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Abstract 

In this paper, we use a Quantile Structural Vector Autoregressive (QSVAR) model, estimated 
over the quarterly period of 1975:Q3 to 2017:Q3, to analyze whether the impact of monetary 
policy shocks on real housing returns in the United States is contingent on the initial state of 
housing market sentiment. We find that contractionary monetary policy reduces real housing 
returns more strongly when the market is characterized by optimism rather than pessimism, 
with this effect being more pronounced under unconventional monetary policy decisions. 
Further robustness checks confirm our results. Our findings highlight the role in sentiments in 
driving the policy effectiveness and thus, have important implications for policy decisions. 
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1. Introduction 
The rapid decline of housing prices in the United States (US) following a prolonged boom is 
commonly associated as the main underlying reason for the “Great Recession” and the global 
economic and financial crisis of 2008-2009 (Leamer, 2015; Nyakabawo et al., 2015; 
Emirmahmutoglu et al., 2016). In this regard, a growing number of studies have analysed the 
impact of unconventional monetary policy in reviving the housing (real estate) market (Claus 
et al., 2014, 2016; Rahal, 2016; Gupta and Marfatia, 2018; Huber and Punzi, 2018; Nyakabawo 
et al., 2018; Gupta et al., 2019a; André et al., 2018, Fischer et al., 2019; Caraiani et al., 
forthcoming; Paul, forthcoming). Also, there is exceptionally large literature on the role of 
(conventional) monetary policy shocks in driving the historical growth in housing (real estate) 
prices of the US based on wide-variety of (linear and nonlinear) frameworks  (see, Simo-
Kengne et al., (2016), Marfatia et al., (2017), Plakandaras et al., (2018), and Ume (2018) for 
detailed reviews of this literature).1 In general, these studies tend to suggest that a 
contractionary monetary policy reduces (nominal or real) housing prices and/or returns.   
Against this backdrop, the objective of this paper is to analyze the impact of (conventional and 
unconventional) monetary policy on housing prices, by analysing, for the first time, the strength 
of transmission of such shocks conditional on housing market sentiment, using a Quantile 
Structural Vector Autoregressive (QSVAR) model.2 By conditioning our analysis on various 
quantiles of housing sentiment, we are able to capture the impact of monetary policy shocks 
on housing prices using regime-specific impulse response functions. We use the measure of 
housing sentiment developed by Bork et al., (forthcoming) which is based on household 
responses to questions regarding house buying conditions. In addition, with our analysis 
covering the quarterly period of 1975:Q3 to 2017:Q3 which include the zero lower bound 
(ZLB) situation in the US, we are able to study the impact of both conventional and 
unconventional monetary policies on house price behaviour using the same metric of monetary 
policy decisions. We use the shadow policy rate obtained from the three-factor shadow rate 
term structure model (SRTSM) of Wu and Xia (2016). Wu and Xia (2016) have shown that 
such a model offers an excellent description of the historical behaviour of the Federal funds 
rate and can be used to summarize the macroeconomic effects of both conventional and 
unconventional monetary policies. Note that, besides analysing the general impact of monetary 
policy shocks on house prices under various levels of sentiment, we can also differentiate 
between the impact of unconventional monetary policy shock from its conventional counterpart 
in our QSVAR by additionally (i.e., besides the sentiment) conditioning the shadow policy rate 
at a lower quantile, rather than its median.   
The main contribution of our study is that it sheds new light on the behavioural channel 
associated with the transmission mechanism of monetary policy to housing prices. In this 
regard, our hypothesis is that the reaction of housing prices is likely to be stronger in periods 
of high sentiment (upper quantiles), compared to that under low sentiment (lower quantiles). 
Intuitively, borrowing from the stock market literature (see for example, De Long et al., (1990), 
and Lee et al., (1991)), the build-up of optimism when sentiment is on the rise leads to an 
extended period of market overvaluation (due overestimation of the size of rental growth or 

