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Carl-Ludwig Thiele
Dinner Speech on 25 April 2017

Carl-Ludwig Thiele
Board Member of the Deutsche Bundesbank

Ladies and gentlemen,

It gives me great pleasure to welcome you here to Montfort Castle this evening.
| hope you enjoyed today's conference proceedings and the boat trip on Lake
Constance. | am particularly honoured to welcome Dr Kurt Pribil, Member of the
Governing Board of the Oesterreichische Nationalbank responsible for payment

systems.

Our day has been both informative and enlightening, and what better place to end
it than in these historic surroundings. Montfort Castle, in its present form, was built
in the 19th century by King William | of Wirttemberg on the site of Count William
Il of Montfort’s castle ruins. The castle is thus named after its first inhabitant, who
lived here back in the 14th century. Throughout the years, this Moorish-style build-
ing has been a palace, a villa, a guest house, a spa house and even an office build-
ing. Among the special features of the castle are the Moorish details, such as

the striped effect created by the yellow and red coloured brickwork and the



Carl-Ludwig Thiele
Dinner Speech on 25 April 2017
8

terracotta relief design on the outside of the building. The building is a significant
example of the orientalised architectural art of the 19th century. Montfort Castle
now belongs to the municipality of Langenargen, which had the castle thoroughly
renovated and remodelled in 1978. This Hall of Mirrors is a rather special setting

for the official dinner of our third Cash Conference.

This conference once again brings together central bankers and the academic
community of cash researchers. It covers a wide range of current topics with re-
nowned experts discussing interesting aspects. The title this year is: “War on Cash
—Is There a Future for Cash?”

Cash is an exciting and important field of research, which has been subject of ex-
tensive debate, especially of late. For various reasons, academics, but also other
market players, such as commercial banks, card-issuing companies and internet
firms, have been speaking out against cash, with the latter hoping to increase the
popularity of cashless payment instruments for their own benefit.

Studies show that the payment behaviour of consumers can vary greatly from
country to country. Germany is one of those countries that likes to use traditional
payment methods. Although a constant — albeit slight — decline in cash as a means
of payment can be observed, it is still used for almost 80 percent of all transactions
at the point of sale and thus continues to be the medium of choice for spending
on everyday necessities. But it is not just the German public’s payment habits that
are subject to constant change. Driven by the increasing cost pressure which the
banking industry is facing at present, we are currently observing a shift in the way
in which consumers obtain and dispose of cash. In the future, cash supply and
removal operations could shift from classic bank branches towards the retail indus-
try, predominantly supermarkets. For consumers, especially those that live in rural
areas where there are no bank branches and often no ATMs, it will be much easier

to obtain and deposit cash. We welcome this new development; however, it sets
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us new challenges. If retailers take on traditional banking operations and cash is
returned to banks or central banks less frequently, we must, for instance, ensure

that counterfeits can still be removed from circulation.

In light of these issues, it is important to forge ahead with our research into the use
of cash. Cash is all too often reduced entirely to one supposedly determining fac-
tor: cost. However, | believe that it is preferable to give equal consideration to the
benefits of cash; in other words, those characteristics that make it unique. The key
advantages of cash include anonymity, immediate settlement of a payment con-
tract at the point of sale and the possibility of effecting payment without requiring
any other service providers or technical infrastructure. The latter ensures that cash

can still be used even if cashless payments are temporarily unavailable.

The Deutsche Bundesbank does not issue any recommendations for or against the
use of cash. The driving principle behind our business policy is to support both
consumer sovereignty and the principle of contractual freedom, and to let the
public decide which method of payment they prefer.

| believe that cash will therefore remain a major component of the payments bas-
ket in the foreseeable future. So far, none of the alternative payment forms have
been able to fully replicate those properties that have made cash so successful,
which is why cash is and remains such a fascinating topic of research. Potential
developments and dynamics impacting on the future cash landscape are sure to be

the focus of many a conference and research project to come.

On that note, | wish you all a rewarding rest of conference, a lively exchange of

ideas and a pleasant evening.

Cheers!
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Kurt Pribil
Dinner Speech on 25 April 2017

Kurt Pribil
Board Member of the Oesterreichische Nationalbank

“Research is creating new knowledge”.

Neil Armstrong once stated this and it is a pleasure and privilege for the Austrian
National bank to participate as the guest of honour in this year’s International Cash
Conference - which is bringing together an impressive panel of cash experts and
researchers from all over the world to share and discuss their findings on cash-
related subjects - creating new knowledge.
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Good Evening Ladies and Gentlemen,

I would like to thank Deutsche Bundesbank for providing us this great opportunity
to exchange knowledge and viewpoints on the ever-interesting subject of means
of payment. The special surroundings of the beautiful Flower Island of Mainau in
Lake Constance are providing additionally an extraordinary cultural experience.
Today we are pleased to have our dinner at Montfort castle - the magnificent land-

mark of Langenargen, built in 1866 in an impressive Moorish style.

Payment behavior is a fundamental basis for the economy. Ensuring that there are
sufficient and efficient payment options in all possible transactions is a relevant
factor of strengthening the faith not only in the economy but also in the currency.
Therefore, it is essential to improve and understand cash payment economics, and
to identify possible dynamics and developments that will structure the future cash
payments landscape.

Is cash fading away or will there always be cash? With a look into the past: Is there
a return of cash across time and across countries? The demand for cash is still
growing and Euro cash has quadrupled since the introduction of the Euro. A longer
view on cash demand reveals that cash is surprisingly resilient. One reason is that
large financial crises lead to a surge in demand for cash and cash serves as a safe
asset in times of uncertainty. Cash allows valued characteristics to society as avail-
ability to everyone, anonymity, transparent expenditure overview, speed & ease of
use or independency of the functioning of electronic networks - just to mention
the most important ones.

Are innovative technologies revolutionizing people’s life in a way that transactions
will only be thinkable in an electronic way? Or might there be a stable component

of cash across all business areas and across all countries?
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The Eurosystem is neutral with regard to the use of cash and non-cash payment
instruments and is making a clear commitment to the future of cash. Lots of
alternative payment instruments match some attributes of cash, but none can offer
its full range of advantages.

What part does cash cycle optimization play, what is its potential where are the

limits?

The Eurosystem monitors the cash cycle in the Euro Area and aims for further
increase of its security and efficiency. An important consideration is the permanent

enhancement of automation and standardization in the cash cycle.

The program of this conference is a truly stimulating one. Tomorrow ‘s agenda
includes again interesting contributions about cash demand and survey-based
studies on the payment behavior, presented by renowned researchers as well as
central bank experts. It offers a wealth of subjects relating to cash. Together we
can develop ideas and debate in a relaxed atmosphere, free from daily working

pressures.

| want to thank once more the Bundesbank for the invitation and this wonderful

event and wish us all a pleasant and interesting evening.

Thank you.
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Stefan Hardt
Dinner Speech on 26 April 2017

Stefan Hardt
Director General Cash Management
at the Deutsche Bundesbank

Ladies and gentlemen,

I am delighted to welcome you to dinner here at the Schwedenschenke at the end
of the second day of conference proceedings. | hope you enjoyed the tour on
Island of Mainau, and I'm sure you'll agree that it was pleasant to round off a
fascinating day of meetings with a bit of exercise.

The title of this year’s conference is “War on Cash: Is there a Future for Cash?” Such
a title encompasses various research questions which have been thoroughly exam-
ined in the talks we've heard thus far, and will be further investigated in those still
to come. This evening | would like to discuss the various operational levels of cash
in more detail. I intend to pay particular attention to its haptic, psychological and
symbolic aspects.
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But before | go into detail, allow me to take you on a short tour through the
history of cash. The first money, known as primitive money, came into being in the
6th century BC. Initially this consisted of useful objects which were easy to trans-
port, store and count, such as shells, arrowheads, tea or even salt. Furthermore,
the general recognition of the intrinsic value of primitive money was a significant
factor.

