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Abstract: The use of cashless payment instruments has been on an
increase over many years now. At the same time, demand for cash
has been on the rise as well and we can observe a particularly high
level of growth demand for banknotes during crisis times. The in-
crease in demand for cash known as the "banknote paradox” is a
phenomenon observed in many economies. It results from the exist-
ence of two streams of demand for cash - transactional and precau-
tionary, and the differences in the directions of their changes from
the point of view of the central bank and other entities involved in
cash transactions, since it enables the optimization of cash supply
management, which allows, on the one hand, to reduce the costs of
cash processing and, on the other hand, to improve the effectiveness
of monetary policy. This paper estimates the share of the transac-
tion demand for cash with the aggregate demand. The strength and
direction of the impact of selected macroeconomic and behavioural
factors (uncertainty caused by the Global Financial Crisis and the
Pandemic Crisis) on transaction and precautionary demand for cash
were also assessed. A novel approach to the problem of demand for
cash is based on considering the impact of macroeconomic shocks in
the form of crises on the demand for cash.

Keywords: demand for cash, supply of cash, central bank, crisis.
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1. Introduction

For many years, cashless payment instruments have seen an increase in use. At the
same time, cash demand has been on the rise as well. We can especially observe
high levels of growth demand for banknotes during crisis times - both a finan-
cial crisis, like the Global Financial Crisis 2007+, and natural, like the on-going
Pandemic Crisis. This increase in the level of banknote circulation, as shown by
the results of many studies (Lalouette and Esselink, 2018; Rosl and Seitz, 2021), is
connected to non-transactional use of cash, but cash is still an important means
of payment (Lalouette and Esselink, 2018). In many countries, this effect has re-
sulted in the growth of banknotes in circulation being higher than the growth
of nominal GDP. In the EU, for example, the ratio of banknotes in circulation to
nominal GDP growth rose from 7.9% in 2008, to 10.5% in 2018, with the maxi-
mum difference in growth dynamics being in 2008 and 2009 (- 100 b.p.).

Changes on the demand for cash (especially for banknotes) and determinants of
these changes are important from a central bank point of view. Cash is the retail
equivalent of reserves of banks (Bailey, 2009) and is an important determinant
of central bank activity. The main aim of monetary policy is to influence the
real sphere of the economy by shaping liquidity within the monetary market. To
properly fulfil this task, the central bank should anticipate and adequately re-
spond to changes in demand for cash. This practice could be especially important
during crisis, when cash is treated as a safe haven and stored.

Central Banks are interested in knowing the structure of demand for banknotes.
This interest is especially so with regard to the proportion of banknotes in circu-
lation and that used in everyday transactions. The hoarding of banknotes is im-
portant because it is connected with the impact of the power of monetary policy
(Assenmacher, Seitz and Tenhofen, 2017). Additionally, if more banknotes are
used as stores of value, the demand for cash is less variable. Indeed, in a zero low-
er bond environment, the alternative cost of using cash decreases. The structure
and level of banknotes in circulation is also important from the point of view of
other stakeholders such as banks, cash processing firms and commercial outlets.
In the scale of the whole economy, cash in circulation generates costs that are
estimated to be 1% of a country’s total GDP (Shmiedel, Kostova and Ruttenberg,
2012; Alvez Lluberas and Ponce, 2020).

In many countries (in Poland especially), cash is a dominating and hence, very
important element of the monetary aggregate. Cash participation in the M1 ag-
gregate is about 20%, in M2 - about 18% and in M3 - about 17.5% (NBP, 2021).
Hence, analysing the determinants of level of cash (which is equivalent to the
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determinants of the demand for money) is important in the research of monetary
aggregate and monetary policy.

The research of demand for cash determinants is also important in the context of
acceptance of different means of payments in the retail payment system and the
future introduction (or not) of central bank digital currencies.

The research carried out so far on the demand for cash, and in particular on its
determinants, took into account macroeconomic factors derived from the Bau-
mol and Tobin model (Baumol, 1952; Tobin, 1956). Among them are GDP, inter-
est rate, and exchange rate. The innovative contribution of the presented research
is the inclusion of an additional behavioural factor, which is the uncertainty re-
sulting from macroeconomic shocks related to the financial and economic cri-
sis. An additional value of our work is related to the analysis of the impact of
macroeconomic and behavioural factors separately for different denominations
of banknotes that represent different types of demand for cash - transactional
and precautionary. This is our unique contribution to the development of the fi-
nancial discipline in its aspect related to the circulation of money in the economy.
It also allows the combining of classical theories of money with the concepts of
behavioural finance.

1.1. Money, cash, banknotes

The main, basic functions of money are to serve as a universal means of payment
and as a storage of value (Duwendag, Ketterer, Kosters, Pohl and Simmert, 1996).
Money, so as to perform the function of a store of value, should be stable in value
and the purchasing power of money should be constant. The function of money
being a universal means of payment is the best realized by monetary aggregate
M1, which includes currency in circulation and demand deposits. Normally, the
M1 aggregate is not a good means of discerning money as a store of value. Tra-
ditionally, the M3 aggregate performs that function better - but sometimes, in
special situations, cash is treated by holders as stores of value and therefore is
hoarded.

Cash in circulation consists of three components (Zamora-Perez, 2021). Cash:

o held for transaction - retail private transaction at point-of-sale, in vend-
ing, ticketing and gaming machines, cross-border shopping;

o stored domestically;

« held as means of payments and as a store of value abroad.
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Cash in circulation consists of coins and banknotes. Due to the differences in
volumes, only banknotes are analysed and identified with cash. In that approach,
banknotes perform the function of being a means of payment or a store of value.