                                                            
1 In this regard the most important studies are that of Baffoe-Bonnie (1998), Fratantoni and Schuh (2003), Del 
Negro and Otrok (2007), Iacoviello and Minetti (2008), Jarocinski and Smets (2008), Vargas-Silva (2008), 
Beltratti and Morana (2010), Demary (2010), Chang et al., (2011), Moench and Ng (2011), Musso et al., (2011), 
Bjørnland and Jacobsen (2013), Chou and Chen (2014), Jordà et al., (2015). 
2 Note that, our decision to use the QSVAR model over Markov-switching or smooth transition approaches is 
motivated out of the advantages the QSVAR possesses over these standard nonlinear models in terms of ex ante 
classification of different regimes and specification of parametric transition function respectively. By contrast, the 
QSVAR used here allow us to estimate the impact of monetary policy shocks on the whole conditional distribution 
of all the variables in the model with parameters being allowed to vary across different quantiles without 
constraints. The reader is referred to Gupta et al., (2019b) for a detailed discussion in this regard. 
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underestimation of risks), with house prices departing further from its fundamentals. Hence a 
contractionary monetary policy shock during this period is likely to produce a relatively strong 
correction back to equilibrium than when sentiment is relatively low. The remainder of the 
paper is organized as follows: Section 2 presents the data; Section 3 outlines the methodology; 
Section 4 discusses the results, and Section 5 concludes.  
 

2. Data  
Our dataset comprises of four variables - real Gross Domestic Product (GDP), real house price, 
real interest rate, and housing market sentiment - over the quarterly period of 1975:Q3 to 
2017:Q3, with the start and end date being driven by data availability of the sentiment variable. 
Seasonally-adjusted real GDP (in billions of chained 2012 dollars) is obtained from the FRED 
database of the Federal Reserve Bank of St. Louis.For nominal house prices, we seasonally-
adjust (using the X-13 method of the US Census Bureau) the all-transactions house price index 
available from the Federal Housing Finance Agency (FHFA). The FHFA all-transactions index 
is constructed using repeat-sales and refinancings on the same single-family properties. The 
nominal house prices are deflated by the seasonally-adjusted consumer house price index (CPI, 
with the base year of 1982-1984), derived again from the FRED database. As far as the real 
interest rates are concerned, we subtract the CPI-based annualized inflation rate from the policy 
rate, which in turn is the estimated shadow rates derived from a three-factor shadow rate term 
structure model (SRTSM) of Wu and Xia (2016) over the period of 1975:Q3 to 2015:Q4.3 For 
over the remainder of the period (2016:Q1 to 2017:Q3), we use the Federal funds rate obtained 
from the FRED database, given that the Federal Reserve increased the Federal funds rate by 50 
basis points in December 2015, thus coming out of the ZLB-situation formally. Note that since 
real GDP, house price and the housing sentiment variables are only available quarterly, we use 
three-month averages of the policy rate and the CPI when generating the real house prices and 
real interest rates. 
Finally, the housing sentiment index is based on the work of Bork et al., (forthcoming).The 
authors use time series data from the consumer surveys of the University of Michigan, with the 
definition of the sentiment variable based on the general attitude of households about house 
buying conditions. The study considers the underlying reasons households to provide their 
views about all the house buying conditions. The part of University of Michigan’s consumer 
survey related to house buying conditions starts with the question: "Generally speaking, do you 
think now is a good time or a bad time to buy a house?", with the follow-up question: "Why do 
you say so?". In constructing the index, Bork et al. (forthcoming) focus on the responses to the 
follow-up question, since the idea is to draw the information on the underlying reasons why 
households believe that it is a bad or good time to buy a house. Specifically, the housing 
sentiment index is based on the following ten time series: good time to buy; prices are low, 
good time to buy; prices are going higher, good time to buy; interest rates are low, good time 
to buy; borrow-in-advance of rising interest rates, good time to buy; good investment, good 
time to buy; times are good, bad time to buy; prices are high, bad time to buy; interest rates are 
high, bad time to buy; cannot afford, and bad time to buy; uncertain future. Then Bork et al., 
(forthcoming) used partial least squares (PLS) to aggregate the information contained in each 
of the ten time series into an easy-to-interpret index of housing sentiment.The PLS filters out 
idiosyncratic noise from the individual time series and summarizes the most important 
information in a single index.4  