As goods trading increased, this primitive money came to be replaced by coins with
a solely monetary function. These first uniform coins, simple gold nuggets, were
manufactured in the 7th century BC by the Lydians, a people in Asia Minor, and
minted under Croesus, their king. These coins then gradually spread throughout
the Mediterranean region. The advantage of these coins over natural money was
that they had a fixed weight. This meant that upon payment, they could simply be
counted out rather than having to go through the inconvenient weighing process.
The cost and time required for transportation and acquiring information were
greatly reduced when money was introduced as an intermediate good and a unit
of account.

The advent of paper money in the 10th century represented a further step towards
the money of today. In China, their considerable weight meant that the iron coins
in use there were deposited with the shops in exchange for a piece of paper upon
which the value of the deposit was written. Thus paper money was born. In Eu-
rope, paper money was not introduced until much later, in the 14th century, to be
precise. Here, valuable items were deposited with bankers. A customer’s payment
claims upon a bank were noted down and paid out upon request. Depositing cus-

tomers could transfer these payment claims to other account holders.

Europe’s first official banknotes were issued in 1661 by the Bank of Stockholm, a
private central bank. However, the new medium soon encountered problems.

Money made of paper proved to be both a blessing and a curse. While precious
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metals are required to produce currency coins, making production costs compar-
atively high, this is not the case with paper money. People yielded to the seductive-
ly simple production of money and breached the principle of coverage, i.e. the
promise by the authority issuing paper money that it would redeem a banknote for
coins at any time. The bank ran into difficulties because too many banknotes were

printed.

This brief historical summary brings me to the haptic effect of cash. The impor-
tance of this aspect appears to have changed continuously throughout history
and to have diminished over time — at least at first glance. Although the material
value of the medium was of key importance in the beginning of the history of
money, it became less significant as time progressed. The introduction of paper
money marks the end of the process of dematerialisation. The intrinsic value of the
medium became detached from the object itself, and the nominal value by far ex-
ceeded the material value. Thus, the actual value of the medium of payment works
at a more abstract level. Nevertheless, the haptic of cash continues to play a key
role. We do not need to travel too far into the past to find an example that high-
lights how relevant this aspect is. Let us just take a look at the difference between
East and West German coins before reunification; the material coins were made of
appears to have played a relevant role. While the 1 Pfennig aluminium coin in East
Germany weighed only 0.75 grammes and had a smooth surface without reeding,
the 1 Pfennig coin in West Germany was made of non-ferrous metals and, at 2
grammes, weighed more than double as much as the equivalent East German coin.
Irrespective of apparently rational considerations, such as that being lighter, the
East German coin would be easier to handle, the West German copper coins felt
more valuable. People’s perceptions are receptive not only to the physical but,
above all, the sensory quality of objects. This, in turn, is influenced by visual, haptic
and acoustic stimuli. According to what Professor Gabriel said at our 2012 cash
symposium, the sensory effect of the aluminium coin was devastating for East

Germany. The population saw no aesthetic value in these coins and even ridiculed
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them as tin or play money. Given that it is hard to separate economic and aesthet-
ic value, this perception had symbolic repercussions. The perceived aesthetic
worthlessness led to a perceived economic worthlessness of the currency, which
also entailed a politically symbolic conclusion, the worthlessness of the East
German state. The sensory quality of the coins became a metaphor for the entire
structure of the state. What we see is that confidence in a currency can be dam-
aged by the material it is made of.

To highlight the relevance of the psychological component of cash, | would like to
quote a study conducted last year, which was published in the Journal of Consum-
er Research. The study found that the post-transaction connection with a product
or organisation was more pronounced when individuals paid in cash as opposed
to debit or credit card. It therefore seems that cash increases an individual's emo-
tional attachment to the purchased product. In addition, it is more likely that indi-
viduals will share with others a positive experience with the product or the organ-
isation. The study also found that the likelihood of a repeat purchase increases
when individuals pay in cash. As a result, paying in cash appears to have a positive
effect on the downstream product and brand connection.

The Dutch central bank also conducted a study on psychological aspects relating
to the choice of payment instrument and presented the results at our last cash
conference in 2014. The neuroscientific study showed that paying by cash triggers
more positive emotions than using cashless means of payment. However, the rea-
sons why paying with cash is associated with positive feelings remain to be ex-
plored.

It is very important for the policymakers of a central bank, in particular, to be famil-
iar with the key psychological aspects and effects of its citizen’s choice of payment
medium. That makes it easier to gauge how the different means of payment will
be used in the future. The Bundesbank therefore likewise decided to conduct a
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study which would shed light on the psychological motives at play when selecting
the means of payment, amongst other things. Most importantly, the study seeks to

identify the reasons for the relatively high use of cash in Germany.

As a father of two, let me share a small personal anecdote at this point on the
physical and psychological effects of cash. One day, | gave both of my children €10
pocket money. One of them received a €10 banknote, the other two €5 bank-
notes. And guess what happened? Of course the one who had been given only
one banknote was upset because, physically, he had received less money. At a
young age, it is hard for children to grasp the abstract value of money. The value
they attribute to money is still based on the physical object. Nevertheless, com-
pared with cashless alternatives, cash is easier for children to understand for the
simple reason that they can see and touch it.

Finally, | would like to take a look at the third component, the symbolic level of
cash. Confidence in a currency is rooted in cash. Euro coins and banknotes have
become a symbol inspiring confidence for the entire Eurosystem. As the confidence
in a currency depends on the quality and ample supply of cash, amongst other
things, it is one of the Bundesbank’s core tasks to ensure a high quality and
sufficient supply of cash at all times. Quality refers, first and foremost, to making
cash counterfeit-proof and durable. However, history has taught us that aesthetic
design can also play a decisive role and help promote stability and confidence.

Confidence in a currency is essential to the symbolic component of cash. Without
this confidence, the function of money as a means of exchange and store of value
would be limited. Money therefore requires acceptance in the sense that it needs
to be generally recognised as a means of payment in society. Money is therefore a
symbolic medium of exchange in the form of an immaterial value. However, this
exchange value is not at all static; what money buys is in constant flux, which

means that the relationship between money and services or products is always
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changing. It has become absolutely essential for people to have confidence in the
stability of a currency, particularly since the nominal value of the means of payment
greatly exceeds its material value. Money can therefore be regarded as the mirror
image of a global currency area.

As we can see, cash has many facets and levels of impact. This makes cash a multi-
faceted and interesting topic of research today and probably also in the future.

At this point | won't test your patience any longer by further delaying dinner. |
hope we all continue to gain some interesting insights in what remains of this

conference. Here's to a lively exchange of ideas and a pleasant evening.

Cheers!
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Peter Sands
The dark side of cash — facilitating crime
and impeding monetary policy

Peter Sands

Harvard Kennedy School,
United States of America

Good morning.

It is a privilege to be talking to a room full of experts on the wonders and mysteries
of cash, one of mankind’s most brilliant inventions. My thanks to the Deutsche

Bundesbank for inviting me to speak.

Yet | confess that as someone who has publically and forcefully argued for the
elimination of high denomination bank notes, | feel a bit like Daniel in the lion's
den. Almost by definition the people that come to a conference on cash tend to be

enthusiasts for cash. So | appreciate that | may seem like an unwelcome interloper.

But first let me declare that | too am an enthusiast for cash. It is, as | said, a brilliant
invention. Like the written word and mathematics, the invention of physical money

as a medium of exchange and store of value was a huge breakthrough, a massive



Peter Sands: The dark side of cash
— facilitating crime and impeding monetary policy
24

step-forward in facilitating human interaction and economic activity. And physical
— particularly state-issued paper — cash has stood the test of time. While digital
alternatives have swept aside the physical letter, the compact disc and cassette
tape, and the videotape, we're using more notes and coins than ever before.

