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Abstract

This paper develops VAR model for Armenia with housing price and
estimates the impact of housing price on GDP growth and inflation. Pass-
through results show, that 1% increase in real housing price creates from
0.03 to 0.09% inflation and increases GDP by around 0.25% in the long
run. Paper then discusses simple housing decision model and incorporates
it into DSGE framework. Households are allowed to divide their dispos-
able housing stock into private consumption and lend out to firms for
commercial purposes. Having borrowing constraint in the model enables
to generate both borrowing and housing cycles. Balance sheet channel al-
lows to explain the empirically observed estimates of the effects of housing
prices on the Armenian economy. According to the theoretical model’s re-
sults, the long-run response of inflation to the real housing price increase
as a result of housing market’s specific shocks is estimated to lie in the
interval of 0.045-0.118%, which is very close to empirical estimates. More-
over, model estimated commercial housing preference cycle is consistent
with historical events of the Armenian economy.
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1 Introduction

In recent years, many economists have studied the impact of changes in asset
prices on economy. In this context, fluctuations of housing prices have impli-
cations for macroeconomic policy. In many developing countries stock market
is not developed, in addition, the possibilities of capital markets are restrained.
As a result, housing is considered as an essential asset and it is used in com-
mercial purposes as well. Commercial real estate has played an important role
in accelerating the recent upswings and downswings of asset market (Karl Case
(2000)). Moreover, asset prices can have negative repercussions on economy
as they collapse. So, it is important for policymakers to focus on asset price
bubbles.

Movements in housing prices affect households consumption and aggregate
demand through three channels: housing expenditures, households wealth effect
and the balance sheet channel.

First channel is a direct effect of housing expenditures. Consider the case
of monetary expansion: the decline of interest rates increases housing prices
because interest rate is a cost of financing housing. As a result of increase
in housing prices, expenditures on housing increases as it is more profitable
to build housing. The increase in housing expenditures leads to the rise in
aggregate demand (Mishkin (2001)).

Next channel is a housing wealth effect. Increase in housing prices leads to
an increase in consumption spending and aggregate demand with direct wealth
effect. But this effect works only for financial wealth (sum of liquid financial
assets and the value of real estate minus outstanding debt) not for real wealth,
as noted in Campbell and Cocco (2007). They argue, that for a homeowner
who expects to live in his current house for a long time, a higher house price
assumes higher rental cost of living in the house. So as mentioned in Nocera
and Roma (2017), wealth effect is not an interesting channel if homeowner is not
planning to sell his house. Moreover, many economists think, that this effect
is related to the consumers expectations and confidence. When housing prices
are high, homeowners feel wealthy and spend more, so they increase aggregate
consumption and demand.

Third and the most common channel is a balance sheet channel. When
house price increases, available collateral increases too, because households can
use their housing as collateral when borrowing. It is associated with the increase
in loans and households consumption (Bernanke and Gertler, 2000).

The aim of this paper is to find out the main drivers of housing market
and to estimate the effects of housing prices on economy, as in many countries
lending is collateralized with real estate. During 2000-2019, Armenia had two
housing cycles. The first boom in Armenian real estate market was in 2000s.
Housing construction started to increase in 2002-2003 and achieved its peak in
2008. Second boom started from 2015-2016 and continued until 2019. Housing
prices show the similar pattern as housing cycle and could impact on inflation’s
developments. So, we attempt to find out the implications of these booms
for monetary policy. For that purpose, paper empirically tests the presence of



theoretical channels discussed in the literature. Then, it constructs simple VAR
model and estimates the impact of housing prices on inflation and economic
growth. Finally, theoretical micro-founded model is developed to explain the
empirical estimates. Incorporation of balance sheet effect into DSGE model
enables to explain empirical estimation results.

The remaining of the paper is organized as follows. The second section exam-
ines stylized facts related to the housing market and the economy, and empirical
estimation based on vector autoregressive approach. The third section develops
dynamic stochastic general equilibrium (DSGE) model and incorporates simple
housing decision model into that framework. Section four estimates the theo-
retical model. The fifth section discusses some properties of the model. Finally,
section six concludes.

2 Stylized Facts and Empirical Estimation

This section provides empirical analyses of housing prices and the key macroe-
conomic variables for Armenian economy. First part presents some stylized facts
of the Armenian economy, and the second one builds VAR model to estimate
the impact of house prices on inflation and economic growth.

Further analysis shows that fluctuations in housing prices have an important
role on economic activity. For instance, Goodhart and Hofmann (2008) inves-
tigate the nexuses between house prices, credit, money and economic activity
using VAR approach based on fixed-effects panel estimation. They argue, that
there is a significant link between house prices, broad money, private credit and
the macroeconomy. Shocks to housing prices, credit and money all have signif-
icant effects on economic activity and aggregate price. The effects of shocks to
money and credit on house prices are stronger when house prices are booming.

Nocera and Roma (2017) use a structural Bayesian VAR approach to analyse
the role of changes in housing prices in monetary transmission mechanism for
seven euro-area countries. They use a zero and sign restrictions for identification
of housing demand and monetary policy shocks. The above mentioned paper
finds a positive effect of housing prices on GDP, which can be explained by
housing wealth and collateral effects. They show, that wealth effect exists in
some countries and 1% increase in real house prices leads to 0.15% increases in
private consumption. Moreover, collateral effect is found across all countries.
They indicate that on average 1% increase in real house prices increases real
private credit by around 0.35%.

Tacoviello (2005) analysis the impact of housing prices on economy using sim-
ple VAR approach by including data on real GDP, inflation, real housing prices
and interest rate. He finds, that there is a negative response of GDP, inflation
and housing prices to positive monetary policy shock and positive comovement
of GDP and housing prices in response to output and housing price shocks.



2.1 Stylized Facts

We look at the relationships between housing prices, credit, credit in GDP,
and the major macroeconomic variables, such as real GDP, inflation, interest
rate, private consumption, construction etc, to find out the existence of trans-
mission channels discussed in introduction.

Real house prices started to increase in 2000-2008, but in the second quarter
of 2009 they declined about 11.4% and continue to constantly decrease until
the first quarter of 2017. Since 2017, real house prices started to increase.
Changes in construction have the similar path as housing prices (figures 17 and
18, Appendix B). The analysis identifies significant relationship between real
house prices and construction: the correlation between two variables is 0.7 and
there is a two-way Granger causality significant at 5% confidence level (tables
7, 8 Appendix B).