                                                            
3 The data is available for download from the website of Professor Jing Cynthia Wu at: 
https://sites.google.com/view/jingcynthiawu/shadow-rates?authuser=1. 
4 The data is available for download from the website of Professor Lasse Bork at: 
https://www.dropbox.com/s/tvdim1s529jbva6/Online%20data%20-%20update%202017.xlsx?dl=0. 
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With the QSVAR approach requiring mean reverting data, we transform the real GDP and real 
house prices into their respective growth rates, while we use real interest rate and the housing 
sentiment index in their level-forms. The data has been plotted in Figure A1 in the Appendix 
of the paper.  
 

3. Methodology  
As indicated earlier, we use a quantile structural vector autoregressive (QSVAR) model to 
estimate quantiles-based impulse responses of output growth, housing returns, and housing 
sentiment following a shock to the real interest rate. We are interested in examining these 
dynamic responses by conditioning on various quantiles of housing sentiment and real interest 
rate, which in turn captures the general attitude of households about house buying conditions, 
and nature (conventional and unconventional) monetary policy respectively. 
 
We start off by laying the basics of quantile regression. We specify the τ-th quantile (0< τ <1) 
of the conditional distribution of the vector of dependent variables yt given a vector of 
independent variables xt, as follows: 

𝑄ఛሺ𝑦௧|𝑥௧ሻ ൌ 𝑥௧𝛽ሺτሻ                                                                                                                   (1) 

where 𝑄ఛሺ𝑦௧ሻ ൌ 𝐹ିଵሺτሻ, 𝐹ሺ𝑦௧ሻ is the probability distribution function (pdf) of the 𝑦௧. The 
parameter vector 𝛽ሺτሻ quantifies the responses of variables at different quantile τ of the 
distribution.  

Parameters in equation (1) can be estimated by minimizing the absolute value of the residual 
using the following objective function: 
𝑄ఛሺ𝛽ఛሻ ൌ argmin

ఉሺఛሻ
∑ ൫𝜏 െ 1ሼ௬೟ழ௫೟ఉሺதሻሽ൯|𝑦௧ െ 𝑥௧𝛽ሺτሻ்

௜ୀଵ |                                (2) 

 
where 1ሼ௬೟ழ௫೟ఉሺதሻሽ is the indicator function, with the solution to the quantile regression model 
being obtained using the programming algorithm suggested by Koenker and d’Orey (1987). 
   
Building on the quantile regression framework, we can specify the reduced form VAR for th 
quantile as follows, where the predictors are the lagged values of all the endogenous variables 
of the model: 
 
𝑦௧ ൌ 𝑐ሺ𝜏ሻ ൅ ∑ Β௜ሺ𝜏ሻ௣

௜ୀଵ 𝑦௧ି௜ ൅ 𝜇௧ሺ𝜏ሻ        for  t=1,…,T                                                            (3) 
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where yt is a 41 vector of endogenous variables containing the growth rate of the real GDP 
(GRGDP), real housing returns (RHR), the monetary policy variable, i.e., the real interest rate 
(RIR), and housing sentiment (SENTIMENT). c(τ) is an intercept vector with quantiles τ = ( τ1, 



5 
 

τ2, τ3, τ4), Bi(τ) represents a 44 lagged coefficient matrix with quantiles τ = (τ1, τ2, τ3, τ4) with 
i=1,…,p, and the error terms with quantiles τ = (τ1, τ2, τ3, τ4) is denoted by a 41 vector of μt(τ). 
We use the above model to examine the effect of monetary policy shock on real housing 
returns, besides growth rate and sentiment, conditional on the various quantiles of the housing 
sentiment, as well as the real interest rate. The error terms μt(τ) are assumed to follow the 
restrictions of: 

𝑄ఛሺ𝜇௧ሺ𝜏ሻห𝑦௧ିଵ,⋯, 𝑦௧ି௣൯ ൌ 0.   (4) 
Combining equations (3) and (4), we obtain the population responses of y at quantiles τ = (τ1, 
τ2, τ3, τ4) such that: 