But like many great inventions physical cash has a dark side. It can be used for
good or evil. Physical cash is the world’s most successful payment mechanism. It's
acceptable everywhere. It's incredibly easy to use. It doesn’t need electricity, a
mobile signal or any kind of merchant device. There's no fee. You don’t have to
give your name and there’s no transaction record so it's completely private. It's no
surprise that everyone, everywhere uses cash all the time as they go about their
ordinary, law-abiding lives. And on top of that, through seignorage, cash provides
a great source of revenue to governments and their central banks — a tax no one

complains about (mainly because they don’t know it exists).

Yet cash is also the favourite payment mechanism of those who don’t abide the
law. Amongst drug-traffickers, terrorists, corrupt officials and tax evaders, cash is
by far the preferred mechanism for storing money, moving money and making
payments. As Europol put it, in the world of the criminal “cash is king”." The same
attributes that make cash so convenient to those conducting legitimate activities

also make it enormously attractive to those who are up to no good.

Of course what criminals really like about cash is the anonymity and the lack of a
transaction record. When you're doing something illegal, it's really important you
leave no trace. If you're criminal, a tax evader, if you're paying or accepting a bribe,

nothing beats cash — not wire transfers, not gold, not bitcoin. Nothing compares.

1 See, e.g., Europol (2015), Why is Cash Still King? A Strategic Report on the Use of Cash by Criminal
Groups as a Facilitator for Money Laundering.
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Then there’s also the fact that the presence of physical cash makes it more difficult
for central banks to impose negative interest rates. Since cash offers zero interest
rates, it becomes — in relative terms — a high yielding asset when bank account
interest rates are negative. Perfectly law-abiding citizens will switch from holding
money in a bank account to holding physical cash if interest rates go below zero.
In our current ultra-low interest rate environment, central bankers fret that the fact
that citizens have the option to hold their savings in cash limits their room for ma-
noeuvre in implementing policy responses to an economic slump. Those central
banks that have recently ventured into negative nominal interest rates, have not
been willing to go very negative, in part because of the existence of physical cash.
It's revealing that in some countries with negative interest rates, such as Switzer-
land, Denmark, and Sweden, retail savings accounts pay zero, not a negative rate,
reflecting the fact that retail savers can so easily switch into cash. Meanwhile cor-
porate and institutional clients do earn negative rates.?2 So while the existence of
cash does not entirely preclude central banks from going below the zero lower
bound, it creates a constraint on how negative rates can be and distorts the impact
of such a policy.

The impact on the “zero-interest boundary” is a favourite topic of economists and
central bankers, since it's intellectually interesting and susceptible to theorising.
There's a ton of literature on the topic. | think it is a real issue, but personally | think
it's over-egged relative to the issues around the use of cash in financial crime, ter-
rorist finance and tax evasion, about which much less is written. The misuse of cash

in financial crime isn't a potential problem, it's a current problem, and a big one.

2 James McAndrews (May 2015), “Negative Nominal Central Bank Policy Rates: Where is the Low-
er Bound?” Speech at the University of Wisconsin. https://www.newyorkfed.org/newsevents/speech-
es/2015/mca150508.html
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Don't get me wrong. | am not claiming that cash causes crime, nor that if we got
rid of cash that crime would suddenly disappear. All | am saying is that the exist-

ence of cash makes being a criminal easier.

Driven in part by increased awareness of the role cash plays in crime and in part by
concerns about the impact on monetary policy in a negative interest rate scenario,
we have seen much more debate about the role of cash over the last 18 months,
not least with the publication of “The Curse of Cash” by my Harvard colleague Ken
Rogoff.2 We have witnessed some policy action, such as the decision to stop print-
ing the €500 note and India’s “demonetisation” strategy — so much so, that some
have declared that's there’s a “war on cash”. Indeed, that’s the title of this confer-

ence.

This debate has generated a remarkable level of emotion. Some see every step to
curb the illicit use of cash as the thin end of the wedge, first steps towards remov-
ing cash altogether, an unacceptable intrusion into people’s private lives, a symbol
of governmental over-reach. The arch-defenders of cash see a digital dystopia,
where the government monitors every transaction you make, where your life sav-
ings and identity are vulnerable to cybercrime. Others see cash as a costly relic of
an earlier era, the sooner replaced the better. They point to a vision of a totally

digital world — more inclusive, more efficient and more accountable.

But it's possible to chart a path between these extremes. To acknowledge the great
advantages of cash, the benefits it brings to everyday economic life. Yet also to
recognise the dark side, the downsides of cash.

In fact it’s not only possible, but it should be an obligation. Cash is a product of the
state. It's not as if cash is a natural phenomenon, like wood or oil, or even a prod-

3 Kenneth S. Rogoff (September 2016), “The Curse of Cash”, Princeton University Press.
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uct of the free market, like bread or cars. The issuance of legal tender is a state
monopoly. The choice of denominations, the volumes we print, the rules we make
about how cash can be used — these are all policy decisions that should be made
with a view to promoting the socially optimal outcome. And this implies under-
standing both the bright and dark sides of cash, and making trade-offs.

Now the fact that good things can be used in a way that causes harm is not unique

to cash. It's also true of:

— wine — delightful with dinner, but damaging to the individual and society when
consumed in excess — or if you're under the influence when you drive a car

— pain-killers, from the humble paracetamol to more powerful opiates — essential
when you've hurt your back or have a toothache, but also a way to translate a
momentary suicidal impulse into suicide itself — and often dangerously addictive.

— the internet — a massively powerful tool for business, education, entertainment
and social interaction, but also an enabling mechanism for those with dark de-
sires or malicious intent.

— even planes, trucks and cars. As we have discovered to our horror, these fantas-
tically useful transportation vehicles can also be deployed as weapons of terror-
ism. More prosaically, we have also determined that driving too fast, or driving

while drunk, are types of car useage it is socially beneficial to prohibit.

With all of these examples, researchers and policy-makers have dug deep into
analysing the benefits and risks. They've sought to differentiate the good and bad
uses. They've looked for ways to protect the benefits, whilst minimising the down-
side. So for example, with alcohol, we limit the alcohol content, we constrain
where you can buy and consume it, we determine who can buy it, and we
prohibit drinking and driving. Different societies make different trade-offs, but in
most places — and obviously this is different where there are religious constraints

on alcohol consumption — the objective is to leave the legitimate use of alcohols
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as unfettered as possible, whilst putting in place measures to minimize the

downsides.

I'm not claiming that we always get it right in making these trade-offs. In fact it's
a constant process of learning and readjustment, balancing the good and the bad.
But the point it's that we acknowledge that all these things have a bright and a
dark side, we analyse the good and the bad and we seek to devise regulations and

mechanisms to maximise the social benefits and minimise the social costs.

One might have thought we would do the same with cash. In fact, you might think
that the incentive to devise the optimal trade-off between unfettered use and
avoiding abuse would be even higher since, unlike my other examples, cash is
solely produced by the state. If the balance is wrong, we can’t blame nature or the

free market.

Yet there’s remarkably little analysis of the benefits and costs of cash. This confer-
ence is a great exception — and my plaudits to the Deutsche Bundesbank for hold-
ing it — but if you compare the richness of data, array of analyses and number of
conferences on other aspects of what central banks do, such as monetary policy
and the regulation of banks, the contrast is stark. Decisions on cash are typically
made on the basis of scant data and limited analysis. When you think about the
data hungry, analytically rigorous approach that central banks take to other aspects

of their role, the comparison is striking.

| am sure some central bankers will protest, pointing to their payment surveys or
payments diaries as examples of data, and | would agree, these are incredibly val-
uable. But | would also say that in most countries these are episodic rather than
continuous, and perceptual rather than factual. They bear no comparison to the
multiple, continuous data feeds of actual prices that inform monetary policy. Or the

scale, depth and intensity of bank stress tests. Yet for the most part, these payment
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surveys and diaries are our main source of insight into how cash is actually being
used.

