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DSGE model with collateral constraint: estimation on Czech
data
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Abstract. Czech data shows positive comovement of house prices arsdiegation
in reaction to house price shock. This behavior can be expthby collateral effect
when houses serve as collateral for credit constrainedehalds. This type of fric-
tion is present in the Dynamic Stochastic General EquilioriDSGE) model from
lacoviello [3] which is slightly modified and estimated onggh data using Bayesian
techniques. The estimated parameters are economicailpneted and ability of the
model to match moments in data is assessed. Situation whesesiare not collateral-
izable is examined. This exercise shows that the collaeffatt is necessary feature
of the model to deliver positive reaction of consumptiondaide price shock.
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1 Introduction

It is empirical fact that consumption and house prices carmxer the business cycle. This is true also in the
Czech economy. Looking at correlation between consumptimhhouse prices (both variables are expressed in
gaps), we get quite large value of correlation coefficipgt, = 0.68, for output and house prices it is somewhat
smaller,oyq = 0.35. The tight relationship between house prices and consamip confirmed by structural VAR
model. Figure 1 shows reaction of house pricgsgonsumptionC;, output,Y;, and interest ratdy;, to house price
shock? There is evident positive comovement of consumption anguiwtith house prices in response to house
price shock.

This empirical fact can be explained by existence of calidteffect — mechanism incorporated in presented
model. The model is taken from lacoviello [3] and includesdir constrained households (and firms) which need
to collateralize their loans. The mechanism closely foidtiyotaki and Moore [5], but instead of land, houses
serve as collateral. Next feature is that the debt is quatembminal terms which is based on empirical grounds
from low-inflation countries. This makes another channeldmpagation of financial shocks into real part of
economy. The transition mechanism is as follows: positemand shock increases price of assets (housing)
which increases borrowing capacity of constrained houssffaoms and allows them to spend and invest more.
The rise in prices reduces the real value of their debt otitiga, which further increases value of their net worth.
Borrowers have higher propensity to spend than lenders lausl the net demand is positively affected. This
mechanism works as amplification of demand shocks. Howkagtnmentioned price effect also works for supply
shocks (which are characterized by negative correlatidwesn output and prices). In case of adverse supply
shocks, this mechanism helps to restore long run equiliibribecause it supports spending and investing. Thus
there is accelerator of demand shocks and decelerator pissipocks. However, in both cases the model predicts
positive relationship between house prices and consumpf@iven recent developments at housing market, it
seems quite important to understand this mechanism andifg it®n Czech data.

The rest of the paper is organized as follows. Section 2 pteswain parts of the model, Section 3 briefly
describes data and estimation technique. Results of theag&in, data fit of the model and dynamical properties
of alternative settings are discussed in Section 4. Firdiseconcludes with prospects for further research.

IMasaryk University, Department of Economics, Lipova 4122 60 Brno, hlousek@econ.muni.cz
2The model was estimated on Czech data spanning from 1998201tt0Q3; ordering of variables is followind, o, G, Y;, 7. More
information on data is in section 3.
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Figure 1 VAR evidence: Impulse responses to house price shock

2 Model
2.1 Households

The model is borrowed from lacoviello [3] and slightly aded, especially for estimation purposes. It includes
two types of households: patient and impatient (indexed byl,2). They differ by the time discount factor,
Gi € (0,1), wheref; > 3, i.e. impatient households has lower discount factor and thiscounts future more
heavily. Both households consumg, supply labotL;;, accumulate housing ; and real money balancé4 /R
whereM; are nominal balances amidenotes price level in time They maximize utility function

hd i Li)" Mi
Eot;)ﬁf (Inci,t + jtInhi¢ — ( ";) +xIn Flt)

wherej; is housing demand shock which can be also interpreted ak shibouse prices; denotes slope of labor
supply andy is weight to money holdings. The budget constraint is

R—_1bit—1 Mi
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wherer = & is inflation, g = Q2 js the real housing pricey;; = Wt is the real wage anb;; = Bit denotes
R-1 R . R ; R

loans in real termsk are lump-sum profits from retailers that goes only to patientseholds, and ; — % are

net transfers from the central bank. The t reflects the assumption that debt contracts are set in nbmina
terms. Changes in prices betwdenl andt thus can affect the realized real interest rate.

Unlike patient households, the impatient households aditcconstrained. The maximum amouBy; they
can borrow (in nominal terms) 'rshEtQt%h“. In the real terms:
Ot+1hoy

bt < MWE=——— 1
2t < Mh th/TE+1 1)

wheremy, is loan-to-value ratio, i.e. the limit for borrowing expsesl as the fraction of asset value (house). If
the borrowers fail to repay their debt, the lenders can reggssthe assets (housing), but must pay proportional
transaction costl — my)E;(gr+1h1t). Under reasonable assumption, in the steady-state ansl meighborhood
(given some uncertainty) the borrowing constraint (1) Wwild with equality.
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2.2 Entrepreneurs
Entrepreneurs produce intermediate gogdeccording to Cobb-Douglas production function
Y= AKE LT e

whereA is shock to productivityl.1+ andLy; are hours of work supplied by patient and impatient housishk}
is capital that is created at the end of each period. Entngjoirs also consume and maximize utility function