𝑄ఛሺ𝜇௧ሺ𝜏ሻห𝑦௧ିଵ,⋯, 𝑦௧ି௣൯ ൌ 𝑐ሺ𝜏ሻ ൅ ∑ Β௜ሺ𝜏ሻ௣
௜ୀଵ 𝑦௧ି௜    (5) 

We estimate equation (5) for each quantile τ using the quantile regression approach of Cecchetti 
and Li (2008).  
We identify the shocks of the economic variables by imposing structural restrictions on the 
error term μt(τ) such that: 
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         (6) 
We assume the 𝜖t is a white noise process and employ a standard Cholesky decomposition by 
imposing a lower triangular matrix. Note that the variables are ordered from most exogenous 
to least exogenous, with the growth of output first, followed by real housing returns, the real 
interest rate, and then housing sentiment. This ordering of the real GDP growth and real 
housing returns in identifying a monetary policy shock follows the extant literature. Both these 
variables are considered as slowmoving, and hence responds with a lag to the monetary policy 
shock. However, housing sentiment is considered to be a fast moving variable, and hence reacts 
contemporaneously to the monetary policy shock, and thus is ordered last in the system. 
Once we orthogonalize the covariance matrix of the residuals in equation (6) using a Cholesky 
decomposition, we calculate the associated quantile-specific impulse response function and 
obtain the 95 percent confidence interval by using a ‘bootstrapping’ approach (replicated 5000 
times), which involves resampling from the estimated residuals (see, Linnemann and Winkler 
(2016) for further details). The impulse response plots are used to analyze the effect of a one 
standard deviation increase in the innovation of the monetary policy variable at time t on 
another variable at time t+s, by conditioning the impulse response functions first on quantiles 
(𝜏=0.25, lower levels of sentiment, and 𝜏=0.75, higher levels of sentiment) of housing 
sentiment. We then repeat the analysis by now conditioning on a lower quantile of the real 
interest rate (𝜏=0.25), thus capturing unconventional monetary policy. As can be seen from 
Figure A1, the lower quantiles clearly correspond to the negative real interest rates during the 
ZLB situation in the US. We use the Schwarz information criterion (SIC) to select the optimal 
lag order in the QSVAR model and evaluate the impulse response functions over 40 quarters 
after the shock. 
 

4. Empirical Analyses 
4.1. Main Results 

In this sub-section, we analyze the impact of one standard deviation increase in the monetary 
policy variable, i.e., the real interest rate, on real housing returns in particular (besides real 
output growth and the housing sentiment), contingent on low (=0.25) and high (=0.75) levels 
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of sentiment. Note that we always hold the output growth, real housing returns, and real interest 
rate to be at their normal mode, i.e., for these variables  is at 0.50. Based on Figure 1, as 
hypothesized in the introduction, when housing sentiment is relatively higher, a contractionary 
monetary policy shock has a stronger significant (see Figures A2(a)-A2(b) in the Appendix for 
the figures with 95% confidence bands) negative impact on real housing returns, by 0.11 
percent relative to 0.10 percent, around the 6th quarter.5,6 We also observe that housing 
sentiment is significantly negatively affected at its upper quantile, but there is an “output 
puzzle” (Walsh, 2017) initially, and then output goes down after a couple of years, though the 
effect is not statistically significant.  
 