What is missing is any systematic attempt by central banks to understand how cash
is being misused. When a pharmaceutical drug had adverse effects, the pharma
company is forced to do extensive research into the prevalence, severity and un-
derlying mechanisms of such effects. Whenever a plane crashes, there’s an exhaus-

tive investigation into root causes.

Yet when the most senior law enforcement official on the continent says cash plays
a critical role in money laundering and terrorist finance, when tax authorities de-
clare that under-reporting of cash revenues is the biggest source of tax evasion, do
we see those who produce of cash rushing to gather data and produce analyses of
such problems? There are some honourable exceptions — for example, the Swedish
Rijksbank — but the honest answer would be, not really. There is some very good
work —and much of the latest and best will be presented here — but investigating
such abuses is not part of the core data gathering and analytical process of a cen-
tral bank. This is not something central bank governors spend time thinking about.

When | have said this to central bankers, some replied that it's very difficult to do
more than payment surveys because cash is anonymous and leaves no record. But

of course that's the point. This is precisely why criminals love using cash.
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But there's a lot that could be done to gain a better picture of the illicit use of cash.

If you are a central banker here ask yourself:

— When was the last time you conducted — or requested — an analysis of the de-
nomination mix of law enforcement cash seizures?

— When was the last time you analysed patterns of large value cash deposits and
withdrawals to understand what types of customer are withdrawing high de-
nomination notes? Is there a correlation with other indicators of suspicious trans-
actions?

— When was the last time you sat down with law enforcement officials who are
experts in, say drug trafficking, to understand the role of cash in the business
models of traffickers?

— When was the last time you worked with the tax authorities in your country
to conduct analysis of the role of cash in VAT or sales tax evasion? Have you
analysed the cash deposit and withdrawal patterns of companies that have
been convicted of VAT fraud?

I'm sure some of the people in this room have done these things. But there are not
many central bank governors who have spent much time on these issues. When |
confront them with such questions some central bankers say that these things are
the job of others, of financial intelligence units, law enforcement agencies and tax
investigators. Yet that's a cop out. You make the product. You should understand
how it is being misused.

And anyway, the message from these agencies is loud and clear.
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Law enforcement officials would love to get rid of high denomination notes, put
limits on high value cash transactions. For all the effort and money going into
AMUL/KYC, they reckon we're intercepting little more than 1% of illegal financial
flows.* And while there are weaknesses elsewhere in the system cash is the gaping

hole in anti-money laundering and financial crime control.

Tax collectors would also love to force more transactions away from cash to elec-
tronic means. For all the press about big corporate tax evasion and high net worth
individuals squirreling away cash in Panama, the biggest source of tax evasion is
smaller businesses underreporting income. In Europe alone, VAT evasion amounts

to some €160bn per year, and it is believe that most of this is cash-based.®

Let me give you an example of analysis that could be done but isn't. If you do a
stylised model of the economics of a small retailer, the incentives to use cash to
avoid taxes jump out. By not declaring a proportion of cash income, a small retail-
er can easily improve its profitability by over 50%. Unsurprisingly, that exactly what
they do. The IRS has estimated small business in the US only report about half of
cash income.® Look at the academic papers on central banking or the working
papers from central banks themselves, and you'll see hundreds of papers on how
market participants respond to financial incentives in capital and currency markets,
to the incentives created by regulatory arbitrage opportunities or to the incentives
from compensation schemes. But you'll struggle too much about the incentives

created by the most tangible product central banks create, cash.

4 United Nations Office on Drugs and Crime (October 2011), “Estimating illicit Financial Flows resulting
from Drug Trafficking and other Transnational Organized crimes.”

5 European Commission, “Study and Reports on the VAT Gap in the EU-28 Member States: 2016 Final
Report.” TAXUD/2015/CC/131.

6 U.S. Internal Revenue Service (August 2007), “Reducing the Federal Tax Gap: A Report on Improving
Voluntary Compliance.”
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To the extent that such work is being done, | suspect it is being done by the people
in this room. Which is great. And | am really looking forward to hearing the pres-
entations over the next couple of days. But given the scale of the problems that
cash enables and intensifies | would argue it isn't nearly enough.

In fact, | find it hard to think of something so important and ubiquitous produced
by the state that is so unscrutinised. While the people in this room are an excep-
tion, on the whole central banks seem relatively uninterested in how their most
visible product is used, and certainly in how it is misused. To be provocative, |
would venture that from outside it looks like a kind of wilful blindness. Many cen-

tral banks don’t seem to want to know about the dark side of cash.

Why is this? I don’t want to suggest that it's all self-interest, but | think you have to
accept there is a conflict of interest. Central banks make a lot of money issuing
cash through seignorage. Having their own income from seignorage buys central
banks operational independence from the rest of government. Since in most coun-
tries the lion’s share of the cash outstanding is in the highest denomination note,
most of the seignorage comes from high denomination notes that are rarely used
in normal life (but, based on their popularity and the anecdotal evidence that does
exist, are used heavily by criminals). In normal times, physical currency constitutes
most of the right-hand side of a central bank’s balance sheet, yet it is a liability that
incurs no interest and is never paid back. Moreover, in some central banks issuing
and distributing cash employs more people than other activity. So central banks
have a strong vested interest in the status quo. Reducing the role of cash would cut
the income of central banks and cut jobs. Institutions facing such threats tends
towards defensiveness and denial. It would be remarkable if central banks were

immune from such impulses.

A thought experiment. Suppose cash was a commercial product, produced by

commercial banks. Wouldn't regulators and policymakers be asking them to justify
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why they are facilitating criminal activity? Wouldn't we be putting pressure on
them to analyses usage patterns to identify wrongdoers? Wouldn’t we be ques-
tioning whether profit incentives were encouraging them to issue volumes and

denominations that were socially suboptimal?

In fact, this is exactly the stance policymakers and regulators do take towards illicit
transactions through the banking system. Banks are under enormous pressure to
detect and deter criminal activity through their systems and are fined when they
fall short. As a result banks have invested enormous sums in building capabilities
and infrastructure to conduct extensive know-your-customer reviews, extensive
transaction surveillance and thorough investigation of hunderds of thousands of
alerts. It's far from perfect, bad transactions still get through, but the contrast in
investment and information versus what we do with cash is astonishing. Moreover,
these activities can cause considerable inconvenience to normal, law-abiding cus-
tomers and have almost certainly driven up the cost of simple banking services.
Again the contrast is striking. We are willing to accept considerable inconvenience
and cost to make it more difficult for criminals to use the banking system, but often
appear reluctant to accept any inconvenience to make it more difficult for criminals

to use cash.

At this point, you're probably thinking I'm the devil incarnate, beating up on cen-
tral bankers and unleashing a war on cash?

But | hope | am not that bad. | acknowledge that central bankers have had a lot of
other things to deal with. Rewriting the entire rule book on banking regulation.
Catalysing growth in stuttering economies. | also know that a few central banks
have been tackling these issues head on. And | applaud the Bundesbank for hold-
ing this conference.
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And | am not against cash. | am not one of those who think we should push to get
rid of cash altogether. There are still some contexts where we don't really have a
robust alternative: paying a child some pocket money; giving a donation to some-
one with a charity bucket; buying food in an emergency when there’s no electrici-
ty and the mobile phone system is overwhelmed. And, in many of the poorest
countries, the infrastructure is still not even close to supporting ubiquitous access
to digital alternatives.

Moreover, | accept the argument that privacy matters, that there’s a role for being
able to make anonymous transactions that leave no record.

But | think we can find a better balance between maximising the benefits of cash

and minimising the downside.

The opportunity lies in the different pattern of usage between legitimate uses of
cash and socially-damaging illegal use.

In the legal world of everyday life and normal economic activity, the overwhelming
majority of cash transactions are for relatively low values, using relatively low value
notes and coins.

From payment diaries we see that, across all countries, cash is most popular for
transactions of fairly small values. In Europe, cash typically loses its position as most
popular payment mechanism in the third quartile of transaction values, in other
words, between the median and the 75th percentile. To put this in perspective, in
Germany, the 75th percentile transaction value is about €40, so we are not talking
about huge sums.” Within the top quartile of transaction values, the use of cash

tails off sharply as transaction values increase.