Banknotes, with regard to their function as stores of value, are hoarded. Hoard-
ing is defined as all possible uses of cash, apart from domestic transactions (As-
senmacher, Seitz and Tenhofen, 2019). It is difficult to measure the number of
banknotes in circulation that are held as means of payments or as stores of value
(Lalouette and Esselink., 2018). We can, however, estimate this on the basis of
the level of transactions realized in cash. In surveys that Esselik and Hernan-
dez (2017) conducted on a sample of household use of money in 13 countries in
Europe, 79% of all transactions were in cash - or 54% of the volume of all type
of transactions, but in Spain, Italy and Greece these figures were between 90%,
- 70%. Bagnall et al. (2016) discovered in their research that the level of cash
payment is determined by the amount of transactions, the demographic char-
acteristics of consummates and the availability and costs of POS. Swiecka, Tere-
fenko and Paprotny (2021) present the wide spectrum of determinants of cash
payments. They include:

o transaction factors — amount of transaction, place of purchase, types of
goods/services that are purchased;

o features of payment instruments — costs of use, security, convenience;

« levels of consumer satisfaction connected with employing a payment in-
strument;

« consumer demographic factors — age, gender, education level;

« financial knowledge about payment instruments;

e consumer economic factors — income level, wealth;

o other factors — such as anonymity, merchants tendency to acceptance of
different payment instruments.

1.2. Determinants of demand for cash

Demand for cash can be defined as household desire and non-financial enterpris-
es state of cash resources (Duwendag et al., 1996). In recent years, the “paradox
of banknotes” has been observed in many economies. This phenomenon means
that the demand for cash (especially high nominated banknotes) increases, while
the use of cash in transactions decreases (Zamora-Perez, 2021; Bailey, 2009). In-
deed, Deutsche Bundesbank estimates that less than 10% of all banknotes circu-
late in transaction (Deutsche Bundesbank, 2016). In Japan, hoarded banknotes
are about 40% of the total volume of cash in circulation (Fujiki & Tomura, 2017).
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In many countries, demand for banknotes is stimulated by using them abroad,
especially as stores of value (Judson, 2017). Movement of banknotes abroad is
difficult to measure because there is no legal mechanism for the monitoring of
private transfers (migrant workers) outside the banking system. Bartzsch, Rosl
and Seitz (2013) researched foreign demand for euro banknotes in Germany.
They found that 60% of the cumulated net issuance of banknotes was hoarded
outside Germany. In the 1990s, Deutsche Bundesbank estimated than 30-40%
of all deutsche marks were circulated abroad (ECB, 2003). Engert, Fung and Seg-
endorf (2019), by way of survey, discovered that in countries (like Sweden) where
domestic banknotes are used only inside the country, the level of cash in circula-
tion decreases or stays stable (the Danish situation. The National Bank of Poland
suggested that their knowledge about the use of Polish banknotes as stores of
value abroad was still very small and that they did not know if foreign workers
employed Polish banknotes as a store of value so this possibility complicated the
estimations of demand for cash in Poland (NBP, 2020).

In the literature, many reasons for the high demand for cash are described (La-
louette et al., 2021). Some are connected with the financial system. These include:

o the lack of possibilities of collecting savings in credible institutions,

o the level of development of the payment system infrastructure and pos-
sibilities of realizing payments using different means of payment, not only
cash,

« financial system stability and past crises.

Using cash as means of payments is still popular in spite of the appearance of
new, modern, digital technologies and instruments of payments (Wong, Lau and
Yip, 2020; Swiecka et al., 2021). Transaction demand for cash and their determi-
nants were described by Baumol and Tobin (Baumol, 1952; Tobin, 1956). Accord-
ingly, optimal cash balance (demand for cash in transaction) is determined by:

o scale of transaction which is connected with output level in the whole
economy. This is especially true in the case of demand for low denomina-
tion banknotes (ECB, 2003);

o cost of using cash or different payment instruments, and

o risk - which is measured by nominal interest rate.

Nominal or real interest rates are the result of inflation level. The ECB has ob-
served (ECB, 2003) that in countries afflicted with high inflation, the average
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legacy banknote values® are lower than in countries experiencing low inflation
and low interest rates.

The possibilities of using cash as payment instruments are one of main determi-
nants of demand for banknotes (Alonso et al., 2018). Here, the demand is con-
nected with access to cash (number and availability of ATM and bank branches),
regulation (limitation of the transaction amount realised by cash), macroeco-
nomic environment (unemployment rate, inflation rate), cultural factors (shadow
economy, corruption) and digitalization (access to internet and mobile banking).

Use of cash for precautionary or speculative purposes is determined by uncer-
tainty (Miller and Orr, 1966; Tobin, 1958) and opportunity costs (ECB, 2003).
Uncertainty is related with future levels of interest rate and future cost of port-
folio adjustments. Factors determining precautionary and speculative demand
have positive (output, private consumption, retail sales) or negative (opportunity
cost) impacts.

Some determinants of using cash are connected with habits and levels of finan-
cial education and financial inclusion (Klapper and Singer, 2014; Newman, Tarp
and van den Broeck, 2014). In conditions of low interest rates (zero-lower bound),
cash becomes more attractive as a medium of payment and wealth storage, be-
cause the opportunity cost of hoarded banknotes decreases (Lifares -Zegarra &
Willesson, 2021; Assenmacher et. al., 2017).

Based on the considerations on the nature and determinants of the demand for
cash, the following hypotheses are formulated:

HI: The demand for cash is constantly growing and its dynamics are higher than
the dynamics of GDP, which indicates that it is not solely a demand for money for
transaction purposes.