[INSERT FIGURE 1 HERE] 
 

In Figure 2, we conduct the same analysis, but now under a lower quantile (=0.25) of the real 
interest rate variable, with an aim to distinguish between unconventional and conventional 
(reported in Figure 1, with =0.50 for the real interest rate) monetary policy episodes. As can 
be seen from Figure 2 (and also from Figures A3(a)-A3(b) in the Appendix with 95% 
confidence bands), our basic result that monetary policy has a stronger impact on real housing 
returns when the sentiments are high continues to hold (with the effects being 0.16 percent 
relative to 0.13 percent), but more strongly under the unconventional regime of monetary 
policy decisions. Specifically, we observe that under the unconventional monetary policy 
regime, the difference between the impact on real housing returns under high- and low-levels 
of sentiment is relatively higher than under the conventional regime, which is due to a similar 
movements in the housing sentiment variable across the two monetary policy regimes.7  

 
[INSERT FIGURE 2 HERE] 

 
In sum, when the interest rate is at its normal mode, further increases in interest rate does not 
necessarily reduce housing returns more sharply under optimism, compared to the case when 
the interest rate is increased from its (initial) low levels, i.e., during the unconventional phase 
of monetary policy. Interestingly, the state of market sentiments in driving the nature of 
housing market response to monetary policy shocks corroborates with the behavior of financial 
assets, where financial risk and uncertainty drives the time-varying response of stock returns 
(Marfatia, 2014) and bond returns (Marfatia, 2015) to monetary policy shocks.  

                                                            
5 As can be seen from Figures A3(a)-A3(b) in the Appendix, this general conclusion continues to hold irrespective 
of whether the housing returns is in its bear ( = 0.25) or bull ( = 0.75) phases.  
6 Since both the shadow policy rate and the CPI-based inflation rate can be computed monthly, we conduct a an 
impulse response analysis based on a mixed-frequency VAR model, with real interest rate ordered first (see, 
Motegi and Sadahiro (2018) for details). Since, there is no quantile version of this model available, we use the 
unconditional distribution of the sentiment index to determine the values less than equal to the quantile 0.25 and 
greater than equal to the quantile 0.75, and then use it as measures of low and high sentiments respectively in the 
model. As can be seen from the results reported in Figure A4 in the Appendix, while there is indeed a “house price 
puzzle” (Gupta and Kabundi, 2010; Gupta et al., 2012a, b), we do find weak evidence of contractionary monetary 
policy reducing real housing returns more strongly at higher sentiments, especially for shocks corresponding to 
the first two months of a quarter. 
7 We also repeated the analysis with  = 0.75 of the real interest rate. As can be seen from Figure A6 in the 
Appendix, the stronger negative impact is observed at the lower value of sentiment, but the negative impact is 
more prolonged (i.e., slower recovery is observed) under more optimistic scenarios related to housing market 
decisions. The varied impact on the real housing returns under conventional and unconventional monetary policy 
under the different sentiment regimes is due to the corresponding behaviour of the housing sentiment following a 
monetary policy shock. We observed that (not reported formally, but available upon request from the authors), 
when interest rates are already high, as is sentiment, a contractionary monetary policy has a delayed but prolonged 
impact on sentiment, which in turn is mirrored by the real housing returns.   
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4.2. Robustness Tests 

In this sub-section, we conduct three additional analyses:  
(i) We repeated the analysis with  = 0.75 of the real interest rate. As can be seen from 

Figure A4 in the Appendix, the stronger negative impact is observed when the 
sentiment is low, but the negative impact is more prolonged (i.e., slower recovery 
is observed) under more optimistic scenarios of the housing market. The varied 
impact on the real housing returns under conventional and unconventional monetary 
policy under the different sentiment regimes is due to the corresponding behavior 
of the housing sentiment following a monetary policy shock. We observe that when 
interest rates are already high, as is sentiment, a contractionary monetary policy has 
a delayed but prolonged impact on sentiment, which in turn is mirrored by the real 
housing returns. 

(ii) We then re-conduct the impact of monetary policy shocks on real housing returns, 
contingent on low and highlevels of sentiment, with an additional focus on bear and 
bull-regimes of the housing market. In other words, we condition the impact of the 
shocks on lower and higher quantiles of real housing returns. As can be seen from 
Figures A5(a)-A5(b) in the Appendix, the general conclusion continues to hold 
irrespective of whether the housing returns is in its bear ( = 0.25) or bull ( = 0.75) 
phases, but the contractionary impact is stronger under higher sentiment in the latter 
case, i.e., when the housing market is generally booming. 

