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From Central Counter to Local Living: Pass-Through of Monetary Policy
to Mortgage Lending Rates in Districts

Jiti Gregor, Jan Jank@ and Martin Melecky?

Abstract

This paper studies the pass-through from the market benchmark rate (proxied by the 5-year
swap rate) to interest rates on all newly issued residential mortgage loans in the Czech
Republic—an EU country. It tests for and explains the potential spatial heterogeneity in the
pass-through to local mortgage rates highlighted by the literature for the US (Scharfstein &
Sunderam, 2016). This spatial pass-through has not been studied in the context of the EU with
its specific mortgage loan market structure. Using unique data on residential mortgages in the
Czech Republic over 2016-2021, we show that the pass-through varies notably across districts
and is significantly driven by local mortgage market concentration (bank market power) and
the unemployment rate. We find a lower aggregate pass-through than previous studies (about
0.5). The most important pricing factors for residential mortgage loans appear to be the loan-
to-value ratio, the net income of the borrower, the loan maturity, and the length of the fixed-
rate period.

Abstrakt

Tento ¢lanek zkouma urokovou transmisi z trzni referencni sazby (aproximované Sletym
urokovym swapem) do tUrokovych sazeb vSech nové poskytnutych hypoteénich uveért
zajisténych obytnou nemovitosti v Ceské republice. Clanek se zaméfuje predeviim na
potencidlni regionalni heterogenitu transmise, na kterou upozoriiuje literatura pro USA
(Scharfstein a Sunderam, 2016). Tato regionalni transmise nebyla v EU s jeji specifickou
strukturou hypote¢niho trhu doposud zkoumana. S vyuzitim unikatniho souboru dat o
hypote¢nich avérech zajisténych obytnou nemovitosti v Ceské republice v priib&hu letech
20162021 ukazujeme, Ze transmise se vyrazn¢ lisi napti¢ okresy a je vyznamné ovliviiovana
koncentraci lokalniho hypotec¢niho trhu (trzni silou bank) a mirou nezameéstnanosti. Nachazime
nizsi celkovou transmisi nez ptedchozi studie (okolo 0,5). Mezi nejvyznamné;jsi faktory, které
ovliviiuji ceny hypotecnich Gvérti na obytné nemovitosti, patii pomér vyse uvéru a hodnoty
zajisténi (LTV), Cisty ptijem dluznika, délka splatnosti tivéru a délka fixace tirokové sazby.
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1. Introduction

Amid rising concerns in the global community about the distributional impacts of monetary policy
(Hauptmeier et al., 2020; Antoniades, 2021), the pass-through of monetary policy rates via money
and capital market rates to local mortgage rates is of keen interest to policymakers and central
bankers. The urgency for a deeper understanding of interest rate pass-through and its heterogeneity
has been intensified by the sharp rise in monetary policy rates globally. The rising interest rates are
a response to the global increase in inflation and an effort to normalize the macrofinancial
environment after a long period of low interest rates. This normalization was already attempted
before 2020, including by the US and some EU countries, but ended with the onset of the COVID-
19 crisis. In this context, the Czech Republic was one of the first countries to restart normalization
during the COVID period. Concerned about rising inflation and inflation expectations, the Czech
National Bank (CNB) started hiking its policy rate in June 2021 and raised it from 0.25% to 3.75%
by the end of 2021.

This paper studies the pass-through from the 5-year interest rate swap (5y IRS) to rates on newly
issued residential mortgage loans in the Czech Republic. It tests for and tries to explain the potential
spatial heterogeneity in this pass-through, which has been highlighted by the literature in the context
of the US (Scharfstein & Sunderam, 2016) but not the EU considering the specific structure of its
mortgage loan markets. For our estimations, we use a unique dataset based on the CNB regulatory
survey of mortgage lenders, comprising detailed information about new residential mortgage loans
granted by individual banks from January 1, 2016 to July 31, 2021. We employ the standard OLS
method with fixed effects (FE) for districts of the Czech Republic (77 districts). We control for a
variety of borrower, loan, bank, and regional characteristics and cluster the standard errors at the
bank level to allow spillovers across banks because of common business policies for lending.

Using individual-loan, high-frequency data, we estimate the aggregate pass-through at about 0.5—
at the lower end of the range of pass-throughs previously estimated for the Czech Republic. The
most economically significant determinants of the mortgage lending rate are: (i) increasing loan-to-
value (LTV) ratio, which is associated with decreasing mortgage rates—thanks to economies of
scale—up to the 80% soft prudential limit, after which LTV increases loan risk and pricing; (ii)
greater net income, which indicates a higher capacity of the borrower to repay the loan and
withstand shocks; (iii) longer loan maturity, which helps borrowers lower their DSTI; and (iv)
longer fixed-rate period (up to the general 10-year mark), which reduces mortgage rates because of
periods of an inverted yield curve in our sample and a lower risk for banks that the client will
migrate to the competition during fixed-rate periods.

Importantly, we find significant heterogeneity in the pass-through at the district level, driven by
both demand-side and supply-side structural factors—after we control for unobservable district-
level fixed effects. On the supply side, banks in more concentrated markets price loans at a
significantly higher mortgage rate than similar loans in less concentrated markets. Also, the pass-
through to mortgage rates is significantly weaker in districts with higher bank concentration. A
higher unemployment rate in a district is associated with banks pricing mortgage loans at a
significantly higher risk premium and mortgage lending rates in the district being more inelastic
(stable) over time. Interestingly, the unemployment rate contributes about three times more to the
district-level variation in the pass-through than loan market concentration does.
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The literature finds the interest rate pass-through to be mostly incomplete and likely varying across
time and space (Andries & Billon, 2016; Gregor et al., 2021). For example, during turbulent periods
such as the Global Financial Crisis (GFC), the pass-through may weaken (Aristei & Gallo, 2014).
Likewise, varying bank competition, changing credit risk, or other location-specific factors can
make the pass-through vary across countries or regions (van Leuvensteijn et al., 2013; Gambacorta
et al., 2015; Holton & d’Acri, 2015). Our paper contributes to the existing empirical literature on
regional pass-through by using loan-level data on residential mortgage rates rather than county-
level aggregated data (Scharfstein & Sunderam, 2016) or bank-level aggregated data (Uchino,
2014). Further, our analysis is not biased by mixing fixed-rate and adjustable loan contracts over
time. We use only newly originated and priced residential mortgage loans, while controlling for
loan contract features, borrower characteristics, and key lending bank indicators.

The remainder of the paper is organized as follows. Section 2 provides a brief literature review and
further highlights the contribution of the paper to the literature. Section 3 describes the mortgage
loan market in the Czech Republic and the empirical literature related to it. Section 4 discusses the
data and summary statistics of the variables used in our analysis. Section 5 explains the estimation
approach and methodology. Section 6 discusses the main estimation results. Section 7 carries out
robustness tests. Section 8 concludes.

2. Literature Review

Under optimal conditions, the interest rate pass-through could equal one, indicating complete pass-
through of the reference rate to a particular lending rate.? However, in reality the pass-through tends
to be mostly incomplete (Andries & Billon, 2016; Gregor et al., 2021).