H2: Demand for cash is determined by macroeconomic factors such as nominal
GDP, nominal exchange rate and nominal interest rate, but the strength of their
influence varies for different denominations of banknotes.

2 Average legacy banknote value is the relation between total cash value in circulation and total
number of banknotes in circulation.
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1.3. Crisis - demand for and supply of cash

In the XXI century, the global economy was affected by two serious financial and,
consequently, economic crises. The first was the Global Financial Crisis (GFC)
that began in 2007 and started to have impact in the autumn of 2008, after the
Lehman Brothers bankruptcy spread to the entire world’s financial markets. The
second crisis is connected with the SARS-CoV-2 pandemic. It started in the early
spring of 2020 and it is still being felt. Both crises affected not only the financial
market and the real economy, but also the supply and demand for cash.

In order to counteract the effects of the crises, the central banks of many coun-
tries put into practice expansionary monetary policies (Kozinska, 2022). Thus,
both during the GFC and during the Pandemic Crisis, the first action taken by
central banks was to decrease the interest rate to levels near zero (unless it was
already at this level, as with the EBC interest rate before the Pandemic Crisis).
That meant changes in the opportunity cost of hoarded banknotes, which is one
of the determinants of demand for cash.

Another important factor affecting demand for cash was increase uncertainty.
During GFC, uncertainty was connected with the destabilization of financial
sector, especially the bank sector. Many banks had problems with liquidity and
decline in customer confidence. In spite of the European system of deposit guar-
antee, in the first phase of crisis, customer confidence was weak as low levels of
guarantee were offered in many member-nations.

The on-going Pandemic Crisis has little direct connection with the global finan-
cial system and banking sector. It is the result of unpredictability of the further
development of the epidemic and its impact on the economy. In the crisis, how-
ever, doubts about possibilities of transmission of the disease through banknotes
or credit cards appeared. As a reaction, central banks were quick to inform the
population of the low probabilities of infection by this way.

Restrictions introduced during the Pandemic Crisis (isolation, lock dawns etc.),
however, have had impact on the increase of e-commerce and the popularisa-
tion of cashless means of payment (especially by using Internet, mobile banking,
credit cards). These factors have influence on the transaction demand for cash
(Maniszewski, 2021; Dannenberg, Fuchs, Riedler and Wiedeman, 2020).

During both the Global Financial and Pandemic crises, demand for banknotes
saw increase (Assenmacher et al., 2017), but only large denomination banknotes
were/are being hoarded. Franses and Kippers (2007) studied the denominational
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structure of the Euro as used in transactions. They found that non-denomination
is preferred in everyday transactions. It should be noted that research undertaken
by Bissoondeeal, Kargolou and Binner (2019) shows that the use of unconven-
tional measures of monetary policy during the GFC would have been more eftec-
tive if money was not being hoarded.

In connection with the study of crises impact on the demand for cash, two hy-
potheses are formulated:

H3: Crises affect the demand for cash, but only with regard to some denominations
in a significant way.

H4: The impact of the Pandemic Crisis on the demand for cash due to the higher
level of uncertainty associated with it is greater than that of the Global Financial
CTisis.

2. Research

2.1. Methodology

In the current literature, we can find two main currents of analysis. One is con-
nected with the estimation of transaction and precautionary demand for cash
(banknote use as means of payment and hoarded banknotes) from figures of
whole cash in circulation. The second aims to construct a model that describes
the force and direction of impact of different determinants of demand for cash.
It is worth noting that in all studies, demand for cash is analysed in separate
groups of banknotes — low, medium and high denominations. Such an approach
avoids dealing with the substitution effects connecting with the withdrawal and
the introduction in circulation of different denominational banknotes (Assen-
macher et al., 2017). Additionally, low denomination banknotes are rather more
often used to realize transactions, but high denomination banknotes are usually
hoarded. However, some denomination banknotes (middle, in Poland, the 50 and
100 zloty bank notes) are used to realize transaction and are also hoarded, thus,
these are analysed separately.

Researches concentrated on separating the different types of demand for cash
have transaction demand for banknotes as the starting point. There are many
methods of estimating transaction demand. Assenmacher et al. (2017), Rosl and
Seitz (2021) and Engert et al. (2017) propose estimation by comparison with a
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benchmark®. The main difficulty in applying this approach is finding benchmark
countries. Otani and Suzuki's (2008) proposed method assumes that the struc-
ture of banknote denominations is stable. Accordingly, all deviations, especially
increases in the structure of high denomination banknotes, are effects of an in-
crease in hoarding. The problem in this type of estimation is choosing the base
year (benchmark year) in which banknote structure is “clear” of? atypical de-
mand. Further weaknesses are connected with not including the impact of infla-
tion, output level changes or changes in consumer behaviour and their prefer-
ences in choosing means of payments. Others methods of estimating transaction
demands are:

o lifespan methods (Assenmacher, Seitz and Tenhofen, 2019). These assume
that low denomination banknotes used as means of payments have shorter
lifespans than hoarded banknotes. By using data about the lifespan of low
denomination banknotes, we can estimate the whole demand for cash as
means of payments in all denominations;

« seasonal approaches (Assenmacher et al., 2019; Otani and Suzuki, 2008).
These assume that hoarded demand is stable and all deviation are the ef-
fects of seasonable changes in demand for means of payment (esp. low de-
nomination banknotes).