In recent years, private credit and consumers mortgage in GDP has been
increasing significantly.

There is a strong relationship between house prices and loans. House prices
Granger causes mortgages at 1% confidence level and correlation between two
variables is about 0.6, which is the evidence of the balance sheet channel.

The analysis shows that the relationship between house prices and real pri-
vate consumption is not significant. So, wealth effect is not a very common
channel for our economy.

Thus, empirically relevant channels for the Armenian economy are housing
expenditures and collateral channels. The schematic representation of discussed
channels are presented in the figure 1.

Housing

demand

Aggregate
demand

Figure 1: How do changes in housing demand affect aggregate demand



2.2 VAR Approach

As noted in Goodhart and Hofmann (2008), it is important to understand
the relationship between housing prices, monetary policy and economic activity.
And if there is a significant link between house prices and macroeconomy, what
is the transmission mechanism, and how do fluctuations in housing prices affect
economic entities’ decisions.

Following Tacoveillo (2005) the paper builds simple VAR model using three
classical macroeconomic variables (GDP growth, inflation and interest rate)
and real housing price. The VAR model has one exogenous variable, which is
remittance flowing into Armenia.

The estimation sample covers the period from the second quarter of 2002
to the fourth quarter of 2018. The lag length for the model is chosen based
on Schwarz and Hannan-Quinn information criteria. Criteria suggest one lag.
All time series, except interest rate are seasonally adjusted using X12 algorithm
and are expressed in quarterly percentage changes. Interest rate is stationary
process, which is demeaned for the inclusion in estimation process. To get real
housing price, nominal housing price is deflated by CPI index. Model input
variables are presented in figure 19 in Appendix C.

To analyze impulse responses, the following Choleski ordering is used: in-
flation, housing price, GDP growth and interest rate. The most endogenous
variable is assumed to be interest rate. The less endogenous variable is infla-
tion because of the prevailing presence of mark-up shocks in Armenian headline
inflation (Appendix B, figure 13).

The impulse response functions of vector autoregressive models are repre-
sented in figures 20-23 in Appendix C.

Our results are in line with results observed in the literature (Iacoviello
(2005), Nocera, Roma (2017), Goodhart, Hofmann(2008)):

e Output, house prices and inflation decrease following a positive monetary
policy shock.

e The responses of output and house prices to mark-up shock are negative,
however the response of interest rate is positive.

e All the model variables react positively to output and house price shocks.

Figure 2 presents the cumulative responses of model variables to housing
price shock, while figure 3 represents pass-through. The latter is the ratio of
cumulative values of GDP, inflation and interest rate to cumulative value of the
housing price.

The cumulative response of inflation to housing price shock is 0.2, whereas
the share of the housing prices in CPI is about 0.01. Therefore, there are
indirect effects, which are present in the transmission channel of housing price
on inflation. On the other hand, the long run response of GDP growth to
housing price is 0.21.

To test the robustness of results, another VAR model is estimated using
different data preparation process. As a model input data, we take the cyclical
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component of logarithmic series using Hodrick-Prescott filter with A = 1600.
Only inflation is the same as in previous model.

Directions of impulse responses are the same compared to the previous
model. Pass-through of housing prices to inflation increases to 0.09. Models
results are summarized in table 1.

Table 1: Housing price pass-through

House price shock

VAR(demean) VAR(HP filter)
GDP 0.21 0.3
CPI  0.03 0.09

3 The Structural Model

3.1 Model Description

To understand the structural approach based on DSGE modeling, we fol-
low the framework of Iacoviello and Neri (2005, 2010). They develop standard
DSGE models including housing both in utility and production functions. Lit-
erature separates two groups of agents. First one is the patient household or
saver, which makes investment decisions and has a higher intertemporal dis-
count factor. Second one is the impatient household or borrower, which has a
lower intertemporal discount factor and borrowing constraint, so the size of the
debt cannot exceed the value of the collateral (Kiyotaki and Moore, 1997).

Following the main literature housing stock is taken constant for simplicity.
The overall stock is separated into housing for personal consumption and for
commercial needs. The assumption of constant housing stock includes that
newly created housing is divided into personal and commercial with the same
proportion as existing stock.

The representative household works, consumes housing and non-housing
goods, uses housing as collateral and lends out to the firms. Households solve
two optimization problems. Firstly, they minimize their total expenditures and
decide how much consume housing and non-housing goods. Secondly, they max-
imize their utility function subject to the budget and borrowing constraints. In
this approach households are not separated into patient and impatient. They
hold the stock of housing and at the same time, they are net borrowers.

The production side of the economy is populated by firms, which use la-
bor and commercial housing to produce consumption goods. As mentioned in
Bernanke et al. (1999), the output cannot be transformed into consumption
immediately. There are also retailers operating in monopolistic competitive en-
vironment, which purchase the intermediate good and transform it into final



good. As noted in Tacoviello (2005), there is a monopolistic competition in
retail level, and retailers are the source of the nominal rigidities.

Model is extended following the balanced growth approach, discussed for
example in Adolfson et al. (2007) and Christiano et al. (2011). To bring model
to stationary form, all the real variables except prices are de-trended.

3.2 Households

The representative household consumes composite good X;, which consists of
consumption good (C}) and personal housing (H?Y), represented by the following
equation.

X, =[1- 7)1/77(Ct)(n—1)/17 + vl/n(Hf)(n—l)/n]n/(n—l) (3.2.1)

where 7 is the share of personal housing in consumption basket, 1 is the
elasticity of substitution between housing and non-housing consumption.
Households minimize their total expenditures:

min {P?X; — P,Cy — Qthp}

where P} is the price of the composite good, P; is the consumption good
price and @); is the nominal housing price.

Optimal allocation of household’s expenditures gives demand functions of
consumption and personal housing:

HY = v(g)nXt (3.2.3)

Py . . . . . .
where - s the relative price of composite good in terms of consumption

—_t
P
good and g—{ is the relative price level of composite good in terms of housing
price.
Substituting C; and H? from (3.2.2) and (3.2.3) into (3.2.1), the aggregate
price index gets the following form:

PF=[1=)P " +4Q; " (3.2.4)
The lifetime utility function of the household is given by:
o) A Ntl—:-gﬁ
B30 (dess (Xis) iy )~ 155 ) (329
§=0

where E; is the expectation operator conditional on information available
at time t, 87 is the discount factor, d; is the aggregate composite consumption
preference shock, Hf is the commercial housing, which households lend to the
firms, j; is the preference of holding commercial housing, which can be associated



with the change of households’ expectations concerning future, N; represents
working hours, ¢ is the inverse of the Frisch elasticity. d; and j; follow AR(1)
process.