The pass-through tends to be stronger in developed countries with more efficient markets, such as
the US, the UK, Australia, and Canada (Panagopoulos et al., 2010; Apergis & Cooray, 2015), than
in emerging markets and developing economies, such as the Dominican Republic (Grigoli & Mota,
2017), China (Li & Liu, 2019), Indonesia (Pontines & Siregar, 2019), Morocco (Bennouna, 2019),
and Russia (Nguyen et al., 2017). Nevertheless, it is still mostly incomplete. In the EU and the Euro
Area, empirical research also concurs that the interest rate pass-through is slow in the short term
and incomplete in the long term (Egert et al., 2007; Aristei & Gallo, 2014; Havranek et al., 2016).
In addition, substantial heterogeneity in the interest rate pass-through prevails across Euro Area
countries (Sorensen & Werner, 2006; Belke et al., 2013; Holton & d’Acri, 2015).

Some papers underscore the issue of time-varying pass-through. In particular, studies covering the
period of the Global Financial Crisis (GFC; Aristei & Gallo, 2014; Hristov et al., 2014) find a
weaker interest rate pass-through than before the GFC—especially in the Euro Area periphery
(ECB, 2013; Illes & Lombardi, 2013). Only a few studies have examined the interest rate pass-
through in the post-GFC period, including the period when policy rates were hitting their zero lower
bound. This literature deals with the added complexity of unconventional monetary policy—using

2 While one strand of the literature focuses on the pass-through from monetary policy rates, another examines that
from money market rates to bank lending rates—abstracting from the pass-through from the policy rate to money
market rates and assuming it is nearly complete for practical purposes (Moazzami, 1999; Gambacorta & lannotti,
2007; Payne & Waters, 2008).
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shadow policy rates or other proxies for policy rates to simulate movements in the reference rate—
and highlights the issue of weakening pass-through (von Borstel et al., 2016; Horvath et al., 2018).

The pass-through may also vary significantly across regions within one country because mortgage
loan markets are locally specific (Montagnoli et al., 2016; Uchino 2014; Scharfstein & Sunderam,
2016). For instance, focusing on business lending rates and deposit rates, Montagnoli et al. (2016)
find significant heterogeneity between the North and South of Italy. They show that the speed of
adjustment and the mark-up for bank lending rates differ in the North compared with the South.
Outside the EU, Uchino (2014), using a sample of 106 regional banks in Japan, finds a significant
negative correlation between regional (prefecture) market concentration and the long-run pass-
through, pointing to the existence of geographical market segmentation. Scharfstein & Sunderam
(2016), using data from loan applications for refinancing or new home purchases in 500 US
counties, find that high concentration in local mortgage lending reduces the sensitivity of mortgage
rates (and refinancing activity) to mortgage-backed security (MBS) yields (i.e., it lowers the pass-
through from the yields).

Overall, the heterogeneity of interest rate pass-through within single countries is under-researched.
One reason is limited data availability at a regional level (Dow & Montagnoli, 2007). Nevertheless,
Montagnoli et al. (2016) emphasize that the financial factors may differ across regions and changing
the policy rate can affect the cost and availability of credit more in some regions than others.
Although some papers have studied the interest rate pass-through in the Czech Republic at the
national level (Horvath & Podpiera, 2012; Havranek et al., 2016; Gregor & Melecky, 2018;
Ehrenbergerova et al., 2020), to our knowledge, no paper examines regional variations in interest
rate pass-through for the Czech Republic or EU countries at the district level.

Banking market concentration and bank competition are highlighted as influential factors for the
interest rate channel of monetary policy (van Leuvensteijn et al., 2013; Leroy & Lucotte, 2015;
Chileshe & Akanbi, 2016). Country-level studies show that a more concentrated banking sector
makes banks less receptive to adjusting their retail rates to market or policy rates (implying lower
pass-through). For example, Sander & Kleimeier (2006) and Holton & d’Acri (2018) find that
higher banking market concentration (lower competition) is associated with slower and incomplete
pass-through—that is, pass-through that is delayed and significantly lower than one. Using different
measures of bank competition, Mojon (2000) concurs that the pass-through is slower when bank
competition measures are low. Representing a cost shock to banks, changes in monetary policy rates
are passed on by banks to retail lending rates symmetrically to the extent that there is effective
competition among banks (Egert et al., 2007).

A few studies use bank-level or loan-level micro data to corroborate the findings of macroeconomic
studies on the effects of banking market concentration and competition on the interest rate pass-
through. These include Gambacorta (2008), who finds, using data on Italian banks, that the lending
rate pass-through is slower for banks in more concentrated markets with weaker competition.
Scharfstein & Sunderam (2016), using loan-level data on US mortgage loans, find a lower pass-
through in US counties with more concentrated local markets and a higher local market power of
lenders. Therefore, we try to contribute to this literature in the context of the EU mortgage loan
market.
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3. Mortgage Market in the Czech Republic

The mortgage market in the Czech Republic started to develop more robustly after the turn of the
21st century. The flow of new mortgage loans accelerated prior to 2008, but rising lending rates in
the run-up to the Global Financial Crisis (GFC) and tightening bank credit standards slowed the
pace. After a decline from 2008 to 2012, the flow of new mortgage loans resumed—except for
minor slumps at the turn of 2019 due to interest rate hikes and the introduction of new
macroprudential policy measures (Figure 1).3

Figure 1: Stock and Flow of Mortgage Loans Figure 2: Monetary Policy and Market Interest
Rates vs. Mortgage Lending Rate

(CZK billions) (%)
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== Stock of mortgage loans - Rates on new mortgages = CNB 2w repo rate
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5y GBY

Note: The black circle highlights the inverse yield curve period.
Source: CNB.

The interest rate pass-through to mortgage loan rates is typically lower than that to corporate lending
rates (Gregor & Melecky, 2018). Outside the Czech Republic, this is confirmed by Belke et al.
(2013) for 12 Euro Area countries and Gregor et al. (2021) in a meta-analysis of the empirical
literature. Naturally, the pass-through to mortgage rates tends to be higher from reference rates
where the maturity of the underlying debt instrument is nearer to the average fixed-rate period of
mortgage loan rates (Liu et al., 2008). The empirical literature estimates that, in the Czech Republic,
the pass-through to mortgage lending rates ranges from 0.36 to 0.90 depending on the type of
reference rate used, the estimation strategy, and the time lag considered in the estimations—a rather
wide range that leaves policymakers with some uncertainty (Table 1). Using a capital market rate
as the reference rate in their estimation of the pass-through, Havranek et al. (2016) and
Ehrenbergerova et al. (2020) find higher pass-through to mortgage loan rates in the post-GFC
period.

The pass-through has also varied over time—especially during the zero lower bound (ZLB) period,
which disturbed the relationships between interest rates in the Czech Republic and around the world.

3 In mid-2018, the CNB introduced two new borrower-based macroprudential instruments: the debt-to-income (DTI) ratio
and the debt service-to-income (DSTI) ratio. Both instruments were effective from October 2018 until the outbreak of the
COVID crisis, when the established limits were abolished (for DTI in April and for DSTI in July 2021).
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Given the lack of variability in the policy rate, the typical empirical option was to focus on the
money/capital market rate and its relation to the mortgage lending rate.

