disutility of supplying labor, @ L}.

4.1.3 Saving and borrowing decisions

The representative household decides how much bonds to hold. As shown in the budget con-
straint (2), the household at the beginning of each period t receives the gross amount of
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(14 Ry—1) Bi—1, and it decides B; at the end of the period. Consequently, the first-order
condition with respect to B; is given by

At = BEN+1 (14 Ry). (4)

In words, the optimal deposit must be such that this period’s marginal utility of nominal wealth
is equal to the expected discounted marginal utility of wealth in the next period.

4.2 Capital producers

Intuitively the capital producers and the wholesale good producers can be merged into one
entity; here we distinguish their functions explicitly for ease of algebra. The representative
capital producer solves the following intertemporal problem

max Fo > BNAQL(1 = 0Ky + I — K1) — PLL} (5)
t t=0

where I, = F (K41, K;). In words, the capital producer uses capital from wholesale good
producing firms after they have used it in production, (1 — 0)K}, and combine it with the
investment good it has purchased from the retailers of the final goods (to be defined below) to
produce new capital. The capital producer will then return capital, K;11, to the firms to be
used in the subsequent production process. Hence the terms in the squared brackets represent
the amount of capital that comes to be owned by the capital producer in each period. Given
that @), is the price of capital and P;I; is the expenditure on investment good used in the
production of capital, the terms in the curly brackets are the time-t profits. Given that these
profits are returned to the households, A\; converts them into utility. Finally, such a stream of
utility is then discounted by the discount factor j.

Given (5), the first-order condition is of the form

% =1+8F I, Kq).
t

where ¢X is capital adjustment cost. The left hand side is Tobin’s ¢, which is the ratio of the
price of capital to the replacement cost of capital. In the simple case WherefK = 0, we have
the well-known equilibrium condition given by @Q;/P; = 1.

4.3 Wholesale good producing firms

The firms’ production function is given by
Y, = (AL) K} (6)

where output is denoted by Y; and the two factor inputs are labor (L;) and capital (K;). Ay is
the labor-augmented productivity.
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The demand for labor is given by
WtLt = ’YPtOY;j (7)
where W; denotes the nominal wage and P denote the nominal marginal cost.

The demand for capital with the presence of financial frictions, however, is not as straight-
forward as the labor input, given that the capital acquired by the firm has an explicit bearing
on the balance sheet. Define the firm’s balance sheet as

QK = By + Ny (8)

In the left side of (8) @ is the price of capital and thus Q;K; is the nominal value of the firm’s
total assets. The right side consists of nominal debt, B, and the firm’s net worth, V;. The
optimal demand for capital is determined by the two relationships below.

The first equation defines the interest rate at which the representative producing firm has
to pay in order to obtain external funds to finance capital purchased, R}, which must be equal
to the return on capital as shown in the right side of (9):

x_ 1=7) P Yin o @
1+ R, = 0K, +(1-9) 0 9)

where P! is the wholesale price (which is equal to its marginal cost), Q; is the price of capital,
and 0 is the depreciation rate of capital. Equation (9) states that in equilibrium the borrowing
rate of interest must be equal to the rate of return on capital. The latter in turn depends on
(1) how much that additional unit of capital contributes to production and (2) how much that
unit of capital is valued net of depreciation.

The second equation, following Bernanke, Gertler, and Gilchrist (1999), relates capital de-
mand K; (or @Q;K; in nominal terms) and the marginal financing cost, Rf:

RE —R, = <thvft(t>y. (10)

In the demand curve (10), price now is given in terms of the premium on top of the risk-free
interest rate, R — R;. This external finance premium increases in the ratio of Q;K; to Ny,
where NV is the firm’s net worth. Intuitively, the bigger is the firm’s enterprise relative to its
internal funds, the greater is the probability that the firm will not be able to repay the borrowed
funds and thus the higher is the risk premium.

Endogenous net worth The key element in generating the financial accelerator is the
endogeneity of borrowers’ net worth. The firm’s net worth (Ny) is endogenized and is deter-
mined by the value of the firm (V;, to be defined below) and the probability that the firm will
survive into the next period (¢):

Ny = (V. (11)

Note that in the simple model without the financial accelerator net worth is exogenously de-
termined and is passively a fixed fraction, ¢, of the firm’s balance sheet: N; = 9Q:K;. In such
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a case the health of the firm’s balance sheet is nothing other than an exogenous parameter .
In contrast, when net worth is endogenized, so is the firm’s financial position, which has an
important bearing on the how much the firm is charged for its external finances.