Households maximize their utility function subject to the budget and bor-
rowing constraints.

The budget constraint of the household is represented by the following:

Ry_1B;— Wi N, Hf B
e e tt+Qtt1+ t

X _°
t Pg Pr P Pr

(3.2.6)

where B; denotes one-period nominal risk free bond, W; is the nominal
wage, R; represents the nominal gross interest rate. So, the left hand side of
the constraint represents expenditures, while the right hand side is the income
of the households, consisting of the wage, the amounts of the bond and income
from lending housing to the firms.

Households also have a borrowing constraint, which limits the amount of
the borrowing with the value of commercial housing, its expected price and real
interest rate:

< MQi+1 L1 HY

B 3.2.7
< Mt (3.2.7)
where m denotes the loan-to-value (LTV) ratio.
Rearranging (3.2.6), X; can be expressed as:
WiN, Hy By Ry 1Bi-
X, = tt+Qtt1+ ¢ 1D (3.2.8)

I_)tz F)tz PJitz Ptx

Inserting (3.2.8) into (3.2.5), the utility function can be expressed as follows:

< N, He, B B, NS
Et25j<dt+jln(wt t +Qt t—1 +7tiRt 1B 1)+jt+jln(HC ) — t+j
t=j

P Py P Py )T T4 4
(3.2.9)
The Lagrangian function of the problem has the following form:
WiNe  QiHi . By R 1B . N}
L =B di+ 5l R R In(HE) — t
{B¢,N¢,H{} 6 ( sl n( th + Ptz + th th +Jt n( t) 1+¢
Py HY
M (W - Bt) (3.2.10)
¢

First order conditions of the utility maximization problem with respect to
B;, N; and H{ are represented by the following equations:

di B
XePf T~ Xin Py

+ At (3.2.11)
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dt Wt @

=N, 2.12
titm t (3 )
] P,
Ltc _ _5dt+1Q;+1 _ AmQi1 Py (3.2.13)
Hf = X P R

(3.2.11) is the Euler equation, which determines the intertemporal consump-
tion allocation, where \; is shadow price of borrowing, which shows the addi-
tional consumption due to the change in borrowing. The equation (3.2.12) rep-
resents labor supply decision or labor-leisure decision. (3.2.13) equality is the
housing-consumption decision, which is shows the supply of commercial housing
by households.

Assuming, that our variables have the common stochastic trend component,
the non-stationary variables can be transformed into stationary form following
the balanced growth path approach. For instance, Y; = Y, Z,, where Y, is the
cyclical component and Z; is the trend component.

First order conditions in stationary forms are represented by the set of fol-
lowing equations.

depivy By Ry

4 = Z + 1N (3.2.14)
XePP o Xy Poy s
di W = N? (3.2.15)
X, P?

Hizade _ Bdig1Quyr H§+15‘tht+1Pt+1 (3.2.16)
Hy X1 Py Ry |

2t

where pf = -

denotes the growth rate of labor augmented technology Z;.

The rest of this section expresses household’s equations block in real terms.
By raising the aggregate price equation (3.2.4) into the power 1 —7 and dividing
both sides by Ptk"7 the relative price of aggregate consumption in terms of CPI
gets the following form:

P o
T 17
o= ((1 — ) + 74 ") (3.2.17)
t

where ¢; is the real housing price.
Additionally, multiplying and dividing (3.2.15) and (3.2.16) equations by
P, and substituting ?t by its corresponding expression in (3.2.17), first order

t
conditions can be expressed in real terms as follows:

dyy

X1 =) + A gern) =70

=N? (3.2.18)
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Miv1Jt Bdi11G41  HiaAmaen Py

H Xeea[(1 =) + ()= ™7 Ry

(3.2.19)

3.3 Features of housing market

This section discusses the equilibrium in the housing market, which is incor-
porated into general equilibrium framework.

Housing stock is hold by the household, who divides it into personal and
commercial consumption. The latter is the stock of the housing, that is used as
asset or is lent to firms.

How does household decide to consume one additional unit of personal hous-
ing or to supply an additional amount of commercial housing? The marginal
utility of commercial housing (MUyc) is the change in total utility resulting
from an extra amount of housing stock devoted to commercial housing. The
same applies to the marginal utility of personal housing (M Upy»).

Marginal rate of substitution is represented by the ratio of marginal utilities:

MRS =

which indicates the rate at which person is willing to give up some amount of
personal housing for an extra unit of commercial housing.

In this set-up, housing stock is constant and the relative price of personal
and commercial housing is equal to one. The opportunity cost of maintaining
personal housing is the price of the commercial housing. So prices of personal
and commercial housing are the same. The optimal allocation of housing stock
is established in the point, where marginal utilities intersect, or in other words,
the MRS = 1. At the point of intercept, household divides its housing stock
into personal and commercial uses.

The marginal utilities from household’s lifetime utility function in steady
state have the following forms:

MUE = (3.3.1)
HC

70 (H?)
—1 —1

(=) 7CHT 4y (H) T |t

Therefore, the marginal utility of commercial housing depends on preference
shock and the quantity of commercial housing. Moreover, marginal utility of
personal housing is a function of the share of private housing in overall consump-
tion, the stock of personal housing and the elasticity of substitution between
personal housing and non-housing consumption.

MUy, = (3.3.2)

12
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Figure 4: The optimal allocation of personal and commercial housing

Writing the first order conditions (3.2.14), (3.2.15) and (3.2.16) in steady
state, and doing some transformations, we get the marginal utility of commercial
housing depending on housing price:

e_ J _ a(BR(m—1) —mp*)N?

MUy, = =

He Rurw

Thus, a positive preference shock (figure 5) leads to the increase in marginal

utility of commercial housing. As a result of the shock, household lends out more

of its disposable housing stock and uses less for personal consumption purposes.

Furthermore, the correlation between housing prices, preference parameter and
marginal utility is positive.