In 2017, the CNB started normalizing monetary policy by gradually raising its policy rate from
technical zero. The interest rate pass-through channel regained its importance. Due to an inverse
yield curve in 2019, the pass-through from the monetary policy rate to mortgage rates temporarily
weakened again. Nevertheless, the relationship between the government bond yield, the 5-year
interest swap rate, and the mortgage rate appears to be close (Figure 2). Most recently, in view of
the COVID-19 crisis, the CNB cut the policy rate to near zero again (0.25)—ending the first attempt
to normalize monetary policy since the European sovereign debt crisis. In response to rising
inflation, the CNB returned to normalization in 2021, when policy rates rose sharply in the second
half of the year. They have been rising ever since, partly due to the energy and food price crisis and
rising inflation in the EU and beyond.

Table 1: Pass-Through to the Mortgage Rate in the Czech Republic

Pass-through - Estimation
to mortgage rate Period (mmlyy) strategy Reference rate

0.90 01/04 - 06/06 PMG estimator
Horvath & Podpiera (2012) 0.36 07/06 - 12108 —E“gf Sesé'mator 1m PRIBOR

0.62 01/04 - 12/08 >-owamy

estimator

0.45 01/04 - 08/08 PMG estimator .
Havranek et al. (2016) 0.84 09/08 - 12/13 " PMG estimator 10y government bond yield
Gregor & Melecky (2018) 0.56 01/04 - 11/17  ARDL approach 2W repo rate
Fhrenbergerové et al. (2020) 0.66 01/04 - 06/19 OLSFE Interest rate swap (weighted

average of different maturities)

Note: Only the main estimates of each paper are considered.

4. Data

We use a unique dataset based on the CNB regulatory survey of mortgage lenders, comprising
detailed information about all new mortgage loans granted by individual banks from January 1,
2016 to July 31, 2021.* The dataset contains 420,195 loan-level observations at daily frequency.
The survey helps monitor banks’ compliance with Act No. 6/1993 Coll., on the Czech National
Bank, and the CNB’s recommendations on the management of risks associated with the provision
of retail loans secured by residential property.® The survey data includes detailed information on
borrowers and loans, such as level of income, source of income, age of applicant, volume of other
debt, loan interest rate, loan volume, loan collateral, fixed-rate period of mortgage, and loan
maturity.® Because the dataset contains information about the district of the real estate acquired (zip
code), it allows for the study of district-level differences. However, the zip code variable is missing
in several cases, and we drop these observations from the estimation sample.” After removing the
missing values for our key variables of interest, we end up with 346,902 loan-level observations. A
description and the summary statistics of the data used are given in Tables Al and A2 in Appendix
A, and categorical variables are shown in Figure Al in Appendix A.

Refinanced loans and loan increases are not taken into account.

See https://www.cnb.cz/en/financial-stability/macroprudential-policy/requirements-for-ltv-dsti-and-dti-limits/.
All information about the borrower and loan are collected at the time of mortgage origination.

In the survey, the zip code is not a key variable, so there is a lower frequency of completion.

~ o o »
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The dependent variable is the mortgage lending rate on individual loans (contracted by individual
borrowers). In our estimations, we use 77 districts (okres) as the territorial unit.s The mortgage rate
varies across individual loans, the upper band of the distribution being thicker (Figure 3). The
district-level comparison of the median mortgage rate suggests the existence of a stable spread
between some districts. For instance, when we compare the capital city of Prague® with the border
district Ceska Lipa (the district with the highest median mortgage rate on average), we find that the
spread is about 15 basis points (Figure 4). This spread persists even when we disaggregate mortgage
loans by risk characteristics such as debt service-to-income (DSTI) ratio or probability of default
(PD).%° Overall, if we compare the median mortgage rate between 2016 and 2021 across districts,
we observe significant differences. While the highest mortgage rates are applied in the western
districts and partly also in the northern border districts, such as Dé¢in, Nachod, and Jesenik, the
lowest interest rates are provided in and around the largest cities, such as Prague and Brno (Figure
A3 in Appendix A).

Figure 3: Median Mortgage Lending Rate Figure 4: District Differences in Median
Mortgage Rates

(%) (%, rhs variable: pp)
7.5 4 35 4 o1
6.0 - 31 r 0.8
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Spread (rhs) Prague
Ceska Lipa ~  ==-eee- Mean spread 0.15 (rhs)

Note: The dark blue area in Figure 3 represents p25-p75 and the light blue area shows the min-max
range. The Y-axis maximum of 7.5 cuts off some extreme mortgage rates.

Source: CNB.

For the reference rate from which we estimate the pass-through to mortgage rates, we use the
5-year interest swap rate (5y IRS). Interest rate swaps capture the monetary policy stance and
approximate the funding costs of banks better than interbank rates such as PRIBOR. Unlike the
interbank rate, the swap rate does not include a (varying) risk premium and is thus better suited to
measuring the strength of monetary policy pass-through to lending rates
(Ehrenbergerova et al., 2020). IRS are a popular instrument for trading interest rate risk (BIS, 2019),
and IRS rates are widely used by banks to price mortgage rates (Maechler, 2020). Typically, banks
hedge the interest rate risk of their lending through a fixed-rate payer IRS transaction for the loan
maturity and roll over the liquidity provision. Therefore, the reference rate that determines the
lending cost is approximated well by the IRS curve (Baeriswyl et al., 2021).

8 We often use the map of the Czech Republic at the district level, and Figure A4 in Appendix A includes the names of each
district. However, in the rest of the paper, we use unnamed maps.

9 A substantial proportion of loans are granted in the capital city of Prague (more than 10%; see Figure A2 in Appendix A).

10 DSTI and PD for home mortgage loans are only available from 2018 onward, so the analysis comparing the median values
was carried out on a shorter data sample (2018-2021).
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Beside the reference rate, we employ several control variables. First, we control for loan
characteristics such as loan-to-value (LTV) ratio,** maturity, and fixed-rate period. We expect that
a higher LTV will increase the riskiness of the loan, the risk premium banks charge, and hence the
mortgage rate. We also create a dummy variable (0/1) to control for the possible threshold effect of
the LTV regulatory limit (LTV 80+). While loans with LTVs below the regulatory limit may have
a risk premium close to zero and low elasticity of the mortgage rate to LTV, loans with LTVs above
80% are expected to show greater elasticity of the mortgage rate (risk premium) to increases in
LTV. A longer loan maturity should ceteris paribus increase the liquidity premium of the loan and
hence the mortgage rate. However, a longer loan maturity means spreading the repayments into
smaller amounts and lowering DSTI—a risk indicator for mortgage market regulation since 2018.
The effect of loan maturity on mortgage rates is thus ambiguous.'? The length of the fixed-rate
period can also affect the mortgage rate. Longer-term fixed-rate loans carry higher interest rates
because mortgage lenders assume additional risk without knowing the future market dynamics.
Paradoxically, in the Czech Republic, the rates for longer fixed-rate periods have been lower than
those for shorter ones in recent years (Figure A8 in Appendix A)—perhaps because the swap market
is quite liquid up to 10 years and the interest rate risk (expected loss) for the borrower is lower than
the cost of the swap hedging. To separate loans with the commonly offered fixed-rate periods (of
up to 10 years) from special arrangements for mortgage loans with fixed-rate periods above 10
years, we also create a dummy variable (rate fixed for up to 10y=1 otherwise 0). We expect
mortgage rates on loans with a fixed-rate period of up to 10 years to decrease with the length of the
fixed-rate period as indicated in Figure A8 in Appendix A, whereas we expect an increased liquidity
premium on loans with a fixed-rate period beyond 10 years (Table A3 in Appendix A).