Models are constructed through applying linear regression (Assenmacher et al.,
2017; Rosl and Seitz, 2021). Estimations of model-explained determinants of de-
mand for cash are connected with choosing appropriate independent variables.
The spectrum of these, unfortunately, is not very extensive. In all researches, real
or nominal GDP is included. The variables representing opportunity costs of cash
are usually interest rate (risk-free rate as 10-year bonds) or retail bank deposit
rate. In most models, nominal exchange rate is included partially as opportunity
cost representation and partially as influence of foreign demand.

2.2. Data

After a period of high inflation (in 1990s), in 1995, in Poland, the process of de-
nomination was realized. Five denominations of banknotes (10, 20, 50, 100 and
200 zloty) and eight denominations of coins were introduced into circulation.
Initially, due to their availability in ATMs, 10, 20, 50 and 100 zloty dominated
banknotes in circulation, and the 200 zloty banknote was used less often. In 2017,

* Benchmark is demand for cash in countries similar in cash aspects to countries covered by the
study, but without the hoarded cash phenomenon.
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the 500 zloty banknote appeared in circulation. At the same time, the 200 zloty
became more popular (as it started to be distributed by ATMs). In this research,
we concentrate only on banknotes as the main part of cash in circulation. The
problem of demand of coins, especially of low denomination, is also very interest-
ing and it can be the subject of other research.

Data about volume of banknotes in circulation has been published by the Nation-
al Bank of Poland since 2007. However, only information about global volumes
and number of banknotes is provided. No information is available on differentia-
tion in cash use in transaction and storing. Fig. 1 and 2 present information about
level and structure of cash in circulation in Poland in the years of 2007 to 2020.

Figure 1: Banknotes in circulation - volume
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—— Total ====500volume =———200volume ====100volume = 50volume 20 volume 10 volume

Source: NBP, 2021

Asindicated in the supplied figures, the value of cash in circulation was enhanced
in the analysed period - from about 74 to 316 billion zloty (according to the cur-
rent exchange rate, from 19 to 68 billion euro). Wherein the value of 10, 20 and
50 zloty in circulation were stable, that of 100, 200 and 500 zloty increased. If we
analyse the structure of the banknotes in circulation, we can observe the increas-
ing participation of 200 and 500 zloty (high denomination) bank notes and a
notable stability of the 100 zloty bank note. At the same time, the participation of
low denomination banknotes (10 and 20) and 50 decreased. Preliminary analysis
allows us to conclude that high denomination banknotes, normally used as stores
of value, had an increasing role in circulation, while the share of 10 and 20 bank-
notes in total low denomination banknotes and that of the 50 zloty banknote
normally used as means of payment declined.
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Figure 2: Banknotes in circulation - structure
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In Table 1, we present descriptive statistics of the dynamic volume of banknotes
(year to year). In the analysed period of time, the mean increase of banknotes
in circulation was about 11.2%. It is worth underlining that the maximum was
above 35%. The mean dynamic of the 200 zloty bank note was higher - 15.2%
(with maximum of above 60%). In contrast, the mean dynamic of low denomi-
nation banknotes was low — about 5%. Furthermore, the mean dynamic of the
50 zloty bank note was very low (2.8%), which can mean that the role of that
denomination, both as means of payment and as a store of value, was decreas-
ing. Of note, the mean dynamic of the 100 zloty bank note is nearly equal to the
mean of total volume, which complicates the interpretation of the role of that
denomination.

Table 1: Descriptive statistics - cash in circulation dynamic

Descriptive statistics

variable
sample Mean Min Max Sd
Total 54 0.112031 -0.024298 0.354344 0.074987
500 14 1.167919 0.465772 5269396 1.252904
200 54 0.152002 -0.087743 0.601680 0.138427
100 54 0.095644 -0.014267 0.221931 0.057800
50 54 0.028084 -0.073461 0.211408 0.059783
20 54 0.050976 -0.051607 0.170440 0.046243
10 54 0.042750 0.004178 0.074868 0.014260

Source: Author’s own calculations
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To identify changes in demand for cash, two ratios are used. The first is the meas-
ure of volume of banknotes in circulation as compared to GDP (Fig. 3). The sec-
ond measure is the volume of banknotes in circulation to broad money (M3 - Fig.
4). A similar approach was used by Zamora-Perez (2021) to identify the demand
for banknotes in the euro area. We can see from the figures that the cash to GDP
ratio had systematically increased, from 6.88% to 13.6% (Fig. 3). Taking into ac-
count the above-presented interpretation of the structure of banknotes in circu-
lation, it can be concluded that the use of banknotes as a means of storing value
was increasing. This is confirmed by the analysis of cash to M3 ratio - in the first
period (2007 - 2013), which was decreasing, and in the second period (from 2013)
when it was increasing (Fig. 4).

Figure 3: Cash to GDP ratio Figure 4: Cash to M3 ratio
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12.0%
10.0% 16.0%
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Source: author’s own calculations. Source: author’s own calculations

The presented calculations allows to verify hypothesis 1 that demand for cash is
increasing faster than nominal GDP. This relationship has confirmation in the
supplied data.

It is interesting to observe the cash to GDP ratio as calculated for different de-
nominations of banknotes (Fig. 5). We find that the ratios had increased for high
denomination banknotes and the 100 zloty bank note, but for low denominations
and the 50 zloty banknote, this was stable. This confirms, in the light of the quan-
titative theory of money, that low-denomination notes are used for transaction
purposes, but high-denomination notes are used as stores of value.
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Figure 5: Cash to GDP ratio - banknotes by denomination
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The cash to GDP ratio calculated for different denominations therefore allows
the verification of the statement contained in hypothesis H1 - that increase of
demand for cash is not solely connected with transaction purposes.