(3.3.3)

13
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Figure 5: The impact of preference shock to households’ decision

3.4 Firms

Final output is represented as an aggregate of all intermediate goods and
has a form of CES production function:

Y, = [ /0 1 m)‘?ldj} o (3.4.1)

where € is the elasticity of substitution between varieties of goods.
Solving the expenditures minimization problem for final good producer, we
get demand function for j*" intermediate good of the following form:

Yi(j) = (Pj,ﬁj))_en (3.4.2)

Following Calvo (1982), paper assumes, that only (1 — 6) fraction of firms
can change their prices in each period. As 6 characterizes price stickiness, the
aggregate price level evolves as follows:

14



P= (0P + (1—0)(Pr) )T (3.4.3)

where P; is the optimal price, which firms set in period t. Raising to the
power of 1 — ¢ and dividing both sides by Ptljf, the gross inflation dynamics
can be represented by the following equation:

P 1—e¢
I, € =60+ (1 - 9)< t ) (3.4.4)
Py
There is a continuum of intermediate good producers, which produce differ-
entiate goods, using the same constant returns to scale Cobb-Douglas produc-
tion function.

Yi(j) = AN (G)§ 27 (Hi 1 (7))~ (3.4.5)

where A; is the cyclical technological process and Z; is the labor augmenting
productivity.

In the optimal allocation, all the firms use the same quantity of labor and
housing services.

Intermediate good producer maximizes its profit:

PANSZ(HE )% = WiN, — Q:Hf | — max (3.4.6)

Solution of this problem gives demand functions for labor and commercial
housing of the forms:

W, Y,

Q¢ Yy

— =(1- 4.
-t (345)

Substituting (3.4.7) into (3.4.8), we get the equation for optimal allocation
of resources.

c
we_ _a Hin (3.4.9)
q¢ l1—« Ntﬁg

The equation shows, that the relative factor input is a negatively dependent
on their relative prices. When the relative price of housing and labor rises, firms
replace housing with labor.

We add €f shock in the optimal allocation of resources, which shows firms
demand for commercial housing. The inclusion of this shock into the model
enables us to separate firms demand from household’s preference over housing.

In stationary representation, the optimal allocation of resources gets the
following form:

IsnY o Hf
= 3.4.10
qt 1—a Neel ( )

15



Real marginal cost is a function of factor prices used in the production
process, as well as temporary productivity:

~ 11—«
Wy 4y

W (3.4.11)

mcy =

Intermediate good producer maximizes its profit by setting the optimal price
in a way that it will stuck to that price in the future.

max Z OF By(Ae 1 P} Yiih — MCriYiir) (3.4.12)
b k=0
s.t.

Yi(j) = (Pjﬁj)) Y, (3.4.13)
(
where Ay = *(Y;11/Y:) is the stochastic discount factor, MCyyy is the
nominal marginal cost.
After some algebra, the first order condition with respect to P;* gets the
following form:

€ Z;O:O H’fﬁkY;Pt:_kMCHk

e—1 Z;O:o gkﬁkytpte;kl

Py = (3.4.14)

Log-linearizing the equation (3.4.14) around steady state and using the defi-
nition in (3.4.4), we get the standard forward-looking Phillips curve of the form.

T = B4 + Amcy + ef (3.4.15)
where \ = 7(179)5917ﬂ0).
Therefore, the inflation depends on the inflation expectations and real marginal
cost.
3.5 Monetary Policy

Central bank operates through standard Taylor rule with backward-looking
component of the following form.

Ry = prBRi—1+ (1 — pr)(IrTis1 + dyur) + € (3.5.1)

where pg is the persistence in interest rate, ¢, and ¢, are coeflicients of
responses to inflation expectations and output. €] is a monetary policy shock.

3.6 Market clearing conditions

The market clearing requires that output equals to consumption.

Y, = C, (3.6.1)

16



The aggregate stock of the housing is constant over time and is given by the
following equation. The assumption of constant housing stock is supported by
the figure 11 in Appendix B, which presents the cumulative change in housing
stock and GDP in Armenia. As one can see, housing stock has been increased by
45% during last two decades, which is not so much and supports the assumption
of constant housing stock in the model.

H = H} + H} (3.6.2)

Appendix A presents all the model equations in log-linear form.

4 Estimation

The model is estimated using Bayesian techniques, which is widely discussed
in Canova (2007) and Fernandez-Villaverde et al. (2016). In the first step, the
likelihood function is computed using a Kalman filter. Secondly, prior distri-
butions are given to the estimated parameters. The commonly used approach
to get the posterior distributions is the Metropolis-Hastings (MH) algorithm,
which belongs to the group of Markov Chain Monte Carlo (MCMC) algorithms
and used to generate the posterior means and distributions of parameters.

There are seven exogenous processes driving the dynamics of the model.

e Permanent productivity shock
1y = ppshi1 + €
e Temporary productivity shock

a
At = Palt—1 + €

Housing preference shock

jt = pjje-1+ €l

Housing demand shock
a_ q q
€ = Per€y_1 + &

Demand shock or preference for aggregate consumption

Yy _ Yy Yy
€; = Pev€i_q T €

Price-mark-up shock
T o s T
€r = Per€i_1 t €

Monetary policy shock

Ry =prRi—1 + (1= pr)(nTir1 + dyye) + €

17



4.1 Data

For estimating theoretical model, 6 observable variables are used. Data of
Armenian GDP growth, inflation, interest rate, real wage and real housing price
growth cover the period from the second quarter of 2002 to the third quarter
of 2019. The interest rate is the interbank repo rate, and the housing price
is the Yerevan real estate prices in real terms (dividing by CPI). As there is
no aggregate data of Armenian real estate prices, we take only Yerevan prices,
which are representative for our analysis. Moreover, Yerevan real estate prices
are the main drivers of regional cities prices !. All data (except interest rate)
are seasonally adjusted and are expressed in gross growth terms. Permanent
productivity growth is used as an observable for the estimation, which is esti-
mated using the model developed in Igityan and Manukyan (2020). Graphical
representation of model input data is captured in figure 24 in Appendix C. As
the observable variables are in gross terms and have the same permanent growth
trend, data are linked to the model as follows:

e GDP growth
VO =y — vy Y

Inflation

ob.

v s _ T +ﬂ,obs

88

Interest rate

obs __ obs
L el 8

Housing price
obs obs

QG = qt — qt—1 + Qg

e Wage

obs z obs
Wy =W — W1+ fy T W

e Permanent productivity growth

z,0bs z,0bs

M = :U“f + pos

Steady state values in measurement equations represent mean values of ob-
servable variables.

4.2 Calibration

As commonly used in DSGE estimation process, some parameters are cali-
brated to match important features observed in data. This technique leads to
the more efficient estimation of non-calibrated parameters.

1 See Appendix B, Table 6. Granger causality tests of Yerevan prices and regional cities
prices.
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Param. Descrip. Calib.