Second, we include control variables that capture borrower characteristics such as income, source
of income, age, and size of other debts. We assume that higher net income, employment income
(i.e., the client is not self-employed), and lower other debts make clients less risky and are therefore
reflected in lower mortgage rates. It turns out that more than 80% of loan applicants have income
from employment (Figure A1—top chart—in Appendix A). Banks perceive these applicants to be
less risky, with a more reliable and transparent income history. The age of the client shows a non-
linear (U-shaped) relationship, with increasing age associated with decreasing rates up to the point
where the positive square term starts dominating and reversing the positive relationship to a
negative one, because higher (post-productive) age implies higher credit risk (Table A3 in
Appendix A).

Third, we control for bank size and mortgage broker involvement in the lending transaction. We
divide banks that provide loans into three groups based on their total assets: small (below 2% of
total banking sector assets), medium-sized (between 2% and 10% of total banking sector assets),
and large (over 10% of total banking sector assets). In addition, we create a dummy for foreign bank
branches, which can manage their loan exposures and lending differently. Overall, 16 banks
participated in granting new mortgage loans from January 1, 2016 to July 31, 2021. Large banks
dominated market activity, providing almost 80% of all new mortgage loans during the period
(Figure Al—bottom chart—in Appendix A). As for mortgage broker involvement in loan

1 The loan volume and loan collateral are highly correlated with the borrower’s income. We thus prefer to use the LTV ratio
together with the borrower’s income.

2. 'We do not control directly for DSTI because we already control for both income and loan maturity and loan to value in the
regression. DSTI is naturally strongly correlated with these variables, and, as a ratio, provides much less information than
the separate indicators we use. In addition, the DSTI variable in the dataset has only been available since 2018.
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transactions, most mortgage loans (more than 67%) are negotiated through a mortgage broker
(Figure A1—middle chart—in Appendix A).

Fourth, we try to capture and control for the variation in the spatial characteristics of the demand
and supply sides of the mortgage market. Specifically, we control for the local unemployment rate
(at the district level at monthly frequency), which reflects the local risk of potential mortgage loan
default.® Spatially, the unemployment rate seems to be systematically higher in border districts
(Figure A5). On the supply side, we control for a measure of mortgage market concentration at the
level of individual districts. We hypothesize that banks operating in more concentrated markets tend
to exert their higher market power on interest rates in order to achieve higher margins. Following
the literature (Uchino, 2014; Drechsler et al., 2017; Scharfstein & Sunderam, 2016; Antoniades,
2021), we use the Herfindahl-Hirschman index (HHI) as the baseline measure of concentration in
our estimations:

n L. 2
volume of originated mortgage loans
HHI,, = Z( f orig 949 kO o 100) ) Q)

L Y=, volume of originated mortgage loansy

where Kk stands for districts, t for time, and | for lending institution. For a robustness check, we also
construct the concentration ratio (CR) of the three largest mortgage lenders in the district, similarly
as in Scharfstein & Sunderam (2016):

top 3 ..
Yi=top 1 VOlume of originated mortgage loansy,,

CRk,t -

1 volume of originated mortgage loans,,; )

Mortgage market concentration varies over time and space. At the end of 2018, the concentration
of local banking markets was decreasing. Favorable economic conditions were stimulating
increasing competition. However, as of 2019, and especially after the outbreak of the COVID
pandemic, concentration started to increase again—perhaps partly because the population turned
more toward large banks (Figure A6). From a spatial perspective, the concentration of the mortgage
market is the highest in the south-western part of the Czech Republic, mostly around the city of
Pilsen (Figure A7).

5. Methodology

For the estimation, we use a standard OLS with fixed effects (FE) representing the individual
districts of the Czech Republic (76 districts and the capital city of Prague). We cluster the standard
errors of this OLS regression at the bank level to allow for spillovers across banks because of
common lending policy.

The data structure does not allow us to create a dynamic model, because we only have data on the
loan origination date for individual borrowers on a daily basis. We do not track the originated loans
over time and thus cannot lag the dependent or most explanatory variables in time. A possible
alternative solution would be to aggregate mortgage rates at the level of individual districts—similar

13 We tried to include several district-level variables that are stable over time or available at annual frequency, such as distance
to district town, number and density of bank branches, population density, number of housing completions, balance of
migration, GDP, GDP per capita, and level of awareness, but these variables were always highly correlated in the final
estimation and could not be used.
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to Hurst et al. (2016)—and then use a dynamic panel model with the average loan in the district as
the unit of observation. However, this estimation strategy would lead to a loss of valuable
information and variation in the data at the level of individual loans.

Following the literature, we estimate the interest rate pass-through to individual mortgage rates (i.e.,
to loan-level interest rates) using 5-year swaps (5y IRS) as the reference rate (the 5-year interest rate
swap broadly corresponds with the average fixed-rate period of mortgage loans, which is 5.5 years).
We assume the 5-year swap rate to be (weakly) exogenous and not affected by changes in individual
mortgage loan rates. We further lag the 5-year swap rate by 4 months and use it as a predetermined
explanatory (policy) variable. We predetermine the appropriate lag using correlation analysis (Table
A4 in Appendix A) and formally validate through a test using the Bayesian Information Criterion
based on a conditional regression analysis (Table B1 in Appendix B).!* The main motivation is the
administrative delay in arranging a mortgage loan, where the offer rate that the client receives is not
realized until several months later. For this reason, we also lag the two regional variables (the
unemployment rate and the HHI) identically (4 months) to reflect the bank’s initial conditions in
the period when the mortgage offer was made.

In the baseline estimation, we define the aggregate interest rate pass-through and run an OLS
regression of the following form:

mlr;, =a+ B Sy IRS,_, +yX;, + 6D, + &, (3)

where mir represents the mortgage lending rate, i stands for individual loans, and t stands for time.
5y IRS;_, is the variable of primary interest, showing the size of the aggregate (average) interest
rate pass-through. The vector X; contains control variables that can be divided into borrower-level,
loan-level, and bank-level controls. The rationale for including these variables is given in the
previous section. Dy, stands for district-level fixed effects, where k stands for districts. The term
&; ¢ denotes the estimation error, which we cluster at the bank level and use robust standard error
computation for inference.

Further, we expand the baseline specification with district-level controls to examine the district-
level variation in the mortgage rate pass-through. Specifically, we use one demand-side variable at
the level of districts: the local unemployment rate, and one supply-side variable: local mortgage
market concentration. In addition, we allow for variation in the district-level pass-through based on
unobservable fixed effects (D, )—that is, by controlling for interactions with possible time-invariant
institutional and other district-specific factors that could compete with the two structural factors
which we hypothesize to be important drivers of the district-level variation in the pass-through. We
measure local mortgage market concentration (BC) using the Herfindahl-Hirschman index (HHI).
In our robustness checks, we use an alternative measure based on the concentration ratio (CR) of
the three largest local mortgage lenders.'® The selection of a mortgage market concentration variable
reflects the findings of relevant literature highlighting the importance of local market power for the
interest pass-through to local mortgage lending rates (Scharfstein & Sunderam, 2016).¢ To capture

14 QOur results, reported in the next section, are robust to using a lag of 3 or 5 months for IRS. These supplementary results are
available from the authors upon request.

