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Introduction

The old riddle: ‘was it the chicken or the egg that came first?’ may be compared 
to a similar one: ‘was it the credit or house prices that came first?’. Both riddles are 
tricky in the same respect. The reason is that we need a chicken to lay an egg. Similarly, 
credit is considered to be one of the major determinants of house prices (Dursun-de 
Neef, 2018). Chickens in turn come from eggs, and so do house prices influence credit 
conditions (Ramcharan and Crowe, 2013). It leaves us with an infinite circle without 
a clear starting point2.

The goal of the chapter is to solve the riddle whether: a) it is the GDP adjusted bank 
credit that is leading real house prices, or b) real house prices are leading the bank 
credit in Poland? To robustify the findings I consider a second, alternative definition of 
credit, namely credit from all sectors to Households & Non-profit institutions serving 

1 Nicolaus Copernicus University in Toruń, Faculty of Economic Sciences and Management
The research under the project no. 2017/26/D/HS4/00116 titled: ‘Money, Credit and House Prices from the 
Wavelet Perspective’ was funded by the National Science Centre, Poland.

2 Chickens come from eggs, but we need a chicken to lay an egg. Similarly: credit determines house prices, 
and house prices determine credit conditions. So what came first?
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households. To find the direction of causality and to determine the significance of 
the co-movements between house prices and credit, I apply the continuous wavelet 
transform (CWT) following Ryczkowski (2019a).

The riddle could have been solved, however, with less sophisticated methods. The 
most popular would presumably be the Granger causality. Indeed, we may expect that it 
is a sufficient tool to determine econometrically whether a chicken or an egg comes first 
(and we would hopefully confirm the findings of evolutionary biology). Nevertheless, 
the dilemma whether credit or house prices come first is far more complicated. First, 
the causality may change as time goes by, or during specific subperiods associated, 
for example, with house price booms (Ryczkowski, 2019b; Goodhart and Hoffman, 
2008). Second, the causality may change depending on the time horizon. For instance, 
in the short-run the joint linkages between credit and house prices may differ from 
the long-run linkages – similar to the case of the quantity theory of money. The latter 
is generally considered to be more accurate over the long-term but not over the short 
term. Therefore, methods such as, for instance, Granger causality, which assumes that 
a single causal link is present during the entire time period analyzed and at every time 
horizon would not be sufficient for our goal.

CWT verifies the co-movements across time and disentangles simultaneously the 
short (high frequency) to the long-run (low frequency) effects. The feature gives CWT 
an important advantage over pure time-domain or pure frequency-domain methods. 
CWT is also superior to other standard techniques for characterizing correlated 
behavior in time or frequency like Fourier transform and band-pass filtering. Fourier 
transform is not efficient when the frequency content of the signal changes over 
time. The windowed Fourier transform does not allow an adequate resolution for all 
frequencies if a broad range of frequencies is considered. As opposed to CWT, band-pass 
filtering requires arbitrary cut-off of the frequency bands. Ultimately, CWT constitutes 
a promising tool to solve the riddle by investigating credit and house price dynamics 
from the short to the longer run and across time.

Unfortunately, the short time series on house prices do not allow us to provide 
insights into the ‘really long-run’ understood as several years horizon. In consequence, 
I analyze the frequency up to 4 years cycle instead. Such a horizon seems sufficient 
to buy time for policymakers to adjust their decisions accordingly.

The novelty of the chapter lies, to the author’s knowledge, in the first application 
of CWT to analyze the linkages between the dynamics of credit and house prices in 
Poland. In fact, Ryczkowski (2019b) presents international CWT evidence on the linkages 
between credit and house prices for a sample of twelve advanced economies from 1970, 
excluding Poland. Wavelets generally constitute a relatively new tool in economics with 
a number of applications growing in recent years (Bruzda, 2019; Hkiri et al., 2018).
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The chapter is also the first study that applies CWT to analyze the dynamic changes 
in house prices and credit in former post-socialist countries from Central and Eastern 
Europe. The case study of Poland is the more interesting as the National Bank of 
Poland is considered to be a strongly inflation-averse central bank (Ryczkowski, 2016; 
Sznajderska, 2014; Baranowski, 2011). The joint linkages between credit and house 
prices have important practical clues for the Polish monetary authorities especially 
under the new post-crisis circumstances that can be characterized by volatile changes 
in the expectation formation (Szyszko and Rutkowska, 2019).