B Discount factor 0.99

m Loan-to-value ratio 0.7
Share of borrowing

(L in output 0.2
Share of labor in

a 0.8

prod. function
Elasticity of substitution
n between housing and 1.5
non-housing goods
Share of personal

v housing in consumption 0.2
Share of commercial
Yh housing in total housing  0.25

stock

Table 2: Calibrated Parameters

The LTV is the ratio of loans and the value of collateral, which fluctuates
between 0.68 and 0.74 from 2012 to 2018. Share of borrowing in total output is
the share of mortgages, which are approximately 20% in GDP. Share of capital
in production function is about 0.5 (Igityan (2016)) and about a half of capital in
Armenian is the commercial housing. That’s why the share of labor is calibrated
to 0.8. The elasticity of substitution between durable and non-durable goods in
the literature is calibrated from 1 to 1.5 (Notarpietro, Siviero (2013)), which we
use for the n parameter. Having no direct estimate of the share of commercial
housing in total housing stock, parameter ~; is calibrated to 0.25. The value
of the parameter has no significant effect on estimation results, but having
this parameter constant commercial housing cycle can be generated through
preference shock. Table 2 summarizes the calibration.

4.3 Prior Distribution

Parameters lying in the interval from 0 to 1 have a beta distribution. Gamma
distribution is for parameters, bounded to be positive. Standard errors of shocks
follow inverse gamma distribution. The labor supply elasticity coefficient has
a gamma distribution with 1.5 mean and 0.3 standard deviation. The mean of
price stickiness parameter is 0.6 with standard deviation 0.1 and follows beta
distribution. Persistence of interest rate has a beta distribution with 0.6 mean
and 0.15 standard deviation. Reaction coefficients to inflation expectations ¢,
and output ¢, follow gamma distribution with prior means 1.5 and and 0.5,
respectively. Following Smets and Wouters (2007), the persistence parameters
of AR(1) processes follow beta distribution, with the same 0.6 mean and 0.15
standard deviation.
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The mean of temporary productivity shock’s standard error is set to 0.025.
However, prior mean of permanent productivity shock has a value of 0.015. We
give 0.35 mean for housing preference shock’s standard error, 0.003 for commer-
cial housing demand, 0.007 for aggregate consumption preference and 0.015 for
monetary policy and mark-up shocks’ standard errors. All the standard errors
of shocks follow inverse gamma distribution with infinite standard deviation.

The calibrated priors are generally used values in DSGE literature (Gali
(2015), Tacoviello (2005), Notarpietro, Siviero (2013)).

4.4 Posterior Distribution

Table 3 and 4 present mode and posterior means of the estimated structural
parameters and standard deviations of shocks. They are obtained by running
two parallel chains of the Metropolis-Hastings algorithm. Number of each draw
is 200000, and acceptance rates are respectively 24.75% and 23.67%. Multivari-
ate convergence diagnostics in shown in Figure 29 in Appendix C, indicating
the stability of chains after 50-60 thousands draws.

Prior Distribution Posterior Distribution

Description Distr. Mean S.D. Mode Mean S.D.

Labor supply
elasticity
0 Price Stickiness Beta 0.6 0.1 0.964 0.936 0.0085
Response of interest rate

Gamma 1.5 0.3 1.96 2.069 0.252

4o imilation expectations  CAmma 13 0.15 1.506 1.514 0.1509

¢, Respomseofinterestrate o o5 015 0512 0533 0.1324
to output

p, ~Lersistence of Beta 0.6 0.15 0.828 0.828 0.0392

policy rate
po Lersistence of Beta 0.6 0.15 0.603 0.565 0.0869
temporary prod.

Persistence of

p;  commercial housing Beta 0.6 0.15 0.477 0.482 0.0157
preference
Persistence of

pq  commercial housing Beta 0.6 0.15 0.954 0.947 0.0124
demand
Persistence of

py  aggregate consumption Beta 0.6 0.15 0.521 0.58 0.022
preference

p, Persistence of Beta 06 015 0316 0309 0.0559
mark-up

p, [lersistence of Beta 0.6 0.15 0.887 0.88  0.0364

permanent prod.

Table 3: Priors and Posteriors of Estimated Parameters
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Prior Distribution Posterior Distribution

Shocks  Descrip. Distr. Mean S.D. Mean Mode
o Temporary prod. Inverse 0.025 Inf 0.038  0.029
t shock Gamma ’ ’ ’ '
. Monetary policy Inverse
€1 shock Gamma 0.015 Inf. 0.011 0.010
i Housing preference Inverse
J
€] shock Gamma 0.350 Inf. 0.901 0.907
q Demand for commercial Inverse
€ . 0.003 Inf. 0.059 0.052
t housing shock Gamma
- Permanent prod. Inverse
€; shock Gamma 0.015 Inf. 0.005 0.005
o Aggregate consumption  Inverse 0007 Inf 0002 0053
¢ preference shock Gamma
€T Mark-up shock Inverse = 615 e 0010 0.01
Gamma

Table 4: Priors and Posteriors of Estimated Shocks

Foundation of the mode is presented in figure 25-26 in Appendix C. Posterior
means of most of parameters are different from their prior counterparts, indi-
cating the informative nature of data used in the estimation process. Posterior
distributions are captured in figures 27-28 in the Appendix C. The estimated
mean of labor supply elasticity is higher than its prior mean, which means that
households are less sensitive to real wage changes. The posterior mean of Calvo
price stickiness parameter 6 is 0.936, which corresponds to the price duration of
about 3.9 years. Such a high estimated value is a result of the huge variation of
inflation due to mark-up shock, which makes inflation to be less sensitive with
respect to marginal costs. Interest rate is more smooth compared to the prior
belief. Posterior estimated parameters of interest rate reaction to inflation ex-
pectations and output are very close to their prior means. Estimation indicates,
that the most persistent shock is firms’ demand for commercial housing. Poste-
rior estimated persistence of permanent productivity is 0.88. Estimated value
of persistence in mark-up shock is 0.31, which is in line with its very flexible
nature. The posterior estimated value of the persistence in commercial housing
shock is 0.48. Estimated mean of standard deviation component is very high
0.9, which indicate, that asset prices are quite volatile.
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5 Properties of the Model

5.1 Impulse Response Functions

This section analyzes impulse response functions of some important shocks

driving the dynamics of the model.