15 The percentage of mortgages captured by the three largest mortgage lenders is 76% on average.

16 Apart from the two district-level variables (mortgage market concentration and the unemployment rate), we do not use any
other district-level control variables. This is because other available district-level data do not show significant variation at
the district level. We tried using region-level data at quarterly or annual frequency, but such variables were strongly
correlated with district-level fixed effects and had to be dropped from the estimation. Therefore, we assume that the residual
systematic variability across regions is sufficiently captured by the district-level fixed effects.
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the effect of regional variables (RV) on the interest rate pass-through, we thus interact the 5y IRS
regional structural supply and demand RVs as well as district fixed effects (Dy):

mlri't =a + B Sy IRSt_4 + yXi,t + 6Dk + H(Dk X Sy IRSt_4) + (pRVk,t—4 (4)
+@(RVyt_4 X 5y IRS;_4) + €.

The pass-through, considering the average value of the regional variables in each district and other
locally specific factors, can then be calculated as follows:

n
PT, =B + 6D + Z w;ymean RV, (5)
j=1

where j stands for the individual regional variables and mean refers to the average over the sample
(January 1, 2016 to July 31, 2021).

6. Estimation Results

The estimation results are reported in Table 2 and indicate (in column (1)) that the average interest
rate pass-through in the Czech Republic is quite weak (about 0.5) and lower than most of the pass-
throughs estimated in the literature for the Czech Republic (Table 1). Controlling for several loan,
borrower, and bank-level characteristics, we find that banks charge higher interest rates on loans
with shorter maturity, shorter fixed-rate periods, and LTVs above 80% (the regulatory threshold for
risky loans). While longer loan maturities carry a higher liquidity premium, they also reduce
monthly repayments and the debt service-to-income (DSTI) ratio—a regulatory indicator of loan
riskiness. The credit risk regulation (regulatory recommendation) may have encouraged banks to
lower the risk premium and rates on loans the borrowers of which spread repayments over more
years (repay a smaller amount each month) and appear less risky based on the DSTI loan-risk
indicator. The estimated effect of the fixed-rate period suggests that interest rates on loans with
longer fixed-rate periods tend to be lower in the Czech Republic (Figure A8 in Appendix A) and
could be partly explained by the period of an inverse yield curve (Figure 2).1" In addition, anecdotal
evidence from market interviews indicates that banks may price in a loyalty discount during the
fixed-rate period, when borrowers are much less likely to refinance with a rival mortgage lender.
The effect of LTV is non-monotonous, where LTV growth of up to 80% contributes to falling
mortgage rates because of economies of scale'® while LTV growth of above 80% contributes to a
rising risk premium charged by banks because collateral coverage declines and the loan breaches
the soft regulatory limit.

From the borrower perspective, clients who have other debt obligations at the time of mortgage loan
origination receive a higher interest rate. By contrast regular employment status (not self-employed
status) and a higher net income help borrowers secure a lower mortgage rate. Furthermore, the
mortgage lending rate appears to decline with the age of the borrower, but progressively less so as

17 However, the negative effect of the fixed-rate period is statistically significant only for loans with commonly available
fixed-rate periods of up to 10 years and is insignificant for special loans with fixed-rate periods greater than 10 years
(Table A3 in Appendix A).

18 Loans with very low LTVs are often small loans, which banks price at a higher rate.
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the age of the borrower increases beyond the average—as indicated by the positive square term
related to age.™®

Finally, we find that medium-sized banks price mortgage loans at a slightly higher rate than large
banks (this was especially true in the period of the inverted yield curve—Figure A9 in Appendix
A) and that borrowers who obtain their mortgage loan through a broker tend to contract loans with
a higher mortgage rate.?

Overall, the effects of the length of the fixed-rate period (negative until 10 years), LTV (negative
from economies of scale versus positive risk pricing above the soft regulatory limit), loan maturity
(helping borrowers to lower their DSTI), and net income (indicating the borrower’s capacity to
repay and withstand shocks) are the four most economically significant factors explaining the
pricing margin of mortgage loan lenders in the Czech Republic.

Next, we proceed with the estimation of equation (4) to investigate possible heterogenous pass-
through across districts in the Czech Republic. We first estimate the model only with fixed effects
interacted with the 5y IRS to highlight the contribution of the regional structural variables (Table
2, column 11). Then we estimate the full model and test the significance of the local concentration
of the mortgage loan market and the unemployment rate in explaining district-level variation in the
pass-through using a specification with interactive fixed effects as a competitor (Table 2, column

).

The estimation results in columns (11) and (I11) suggest that neither the direction nor the significance
of the control variables changes when we include interactions with district-level fixed effects and
regional variables. However, the interpretation of the pass-through does change. While in the first
column of Table 2 the 5y IRS coefficient () reflects the average level of pass-through for the whole
country, in the second column of Table 2 the coefficient indicates the size of the pass-through in
Prague (our baseline category when using district fixed effects in interaction with the 5y IRS). In
the third column of Table 2, the coefficient shows the strength of the pass-through in Prague as
well, but is additionally conditional on the level of the unemployment rate and the size of bank
concentration in the districts. A simple comparison of these coefficients shows that the pass-through
in Prague is slightly stronger than the national average (column  (IlI)
estimate of ).

19 The positive effect breaks even at around 45 years. Overall, it appears that banks assess clients who are too young (under
26 years) and too old (over 65 years) as riskier and charge them a higher mortgage rate. However, the overall differences in
the rates are rather small.

20 The broker may be reward driven, looking for the highest reward from a lender instead of representing the client’s best
interests and helping secure the lowest lending rate for the client. As suggested by Woodward & Hall (2010), the incentives
faced by mortgage brokers likely differ from those of loan officers. Traditionally, loan officers are paid in salaries, plus
some bonus for volume. But the mortgage broker’s compensation is either the difference between the terms agreed by the
borrower and the terms offered by the wholesale lender or a percentage of the agreed loan amount. This finding may also
suggest that borrowers who choose not to engage a mortgage broker are very well informed about the mortgage market and
are able to negotiate better terms with the bank or have directly negotiated better terms as bank employees or special
customers of the bank.
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Table 2: Estimation Results