To complete the endogenization of net worth, we need to specify the dynamics of V;. Define
the value of the firm as

Vi=(1-0)QiK; 1+ PY; — WL+ (1+ Ry_1) B;_1]. (12)

That is, the value of the firm is the sum of (1) the value of the capital, owned by the firm,
carried over from the previous period net of depreciation; (2) the revenue from selling the
product; (3) the expenditure on factor inputs employed, consisting of wage bills, expenses on
imported intermediated, and the repayment of external funds borrowed in the previous period.
Hence we have effectively created a link from macro variables to the financial position of the
firm.

4.4 Retailers of final product

Retail firms buy the wholesale good from the wholesalers and, with market power, price the
good according to
oo
minEo Y B (P — P7)? + £(AP, — AP,1)?].
b t=0
where & represents the degree of price rigidity. The case for which no rigidity is present is given
by & = 0; here the retailer in each period will set P; equal to P. The latter is the optimal
price, which is marked up over the marginal cost; P = pP?). When ¢ > 0, retailers want to
set price, P, as close as possible to P;* but also needs to take account of price rigidity such that

this period’s inflation, AP;, is not too different from the previous period’s inflation, AP,_,
which is taken as given.

The first-order condition with respect to P; is given by
Pi=Pf €[~ (AP — AP _y) + B (EAP; — AB)] (13)

According to the first term in the square brackets, if this period’s inflation is higher than the
previous period’s, then FP; is too high and needs to be adjusted down. The second term in the
square brackets states that, if the expected inflation in the next period happens to be higher
than this period’s, AP,y — AP, > 0, then the present period’s price is too low relative to P
and is suboptimal, and thus needs to be adjusted up.

4.5 Monetary authority

The central bank is assumed to follow a simple monetary rule:

Ry = pRRy 1 + (1 - pR) [R** + Ky (dPpy1 — ) + Ky (dy; — @)
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In words, this period’s policy interest rate, R;, is a weighted average of the previous period’s rate
and a target, with the weights given by pf* and 1 — p® respectively. The targeted interest rate
depends on the steady-state nominal interest rate, R*°, the extent to which the next period’s
inflation and output growth, dP£1 and dy:, are projected to exceed the inflation target, T,
and the productivity growth, a. The parameters k. and k, > 0 respectively characterize the
degree of responsiveness of the central bank’s reaction to the inflation and growth deviation.

4.6 Exogenous processes

The only exogenous process in the model is
_ A
A=A 1 +a+eg

where A; is the level of technology at time ¢, « is the long-term productivity growth rate, and
e{! is the technology shock.

4.7 Market clearing conditions

The market clearing conditions for outputs are given by

}/;:Ctﬁ-lt.

4.8 Steady-state Conditions

Steady-state conditions—essentially, the terminal conditions of transition equations described
above—are determined according to balanced growth. That is, the steady state is defined such
that macro variables grow at constant rates such that no variable explodes or implodes over
time. Three key parameters that determine steady-state growth rates of variables in the model
are the economy’s long-term productivity growth rate («) and the target rate of inflation (7).

Real variables in the steady state grow at the rate of productivity growth. Thus, output
(Y), output components (C, I), and capital (K) grow at a constant rate o along the balanced
growth path. The steady-state growth rate of labor (L), however, is set to zero to prevent
labor from growing indefinitely.

Price variables grow at the target rate of inflation in the steady state. Thus, the price of
capital, the marginal cost and the retail price of the final good (Q, P°, P) grow at 7. Exceptions
are the nominal wage and the shadow price of labor (W, W9) which grow at a + 7, as well as
interest rates (R, RX) which remain constant in the steady state.

Financial variables (V;, Ny, B) grow at o + .
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4.9 Equilibrium

The equilibrium is a collection of prices and quantities that satisfy the first-order conditions,
fiscal and monetary rules, laws of motion, the market clearing conditions, and the steady-state
conditions.
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5 Bayesian Estimation

This section describes parameters of the model. Combining the model structure outlined in the
previous section with the parameters that are closely related to features of the economy allows
us to do some experiments that can help us understand the economy.

There are two broad methods for parameterizing DSGE models: calibration and estimation.
Calibration forms a basis of model parameterization; it incorporates findings by previous studies
as well as views of the experts. Furthermore, recent developments in Bayesian estimation, in
addition to allowing us to incorporate those prior beliefs, make it possible for using data to
inform about model parameters in a more consistent manner.

In what follows we discuss our estimation methodology, which are divided into two steps.
The first step involves choosing the priors for the model parameters. For some of the parameters
we will not estimate them, because we have either a strong belief about them or relationships
in the model already predetermine these parameters. For the remaining parameters for which
we are less certain of and want to have the data inform us about their values, we will use the
Metropolis—Hastings algorithm to estimate them.

5.1 Calibrated parameters

Six parameters are calibrated, namely, «, 8,9, 7y, T, rgs.