7 European Central Bank (2014), Consumer cash usage: A cross-country comparison with payment
diary survey data
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While the data is far from robust, it seems safe to conclude that only a tiny propor-
tion of cash transactions are for over €200 and only a minute fraction of these are
in the thousands of Euro.2 That's partly because individuals make far fewer trans-
action for larger amounts, and partly because we tend not to use cash when we
do make these transactions. Of course there are differences between countries,
but the general pattern remains the same. Law-abiding citizens make very few
large transactions in cash. That is not where there is a massive societal benefit from

cash.

Criminals, tax evaders, those paying bribes and terrorists also use cash for small
transactions, such as petty theft, avoiding tax on tips, or buying the train ticket to
the scene of the terrorist attack. Such crime-facilitating transactions will inevitably
happen if cash exists. But | think it is fair to conclude that the social costs of such
crimes are massively outweighed by the social benefits of being able to use cash to

facilitate the multitude of small transactions that we conduct in everyday life.

But unlike law-abiding people, the bad guys also often use cash for large transac-
tions. While there is no reliable data, it seems likely that a large proportion of large
cash transactions — say those over €1000 — involve some form of illegality. There's
a reason why people making such large transactions want to keep them secret.
And it also seems probable that much, if not most of the usage of the highest
denomination bank notes involves some form of illegality. Evidence from investiga-
tions into organised crime syndicates and from cash seizures demonstrates that
criminals use high denomination bank notes intensively, to move and store money

and make payments.

8 European Central Bank (2011), The Use of Euro Banknotes: Results of Two Surveys among Households
and Firms



Peter Sands: The dark side of cash
— facilitating crime and impeding monetary policy
37

So at one level the answer seems simple. Restrict the use of cash for large transac-
tions, by getting rid of high denomination bank notes and imposing cash thresh-
olds, but keep cash for smaller transactions. That way we reduce the dark side of
cash, with minimum impact on the bright side.

We don't need to get hung up on precisely where the cut-off between large and
small is. If we eliminate the highest denomination notes and prohibit the largest
transactions, we can then collect the right data and properly analyse the impact,
and go further or not, depending on the results.

To some extent this is what is happening. The ECB decided to stop printing the
€500 note last May — a decision | applaud. The catch is that printing will continue
until next year, and all outstanding notes will, of course, always remain legal ten-
der. As a result, we have given organised crime syndicates plenty of time to adjust
their business models. Countries like Singapore and Canada have already got rid of
high denomination notes such as the Sing$10000 and the CANS$1000.

India’s “demonetization” strategy doesn’t quite fit the mould. The underlying ob-
jective appears to be roughly the same — to curb organised crime, tax evasion and
terrorist finance, and perhaps above all, corruption, but the approach taken is very
different. By getting rid of the 500 and 1000 rupee notes (and not just stopping
printing, but in a matter of weeks cancelling legal tender status) which aren’t high
value notes by international standards, since they're worth about $7 and $15 re-
spectively the Indian Government risked much greater economic disruption, par-
ticularly in poorer, rural areas where the digital infrastructure is limited. India has
also started issuing a 2000 rupee note. Others will no doubt go into much greater
detail on the India experience, but from my perspective the strategy seem a bit
muddled and the execution of the strategy, far from perfect. Yet | have to admire
the ambition. Modi is clearly determined to turbocharge the shift to a much more

digital payments environment. The logic is compelling. Cash-driven economies like
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India cannot raise taxes effectively and are crippled by corruption.

Across Europe and in a few countries elsewhere, countries are introducing cash
thresholds, limits on the size of transaction that can be conducted with cash. Col-
leagues of mine will present on this topic later in this conference, so | don’t want
to steal their thunder, but | will tell you | think they’re a good idea. If someone is
buying something with cash for €5000, what's more likely:

— That they have a legitimate reason for using cash, such as concerns about privacy
or to avoid credit card fees?
— Or that they got the money illegally or want to avoid VAT?

Maybe | have too little faith in humanity, but | know which option | think is more
likely. I'm not convinced by the arguments around privacy or avoiding credit card
fees. Most things you buy for €5000 — a car, a motorbike a valuable artwork, a new
kitchen — need to be registered, insured or involve a contract. They're not private
in the way the cash transaction is private. And you don’t need to use a credit card.

Debit cards don’t have ad valorem fees and neither do bank transfers.

Much more compelling is the utilisation of cash | didn't pay tax on, or obtained
through illegal activity. Or if | am — by my own lights — a law-abiding citizen, | might
still be tempted by the chance to avoid 20% VAT — on a €5000 purchase, saving a
cool €1000. Many citizens — and dare | say it, central bankers — don't see such tax
evasion as being really criminal. Certain types of tax evasion — say, the way you buy

a second hand car — are normalised.

Yet endemic tax evasion imposes huge costs. Here is an economic study central
banks should fund —an investigation into the economic distortions caused by cash-
based tax evasion, much as financial economists have conducted hundreds of

studies on the distortion of incentives caused by the interest tax deduction. Those
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sectors of the economy in which it is easy to use cash to evade tax should in
theory receive disproportionate investment relative to those in which it is more
difficult, since post tax returns are in effect subsidised. Given the scale of the
underground economy in most advanced economies, let alone less developed

economies, these distortions are likely to be quite powerful.

Various arguments are made against measures like eliminating high denomination

notes or imposing cash thresholds.

Most common is the slippery slope argument: put any restriction on the use of
cash and we're on the road to an Orwellian nightmare, where the big brother state

watches everything you do with your money.

This is an absurd argument. It's like saying because we put restrictions on the use
of opiate pain-killers, we are on the road to depriving everyone of aspirin and par-
acetamol. Because we don't let people drive when inebriated, we are on the road
to banning alcohol. Because we fine people who speed, we are on the way to

banning driving cars.

Sensible restrictions on the use of any product to avoid social harm don’t represent
a path to elimination. In a way they represent the opposite. They allow us to enjoy
the benefits of the product whilst minimising the downside.

Another argument against restrictions on the use of cash relate to privacy. If we are
forced to use digital alternatives to cash then our bank and the government will
know exactly what we are buying and selling, where we are going and so on. |
share the concern about unwarranted intrusions into individual liberty. We want
the freedom to be able to live our lives — including buying and selling things — with-

out having the sense that our bank or government can always spy on us.
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Protecting that privacy in the things we do every day is one reason | am not in
hurry to get rid of cash entirely. Whilst there are ways we can protect privacy in the
digital world, cash is a simple, proven mechanism for enabling people to conduct
everyday transactions anonymously.

But privacy isn't an absolute right. In many areas we accept limits to privacy in the
interest of the greater social good. When you fly you don't get to keep your iden-
tity — or the contents of your carry-on luggage — entirely private. We work hard to
stop paedophiles keeping their grooming activities private. In professional life we
have rules to force people to reveal conflicts of interest, not keep them private.
While privacy is the starting presumption, there are many instances where policy-
makers have decided to impose limits to privacy in the interests of society as a

whole.

My instinct is that while there may a good case for enabling people to keep small
transactions private, the argument doesn’t hold for large transactions. Think about
what large transactions — say anything over €2000 — are for. It's things like buying
a car or motorbike, buying a house, booking a holiday, buying a work of art, buy-
ing furniture, holding a party, repairing a building, or paying for personal services
like medical care. In many cases, we already require some form of registration or
identity so privacy will be compromised in any case. In others, the purchaser will
typically buy insurance, again compromising privacy. In fact in a well-established
democracy, it's quite hard to imagine circumstances when we would keep such a

large transaction private for legitimate reasons.