M an ()
Estimate Std. Error Estimate Std. Error Estimate Std. Error

(Intercept) 3.4208™ (0.1875) 3.3912™ (0.1857) 3.2465™ (0.1710)
5y IRSi4 0.4987"" (0.0102) 0.5257"" (0.0125) 0.6342™" (0.0143)
loan maturity -0.0008™ (0.0001) -0.0008™ (0.0001) -0.0008" (0.0001)
fixed-rate period 0.0027 (0.0018) 0.0027 (0.0018) 0.0027 (0.0018)
rate fixed for up to 10y -0.0048™ (0.0014) -0.0048™ (0.0014) -0.0048" (0.0014)
LTV -0.1154™ (0.0382) -0.1149" (0.0382) -0.1136™ (0.0383)
LTV 80+ 0.2182™ (0.0262) 0.218" (0.0263) 0.2064™" (0.022)
log(net income) -0.0986™" (0.0122) -0.0987" (0.0122) -0.0941™ (0.0115)
employment income: yes -0.0349™ (0.0126) -0.0346™ (0.0125) -0.0341™ (0.0123)
log(other debt) 0.009™" (0.0017) 0.009™" (0.0017) 0.0087™" (0.0017)
Age -0.0055" (0.0029) -0.0055" (0.0028) -0.0056™ (0.0028)
age squared 0.0001" (0.0000) 0.0001" (0.0000) 0.0001" (0.0000)
broker 0.0716™" (0.0184) 0.0717"" (0.0184) 0.0724™" (0.0181)
bank size: small 0.1256 (0.0940) 0.1253 (0.0941) 0.1233 (0.0944)
bank size: foreign branch -0.0157 (0.0480) -0.0157 (0.0480) -0.0142 (0.0476)
bank size: medium 0.0756" (0.0445) 0.0757" (0.0445) 0.0783" (0.0452)
unemployment rate;.4 0.2894" (0.1682)
unempl. rate.q x 5y IRSy4 -0.3839™ (0.1506)
HHI.4 0.2707™" (0.0725)
HHIl.4 % 5y IRSp.q -0.4318™ (0.0639)
Districts FE YES YES YES
Districts FE x 5y IRS;.4 NO YES YES
No. of obs. 346,902 346,902 346,902
R-sq. 0.329 0.329 0.332

Note: *** ** * statistical significance at 1, 5, and 10% significance level. We cluster standard errors by
individual banks.

As for the regional variables, we find that the unemployment rate significantly affects both
mortgage rates and the pass-through to those rates. In districts with higher unemployment rates,
mortgage rates are higher on average than in districts with lower unemployment rates. At the same
time, the pass-through to mortgage rates appears to be significantly higher in districts with lower
unemployment rates, suggesting that mortgage rates in these districts respond more elastically to
changes in the 5y IRS. Thus, in districts with higher unemployment rates, banks price mortgage
loans at a higher risk premium and the lending rates in these districts tend to be more inelastic
(stable) over time, whereas in districts with lower unemployment rates, banks react more strongly
to changes in the 5y IRS—that is, they lower their rates for clients faster when the 5y IRS falls but
also raise them significantly faster when the 5y IRS rises relative to other districts.

From the supply-side perspective, banks in more concentrated markets benefit from their market
power and price loans at a higher mortgage rate than in less concentrated markets. At the same time,
the pass-through to mortgage rates appears to be significantly weaker in districts with higher bank
concentration, consistent with the empirical literature (Gambacorta, 2008; Scharfstein & Sunderam,
2016).

While we present our estimation results using standard regression tables, we also display them in
district-level maps for better visualization. The mapping reflects the direction and strength of the
district-level pass-through using a color scheme explained in the legends to the maps. The strength
and direction of the pass-through is expressed relative to our base district—Prague.
Red indicates a significantly lower pass-through compared with Prague and green a significantly
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higher one. The white color indicates that there are no statistically significant differences in the
interest rate pass-through compared with Prague.

Figure 5: Variation in the Interest Rate Pass-Through at the District Level
(a) Table 2 Column (1) Results (b) Table 2 Column (I11) Results
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Note: The maps represent the effects on the interest rate pass-through after the 5y IRS change. Non-white
areas show statistically significant results (p-value < 0.05).

When we compare the visualizations of the district-level results in the maps (Figure 5), we can
conclude that regional variables can help explain much of the spatial variation in the district-level
pass-throughs. Figure 5(a) shows numerous districts with a significantly lower pass-through than in
Prague and none with a significantly higher one—marking it possibly as one of the most elastic
districts in terms of adjustment to aggregate changes in interest rates. However, when the structural
regional variables (RVs) are added to the regression in levels and in interaction with the 5y IRS, the
picture of significant district-level variation in the pass-through changes substantially (Figure 5(b)).
The pass-through appears significantly different from that in Prague in much fewer districts when
we control for the local level of mortgage loan market concentration and the local unemployment
rate. Local structural factors on both the supply and demand side are thus important drivers of the
district-level pass-through in the Czech Republic. This is important information for the CNB as the
monetary authority, the prudential authority, and also the agency responsible for promoting
competition in financial markets. A question remains as to whether the supply-side factors dominate
over the demand-side ones and whether the CNB should be putting a greater emphasis on promoting
local competition in mortgage loan markets to ensure fairer impacts of changes in monetary policy
on households and their access to housing finance across Czech districts. We shed some light on
this question next.

Figure 6 shows the relative average contributions of the local HHI index (market concentration)
and the local unemployment rate to the variation in the district-level pass-through. Overall, it seems
that the differences in the district-level pass-through are not negligible. With a 1 percentage point
change in the 5y IRS, the differences between districts could rise to 0.16 percentage points,
assuming the same level of bank concentration and the same fixed effects across all districts. The
contribution of the unemployment rate to the district-level variation in the pass-through is, on
average, about three times larger than that of market concentration. These relative contributions
suggest that, in the Czech Republic, demand-side factors could be more important than supply-side
factors in driving the local pass-through to mortgage rates.
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Figure 6: Contributions of the Unemployment Rate and the HHI to the Variation in the Pass-
Through Across Districts

(y-axis: difference in strength of pass-through in pp with 1 pp change in 5y IRS)
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Note: The difference in pass-through is calculated as the difference between the pass-through values in
districts with an unemployment rate (HHI) at the 5th and 25th percentile and the 95th and 75th
percentile, assuming that the other factors (the value of the second regional variable and the FE of
the district) are the same for all districts. The last column reports the real maximum difference in
pass-through between two districts (Prague and Sokolov) when the assumption of constant other
factors is removed.

7. Robustness

To test the robustness of our results, we re-estimate our interest rate pass-through model with the
concentration ratio (CR) instead of the HHI (Table B2 in Appendix B, column I). The estimation
results with the concentration ratio confirm the baseline results with the HHI. The mean pass-
through is the same for the Czech Republic, and also locally for Prague and most other districts.
The direction and significance of all the control variables remain similar to the baseline model. The
estimation also confirms a statistically significant effect of the unemployment rate and the
concentration ratio on the pass-through but not on mortgage lending rates.

Next, we test the robustness of our results to spillovers within districts that could arise due to
common housing or urban planning policies. To that end, we change the clustering of the errors
from bank-level to district-level and re-estimate our baseline model. The results are reported in
Table B2 in Appendix B (column I) and confirm that our baseline results are robust to this type of
possible spillover. The clustering of the standard errors at the district level appears less strict than
the clustering at the bank level for the significance of some control variables that determine the
mortgage rate risk premium and its variation over time and across districts. All the control variables
become significant in this robustness test, including the dummies for exceptionally long fixed-rate
period (over 10 years), age, and bank-size.