2.3. Variables

To verify the hypothesis H3 and H4, several variables were chosen. All were treat-
ed as independent variables. The dependent variable was demand for cash - as
measured as volume of banknotes in circulation.

Gross Domestic Product, as a measure of the size of the national economy, is an
important factor affecting cash demand. On the basis of the quantitative theory
of money, GDP is the main determinant of transactional demand for cash. The
size of the economy affects the number and volume of transactions. Demand for
cash as a means of value (transactional demand) is strongly connected with the
size of trade. There are, however, many another factors that determine the use of
cash in transactions (such as payment habits, structure of the financial system,
financial instruments, etc.).

A country’s nominal exchange rate explains the part of demand for cash as a
means of value - from abroad and domestically. Depreciation is usually con-
nected with decrease of demand for domestic currency banknotes. In contrast,
appreciation positively affects demand for currency from abroad. Most foreign
transactions in Poland are settled in euros, so the “zloty-euro’ exchange ratio is
used in the described models.
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Interest rate is the main component of cash hoarded cost. The level of interest
rate determines the structure of monetary aggregates, especially M1 (cash and
short-term deposits). In countries (such as Poland) with financial systems that are
dominated by the banking sector, the household bank deposit interest rate is the
most appropriate tool for estimating demand for cash.

Both the Global Financial Crisis and the Pandemic Crisis had significant impacts
on the economy and the financial system. Destabilisation of the financial system
and the economy as a whole and the resulting uncertainty could be important
factors influencing the level of hoarded cash. During crises, confidence in the
banking sector decreases and households hoard cash as they are afraid of prob-
lems with the availability of cash. Uncertainty connected with the future situa-
tion also prompts the hoarding of cash as a safe financial asset. Table 2 lists all
the independent variables.

Table 2: Independent variables

Variable Definition Direction of impact
GDP Gross Domestic Product in quarterly nominal value 4
Exchange Rate Nominal exchange rate zloty/euro "+
Interest rate Household bank deposit interest rate
Crisis The occurrence of a crisis — variables “+
2.4. Models

2.4.1. Estimation of transaction and precautionary demand for cash

To estimate demand for cash as a means of value (transactional demand), differ-
ent approaches are adopted (Schmiedel, Kostova and Ruttenberg, 2012). There are
two methods that are used most often. The first was proposed by Otani and Su-
zuki (2008). This approach assumes that structure of cash in circulation in trans-
actional use is stable, and all deviations are connected with changes in hoarded
money. This is especially true with regard to high denomination banknotes.

To verify hypothesis

HI: The demand for cash is constantly growing and its dynamics are higher than
the dynamics of GDP, which indicates that it is not a solely a demand for money for
transaction purposes.
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Two models are used. The starting point for analysis was the structure of bank-
notes in circulation in 1Q2007. This was the time before the GFC when the fi-
nancial system (and economy) was in equilibrium. The structure of banknotes in
circulation as of 31-03-2007 was, therefore, accepted as a benchmark. The estima-
tion was prepared for the following groups of banknotes:

o first - high denomination banknotes - 500 and 200 zloty,
« second -- 100 zloty banknote,

o third -50 zloty banknote,

o fourth -20 zloty banknote, and

« fifth -10 zloty banknote.

The listed structures are presented in Table 3.

Table 3: Structure of banknotes in circulation as of 1Q2007

Group of banknotes 500&200 100 50 20 10
Share 24686 62.695 9519 1.685 1415

Source: Author’s own calculations

In the next step, the obtained hypothetical structure was used to calculate the
volume of each denomination in the assumed real total banknote volume. The
following formula was employed in the estimation:

EDlt - Sl * TDt
where:

ED;, - estimated demand for i denomination banknote in t time
S; - i - denomination banknote share in 1Q2007

TD; - total demand for banknotes in ¢ time.

The obtained results were subsequently compared to the observed volume for
each banknote. Because the 500 zloty banknote was introduced in circulation in
2017, the assumption that it represents hoarded demand was made. The second
assumption was that a combined treatment demand existed for the 200 and 500
zloty banknotes. The results of the structure estimation are presented in Figs.
6-10. Deviation on estimation was calculated as follows:

EDlt - ODlt

Devit = ED.
it
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where:
Dev;, - deviation of estimation for i denomination banknote in ¢ time
EDj; - estimated demand for i denomination banknote in t time

OD;; - observed demand for i denomination banknote in ¢ time.

Deviation estimated and observed demand are presented in Fig. 11.

Figure 6: Estimated demand - banknotes Figure 7: Estimated demand - banknote
500 & 200 zloty 100
160,000 250,000
140,000
20000 200,000
100,000 150000
80,000
60,000 100,000
40,000 50000
20,000

0

—— Estimation 500 +200  —— Data 500 + 200 — Estimation 100~ = Data 100

Source: Author’s own calculations Source: Author’s own calculations

Figure 8: Estimated demand - banknote 50 Figure 9: Estimated demand - banknote 20

35,000 6,000
30,000 5,000
25,000 4,000

20,000
3,000

15,000
10,000 2000
5,000 1,000

0 0

—— Estimation 50 —— Data 50 —— Estimation20 ~ ———Data 20

Source: Author’s own calculations Source: Author’s own calculations
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Figure 10: Estimated demand - Figure 11: Deviation - estimated vs.
banknote 10 observed demand
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The estimation carried out with this method confirms the conclusions flowing
from the assessment of the structure and dynamics of demand for banknotes.
We found that the observed demand for low denomination banknotes (as used in
transactions: 10, 20 and 50 zloty) was lower than estimated demand. Hence, the
demand for banknotes as means of payment decreased in the analysed periods.
We also found that the observed demand for banknotes of 500 and 200 zloty was
higher than estimated. Thus, the demand for banknotes for use as a store of value
increased in the analysed periods. In the case of the 100 zloty banknote, we did
not notice significant differences between observed and estimated demand.