(iii) Finally, since both the shadow policy rate and the CPI-based inflation rate can be 
computed monthly, we conduct an impulse response analysis based on a mixed-
frequency VAR model, with real interest rate ordered first (see, Motegi and 
Sadahiro (2018) for details). Since there is no quantile version of this model 
available, we use the unconditional distribution of the sentiment index to categorize 
the values less than equal to the quantile 0.25 and greater than equal to the quantile 
0.75, and then use it as measures of low and high sentiment regimes respectively in 
the model. As can be seen from the results reported in Figure A6 in the Appendix, 
while there is indeed a “house price puzzle” (see for example, Gupta and Kabundi 
(2010), and Gupta et al., (2012a, b) for detailed discussion in this regard), we do 
find weak evidence of contractionary monetary policy reducing real housing returns 
more strongly at higher sentiment levels, especially for shocks corresponding to the 
first two months of a quarter. 
 

Overall, our result that contractionary monetary policy reduces real housing returns more 
strongly under higher values of sentiment than at lower values. This result holds under 
alternative robustness test associated with regimes of interest rate, housing returns itself, and 
to some extent also under mixed frequency.  
 

5. Concluding Remarks       
Building on the large literature that exists on the impact of (conventional and unconventional) 
monetary policy shocks on house prices, in this paper we analyze whether the size of this effect 
depends on whether housing market sentiments are low or high. Using a Quantiles-based 
Structural Vector Autoregressive (QSVAR) model estimated over 1975:Q3 to 2017:Q3, we 
find that contractionary monetary policy reduces US housing returns more strongly when the 
housing market is characterized by optimism rather than pessimism. And the underlying reason 
behind this is that monetary policy has a stronger negative impact of housing sentiment, when 
sentiment is relatively high. In addition, the difference is markedly higher in real housing 
returns across high and low sentiments when the monetary policy shock itself occurs from 
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initial low values of the real interest rate, such as those observed during the unconventional 
period of monetary policy decisions in the wake of the zero lower bound situation in the US. 
Our results are largely robust to alternative specifications involving higher initial interest rates, 
regimes of the housing market, and mixed frequency. Our findings imply that the Federal 
Reserve can impact the housing market indirectly by also affecting housing market sentiment, 
besides the traditional channel of affecting the cost of borrowing. Moreover, if the Federal 
Reserve does want to limit housing market bubbles, they are more likely to achieve this via 
contractionary monetary policy in an environment when housing market sentiments are high.  
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Figure 1. Impact of (Conventional) Monetary Policy Shock under Low- and High-Levels of 
Sentiment  
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Figure 2. Impact of (Unconventional) Monetary Policy Shock under Low- and High-Levels of 
Sentiment 
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APPENDIX 
  Figure A1. Data Plots 
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Note: GRGDP: Growth of Real Gross Domestic Product; RHR: Real Housing Returns; RIR: Real Interest Rate; 
SENTIMENT: Housing Sentiment Index. 
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Figure A2(a). Impact of (Conventional) Monetary Policy Shock under Low-Level of 
Sentiment  
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Figure A2(b). Impact of (Conventional) Monetary Policy Shock under High-Level of 
Sentiment  
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Figure A3(a). Impact of (Unconventional) Monetary Policy Shock under Low-Level of 
Sentiment  
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Figure A3(b). Impact of (Unconventional) Monetary Policy Shock under High-Level of 
Sentiment  
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Figure A4. Impact of Monetary Policy Shock at High-Levels of Real Interest Rate under Low- 
and High-Levels of Sentiment  
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Figure A5(a). Impact of (Conventional) Monetary Policy Shock under Low- and High-Levels 
of Sentiment and Bearish Housing Market  
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Figure A5(b). Impact of (Conventional) Monetary Policy Shock under Low- and High-Levels 
of Sentiment and Bullish Housing Market  
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Figure A6. Impact of (Conventional) Monetary Policy Shock under Low- and High-Levels of 
Sentiment in a Mixed-Frequency VAR 
 

   

 

Note: Real Interest Rate 1(2)[3]: Real interest rate for month 1(2)[3] comprising a quarter. 
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