Lastly, we estimate the model with a combination of clustered standard errors at the district and
bank levels. The results are similar to the ones for the district clustering and are reported in Table
B2 in Appendix B (column I11).
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8. Conclusions

This paper studied the pass-through from the market rate—the five-year swap rate (5y IRS)—to
local mortgage rates at the district level using unique supervisory data on all new residential
mortgage loans originated in the Czech Republic. The pass-through estimations and analysis control
for key borrower, loan, and bank characteristics, as well as structural and time-invariant factors at
the district level, while allowing for possible spillovers among loans of similar banks. The paper
found that, at about 0.5, the pass-through estimated at the level of individual loans using high-
frequency data could be at the lower end of the range of pass-throughs previously estimated for the
Czech Republic. The most economically significant determinants of the mortgage lending rate are
longer fixed-rate periods up to the general 10-year mark, which reduce mortgage rates; increasing
loan-to-value (LTV) ratios, which decrease mortgage rates thanks to economies of scale up to the
80% soft prudential limit, after which LTV increases loan risk and pricing; longer loan maturity,
which helps borrowers lower their DSTI; and greater net income, which indicates the borrower’s
capacity to repay the loan and withstand shocks.

We found significant heterogeneity in the pass-through at the district level, driven by both demand-
side and supply-side structural factors, while controlling for unobservable district-level fixed
effects. We found the pass-through to mortgage rates to be significantly weaker in districts with
higher bank concentration, consistent with the empirical literature (Gambacorta, 2008; Scharfstein
& Sunderam, 2016). The local unemployment rate appears to be an important demand-side driver
of the pass-through heterogeneity across districts. Specifically, the unemployment rate contributes
about three times more strongly to the district-level variation in the pass-through than loan market
concentration does. Therefore, in the Czech Republic, demand-side factors—which tend to be out
of the control of the central bank—could be more important in driving the local pass-through to
mortgage rates than the main supply-side factors.

Our results have important policy implications. The Czech National Bank and probably other EU
central banks, particularly the ECB, cannot count on complete (one for one) pass-through to
mortgage rates when trying to manage mortgage loan markets and may need to lean forward in their
setting of monetary policy rates. The central bank needs to bear in mind that the effect of monetary
policy rates on local mortgage rates could be significantly different across districts based on local
demand-side factors—notably the structural (prevailing) unemployment rate—and supply-side
factors—notably the level of competition in the local mortgage loan market. So far, it seems that
demand-side factors, which may be out of the control or the area of responsibility of the central
bank, dominate in explaining the variance in the district-level pass-through. Therefore, making the
pass-through more homogeneous could be dependent on real sector policies—especially those that
can improve the structural unemployment rate in worse performing districts.
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Appendix A: Descriptive Tables and Figures

Table Al: Data Description

Variable Description Source
Mortgage rate (%) Interest rate set by bank when obtaining loan. gNB
urvey
5y IRS (%) 5-year interest rate swap. Refinitiv
Loan maturity (No. of Maturity of mortgage loan determined at time of acquisition. CNB
months) Survey
Fixed-rate period (No. of Length of first fixed-rate period in months. CNB
months) Survey
LTV (%) Ratio of amount of mortgage loan to total mortgage collateral. gLIJ\:\I?ey
Net income (CZK Net annual income of mortgage applicant(s) CNB
thousands) gage app ' Survey
Employment income: Dummy variable that captures applicant’s source of income: employment (YES = CNB
yes/no 1)/ self-employment (NO = 0). Survey
Other debt (CZK . s . CNB
thousands) Amount of applicant’s other debt outside mortgage loan. Survey
Age of applicant (No. of - . CNB
years) Age of main applicant. Survey
B - Dummy variable that captures size of bank: small, medium, large, and foreign bank CNB
ank size
branches. Survey
. Dummy variable that captures whether loan was arranged by mortgage broker: (YES CNB
Mortgage broker: yes/no  — 1)/ (NO = 0), Survey
!—lerﬂndahlwaschman Herfindahl-Hirschman index for given district at monthly frequency. CNB
index Survey
. . Concentration ratio of three largest mortgage lenders for given district at monthly CNB
Concentration ratio
frequency. Survey
Unemployment rate Unemployment rate in given district at monthly frequency CZsO
Table A2: Summary Statistics
Variable Mean Sd Min p25 Median p75 Max
Mortgage rate (%) 2.30 0.56 0.35 1.90 2.19 2.59 9.99
5y IRS (%) 1.27 0.66 0.24 0.64 1.36 1.79 2.66
Loan maturity (No. of months) 312 80 36 263 358 364 600
Fixed-rate period (No. of months) 73 26 12 59 60 96 360
LTV (%) 65 23 1 50 72 80 149
Net income (CZK thousands) 627 801 144 340 482 698 71,594
Other debt (CZK thousands) 738 2,432 0 0 30 581 204,557
Age of applicant (No. of years) 36 9 18 29 35 42 70
Herfindahl-Hirschman index 2,400 500 1,300 2,100 2,400 2,700 8,400
Concentration ratio (%) 76 8 47 71 77 81 100
Unemployment rate (%) 3.7 1.7 1 25 3.4 4.5 11.7

Note: Data covers period from January 1, 2016 to July 31, 2021. Each variable contains
346,902 observations.
Source: CNB, CZSO.
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Table A3: Median and Mean Mortgage Interest Rates by Categories of Explanatory Variables

up to 5 years 5-10 years  10-15 years 15-20 years  20-25years over 25 years

Loan  pjedian (%) 2.29 2.19 2.19 2.29 2.19 2.19
maturity
Mean (%) 2.37 2.37 2.35 2.42 2.32 2.27
Fixed- up to 1 years 1-3 years 3-5 years 5-7 years 7-10 years over 10 years
rate Median (%) 2.40 2.19 2.19 2.22 2.24 2.69
period Mean (%) 2.64 2.34 2.30 2.27 2.28 3.04
up to 60% 60-70% 70-80% 80-90% 90-100%  over 100%
LTV Median (%) 2.22 2.19 2.24 1.99 2.61 2.79
Mean (%) 2.34 2.30 2.30 2.22 2.51 2.49
up to 240K 240-360K 360-480K 480-600K  600-720K  over 720K
Net Median (%) 2.17 2.19 2.19 2.21 2.19 2.19
Income ' ' ' : : :
Mean (%) 2.29 2.33 2.32 2.31 2.30 2.26
S ‘ employee self-employed
ource o P
income  Median (%) 219 2.23
Mean (%) 2.3 2.33
0 up to 50K 50-100K 100-250K  250-500K  over 500K
Other .
debt Median (%) 219 219 219 221 2.29 2.29
Mean (%) 2.26 2.28 2.28 2.33 2.36 2.35
up to 30 30-35 35-40 40-45 45-50 over 50
Age of -
applicant Median (%) 219 219 219 219 219 2.24
Mean (%) 2.30 2.27 2.28 2.32 2.34 2.38
Mort YES NO
ortgage S
broker  Median (%) 219 219
Mean (%) 2.32 2.27
small medium-sized large foreign branch
Bank size Median (%) 2.34 2.29 2.19 2.15
Mean (%) 2.46 2.41 2.27 2.29

Note: Data covers period from January 1, 2016 to July 31, 2021. Each variable contains 346,902 observations.
Source: CNB.