The second of the applied methods of estimating the transaction demand for cash
uses the frequency rate of return. Frequency rate of return is the quotient of a
volume of banknotes lodged at the central bank by banks and other entities in
the last four quarters, to the average volume of banknotes in circulation in an
analogous period of time. A similar approach was used by Anderson (1977) and
Assenmacher et al. (2017). It is based on the assumption that low denomination
banknotes are usually used only in transactions. Therefore, the frequency rates of
return of such denominations are typical for whole cash use and serve as meas-
ures of volume of use. We can, thus, calculate the transactional demand for cash
using the frequency return ratio of low denomination banknotes. The National
Bank of Poland has published frequency return ratios from 2016 onwards in year-
ly periods. The published frequency return ratios for banknotes are presented in
Table 4.
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Table 4: Frequency return ratio

Year 10 20 50 100 200 500
2016 1.00 1.20 230 1.00 0.72 0.00
2017 090 1.40 2.10 0.90 0.74 030
2018 082 135 205 0.89 072 0.16
12019 076 127 2.10 0.85 067 0.10

‘mean 0.870 1305 2.138 0.910 0.713 0.140

Source: Author’s own calculations

The estimation of total demand for banknotes was calculated using the following
formula:

Z ODye * frry
frea
where:
OD;; - observed demand for i denomination banknote in ¢ time

frri - frequency return ratio for i denomination banknote in ¢ time

fr1, - mean frequency return ratio for the chosen denomination.

By using the mean frequency return ratios for 10, 20 and 50 zloty banknotes, we
estimated total demand for banknotes in circulation, and compared this with the
published data. Because the function of cash circulation dramatically changed in
the last few years (NBP, 2018), we have estimated the demand for banknotes in
the years between 2016 and 2020. The results of research are presented in Table 5.

The estimation carried out with this method allows establishing the transaction
demand. To ascertain this, we used the mean frequency return ratio for low de-
nomination banknotes, as these are probably used as means of payment and,
hence, represent transaction demand. We found that using the mean frequency
return ratio for the 10 zloty banknote produces a result above the observed de-
mand. Because we know that observed demand contains transaction demand
and demand for banknotes as store of value, this estimation is considered false. It
is an interesting observation that the mean frequency return ratio for the 10 zloty
banknote (which is obviously a transactional banknote) turned out to be the best
predictor of transaction demand. An interesting direction of research could be to
explain the reasons for this state of affairs.
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Table 5: Estimation of demand for banknotes as compared with observed demand

Year Estimated Observed Observed - estimated ~ Observed/estimated
demand demand demand demand (%)
10 zloty frequency return ratio 0.870
2016 236 359.38 182 975.21 -53384.17 7741
2017 23093055 193 950.16 -36 980.39 83.99
2018 24290218 214 40297 -28 499.22 88.27
2019 285 587.48 233 356.10 -52231.38 81.71
2020 210696.30 316 044.44 105 348.15 150.00
20 zloty frequency return ratio 1.305
2016 157 572.92 182 975.21 25402.29 116.12
2017 153 953.70 193 950.16 9996.46 125.98
2018 161934.79 214 402.97 52 468.18 132.40
2019 167 945.90 233356.10 65410.21 138.95
2020 140 464.20 316 044.44 175 580.25 225.00
50 zloty frequency return ratio 2.138
2016 96 202.41 182 975.21 86772.79 190.20
2017 93992.79 193 950.16 9995738 206.35
2018 98 865.45 214 402.97 11553752 216.86
2019 102 535.39 233356.10 130 820.71 227.59
2020 85757.09 316 044.44 230 287.36 368.53

Source: Author’s own calculations

Using the mean frequency return ratio for the 20 and 50 zloty banknotes pro-
duced results below the observed demand. The observed differences could be
treated as demand for banknotes as store of value. We found that the volume
of hoarded banknotes (demand for banknotes as store of value) increased, espe-
cially in 2020, in the period of the Pandemic Crisis. This is consistent with the
results of other research (Zamora-Perez, 2021).

Both approaches allowed for a positive verification of the hypothesis H1 indicat-
ing that the observed increase of demand for cash is the result of hoarded bank-
notes, as the demand for banknotes as means of payment is lower than the entire
observed demand for cash.
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2.4.2. Regression

A regression analysis was applied to verify hypothesis

H2: Demand for cash is determined by macroeconomic factors such as nominal
GDP, nominal exchange rate and nominal interest rate, but the strength of their
influence varies for different denominations of banknotes.

The inclusion in the model of variables illustrating the impact of crises on the
demand for money also allowed for the verification of subsequent hypotheses.

H3: Crises affect the demand for cash, but only with regard to some denominations
in a significant way.

and

H4: The impact of the Pandemic Crisis on the demand for cash due to the higher
level of uncertainty associated with it, is greater than that of the global financial
crisis.

The general formula of the regression model is the following:
DV = ﬁo +311V+Si
where:

DV is a dependent variable vector reflecting factors influencing demand for
banknotes.

IV is an independent variables vector reflecting demand for banknotes.
B is a coefficient estimate for the independent variable.

&p is a random variable.

Regression analyses were prepared for all banknotes (cash) and for separate de-
nominations. Four groups of banknotes were analysed:

o first - high denomination banknotes — 500 and 200 zloty.