Figure 6 presents the impulse response functions to the 1% positive com-
mercial housing preference shock, which is the main driver of the commercial
housing cycle. As a result, households lend out more of the existing housing
stock and decline the personal consumption of housing. As shown in section
3.3, there is a positive correlation between commercial housing preference and
housing price. The increase both in commercial housing and its price leads to
the increase of borrowing, which accelerates the consumption of non-housing
goods. On the supply side, firms hire more labor to produce additional goods
and services to provide an increase demand. This puts pressures on wages and
together with high housing prices increases real marginal cost. High marginal
cost creates inflation. Monetary authority increases interest rate to stabilize the

inflation expectations and growing economy.

Consumption-Output Personal Housing Commercial Housing

Interest Rate
0.5 o 2 0.2
A 7 | A
04 “ 2zf | 15 I‘ 015/
| |
03 ‘I [ | | \\
| 04}/ 1t 0.1 \
02} | | \ X
\ { \ N
06| \ 0.05 \
ol \ 0811 05} | 5
\\,,7_ \\,,7_ \\\—\
0 = 0.8 0 — 0 —
0 10 20 30 40 50 0 1 2 30 40 50 0 10 2 30 40 50 0 10 20 32 4 50
Employment Borrowing Wage Housing Price
05 25 15 4
| |
04| |
| 21 | afl
ol | 1
\ e |
02t | | { 2
\ 1 \
0af \ \ 057 |
e \ \ 1
of —————— BT\ \\
0.1 o 0 = 0
0 10 20 30 40 50 0 1 2 30 40 50 0 10 2 30 40 50 0 10 20 3 4 50
Marginal Cost Inflation Housing Preference
an 0.08 12
|
25} | 1h
\ il ‘
2 ‘ ‘ 08|
151 0.04 | 06 “
\
1 \ o4t
\ 002t \ \
05} \ 'Y 0.2
A i
0 = o —= 0 A
0 10 20 30 40 50 0 10 20 30 40 50 o 10 20 30 40 50

Figure 6: Impulse Responses to Commercial Housing Preference Shock

Figure 7 shows the response of the estimated model variables to the 1% of
positive shock to demand for housing. The later increases housing price, forc-
ing households to increase the lending of commercial housing. The increase of
collateral results in a rise of borrowing and consumption. Similar to the previ-
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ous shock’s response, firms hire additional labor to produce more consumption
goods. As a result of growing demand for labor, wages increase leading to the
more higher marginal cost. The latter results in an increase of inflation expec-

tations and central bank reacts by increasing the interest rate.
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Figure 7: Impulse Responses to Commercial Housing Demand Shock

Figure 8 captures the reaction of the model economy to the positive monetary
policy shock. Higher interest rate decreases aggregate demand. Firms react to
tight monetary policy by decreasing demand for labor and commercial housing.
Household are forced to use much of the housing stock for personal consumption.
The presence of user cost of capital channel, which is the unit cost for the use of a
capital asset for one period, leads to the increase of housing price at initial period
of simulation (as interest rate is the opportunity cost for using housing), but
it declines during next periods mostly due to domination of negative demand.
But the cumulative response of housing price to contractionary monetary policy
shock is negative. The impact of monetary policy to inflation is through the
channel of decreased wage and housing price.

Figure 9-10 present cumulative responses of inflation and GDP change to
commercial housing preference and demand shocks. Graphs capture also time-
varying pass-through of these shocks. The impact of inflation increases to 0.05
and stabilizes at 0.045 in the long run in a response to preference shock. Pass-
through reaches to 0.12 and stabilizes at this point after 30 periods when the
commercial housing demand shock hits the economy.
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Figure 9: Cumulative Responses to Commercial Housing Preference Shock

Table 5 compares DSGE results with empirical estimates. According to the

results, theoretical model is able to explain empirical results.

Pass-through

indicates, that 1% change in housing prices leads to 0.03 - 0.118% increase in
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Figure 10: Cumulative Responses to Housing Demand Shock

inflation in the long-run. Moreover, the impact on GDP growth is higher and
lies in the interval of 0.21 - 0.61%.

Table 5: Pass-through of estimated VAR and DSGE models

VAR VAR

(demean) (HP) DSGE
Housing Housing Housing Housing
price price preference  demand
shock shock shock shock
GDP 0.21 0.3 0.465 0.61
CPI  0.03 0.09 0.045 0.118

5.2 Estimated Historical Shocks and Smoothed Historical
Variables

Figure 30 in Appendix C shows estimated historical shocks. Shock of the
commercial housing preference was higher between 2002 and 2006. However,
it started to decline and reached its lowest level in the first quarter of 2011.
From 2012 commercial housing preference shock have increased significantly.
Furthermore, due to the existence of some factors it rocketed after 2016 and hit
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its historical peak at the end of the estimation period. This dramatic increase
in households’ preferences to hold housing can be a result of the amendments
of income tax law in 2015, which enables them to use income tax to cover
interest payments on mortgages (Appendix B, figure 15). Armenian velvet rev-
olution in the second quarter of the 2018 resulted in an optimistic expectations
of households? and stimulates them to hold housing as an asset for commercial
purposes, which further facilitates the increase in preference.

On the other hand, model generated demand shock of the commercial hous-
ing shows mostly the opposite signs to preference shock. The reason of this is the
fact, that the main cyclical driver of the model is commercial preference shock,
which also generates borrowing cycle and drives housing prices. As a result,
higher prices of commercial housing leads to the decrease in demand by firms.
Despite the negative demand shock in last periods, estimated historical shocks
indicate the tight housing market in 2018-2019 in Armenia. Model estimates
the permanent productivity shock in a way to generate the input data on per-
manent productivity. Positive huge monetary policy shock in the fourth quarter
of 2014 and in the first quarter of 2015 is a result of strong reaction of central
bank to high inflation expectations. Model estimated demand shock is highly
correlated with the Armenian output gap estimated with different methods.

Model generated variables are captured in figure 31 in Appendix C. As one
can see in the figure, commercial housing was high before financial crisis. It
declined starting from 2006 and remained below the historical mean until 2015.
Estimated personal housing behaves oppositely as there is a constant assumption
of the housing stock. Model estimated debt is very similar to the actual debt
observed in Armenia, indicating that the incorporation of borrowing constraint
and commercial housing into a simple DSGE framework is able to generate the
debt cycle. Housing demand as a variable is very smooth compared to its shock’s
counterpart. Demand of commercial housing can be interpreted as a housing
cycle, which moves oppositely to housing preference.