By contrast it all too easy to imagine the many illegitimate reasons we might want
to keep such a transaction private, or at least, how we paid for it. Keeping it private
enables us to launder money, evade taxes, slip in a bribe. It is not difficult to make
the argument that while privacy should hold for small transactions, maximising the

social good requires transparency for large transactions.
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A third argument against reducing the role of cash relates to cyber-risks. Won't we
be pleased we held on to cash when the banking system comes crashing down?
Not really, because if cyber attacks demolish the banks then society will be in cha-
0s. Having a bit of cash will be helpful in this scenario, but it's not exactly a good
fall-back position. Moreover, the wrong people will have the cash — since so much
of it sits in the hands of criminals and tax-evaders. | don’t underestimate cyber-risks,
but | don't think cash is the answer. It's a bit like suggesting candles will be helpful
if cyber-terrorists take out the power distribution grid — true to a point. The real

answer is to make our digital systems more resilient to cyber threats.

Finally, there is the argument that restricting the use of cash would have minimal
impact on criminal activity, so why bother? Why cause inconvenience to people
who want to use cash, even for large transactions, when criminals are just going
to find other ways to go about their business? Yet in the case of tax evasion, even
a modest reduction in underreporting will yield huge gains in revenue collection.
And for law-enforcement agencies, so much of what they do is targeted at making
it incrementally harder and riskier for criminals to conduct their activities: adding
impediments to criminal activity — locks, burglar alarms, fraud detection systems,
cash thresholds; removing or controlling things that facilitate criminal activity —
guns, knives, high denomination bank notes. Given that the social costs of crime
are exceedingly high?®, then even small reductions in crime — whether through in-
creasing the ability of law enforcement to detect and catch criminals, or through
making it more costly or difficult for criminals to act — can yield massive social

benefits.

9 Hannah Mills, Sara Skodbo, and Peter Blyth (October 2013), “Understanding Organized Crime: esti-
mating the scale and the social and economic costs.” United Kingdom Home Office.
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When you look forward and think about the dynamics of what is happening, the
implications for central bankers that issue cash should raise alarm bells. On the one
hand you have technology, which is making electronic alternatives to cash ever
more convenient. Take contactless cards. They directly replace cash for a huge
number of transactions, whether getting on the bus, buying a coffee, or buying
flowers for your partner. On the other hand you have the increasing sophistication
of banks KYC/AML systems. Given the billions of dollars banks have been spending
on their transaction surveillance systems, any sensible criminal is going to shift

more of their activity into cash.

As these trends unfold - with legal activity moving to electronic alternatives and
illegal activity shifting out of the banking system towards cash - the share of cash
transactions that are connected to illicit activity will inexorably increase, particular-
ly for larger transactions and larger denomination bank notes. There will be a tip-
ping point when so much of the use of cash is for illegal purposes, that it is active-
ly avoided by law-abiding citizens and businesses. In fact we're probably already
there in some countries when it comes to the use of high denomination notes.
Many retailers across the EU won't accept €500 notes. In the UK, many retailers
won't accept the comparatively humble €50 note.

But this is going to get worse. As ever more sophisticated AML techniques force
criminals to avoid the banking system, wrongdoers will get their money in cash,
keep it in cash and want to spend it in cash. The world of crime will become ever
more cash intensive. And the more this happens, the more the rest of the world

will shun cash.

Resisting every attempt to curb the illicit use of cash is the wrong way to protect
the valuable role cash plays in our societies. It will have the opposite effect. Let
cash become the exclusive preserve of the criminal world and you'll find more and

more policymakers arguing to get rid of cash. Understand and control the use of
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cash by the bad guys and we'll be able to shape the usage patterns to maximise
the bright side and minimise the dark.

To do this requires acknowledging that cash is being used for bad purposes and
investing in research and analysis to understand these dynamics. It requires central
banks to grasp the nettle and take action on high denomination bank notes and
high value cash transactions. Normal society does not need a CHF1000 note, €500
notes — or even €200 or €100 notes. The US does not need over 30 US$100 bills
for every man, woman and child living in America. We don’t need the freedom to
buy things for thousands in cash. We do need the ability to easily pay for daily
purchases in cash. And we do need less crime, less corruption, less tax evasion and
less terrorism.

Thank you.
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Abstract

This paper has four goals: First, the use of cash as a possible driving factor of the
shadow economy is investigated. Second, the use of cash in crime, here especially
in corruption, is also econometrically investigated. The influence is somewhat larg-
er than on the shadow economy, but it is certainly not a decisive factor for bribery
activities. Some figures about organized crime are also shown; the importance of
cash is diminishing. Third, some remarks about terrorism are made and here a cash

1 Prof. Dr. Dr.h.c.mult. Friedrich Schneider, Department of Economics, Johannes Kepler University,
Altenbergerstr. 69, A-4040 Linz, Austria, Phone: +43 (0)732 2468-7340, Fax: +43 (0)732 2468-7341,
E-Mail: friedrich.schneider@jku.at, http://www.econ.jku.at/schneider

2 A first version of this paper was presented at the Bundesbank Conference in Konstanz/ (Germany),
April 20-23, 2017, Friedrich Schneider (2013).
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limit doesn’t prevent terrorism. Fourth, some remarks are made about the restric-
tion or abolishment of cash on civil liberties, with the result that this will extremely
limit them. The conclusion of this paper is that cash has a minor influence on the
shadow economy, crime and terrorism, but potentially a major influence on civil

liberties.

1 Introduction

In recent years intensive discussion has arisen about restricting or even abolishing
the use of cash. | am aware that there is a much longer and more extensive debate
about the costs and benefits of phasing out paper currency, which is the title of a
paper of Rogoff (2014).2 But what is new, all of a sudden, is the suggestion that
the restriction or even abolition of cash would more or less do miracles: If cash
were to be severely restricted or no longer existed, there would be much less crime
and the shadow economy would be drastically reduced, because most shadow
economy transactions are usually undertaken in cash. Also if cash were not easily
available, terrorist attacks would be severely hampered. This paper tries to shed
some light on whether cash has such an important influence on the shadow econ-
omy, crime and terrorism, but also on the effect which reduced cash would have
on civil liberties.

In most countries the dominant means of transfer in paying legally (but also illegal-
ly) for goods and services is cash, which has proved to be an efficient means of
handling all economic activities. But there is a growing literature claiming that cash
supports the shadow economy, crime and terrorism and is risky, old fashioned and

unnecessary, especially if one considers the fast increase in electronic payments.*

3 Compare here only some recent references: Sands (2016), Rogoff (2014), Feige (2012), Schneider
and Linsbauer (2016), Riccardi and Levi (2017), Imordino and Wussow (2016), Saints (2016) and Rogoff
(2014).

4 Riccardi and Levi (2017), Levi (2016) and Andersen et al. (2013).
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Hence, the goal of this paper is to undertake an empirical econometric investiga-
tion about the relations (1) between cash and the shadow economy and (2) be-
tween cash and crime, including corruption. Furthermore, some remarks are made
about (3) cash and terrorism and (4) cash and civil liberty. To my knowledge a
sound econometric investigation has not been undertaken in order to fulfill the
ceteris paribus condition for evaluating the relation between cash and the shadow
economy and the relation between cash and corruption, e.g. as measured by the

Transparency Corruption Perception index.

The paper is organized as follows: In chapter 2 some short remarks about the use
of cash are made. Chapter 3 deals with cash versus illegal activities; in subchapters
3.1 cash and shadow economy, 3.2 cash and bribery, 3.3 cash and crime and 3.4
cash and terrorism. In the final chapter 4 some considerations about cash versus

civil liberties are undertaken and conclusions are drawn.

2 Some remarks about the use of cash

In this chapter, some short remarks about the use of cash are made. The recent
data shows that cash is heavily used in the legal economy. Despite the increasing
use of alternative payment methods, such as credit cards, electronic payment sys-
tems, or virtual currency, banknotes still represent the preferred means of payment,
both in Europe and abroad, including the United States. This is particularly true for

small-scale purchases in certain sectors.