1. The (quarterly) technological growth parameter « is set to 0.005 in line with the annual
growth rate of 2 percent, which is close to Sutthasri’s (2007) estimate of 2.4 percent
based on data from 1978 to 2006. This value is comparable with Chuenchoksan and
Nakornthab’s (2008) findings that Thailand’s total factor productivity (TFP) growth is
1.8 percent over 1987-1996 and 2.0 percent over 2000-2007 (the average TFP growth
during the financial crisis years registers —6.7 percent ).

2. The capital depreciation parameter ¢ is set to to 0.01 (i.e., 4/400) corresponding to the
average annual depreciation rate of about 4 percent between 1970 and 2006; 0 is calculated
as the annual depreciation divided by gross capital stock (at 1988 price).

3. The inflation target 7 is set to 0.00438 (i.e.,1.75/400).

4. The steady-state nominal policy interest rate rss is set to 0.035, reflecting a long-term
policy rate of 3.5 percent.

5. The labor income share parameter v is set to 0.5. Ideally we would like to calibrate this
parameter so that the relative share of consumption and investment implied by the model
is close to the long-term average as witnessed in the Thai economy. However, a higher
value of v does not allow the model to solve.

6. Finally, the discount factor § is predetermined by «, 7, rss according to the relationship
rss = —log(fB) + a+ 7 which is implied by the first order conditions for consumption and
bond holding. The discount factor g is calculated to be 0.9778.
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5.2 Estimated parameters

Fifteen parameters are estimated, with the posterior mean and the uncertainty characterizing
shown in Charts 1a and 1b.

To illustrate heuristically how the estimation works, consider the capital adjustment cost
parameter (g ). This is the parameter which we have not much knowledge about and its value
depends on the structure of the model. We set the prior to be 2. The prior standard deviation
is 10—the latter reflects large uncertainty about this parameter. The lower and upper bounds
are set to —oo and oo respectively. For other parameters for which we have relatively more
confidence about, we can set narrower bounds, as shown by the red vertical lines in chart 1b.
To estimate the parameters we use data on GDP, consumption, investment, inflation, the debt-
to-equity ratio, and a measure of the external finance premium. We then run 100,000 draws
from the posterior distribution using a Metropolis—Hastings algorithm. Because some starting
points are inferior to others in that they are unrepresentative of the equilibrium distribution,
we disregard the first 20 percent of the iterations at the beginning of the run. The resulting
posterior density shifts to the right of the prior distribution, reflecting the data are informative
in helping us inferring the value of this parameter. The posterior mode and standard deviation
are estimated to be 5.6533 and 8.8455 respectively.

Of all the parameters, the estimate of the parameter that is of our particular interest—
the sensitivity of the external finance premium to the firm’s leverage (v)—is 8.3936. As v
is estimated away from zero, this indicates that the financial accelerator and balance sheet
vulnerabilities matter.
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6 Simulations

6.1 No accelerator vs. accelerator

Before we describe the simulations of the estimated model it is instructive to see what we would
miss if we fail to model the financial accelerator. Consider a one percent reduction in firms’ net
worth for one period as shown in chart 2. Examples of net worth shocks include destruction
of firms’ physical assets (e.g., by natural disasters) and financial assets and liabilities (e.g.,
by a decline in asset prices or exchange rate devaluation). With the macro-financial linkage,
the fall in net worth leads to a higher external finance premium that will lower the firm’s
demand for capital and consequently the capital producer’s investment. More importantly, this
adverse feedback loop results in investment that falls below its steady state long even after the
initial effects of the one-period shock disappears, and consequently necessitates accommodative
monetary. A model that fails to include the financial accelerator will lead to an error in monetary
policy of letting the policy rate unchanged.

6.2 Calibrated model vs. estimated model

Now we want to compare the calibrated model versus the estimated model. Chart 3 shows what
happen given a negative net worth shock, which causes the firm’s external finance premium to
rise. In the calibrated model investment and output fall around 6 percent and 0.6 percent
respectively from the steady state. Inflation falls by more than 3 percent. The policy interest
rate must be reduced by 1 percent. The dynamics of the macro variables and the policy response
are quite large, given the size of the adverse net worth shock of only 1 percent. Moreover, there
are excessive fluctuations in inflation and the policy rate in the calibrated model. In contrast,
in the estimated model, the one percent negative net worth shock causes investment to fall by
about 1 percent. Consequently, output and inflation decrease by a more reasonable extent and
the policy interest needs to be cut by about 25 basis points. Furthermore, we have successfully
eliminated excessive cycles in the estimated model.