5.3 Historical Decomposition

Historical shock decomposition of personal and commercial housing, as well
as inflation are stored in figures 32-34 in Appendix C. Decomposition period
starts at the second quarter of 2002 and ends at the third quarter of 2019. The
main driver of housing is commercial preference shock. Monetary policy has
some contribution in determination of housing stock. In recent years, the na-
ture of expansionary monetary policy has been positive effect on commercial
housing. Permanent productivity shock had a positive contribution to commer-
cial housing before 2008 financial crisis. The permanent decrease in productivity
after the crisis results in a negative contribution of permanent productivity on
commercial housing.

During the first boom in Armenian housing market construction increased
and remained high until the 2008 crisis, which was mainly due to the increase

2 See: https://www.iri.org/sites/default/files/2018.11.23_armenia_poll.pdf
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of demand for personal housing. In this period commercial housing preference
declined to some extent and the motive of holding the personal housing was
dominated over commercial housing preference. During the first boom Arme-
nian mortgage market was poorly developed and the share of mortgages in GDP
was low until 2008. Over the same period the share of remittances in GDP was
high, which indicates, that the first boom was mainly driven by remittances (Ap-
pendix B, figure 14). Second boom, started from 2015 was driven by commercial
housing. This upswing in real estate market was mainly driven by preference
shock, which is reflected also in the increase of construction permits (Appendix
B, figure 16) and mortgages.

Figure 34 shows the decomposition of inflation in Armenia. As one can
see, inflation is mostly driven by mark-up shocks, because headline inflation is
very volatile in Armenia. Model estimated net effects of housing market related
shocks on inflation was almost zero from 2011 to 2015. In 2019, housing market
has around 0.5% positive effect on inflation due to high positive commercial
housing preference shock.

6 Conclusion

In this paper we empirically find out the importance of collateral constraint
for Armenian economy, build VAR model and estimate the impact of housing
prices on inflation and economic growth. Pass-through results show, that 1%
increase in real housing prices leads to the increase in inflation by around 0.03-
0.09% in the long run.

Then we develop simple model of housing decision and incorporates into
DSGE framework. Households divide their housing stock into personal con-
sumption and commercial use. Housing preference shock together with bor-
rowing constraint allows to generate debt and housing cycles. The model is
estimated with Bayesian technique using Armenian data. Posterior distribu-
tions of model parameters are got by running Metropolis-Hastings algorithm.
Diagnostic measures of the estimation shows, that the quality of estimation is
quite good.

The developed theoretical model is able to explain empirically observed re-
sults, which confirm pass-through results. Analysis estimates, that 1% real
housing prices increase creates 0.03-0.12% inflation in the log run, while its con-
tribution to GDP growth is around 0.2-0.6%. Finally, household’s preference of
commercial housing in its historical maximum at the last periods of the sample
and there are 0.5% inflationary pressures from housing market.

27



References

[1] Adolfson M., Laseen S., Linde J. and Villani M. Bayesian Estimation of an
Open Economy DSGE Model with Incomplete Pass-Through, 2007, Journal
of International Economics 72(2):481-511

[2] Bernanke B., Gertler M. Monetary policy and asset price volatility.- National
bureau of economic research, 2000. — No.w7559.

[3] Calvo G. A. Staggered prices in a utility-maximizing framework //Journal
of monetary Economics. — 1983. — T. 12. — No.3. — C. 383-398.

[4] Campbell J. Y., Cocco J. F. How do house prices affect consumption? Ev-
idence from micro data //Journal of monetary Economics. — 2007. — T. 54.
— No. 3. — C. 591-621.

[6] Canova F. (2007). Methods for Applied Macroeconomic Research, Princeton
University Press

[6] Case K. E., Glaeser E. L., Parker J. A. Real estate and the macroeconomy
//Brookings Papers on Economic Activity. — 2000. — T. 2000. — No. 2. - C.
119-162.

[7] Christiano L., Tradandt M. and Walentin K. Introducing Financial Frictions
and Unemployment into a Small Open Economy Model, 2011, Journal of
Economic Dynamics and Control, Volume 35, Issue 12, pages 1999-2041

[8] Cournéde B., Sakha S. and Ziemann V. Empirical links between housing
markets and economic resilience.- OECD Economic Department, 2019 - WP
No.1562.

[9] Fernandez-Villaverde J., Rubio-Ramirez J. F. and Schorfheide F. (2016).
Solution and Estimation Methods for DSGE Models, Handbook for Macroe-
conomics, Volume 2, 527-724

[10] Gali J. Monetary policy, inflation, and the business cycle: an introduction
to the new Keynesian framework and its applications. — Princeton University
Press, 2015.

[11] Goodhart C. and Hofmann B. House prices, money, credit, and the macroe-
conomy //Oxford Review of Economic Policy. — 2008. — T. 24. — No.1. — C.
180-205.

[12] Tacoviello M. (2005), ”House Prices, Borrowing Constraints and Monetary
Policy in the Business Cycle,” American Economic Review, Vol. 95, No. 3
(June), pp. 739-764.

[13] Iacoviello M., and Neri S. (2010), "Housing Market Spillovers: Evidence
from an Estimated DSGE Model,” American Economic Journal: Macroeco-
nomics, 2 (April): pp. 125-164.

28



[14] Tgityan H. (2016), Migration in the Estimated New Keynesian DSGE Model
for Armenian and Russia, Central Bank of Armenia, Working Paper 16,/2/08

[15] Igityan H., Manukyan H. (2020), ”Fitting Armenian data to the simple
DSGE model with permanent productivity growth”: Central Bank of Ar-
menia, Working Paper 20/1/08.

[16] Kiyotaki N., Moore J. Credit cycles //Journal of political economy. — 1997.
—T. 105. — No. 2. — C. 211-248.

[17] Mishkin F. S. The transmission mechanism and the role of asset prices in
monetary policy. — National bureau of economic research, 2001. — No. w8617.

[18] Mishkin F. S. Housing and the monetary transmission mechanism. — Na-
tional Bureau of Economic Research, 2007. — No. w13518.

[19] Nocera A., Roma M. House Prices and Monetary Policy in the Euro Area:
Evidence from Structural VARs (June 12, 2017).—- ECB Working Paper. —
No.2073.

[20] Notarpietro A., Siviero S. Optimal monetary policy rules and house prices:
the role of financial frictions //Journal of Money, Credit and Banking. —
2013. — T. 47. — No. S1. — C. 383-410.

[21] Paries M. D., Notarpietro A. Monetary policy and housing prices in an
estimated DSGE model for the US and the euro area. — Frankfurt : European
Central Bank, 2008.