There are numerous studies which extensively analyze the use of cash.> Bagnall
et al. (2014) state that their paper is one of the first that analyzes the cash payment

behavior of consumers, using harmonized micro-data from several countries

5 Compare e.g. the papers of Bagnall et al. (2014), Riccardi and Levi (2017), Ardizzi (2015), to mention
just a few recent studies.
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(Australia, Austria, Canada, France, Germany, The Netherlands and the United
States). Due to the lack of available data, they argue that relatively little has been
known about the use of cash. These authors provide first evidence. They combine
data from a regular questionnaire with data from payment diaries, which collect
information on individual payments by consumers. This allows them to compre-
hensively analyze consumers’ payment behavior. They come to the surprising result
that in spite of what many have predicted so far (that cash is disappearing as a
payment instrument), their research paper shows, that in all seven countries con-
sidered cash is still used extensively, in particular for lower value transactions. In
table 2.1 the results for the use of cash are shown. The table is taken from Bagnall
etal. (2014). It clearly shows that cash is mostly used in Austria with 82% payment
share by volume, followed by Germany with also 82% and then by Australia with
65%. If we look at payment share by value, in Austria cash is still mostly used with
65% followed by Germany with 53% and then by the Netherlands with 34%. This
table clearly shows that cash is still quite heavily used.
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Use of Cash, Years 2010-2012 in seven highly

developed OECD countries

Variable

Payment share by volume
Cash

Debit

Credit

Total

Other most important
payment instrument (share
> 5%)

Payment share by value
Cash

Debit

Credit

Total

Other most important
payment instrument (share

> 5%)

2Cheques.

®Internet/telephone banking.

AU

0.65

0.09

0.96

0.32

0.32

0.82

0.12°

AT

0.65

0.25

CA

0.53

0.25

0.19

0.23

0.30

0.41

0.94

Country

FR

0.09°

0.15

0.43

DE

0.82

0.13

0.02

0.53

0.28

NL

0.41

0.01

0.95

0.34

0.60

0.04

0.97

us

0.23

0.27

Notes: Authors’ calculation based on questionnaire and diary surveys. Nominal values are expressed in PPP-ad-
justed USD. PPP exchange rates are taken from the OECD: http://www.oecd.org/std/pricesandpurchasesingpow-

erparitiesppp/PPP_OECD.xIs.

Source: Bagnall et al. (2014), p. 27.
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In table 2.2 the use of Euro banknotes (in circulation estimates) for 2008 and 2014
is shown. One realizes clearly that in 2014 households and non-bank companies
used Euro banknotes for 30% of total payments, somewhat less than in 2008
where it was 33%. Also banks’ use of cash dropped from 8% to 6%, holdings of
cash outside the European monetary union increased from 20% to 23% (2014)
and domestic cash hoarding by households and non-bank-companies increased
from 39% to 41%.

If we consider other studies, e.g. Drehman et al. (2002), who analyze cash use in
several countries, come to the result that it is widespread, especially for low-value
transactions, and systematic differences between countries persist. Other related
studies include, among others, Amromin and Chakravorti (2009) who find decreas-
ing demand for small denomination currency, even when debit card use increases.
Alvarez and Lippi (2009) and Lippi and Secchi (2009), who study the relationship
between money demand and innovations in money withdrawal technologies, and
Evans, Webster, Colgan, and Murray (2013) show increased cash use in European
countries from 2000 to 2012. Of course, one should be clear here that the use of
cash is vastly different from country to country and is driven by different payment
habits.
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Use of euro banknotes in circulation

— estimates in 2008 and 2014

Purpose/Variable

Domestic transaction
balance

Banks’ vault cash

Holdings outside the
EMU

Domestic cash
hoarding

Total value of
euro banknotes in
circulation

User

Households,
non-bank companies

Euro area banks

No sectoral
information

Households,
non-bank companies

All users

Source: Mai, H. (2016), p.4.

EUR bn

Year 2008
Share of
total
33% 250
8% 60
20% 150
39% 300
100% 763
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Table 2.2
Year 2014
Share of
total EUR bn
30% | 305
6% | 61
23% 1 230
41% 1 420
100% 1017
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This can also be seen in table 2.3, where the result of an ECB survey about the use
of cash is reported for the year 2011. With the exception of Luxembourg and the
Netherlands small Euro amounts (< 20€) are dominantly used for purchases; e.g.
91% in Germany, 90% in Spain and 91% in Italy. If one uses the purchase value
30-100 Euro, the use of cash drops but is still 77% in Italy, 69% in Germany and
64% in Spain. If we consider purchases between 200 and 1000 Euro the use of
cash drops heavily but is still 30% in Spain, 31% in Italy and 219% in Germany. If
one takes purchases of 1000 Euro and more the figure drops down to below
around 6% but in Austria is still 10%. This clearly shows that small sums are dom-

inantly paid in cash.

Percentage of respondents always or often using Table 2.3
cash by value of purchase; year 2011; 8 EU-countries

Percent of respondents always of often using cash by
value of purchase

Country < 20 euro 30-100 euro 2,000-10,000 euro > 10,000 euro
Belgium 84% 48% 18% 5%

Germany 91% 69% 21% 4%

Spain 90% 64% 30% 6%

France 80% 15% 3% 0%

Italy 91% 77% 31% 4%
Luxembourg 77% 27% 10% 3%
Netherlands 65% 20% 8% 4%

Austria 82% 60% 29% 10%
AVERAGE (8 EU MS) 87% 55% 20% 4%

Source: ECB, Frankfurt (2011).
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Finally, in figure 2.1 the average cash ratio (defined as the ratio between the
amount of ATM withdrawals (proxy for cash use) and the sum of total payments)
over the period 2011-2015 is shown across European Union countries. For the
countries of the Euro area it is 46.8%, for the total European Union it is 41.9%. The
highest shares are for Greece, Bulgaria and Romania with 88.8%, 88.6% and
84.8%; the lowest are for the United Kingdom. France and Sweden with 27.0%,
25.3% and 23.4%. Again, huge differences!

Cash-ratio across 28 European countries; Figure 2.1
average 2011 - 2015"
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1) The ratio is defined as the ratio between the amount of ATM withdrawals (proxy of cash use) and the sum of
total payments including those through residents’ points of sale (POS).
Source: Piccardi and Levi (2017), who draw on ECB data.
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To summarize, these tables, figures and remarks clearly show that cash was still
dominantly used in Europe and in other highly developed OECD countries over the
period 2010 to 2015. The percentage of use is vastly different between countries
and it all depends on payment habits. But these tables clearly show that cash is an

important element and also that cash hoarding increased significantly.

3 Cash versus illegal activities

In this chapter the major research question is “How much does cash stimulate ille-
gal activities?”, starting with the shadow economy, then crime and corruption, and
finally considering terrorist financing. It is obvious that cash cannot be easily traced,
which makes cash attractive for transactions related to the shadow economy, brib-
ery, crime and finance of terrorism. But still an important question is: Is cash a

major source of the shadow economy, of crime and of terrorism or just one means?

3.1 Cash and the shadow economy

Shadow economy refers to business/economic activities off the books, which are
legally allowed but not recorded in order to avoid tax and social security payments
and to avoid labor market and other regulations.® In this subchapter | want to in-
vestigate the role cash “plays” as an indicator of the size of the shadow economy.
In figure 3.1, the share of cash payments versus the size of the shadow economies
of 36 highly developed countries averaged over 2013-2014 are shown. One clear-
ly realizes that the larger the share of cash in total payments the larger the size of
the shadow economy. The correlation coefficient between the two variables is
0.50 and is highly statistically significant. Hence, at a first glance, it looks like the

6 There is an extensive literature about the definition of a shadow economy also estimating a shadow
economy and its interaction with the official economy. Compare for example Feld and Schneider (2010),
Gerxhani (2003), Schneider (2015, 2017), Schneider and Williams (2013) and Williams and Schneider
(2016) as well as Sauka, Schneider and Williams (2016). Due to this extensive literature a longer discus-
sion about defining and estimating a shadow economy and its interaction with the official one is not
undertaken in this paper.
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higher the share of cash (as a percentage of total payments) the larger the shadow
economy. However, if one also looks at figure 3.1 there are some distinct excep-
tions, for example Germany and Austria are cash-intensive countries with relatively
small shadow economies. In Sweden, where cash payments have become rare, the

country still has a medium-sized shadow economy.