6.3 Comparison with previous work

Chart 4 compares a simulation of one percent increase in the policy rate for one quarter. In
Tanboon et al. (2009), which studies the financial accelerator in Thailand using calibrated
parameters, the net worth to asset ratio falls in response to lower firms’ revenues and stays
below the steady state for more than 20 quarters. Such a persistent decline in net worth leads
to an increase in the firm’s finance premium and propagated such that it takes a long time for
investment to revert to its steady state. In this study we have successfully reduce the degree
of persistence: a one-quarter increase in the policy interest rate will cause the external finance
premium to stay above its steady state and investment to depress for about a year, which are
more reasonable than the five-years persistence in the previous work. Using Bayesian estimation
incorporates the information in the data with the prior beliefs about the parameters—taking
into account the structure of the model—and results in well-identified parameters.
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7 Conclusions and future research

We have illustrated the application of Bayesian parameter estimation, using a model a la
Bernanke, Gertler, and Gilchirst (1999), with the objective of gaining further insight on the
parameters. The key advantage of using the BGG prototype is that the model is not exces-
sively complicated. Attempts have been made to expand the model; however, several difficutlies
occur, for example, failure to converge to the steady state—even for a calibrated model that is
only slightly more complex. In many cases, we have obtained the steady state for the calibrated
model but do not obtain Bayesian parameter estimates. In some rare cases when we obtain the
estimated parameters, they do not result in a model that can be solved.

However, the results of the analysis here have already illustrated the importance of Bayesian
estimation in refining model parameters that best reflect realistic economic dynamics. It would
be interesting for future research to see how the results may change if we add features as focus
on banks as in Sunirand (2002). Furthermore, while our research emphasizes the importance
role of the macro—financial linkage, future research may want to examine the real-financial-
sovereign feedback loops in light of the ongoing sovereign-banking crisis in the euro area, and
here the sovereign balance sheet will be another important variable that can result in even more
realistic economic dynamics.

As for policy implication, the global financial crisis has shown us how deleterious the adverse
feedback loop could be. The private sector must make sure that its financial position is healthy
enough to withstand adverse disturbances, so as to prevent the borrowing premium from esca-
lating and to limit the corrosive impacts of the adverse feedback effects. The public sector must
pay attention to the financial side of the economy in addition to low and stable prices and full
resource utilization, and must act sufficiently aggressively to forestall the downward spiral. We
anticipate that future research will emphatically stress the critical role of the financial health
of the public sector as well.
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Chart 1a: Prior and Posterior Distributions of Parameters

. Prior Prior Posterior
Parameters Notation C

distribution mean mode
Inverse of Frisch elasticity n Normal 3.33 3.4642
Responsiveness of policy rule to inflation K, Normal 1.50 1.6367
Responsiveness of policy rule to output growth Ky Normal 1.00 1.2960
Price markup u Normal 1.20 1.2006
Scaling factor for labor disutility 0, Normal 1.00 1.2626
Elasticity of external finance premium to firm's leverage v Normal 8.52 8.3936
Habit formation in consumption 1 Normal 0.85 0.8341
Policy interest rate smoothness P, Normal 0.85 0.8506
Capital adjustment cost Ex Normal 2.00 5.6533
Price adjustment cost Ep Normal 5.00 8.1616
Probability of firms surviving ¢ Normal 0.97 0.9412
Shock volatility
Technology shock o(e,) Inverse gamma 8.01 0.0072
Net worth shock o(ey) Inverse gamma 0.01 0.0076
Cost-push shock o(ep) Inverse gamma 8.01 0.0115
Policy interest rate shock o(eg) Inverse gamma 8.01 0.0109

Parameters Notation _ P_rior_ Prior Posterior

distribution std std
Inverse of Frisch elasticity n Normal 2.00 1.7846
Responsiveness of policy rule to inflation K, Normal 1.00 0.8963
Responsiveness of policy rule to output growth Ky Normal 1.00 0.7814
Price markup u Normal 0.05 0.0491
Scaling factor for labor disutility 0, Normal 1.00 0.7689
Elasticity of external finance premium to firm’s leverage v Normal 1.00 0.8610
Habit formation in consumption X Normal e.10 0.0904
Policy interest rate smoothness P, Normal 0.05 0.0490
Capital adjustment cost Ex Normal 10.00 8.8455
Price adjustment cost Ep Normal 10.00 8.2446
Probability of firms surviving ¢ Normal 0.05 0.0339
Variance parameters
Technology shock o(e) Inverse gamma Inf 0.0055
Net worth shock o(ey) Inverse gamma Inf 0.0055
Cost-push shock o(ep) Inverse gamma Inf 0.0126
Policy interest rate shock o(eg) Inverse gamma Inf 0.0105
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Chart 1b: Prior and Posterior Distributions of Parameters
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Chart 1b: Prior and Posterior Distributions of Parameters (continued)
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Chart 2: No financial accelerator vs. financial accelerator
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Chart 3: Calibrated vs. estimated model: net worth shock
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