The riddle investigated is relevant since the dynamics between credit and house 
prices have significant implications for policy, monetary theory, and welfare. First, 
credit (Bleck and Liu, 2018; Brzoza-Brzezina et al., 2015) has re-emerged as an important 
variable in the conduct and design of monetary policy since the 2007–2009 Great 
Recession. Second, house prices have a considerable impact on business (Leamer, 
2015) and housing cycles (Augustyniak et al., 2014). Finally, a falling price of credit 
is one of the major determinants of house prices (Leszczyński and Olszewski, 2017). 
In consequence, monitoring credit is especially useful once nominal interest rates are 
low and close to their zero lower bound. The monetary mechanism plays a relevant 
role in understanding the phases of business cycle (Osińska, et al., 2018).

The chapter is organized as follows. The first section discusses the literature on 
the linkages between credit and house prices. The second section presents the data, 
followed by a CWT methodology in the third one. The fourth section discusses the 
empirical findings and policy recommendations.

1. Literature review

Dursun-de Neef (2018) evidenced that the reduction in bank real estate loans 
decreased house prices in the United States during the 2007–2009 global financial 
crisis. Cesa-Bianchi, Cespedes and Rebucci (2015) find that the international 
supply of credit influences house prices much stronger in emerging economies 
than in the advanced ones. It makes the kind of analyses presented in the chapter 
particularly interesting for Poland. According to the afore-mentioned findings, 
we may expect a stronger impact of credit on house prices in Poland than in more 
advanced economies.

The second group of empirical studies argues that the direction of causality goes 
the opposite way: that is from house prices to credit (Ramcharan and Crowe, 2013). As 
follows from the credit price effect, an increase in real house prices stimulates economic 
activity and a demand for credit by raising the value of collateral and lowering the 
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borrowing costs. The subject literature typically shows that the wealth effect of housing 
is greater than in case of financial assets (Wachter and Yogo, 2010; Bostic et al., 2009).

Finally, the third group of studies points to a variable, self-reinforcing or bidirectional 
linkage between credit and house prices (Ryczkowski, 2019b; Anundsen and Jansen, 
2013; Fitzpatrick and Mcquinn, 2007). Ultimately, the three groups of empirical 
findings point to the diversified directions of causality. The plausible explanation for 
the allegedly inconsistent findings is that the time and frequency content of credit and 
house prices changes over time. Therefore, methods like CWT appear to be especially 
useful to solve the investigated riddle. The reason is CWT’s efficiency in identifying 
damping in the dynamic systems.

The role of credit, money and its creation process has increased in the conduct and 
design of monetary policy since the 2007 global banking crisis (Ryczkowski, 2019c; 
Sławiński, 2019; Rzońca, 2014; McLeay et al., 2014). The empirical evidence shows 
that the volume of credit is not always optimal (Keen, 2015). A suboptimal amount 
of liquidity may create costs that are not easily detectable by the new Keynesian 
models (Ciżkowicz and Rzońca, 2017). One of the many consequences includes 
changes in house prices due to the international supply of credit (Cesa-Bianchi et al., 
2015; Belke et al., 2008). Indeed, large and sharp changes in outstanding credit have 
important implications for financial stability (Cohen et al., 2017).

2. Data

The quarterly data for Poland span from the first quarter of 2010 until the first 
quarter of 2019. The time series come from the Bank of International Settlements 
(BIS) (Figure 1). Therefore, the time series are comparable with statistics available for 
other countries from the BIS Statistics Warehouse.