EOZJWnCt,
t=

wherey is discount factor, subject to flow of funds

Y

Xt

wherel; is the investment that follows from law of motion for capjtél = (1— 8)K;_1 +itlt, wherel; is investment
efficiency shock. The terMjk: denotes capital adjustment coék; = ¢ (It/Ki—1 — 6)2 Ki—1/25. Similarly to
impatient households, entrepreneurs have lower discaaturfy < 1, and are credit constrained

+ b = +qh + b[,l% +witkit+ 1+ éky

v 1ht
R/ 1

wherem, denotes loan-to-value ratio. Again the borrowing constriagi binding around the steady state.

b < meE:

2.3 Retailers and monetary authority

Retailers are incorporated in the model only for the saketodducing nominal rigidity. They operate at monopo-
listically competitive market. They purchase the interfatglgood from entrepreneurs at the wholesale flte
transform it into composite final good and sell at prigavith markupX; = g'}v. The price setting is modeled in
Calvo [2] style. Their optimization problem is quite stardland leads to conventional New Keynesian Phillips
curve which has following log-linearized form:

ft = BE T2 — KX+ Oy
wherek = w, 6 is Calvo parameter (probablity of not resetting the prige)s the deviation of markup
from steady state and i5 cost-push shock.

The central bank behaves according to Taylor rule with egerate smoothing (in log-linearized form):

R =rrRR_1+ (1= rR)[(1+ 1) T + ry$t] + ¢

where andg; is shock to monetary policy which is assumgtiwith zero mean and variang.

2.4 Equilibrium

There is unique stationary equilibrium, entrepreneursiarmitient households hit the borrowing constraint, bor-
row up to the limit, make the interest payments on the debtralidhe steady state stock of debt over forever.
Markets for labor, housing, goods and loans clear. For asitim purposes, stochastic shoek, is added to
market clearing condition for goods market= ¢; + 1t + C2¢ + It +€v. It should capture other effects such as
government expenditures or net exports and bring the mdolgticto Czech data. This shoa, and monetary
policy shock.er, are assumeild processes, shocks to technoldgy housing preferencds, cost-push shocksg
and investment shocksfollow AR(1) processes.

The steady state of the model is derived and model equatienfog-linearized around it. The model is
transformed into state space system and solved using Kdgprgcedure.

3The variables with hat are expressed as deviation from ptsate.

- 298 -



Proceedings of 30th International Conference Mathematical Methods in Economics

3 Data and estimation

The model is estimated using data for following model vdaaboutput ¥;), consumption@), investmentf),
real house pricesy), inflation (7§) and nominal interest rat&(). Time series are quarterly, they are obtained from
the Czech Statistical Office and the Czech National Bank amdrdime period 1998:Q1 — 2011:Q3. Specifically,
output is gross domestic product (GDP), investment is diimed capital formation, consumption is measured by
expenditure of households, interest rate is represent@lbipribor, inflation rate is g-on-q change of consumer
price index (CPI) and real house prices are representeddex iof realized (offering) prices of flats deflated with
CPI. Data for output, consumption and investment are egpres per capita terms. Data for output, investment,
consumption, real house prices and nominal interest rateletrended using Hodrick-Prescoitt filter (with=
1600). Inflation is demeaned and annualized.

Some of the model parameters are calibrated according tvikdo [3] and data from national accounts.
Description of calibrated parameters and their valuesaogegl in Table 1. The rest of the model parameters is then
estimated using Bayesian techniques. It combines maxikeihood with some prior information to get posterior
distribution of the parameters. Specifically, posterideiance was obtained by Random Walk Chain Metropolis-
Hastings algorithm which generated 1000,000 draws fronptsterior distribution. They were computed in two
chains with 500,000 replications each, 50 % of replicatimese discarded so as to avoid influence of initial
conditions. MCMC diagnostics were used for verification fed algorithm. All computations were carried out
using Dynare toolbox (Adjemian et al. [1]) in Matlab softwar

Description Param. Value Description Param. Value
Preferences Technology

Discount factor: Patient HH B1 0.99 Calvo parameter 6 0.75
Discount factor: Impartient HH 3, 0.95 Capital share u 0.30
Discount factor: Entrepreneurs  y 0.98 Housing share v 0.05
Labor supply aversion n 1.01 Capital depreciationrate o 0.05
Weight on housing i 0.10 Steady-state markup X 1.10