[22] Smets F., Wouters R. Shocks and frictions in US business cycles: A
Bayesian DSGE approach //American economic review. — 2007. — T. 97.
— No. 3. — C. 586-606.

29



7 Appendix
7.1 Appendix A. The Log-Linearized Model

The equations of the log - linearized model are represented by the following:

Gt = NG + &t (7.1.1)

P> (i — & — Py 4 € =P (fr — Tepr — Py + €l 1)+
- ) Ot i) (112)
Wy — Ty — G = Py — €} (7.1.3)
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7.2 Appendix B. Cumulative Indexes of Armenian GDP
and Housing Stock
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Figure 11: Cumulative Indexes of Armenian GDP and Housing Stock
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Figure 16: Construction permits 4

3 Source of data is the State Revenue Committee of the Republic of Armenia
4 Department of Urban Development and Land Control of Yerevan Municipality.
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Table 6: Granger causality test

Yerevan — Ashtarak

Yerevan — Aparan

Yerevan — Talin

Yerevan — Artashat

1.40370 0.44899 3.24097 3.33381
(0.2480) (0.6389) (0.0411) (0.0376)
Yerevan — Masis Yerevan — Vedi Yerevan — Ararat Yerevan — Vagharshapat
7.25575 5.79974 2.89586 4.52467
(0.0009) (0.0035) (0.0575) (0.0119)
Yerevan — Armavir  Yerevan — Metsamor Yerevan — Sevan Yerevan — Gavar
9.22989 0.81501 3.19034 5.15480
(0.0001) (0.4440) (0.0432) (0.0065)
Yerevan — Martuni ~ Yerevan — Vardenis  Yerevan — Vanadzor Yerevan — Stepanavan
1.69197 3.79332 7.97299 2.79224
(0.1867) (0.0241) (0.0005) (0.0636)
Yerevan— Alaverdi ~ Yerevan — Spitak Yerevan — Tashir Yerevan — Abovyan
10.6675 1.53893 4.83141 3.21056
(4.E-05) (0.2170) (0.0089) (0.0423)
Yerevan — Yeghvard Yerevan — Hrazdan  Yerevan — Tsaghkadzor Yerevan — Charencavan
5.03016 15.3465 1.46164 7.08977
(0.0074) (6.E-07) (0.2342) (0.0011)
Yerevan — Gyumri  Yerevan — Artik Yerevan — Goris Yerevan — Kapan
9.03134 6.60131 1.47020 9.90476
(0.0002) (0.0017) (0.2323) (8.E-05)
Yerevan — Sisian Yerevan — Qajaran  Yerevan — Vayk Yerevan — Yeghegnadzor
3.38459 2.82584 6.48193 1.22096
(0.0358) (0.0616) (0.0019) (0.2971)
Yerevan — Jermuk  Yerevan — Dilijan Yerevan — Ijevan Yerevan — Berd
4.33231 8.08540 3.34549 0.44451
(0.0143) (0.0004) (0.0371) (0.6417)
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Table 7: Granger Causality tests

AQ - AGDP AQ — ACPI AQ — ACredit AQ — AR

1.87 0.69 2.4 1.07

(0.13) (0.59) (0.06) (0.38)

AQ - AC.R AQ — AlInv AQ — ACnstr AQ — AMortgage
0.76 1.57 3.26 3.35

(0.55) (0.196) (0.018) (0.0272)

AGDP — AQ ACPI - AQ ACredit— AQ AR — AQ

2.89 4.45 1.53 0.78

(0.03) (0.003) (0.2) (0.55)

AC_R — AQ Alnv — AQ  ACnstr - AQ  AMortgage — AQ
1.157 3.15 3.157 1.049

(0.34) (0.02) (0.02) (0.38)

Table 8: Correlation table of year on year growth rates

House price GDP CPI Credit IR CR INV Custr
House price 1.000000 0.702290 0.065309 0.269362 -0.257583 0.493889 0.621331 0.785766
GDP 0.702290 1.000000 0.017232 0.349262 -0.075803 0.652729 0.783796 0.907686
CPI 0.065309 0.017232 1.000000 0.138820 0.271708 0.041154 0.112173 0.104595
Credit 0.269362 0.349262 0.138820 1.000000 0.341110 0.488829 0.260055 0.281402
IR -0.257583 -0.075803 0.271708 0.341110 1.000000 -0.103081 -0.092445 -0.105933
CR 0.493889 0.652729 0.041154 0.488829 -0.103081 1.000000 0.546827 0.597733
Cnstr 0.785766 0.907686 0.104595 0.281402 -0.105933 0.597733 0.796095 1.000000

Table 9: Correlation table of quarter on quarter growth rates

House price GDP CPI Credit IR CR Mortgage Cnstr
House price 1.000000 0.238622 -0.161068 0.182141 -0.005652 0.110212 0.228791 0.244104
GDP 0.238622 1.000000 0.015022 0.223589 -0.034808 0.378885 0.500791 0.722093
CPI -0.161068 0.015022 1.000000 0.100471 0.113499 -0.034577 0.146020 0.181079
Credit 0.182141 0.223589 0.100471 1.000000 0.255884 0.279511 0.172068 0.243475
IR -0.005652 -0.034808 0.113499 0.255884 1.000000 0.024595 -0.059054 -0.066205
CR 0.110212 0.378885 -0.034577 0.279511 0.024595 1.000000 -0.033505 0.224907
Mortgage 0.570255 0.370697 0.143844 0.867857 -0.466760 0.318971 1.000000 0.334788
Cnstr 0.244104 0.722093 0.181079 0.243475 -0.066205 0.224907 0.462683  1.000000
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Figure 17: The dynamics of housing prices and the main macroeconomic

variables
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Figure 18: Growth rates of variables
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7.3 Appendix C. Empirical and Theoretical Estimation

Results
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Figure 19: VAR model input data
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Figure 20: Responses to output shock
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Figure 21: Responses to housing prices shock
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Figure 22: Responses to inflation shock
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Figure 23: Responses to interest rate shock
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Figure 24: Graphical representation of DSGE model input data
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Figure 25: Mode check plots
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Figure 26: Mode check plots
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Figure 28: Prior and Posterior Distributions
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Figure 29: Multivariate convergence diagnostic
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Figure 31: Smoothed historical variables
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Figure 32: Historical decomposition of personal housing
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Figure 33: Historical decomposition of commercial housing
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Figure 34: Historical decomposition of inflation
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