« second - 100 zloty banknotes.

o third - 50 zloty banknotes.

o fourth - the low denomination banknotes of 20 and 10 zloty.

This segmentation was decided because we assumed that only high denomina-
tion banknotes are hoarded. Moreover, the 500 zloty banknote was introduced
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to circulation later than the other banknotes. As we also adopted the notion
that low denomination banknotes represent transactional demand, these can be
grouped together for analysis. Of note: banknotes of 100 and 50 zloty could not
be uniquely assigned to either hoarded or transactional demand.

OLS regression results are presented in Table 6.

Table 6: OLS regression analysis results

Denomination of banknotes

Variables
500&200 zloty 100 zloty 50 zloty 20&10 zloty

GDP 1.313%** 0.9447% 0.274%*% 0.601***
(0.182) (0.098) (0.057) (0.061)

Exchange rate 1.197%* 0.979%** 0.241% 0.329*%
(0421) (0.226) (0.133) (0.140)

Interest Rate -7.236%%* -3.747%%% -0.210 -2.535%*%
(1.044) (0.560) (0330) (0.348)
GFC 0.1712%** 0.037* 0.008 0.028***
(0.030) (0.016) (0.010) (0010)

Pandemic Crisis 0.185%** 0.027 0.033* -0.010
(0.043) (0.023) (0.014) (0015)

F statistic 139.564*** 192.812%** 31.373%%* 172.382%**

R square 0.97 0.98 0.87 0.97

*p<0.1; ** p<0.01; *** p<0.001
Source: Author’s own calculations

To construct this regression model, we use three numeric independent variables
(GDP, exchange rate and interest rate) and two variables that take into account
the impact of crises — the Global Financial Crisis and the Pandemic Crisis. For all
denominations, except the 50 zloty banknote, R square is above 97%. For the 50
zloty banknote, the value is above 87%. All models largely explain the volatility
of demand.

We found that for all denomination groups, two variables (GDP and exchange
rate) had statistically significant impact on? demand. The weakest impact of
GDP variables was for banknote 50 and the strongest for the combined 500 and
200 zloty banknote group. The impact of exchange rate was strongest for high
denomination banknotes (the combined 500 and 200 zloty banknotes, and the
100 zloty banknote). Since the exchange rate explains the hoarded demand from
abroad, the results indicate that high denomination banknotes are hoarded. The
impact of interest rate is very interesting. There is not a statistically significant
impact on the 50 zloty banknote. On the other denominations, for this variable,
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impact is statistically significant and very strong - especially on the high denomi-
nations. As evidenced in the table, the Global Financial Crisis had impact on
demand for high denominations (500&200) and for low denominations (20&10).
In contrast, the impact on the 100 zloty banknote was not strong. The situation
was different in the case of the Pandemic Crisis. Here, the impact was statistically
significant and strong only for high denominations and was notably weak for 50
zloty banknotes.

The conducted analyses allowed for a positive verification of hypotheses H2, H3
and H4. Macroeconomic factors such as nominal GDP, nominal exchange rate,
and nominal interest rate determine demand for cash. However, some of these
determinants have statistically significant and strong influence only for high de-
nomination banknotes. This represents demand for cash as a store of value. The
effects of the Global Financial Crisis and the Pandemic Crisis proved statistically
significant only for high denominations, but the impact was weak. However, it
should be noted that the impact of the Pandemic Crisis on these denominations
was stronger. Moreover, while the GFC determined demand for low denomina-
tion banknotes, the Pandemic Crisis had little effect on them.

3. Findings and discussion

The conducted research allowed for the identification of many interesting results.
These concern the nature of the demand for banknotes - transactional or hoard-
ed, and the factors determining the demand for various denominations of bank-
notes. Our results correspond with the results of the researches of other authors
(ECB, 2003; Bailye, 2009).

Our first and main fundamental finding is that demand for banknotes has in-
creased and this growth rate is higher than the GDP dynamics. This indicates
that the demand for cash is not a demand for the notes for transaction purpos-
es. This is confirmed by our research on estimating the size of the transaction
demand. We found that the observed transaction demand (demand for low de-
nomination banknotes - 10&20 and 50 zloty) throughout the entire period of
the analysis increased more slowly than the estimated transaction demand for
these denominations. However, the works of Engert et al. (2019) and Lallouette
at al. (2021) indicate that in countries where the currency is local, its volume in
circulation decreases during crises. Our research does not support this conclu-
sion. According to the results of our analysis, during the time period researched,
the observed hoarded demand for high denomination banknotes (500 and 200)
increased faster than the estimated path of growth.
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In order to verify the obtained results, we conducted a study using a different
method of estimating the transaction demand. By doing so, we established that
in in the years of 2016 - 2020, observed demand for banknotes was higher than
estimated transaction demand for banknotes. A notably large difference was
found in 2020. Presumably, this was caused by the Pandemic Crisis. The study of
factors determining the size of the demand for banknotes confirms this assump-
tion. Other researchers have come to similar conclusions (Lallouette et al., 2021).

The second stage of the study of the demand for banknotes was an attempt to
estimate the strength and direction of the impact of selected factors. We saw that
nominal GDP is one of several factors that the impact on demand for all denomi-
nations is very strong. This result is expected and described by other authors. As
a result of his research, for example, Zamora-Perez (2021) discovered that growth
of demand for euro banknotes is higher than growth of GDP. This outcome sug-
gests that there are other determinants of demand for banknotes than the devel-
opment of economic activity.