Table 1 Calibrated parameters

4 Results of estimation

The prior means and standard deviations of estimated péessrage quoted in Table 2. The priors are set according
to lacoviello [3]. Table 2 also shows the posterior meansstifreated parameters together with 95 % confidence
intervals. The labor share of patient househotdsis 0.46. It is lower than the prior and also lower than values
found in other empirical studies for U.S. economy or Canada (acoviello and Neri [4] or Christensen et al. [7]).
This value implies that the share of borrowing constrainedseholds (+ a = 0.54) in the Czech economy is
larger than that of unconstrained, which should contribatpositive elasticity of consumption to house prices.
Loan-to-value ratios for entrepreneurs and impatient dbakls aran, = 0.51 andmy, = 0.79, respectively. It
means that houses owned by impatient households are mdyecedlateralizable than entrepreneurial real estates.
This result differs from lacoviello [3] who found the oppteson U.S. data. Posterior meanyofs 2.39 and shows
quite high adjustment cost of investment. Parameters ofetaoy policy rule are quite standard and correspond to
other empirical studies for the Czech economy. Regardieghiocks, the most persistent is the shock to housing
preferencesd; = 0.94), the least persistent is technology shogk € 0.59). The most volatile shock is also
housing preference shock, with standard deviatipe= 26.28. It is quite intuitive because the examined period
includes house price boom in 2008 and subsequent declirehdiise prices fluctuated a lot and it is something
than cannot be explained by model itself.

Next step is evaluation of data fit of the model. Table 3 showsnents calculated from data and moments
obtained from model simulations (with 90 % confidence bands$)e outcome of the model is quite poor. The
volatility of output and consumption in model is much higttean in data while volatility of inflation is lower than
in data. On the other hand the volatility of investment, tealse prices and interest rate is matched quite precisely.
Relative volatilities (to output) implied by the model ats@not satisfactory. E.g. investment is less volatile than
output which contradict the data and consumption has alsawse volatility as output. The model is able to match
positive correlations between output and consumptiodtment, and the real house prices but it fails to replicate
the magnitude of correlations. The model has also problemgherate positive correlation between output and
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Prior distribution Posterior distribution

Parameter Density Mean S.D. Mean 2.5% 97.5%
Production

a beta 0.600 0.10 0.4586 0.2938 0.6243

1)} normal 2.000 0.50 2.9487 2.2953 3.5930
LTV ratios

Me beta 0.800 0.10 0.5119 0.3651 0.6612

my beta 0.800 0.10 0.7938 0.7042 0.8869
MP rule

rr normal 0.800 0.10 0.8076 0.7641 0.8514

I normal 0.600 0.10 0.6140 0.4564 0.7699

ry normal 0.125 0.10 0.0671 0.0266 0.1082
Persistence of shocks

Pu normal 0.700 0.10 0.7625 0.6945 0.8324

Pj normal 0.700 0.10 0.9436 0.9189 0.9696

PA normal 0.700 0.10 0.5896 0.4924 0.6884

o} normal 0.700 0.10 0.7543 0.6121 0.9017
Volatility of shocks

OR normal 0.100 inf 0.0086 0.0063 0.0108

Oy normal 0.100 inf 0.0142 0.0102 0.0180

Oj normal  0.100 inf 0.2628 0.1645  0.3592

Oa normal 0.100 inf 0.0668 0.0486 0.0848

o] normal 0.100 inf 0.0070 0.0031 0.0107

Oy normal 0.001 inf 0.0139 0.0117 0.0162

Table 2 Prior and posterior distribution of structural parameters

inflation and output and interest rate found in data. On therdtand, the key positive correlation between the real
house prices and consumption is captured almost precigghyetmodel.

Data Model Data Model

Mean 5% 95% Mean 5% 95%
Volatility Correlations
2.05 7.43 5.58 9.71 Y,C 0.52 0.99 0.99 1.00
1.12 6.60 4.99 8.76 Y,lI 0.77 0.92 0.86 0.97
4.71 463 3.47 6.32 Y, 0.35 0.69 0.49 0.85
7.69 6.61 4.85 891 YR 049 -0.73 -0.84 -0.51
1.18 1.37 1.05 169 Y1 041 -0.05 -0.29 0.17
3.58 2.45 1.90 283 C,qg 0.69 0.67 0.44 0.85

g mae —0<

Table 3 Moments from data and model

The main message of the paper is to show the importance atedl effect in generating positive comovement
of house prices and consumption (output) in reaction to @quice shock. This is examined by comparison of
impulse response functions for two cases: model with alireged parameters and model with parameterand
my, set to 0. This can be interpreted as the houses (real estatasdt collateralizable at all and thus entrepreneurs
and impatient households are excluded from financial marlsult of this exercise is shown in Figure 2, which
depicts reaction of key variables to house price shock. wbenchmark model, there is positive comovement of
house prices and aggregate consumption (and output) whalkse present in data as was shown in Figure 1. On
the other hand, when collateral effect is shut down, inigalction of consumption is negative. Subsequent positive
deviation is negligible and the overall response is at odts data.

5 Conclusion

This paper presented results of estimation of model withataial constraint. The model successfully replicates
empirical fact found in Czech data: positive correlatiotwsen consumption and house prices and positive co-
movement of these two variables in reaction to house prioelshEven if the model captures this relationship,

it fails in some other aspects. \olatility of several modatigbles is not in accordance with data and also some
correlations differ in the magnitude and even the sign. Hason can be that the model omits some important
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Figure 2 Impulse responses to house price shock

channels. Itis closed economy model and includes only gueed@f nominal rigidity. The topic for further research
is extension of the model by foreign sector and other nonandlreal rigidities.
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