Table A4: Correlation Between the Mortgage Lending Rate and the 5y IRS at Different Lags

t0 t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8 t-9 t-10 t-11 t-12
0.409 0455 0488 0507 0512 0504 0487 0464 0436 0398 0368 0329 0291

mlr

Note: t denotes months.
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Figure Al: Percentage of Loans by Dummy  Figure A2: Percentage of Loans by Districts
Variables

Source of Income 0% 5% 10% 15%

Self-employment income Benesov
Beroun
Blansko
Brno-mésto
Brno-venkov
Bruntal

0% 20% 40% 60% 80% 100% Breclav

Ceska Lipa

Mortgage Broker Ceske Budgjovice
Cesky Krumlov

Negotiating without a mortgage D&&in
broker Domazlice
Frydek-Mistek

Negotiating with a mortgage Havlickav Brod
broker Hlavni mésto Praha

Hodonin
0% 20% 40% 60% 80% 100% Hradec K’g‘g‘ég

Bank Size Chomutov
Chrudim

Jablonec nad Nisou
Jesenik

Ji¢in

Jihlava
Medium-sized banks Jindfichtlv Hradec
Karlovy Vary
Karvina
Kladno
Klatovy
Kolin
Kromé&fiz
Foreign banks' branches Kutna Hora
Liberec

o N o N 0 0 Litomé&Fice
0% 20% 40% 60% 80% 100% Louny

Note: The figure shows the total share of the Mélnik

Mlada Boleslav

number of loans granted between January 2016 and Most

the end of July 2021 based on the three categorical Novs i

variables. Nymburk
Olomouc

Source: CNB. Opava
Ostrava-mésto

Pardubice

Pelhfimov

Pisek

Plzen-jih

- - Plzen-mésto
Figure A3: Median Mortgage Interest Rate Pizefi-sever
Praha-vychod

Praha-zapad

Prachatice

Prostéjov

Prerov

Pfibram

Mortgage Interest Rate Rakovnik
209 Rokycany
Rychnov nad Knéznou

919 Semily
Sokolov
Strakonice
Svitavy
Sumperk
Tabor
Tachov
Teplice
Trutnov
Note: The figure shows the median level of the Uherské Hrmsote

mortgage interest rate in each district between Usti nad Labem
Usti nad Orlici

January 2016 and the end of July 2021. Vsetin
Source: CNB. Vyskov

. Znojmo
Zdéar nad Sazavou

Employment income

Large banks

Small banks

Note: The figure shows the total share of the
number of loans granted between January 2016 and
the end of July 2021.

Source: CNB.
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Figure A4: Map of the Czech Republic at the District and Regional Level
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Figure A5: Median Unemployment Rate
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Source: CNB.

Figure A6: Market Concentration in Districts With the Lowest and Highest Average Values
Compared With the Capital City of Prague
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Source: CNB.
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Figure A7: Median Levels of the Two Measures of Bank Concentration
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Source: CNB.
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Figure A8: Average Mortgage Lending Rates Figure A9: Average Mortgage Lending Rates

by Fixed-Rate Period by Bank Size
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Rate fixed for up to 1 year
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—— Rate fixed for over 5 years Small banks

Note: The vertical lines in Figure A9 delimit the first inverse yield curve period. The second period occurs
from the end of 2021 onward. However, this is outside our data sample for estimation.
Source: CNB.
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Appendix B: Robustness Checks

Table B1: Estimation Results for the Full Sample With Different Lags of the 5y IRS

0 -1m -2m -3m -4m -5m -6m -7m -8m -9m
Est. Est. Est. Est. Est. Est. Est. Est. Est. Est.
(Std. Er.) (Std.Er.) (Std.Er) (Std.Er.) (Std.Er) (Std.Er.) (Std.Er) (Std.Er.) (Std.Er.) (Std.Er.)
(Intercept) 3.383™ 3.43™ 3.458™" 3.456™ 3.421™ 3.371™ 3.36™ 3.362" 3.363™" 3.413™
(0.184) (0.189) (0.193) (0.195) (0.188) (0.178) (0.173) (0.168) (0.161) (0.157)
5y IRS 0.385™" 0.436™" 0.476™" 0.499™ 0.499™" 0.487™" 0.466™" 0.44™ 0.41™" 0.373"
(0.019) (0.019) (0.018) (0.015) (0.01) (0.008) (0.01) (0.013) (0.016) (0.017)
Controls YES YES YES YES YES YES YES YES YES YES
R-sq. 0.204 0.244 0.277 0.296 0.302 0.292 0.275 0.253 0.227 0.195
BIC -1.363 -1.416 -1.46 -1.487 -1.495 -1.481 -1.457 -1.427 -1.394 -1.353

Note: *** ** * statistical significance at 1, 5, and 10% significance level. Clustered standard errors by
individual banks are in parentheses.

Table B2: Estimation Results With the Concentration Ratio and Different Cluster SE

(M ()] (1
Estimate Std. Error Estimate Std. Error Estimate Std. Error

(Intercept) 3.2797™ (0.1696) 3.2465™ (0.0578) 3.2465™" (0.0269)
5y IRS¢.4 0.6538" (0.0150) 0.6342"™ (0.0101) 0.6342" (0.0052)
loan maturity -0.0008™ (0.0001) -0.0008™ (0.0000) -0.0008™ (0.0000)
fixed-rate period 0.0027 (0.0018) 0.0027™ (0.0002) 0.0027" (0.0002)
rate fixed for up to 10y -0.0047" (0.0014) -0.0048™ (0.0003) -0.0048™ (0.0002)
LTV -0.1146™ (0.0385) -0.1136™ (0.0141) -0.1136™ (0.0046)
LTV 80+ 0.2062" (0.0219) 0.2064™ (0.0089) 0.2064™ (0.0028)
log(net income) -0.0932™" (0.0115) -0.0941™ (0.0052) -0.0941" (0.0017)
employment income: yes -0.0341™ (0.0123) -0.0341™ (0.0059) -0.0341™ (0.0021)
log(other debt) 0.0087 (0.0017) 0.0087" (0.0007) 0.0087" (0.0002)
age -0.0056" (0.0028) -0.0056™ (0.0008) -0.0056" (0.0008)
age squared 0.0001" (0.0000) 0.0001 (0.0000) 0.0001™ (0.0000)
broker 0.0725™ (0.0180) 0.0724™ (0.0055) 0.0724™ (0.0018)
bank size: small 0.1234 (0.0942) 0.1233™ (0.0054) 0.1233™ (0.0050)
bank size: foreign branch -0.0137 (0.0475) -0.0142" (0.0074) -0.0142™ (0.0043)
bank size: medium 0.0788" (0.0453) 0.0783™ (0.0043) 0.0783™ (0.0025)
unemployment rate.4 0.258 (0.1726) 0.2894™ (0.0383) 0.2894™ (0.0190)
unempl. rate.s x 5y IRS.4 -0.3554"™ (0.1555) -0.3839™ (0.0578) -0.3839™ (0.0176)
CRw 0.021 (0.0406)
CRus x 5y IRSts 01771 (0.0360)
HHI 0.2707" (0.0633) 0.2707"™ (0.0275)
HHI.4 x Sy IRS¢s -0.4318™ (0.0813) -0.4318™ (0.0195)
Districts FE YES YES YES
Districts FE x 5y IRS;.4 YES YES YES
Cluster SE Bank level District level Bank & District level
No. of obs. 346,902 346,902 346,902
R-sg. 0.333 0.332 0.332

Note: *** ** * statistical significance at 1, 5, and 10% significance level.
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