I use the index (2010 = 100) for real residential property prices. I assume that bank 
credit is credit from banks to private non-financial sector at market value expressed 
in percentage of GDP and adjusted for breaks by BIS. To robustify the findings, I define 
credit as credit from all sectors to Households & Non-profit institutions serving 
households at market value expressed in percentage of GDP and adjusted for breaks 
by BIS. To calculate the wavelets, I seasonally adjust the data with X-13 ARIMA and take 
the natural logarithm of the data.
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Figure 1.  Time domain representation of a real house price index and credit expressed 
in percentage of GDP, Poland from 1Q 2010 to 1Q 2019
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Note: the figure presents seasonally unadjusted data.

Source: own study based on BIS data.

3. Methodology

I follow the methodology of Ryczkowski (2019a). I use modified functions from 
the ASToolbox (Aguiar-Conraria and Soares, 2013) and the cross wavelet and wavelet 
coherence toolbox for MATLAB (Grinsted et al., 2004).

CWT of the square-integrable signal g can be defined as (1):

 CWTg a, b( )= 1
a −∞

+∞

∫ g t( )ψ t − b
a

⎛
⎝⎜

⎞
⎠⎟dt , (1)

where ψ  is the analyzing wavelet; a > 0 is the scale parameter, and b is the translation 
parameter. I apply the typical complex Morlet wavelet as a mother wavelet (Grossmann 
and Morlet, 1984). Wavelets are ‘small waves’ which are specific functions that integrate 
to zero and have a unit energy (Bruzda, 2013). They can be stretched so that we have 
an optimal time-frequency resolution with respect to the Heisenberg inequality.

To analyze the co-movements between the dynamics of credit and house prices, 
I use the wavelet coherency (2):

               K xy
2 a, b( )= s XWTxy a, b( ){ }

s CWTx a, b( ){ }s CWTy a, b( ){ } , (2)
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where S denotes a smoothing operator in time and scale, x and y are two signals 
standing for house prices and credit, respectively. We have: x, y∈L2 R( )  and 
XWTxy a, b( )=CWTx a, b( )CWTy a, b( ), where XWT stands for the cross wavelet transform.

The wavelet coherency is similar to a correlation coefficient in the time-frequency 
domain. It can be interpreted similarly to the dynamic conditional correlation analysis 
and to the conventional correlation coefficient. The coefficient ranges from zero 
to unity, which stands for no co-movements (blue color) and for perfect co-movements 
(yellow color), respectively. The co-movements that are statistically significant are 
marked with black contours. The U-shaped black curved lines mark the interpretable 
area. The area outside these lines ought to be interpreted with caution because of zero 
padding (Mallat, 2009).

Finally, I use the wavelet phase spectrum:

   xy a, b( ) = atan
I XWTxy a, b( ){ }
R XWTxy a, b( ){ }

, (3)

to visually present the lag between the dynamics of house prices and credit. In 
equation (3), φxy a, b( )∈(−π ,π , I and R are the imaginary and real arts of a complex 
number, respectively. The function ‘atan’ is the four-quadrant inverse tangent. An arrow 
pointing right/left means that we have positive/negative instantaneous co-movements 
between the changes in house prices and credit. An arrow pointing up/down means 
that the changes of house prices are leading/following changes of credit by π/2.

3. Results and policy recommendations

CWT detected significant and strong co-movements between changes in real house 
prices and changes in both definitions of credit expressed in percentage of GDP in the 
medium-run that is for about a four years cycle (Figure 2). In other words, significant 
house prices and credit co-movements appeared in Poland in the middle of a typical 
business cycle. A typical business cycle usually lasts from 1.5 year to 8 years. In the time 
horizon shorter than 4 years, CWT found no significant co-movements.

The co-movements are more pronounced in case of bank credit, since they span 
over the entire investigated time period from 1Q 2010 to 1Q 2019 for the four years 
cycle. Nevertheless, the interpretable area is limited by the so-called ‘cone of influence’ 
to the time period from 1Q 2012 to 1Q 2016. Areas outside the U-shaped lines ought 
to be interpreted with caution, because of zero padding on the boundaries.