The same case is with nominal exchange rate. The impact of this factor is strong
and statistically significant for all denominations. Other researchers have ob-
tained similar results (Bahmani-Oskooee, Halicioglu and Bahmani, 2017; Ny-
umuah, 2018). At the same time, it should be noted that the described factors
have the strongest effect on high denominations and 100 zloty banknotes, which
represent hoarded demand. The impact upon low denominations and 50 zloty
banknotes is statistically significant too, albeit weaker. This means that despite
the conclusions of the quantitative theory of money that GDP growth affects the
number of transactions in the economy and transaction demand for banknotes,
GDP growth has a stronger impact on hoarded demand. Because the nominal
exchange rate is connected with demand for cash as a store of value, the effect on
high denominations and 100 zloty is stronger than that upon low denominations
and 50 zloty banknotes.

Against the backdrop of low interest rates, the opportunity cost of holding cash
decreases. This outcome is one of the reasons for the increasing demand for cash,
which has become a store of value to a greater extent, (Zamora-Perez, 2021; Ragot,
2014; Ball, 2012). The analysis of the influence of interest rate on the demand for
banknotes leads to interesting conclusions. This variable is connected with the
alternative cost of cash. We saw that the interest rate impact on demand for each
denomination is very strong, but the strongest effect is on high denominations
and low denominations. We can interpret this observation as follows: low interest
rates mean low alternative costs of hoarded cash, so demand for high denomina-
tions increases. In the context of low interest costs, interchangeability between
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cash and deposit is strong, and households more often use banknotes than cash-
less instruments in transactions. Hence, the demand for low denominations in-
creases as well.

The influence of interest rate on the demand for 50 zloty banknotes, however,
was not statistically significant. This observation leads to the conclusion that this
banknote has a different nature than high denominations (hoarded) and low de-
nominations (transaction). If we analyse the variables effect on the demand for 50
zloty banknotes for the considered time period, we find that only nominal GDP
and nominal exchange rate and the Pandemic Crisis have statistically significant
impact on this. Thus, a significant difference between the employment and treat-
ment of this banknote exists to that of the other denominations. The 50 zloty
banknote, therefore, cannot be treated as high denomination nor as low denomi-
nation. This leads to the conclusion that despite the high degree of explaining
the variability of demand by the regression model, there are other variables, not
included in the study, influencing this demand.

An important element of our research is the taking into account of the impact of
uncertainty related to two crises — the Global Financial Crisis and the Pandemic
Crisis, as a behavioural factor, and their effect on demand for banknotes. We dis-
covered that the GFC had weak impact (but statistically significant) on demand
for high denomination and low denomination banknotes. This result is differ-
ent from expectations, because in literature, we found researches that describe
only a strong positive impact on high denominations (Assenmacher et al., 2017).
With regard to the Pandemic Crisis, we noted that it has a strong and statistically
significant impact only on the demand for high denominations. The specific situ-
ation during the on-going pandemic gives explanations to that observation. The
situation that has given rise to this effect is that the lockdown in the economy
has limited the possibility of in-person shopping and strongly activated Inter-
net trade with on-line means of payment. Thus, transaction demand during the
Pandemic Crisis has been stable. A similar observation has been made by other
researchers (Auer, Cornelli and Frost, 2020). Overall, according to our study re-
sults, hoarded demand for high denominations is strongly affected by interest
rate, nominal exchange rate and nominal GDP, and the direct impact of crises
upon this was rather weak. In contrast, transaction demand for low denomina-
tions is affected mainly by interest rates and nominal GDP. It should be noted
that the nominal exchange rate and the GFC eftect were rather weak.
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4, Conclusion

Our research shows the important role of cash in modern economy. Despite the
popularization of modern cashless payment instruments, the demand for cash
continues to grow. This is because cash is used as a store of value. As a result,
despite the decline in the demand for transactional money, the global demand
for money grows. Our research also shows an increasing share of cash in relation
to GDP and in monetary aggregates. In our opinion, this means that cash is still
an important element of the financial system that central banks should take into
account in monetary policy pursuit.

Factors influencing the volume of demand for money described on the basis of
the quantitative theory of money are not fully reflected in the research results.
Nominal GDP has the strongest impact on the demand for high-denomination
notes that are not used for transaction purposes. It is surprising that the impact
of the crises on the demand for money is weak. It can be assumed that this is
related to the good condition of the domestic financial sector, which is highly
trusted. However, further research is required to confirm this hypothesis.

It is also worth noting that while the factors determining the demand for high
and low denomination notes are statistically significant, the determinants of the
demand for medium denomination notes are not fully researched and require a
further in-depth study.

Our research allowed to verify the findings regarding macroeconomic factors
influencing the demand for money, resulting from both classical theories of mon-
ey and earlier empirical research. Our unique contribution to the current state
of knowledge is the separation of the aggregate stream of money demand into
transaction demand, into low denomination and hoarded banknotes, into high
denomination banknotes and building a separate regression model for each of
them. These models indicated a diversified strength of the impact of macroeco-
nomic factors on various types of demand.

Our original contribution to the development of finance is to include the behav-
ioural factor in the form of uncertainty behaviour among determinants of cash
demand and to examine the strength and direction of its impact on precaution-
ary and transactional demand. Our research allowed to conclude that there is a
significant difference between the strength of influence of the factors determin-
ing transactional demand and precautionary demand, which implies that they
should be treated as independent streams.
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The application value of our research is related to the indication of the growing
demand for high-denomination notes in periods of uncertainty, with no signifi-
cant impact on the demand for low-denominations. This points to the structure
of the banknote stocks that central banks should hold. The willingness of central
banks to immediately meet the growing demand for banknotes is one of the con-
ditions for maintaining the stability of the financial system, which is one of the
key tasks of modern monetary authorities.
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