The significant co-movements of real house prices and credit at the four years 
cycle are positive (arrows are pointing right). The direction of causality goes from 
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changes in real house prices to credit developments (arrows are pointing up) over 
the investigated time span (Figure 2).

Figure 2.  The direction of causality and the co-movements between house prices and credit 
in Poland from 1Q 2010 to 1Q 2019
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Note: statistically significant co-movements are marked with black contours for a significance level of α = 0.05. Strength 
of the co-movements varies from zero (blue color) to unity (yellow color). Arrows present the relative lag [right arrow: 
positive instantaneous co-movements; left arrow: negative instantaneous co-movements; arrow up: house prices are 
leading credit; arrow down: house prices are following credit by π/2]. Areas outside the U-shaped curve may be distorted 
by zero padding and should be interpreted with caution. In the tests of significance I assume constant AR (2) background 
spectra. The number of bootstrap samples: 1,000.

Source: own study based on BIS data.

CWT findings suggest that house prices are a good leading indicator of an 
incoming credit boom. Rising house prices through the wealth effect or through 
a growing value of a collateral or appreciation of a currency (in case of an inflow of 
liquidity from abroad) encourage more lending. In Poland, the relative lag between 
growth of house prices and a growth of credit boom lasts approximately 1/3 of a cycle 
(four-five quarters). It is a time for policymakers to apply counter measures to avoid 
uncontrolled credit expansion in the future. Policymakers can use the macroprudential 
policy to considerably decrease the amplitude of future credit fluctuations (Brzoza-
Brzezina et al., 2015). A lower amplitude of future credit expansion will weaken the 
self-reinforcing effects between credit and house prices. Imposing credit constraints 
when house prices are booming should, therefore, increase the chances to prevent 
the build-up of unsustainable house price boom in the medium-run3.

3 The results of the analysis for M3 and house prices (available upon request) were to a large extent analogous 
to  the ones presented in  Figure 2a. The major difference was that broad money is leading house prices 
at the four years cycle frequency over the entire horizon investigated supporting the medium-run and 
time-invariant liquidity hypothesis on the Polish housing market. Additionally, positive instantaneous 
co-movements appeared at the two years cycle from 2015 onwards.
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Now, let me explain how the results should not be interpreted. CWT provided no 
evidence of significant co-movements of real house prices and credit in the horizon 
shorter than four years cycle. According to the wavelet findings, it is not justified to use 
solely the short-run dynamics of credit to forecast a house price boom. As presented 
on Figure 2, the direction of causality goes the other way round and with a lag. A better 
‘leading indicator’ of house price growth would be thus a house price growth itself, 
and not credit growth. Similarly, as suggested by Woodford (2008), a more preferable 
leading indicator of rising consumer inflation is growth of consumer inflation, and 
not a monetary aggregate.

Conclusions

The chapter applied continuous wavelet transform to solve a riddle whether a) 
it is the GDP adjusted bank credit that is leading real house prices or b) real house 
prices are leading bank credit in Poland. The analysis spans from the first quarter of 
2010 to the first quarter of 2019. The riddle is relevant because credit and house prices 
have a substantial impact on a business cycle. Additionally, credit and house prices 
are interconnected and their developments affect welfare. The novelty lies in the first 
application of the continuous wavelet transform to analyze the linkages between the 
dynamics of credit and house prices in Poland.

I found significant, positive and strong co-movements between the changes 
in real house prices and credit at a four years cycle. Real house prices were leading 
credit developments over the entire time span investigated. I evidenced no significant 
co-movements for cycles shorter than four years. I interpret the results that rising house 
prices encourage more lending. The incentive for more lending may come through the 
wealth effect, a growing value of a collateral or appreciation of a currency (in case of 
an inflow of liquidity from abroad). However, once house prices accelerate, the credit 
expansion will not appear simultaneously. Households need time to realize that their 
wealth has increased and mortgage procedures typically require some time, too. The 
evidenced lag (that is four-five quarters) between house price growth and subsequent 
credit expansion buys time for policymakers to avoid uncontrolled credit expansion 
in the future by using macroprudential policy.
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