Share of cash payments versus the size of the shadow economy  Figure 3.1
(averages over 2013 — 2014)
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Share of cash in % of total payments

Source: Own calculations.

Given these inconclusive findings and in order to fulfill the ceteris paribus condition
an econometric investigation is undertaken. | know that the shadow economy
is driven by tax burden, by regulation, by the quality of public institutions, unem-

ployment, tax morale and other factors.” But how is it related to the use of cash

7 Compare here for example Feld and Schneider (2010) and Schneider (2015, 2017).
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and/ or cash limits?® In this paper | choose three ways of investigation.

First, using a MIMIC estimation, shadow economy is a constructed figure with
various causes, such as tax burden, regulation measures, economic freedom, legal
system, tax morale, etc. Indicators, like employment and GDP and cash or cash
limits are neither used here as indicator nor as cause variables. These “cash free”
shadow economy figures are now regressed on the availability of cash approxi-
mately by the share of cash in total payments and by cash limits. The results are
shown in table 3.1. The size of the shadow economy in 38 highly developed coun-
tries as averaged over the years 2013/2014 is regressed on GDP per capita, share
of cash payments and cash limits, which exist in a number of European countries.
The results clearly show that the share of cash payments has an influence on the
size and development of the shadow economy and is statistically significant; the
more cash, the larger the shadow economy, ceteris paribus. However, the estimate
coefficient of cash limits which is in place in various European countries (for exam-
ple Italy, France) has the theoretically expected negative sign, but is not statistically

significant.

In table 3.2 some simulation results are undertaken about the importance of the
cash figure on the size of the shadow economy. Table 3.2 clearly shows that when
GDP decreases by 10%, the shadow economy increases by 18.4%. When the share
of cash payments decreases by 10% the shadow economy decreases just by 2%. If
we make the assumption that no cash is available anymore, the shadow economy
would decrease by 20%. Cash limits have no significant effects.

8 Itis obvious, that cash is an important element or indicator of the shadow economy. There is even one
method, the currency demand approach, which originally was developed by Vito Tanzi and Gutmann in
the 80s, who use the idea that the amount of cash held outside banks is a function of traditional factors
like consumption habits, income and interest rates, but also one can include factors which are drivers of
the shadow economy, like tax burden and regulation. One can econometrically estimate such a function
and can derive value-added figures of the size of the shadow economy. But again, here cash is only an
indicator and not the primary reason why people work in the shadow economy.
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OLS-Regression with robust standard errors; Table 3.1
38 highly developed countries; average of the shadow

economy of the years 2013/2014

Dependent variable: Coefficients
Shadow Economy in % of GDP (t/z-value)
(average over 2013/2014) [beta-value]

96.490**
(6.46)
~7.991**
Test-Statistics: (-6.30)
R2=0.742 [-0.714]*
F-value=43.39(0.000)
RMSE=4.05 0.075*
D.F.=32 (2.06)
[0.204]
-1.450
(_1 .07)***
[-0.091]

*

*k

*** Not statist. significant!
Source: Own calculations

Static simulation results

(no adjustment procedures are assumed!)

Simulations of standardized effects

Independent variables

Constant term

log(GDP p.c.) (average over 2013/2014)

Share of cash payments in % of all payments

(average over 2013/2014)

Cash limit (dummy-variable 1=limit, O=no limit)

Table 3.2

Variable Effect on shadow economy

GDP p.c. 10% decrease

Share of cash payments

No cash payments, at all Drops to 0!
Cash limit [Introduction of
cash limit]

Source: Own calculations.

10% decrease

— Shadow economy increases by 18.4%
— Shadow economy decreases by 2.01%
— Shadow economy decreases by 20.1%

- no significant effect



Friedrich Schneider: Restricting or abolishing cash: an effective instrument for
fighting the shadow economy, crime and terrorism?
58

The second way to test how important cash is for the shadow economy, or wheth-
er a cash limit would reduce the shadow economy as a causal variable, is investi-
gated by undertaking a MIMIC estimation®; the results are presented in table 3.3.
We clearly see that the cash limit variable has no statistically significant influence as
a causal factor on the size of the shadow economy whereas the tax burden, rule of
law index and the inflation rate all have the theoretically expected sign and are
highly statistically significant; the only exception is unemployment, which has
the expected sign, but is not statistically significant. Cash as an indicator of the
shadow economy has a statistically significant influence on the size of the shadow

economy.

9 This estimation procedure is explained in detail in Schneider (2017), Feld and Schneider (2011), and
Schneider and Enste (2010).
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Table 3.3

shadow economy of 36 highly developed countries;

years 2012 to 2014

MIMIC Estimates

Causal variables

Cash limit (dummy-variable: 1=limit, 0=no limit)

Tax burden in % of GDP

Rule of law index (the better, the higher)

Inflation rate

Unemployment rate

Indicator variables

Cash as share of all payments
Labor force participation rate
Chi-Square

RMSA

Coefficient of determination

Observations

ok

kK

Source: Own calculations.

Est. Coeff.

1.889 (0.56)
0.174** (2.10)
—2.995*** (-3.28)
2.824*** (3.50)

1.735 (0.60)

1.00 constrained
—0.431***(-3.44)
6.14 (0.188)
0.122

0.908

36
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The third way is a first attempt at a micro study. In figure 3.2 some first micro re-
sults about the following question are shown. “Imagine there was no cash any-
more. What would you have done in the following situations?” The answers are in
percent of those persons who said that they paid in cash for services or trades ac-
tivities because it was anonymous. 33% of the Austrians interviewed (interviews
were done from May 24 to June 29, 2016 with 1056 interviewed persons) would
still demand the service and would pay cashless. 13% said that they would still
have demanded the service but would have paid more attention to correct tax
treatment. 13% would not have demanded the service anymore and 41% would
have negotiated another anonymous payment method with the other party, such
as vouchers or gifts. Hence, even under the extreme assumption that no cash is
available, 41% of the people who prefer anonymous payment would still seek an
anonymous payment method.' To summarize, cash is an important element in the
shadow economy. But cash is by no means a causal factor and it has quantitatively
limited influence on the development of a shadow economy. Without any cash a
shadow economy might be reduced between 10 to 20%.

10 These are first results on a project of a micro-investigation for Austria about the structure of the
shadow economy motivation and why people work in the shadow economy.
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“Imagine there was no cash anymore. Figure 3.2
What would you have done in the following situations?”

A5ty
answers in %, basis: persons who 41%
40% paid in cash for the services or
- 33% craftsman activities because it is
anonymous
E L
5%
0%
15% 13% 13%
0%
55
0%
| woubd have also | would have alss | waild have HOT | would have sgresd on
demanded the ssrvics and demanded the sandice. but demandad the sarnce ancther an [=]F} ]
simply paid cashlesshy would have paid mone pmmm% With the
attention to & SOrrect tax other party like vouchers or
treatmsent gifts

N=1,056 interviews, representative for the Austrian population.
Source: Friedrich Schneider: Market Linz, May 24 to June 9, 2016.

3.2 Cash versus illegal activities

3.2.1 The case of corruption

As in subchapter 3.1, the use of cash is often blamed as the main enabler of brib-
ery, corruption and other crime activities. In many countries the simple equation of
much cash, much bribery, seems to hold true in media stories. In countries such as
Switzerland and Austria, low levels of perceived public-sector corruption and brib-
ery occur alongside a high share of cash in total payments and/or low number of
cashless payments per person. Compare here figure 3.3, in which the share of cash
payments and the transparency corruption perception index are plotted. We clear-
ly see in this figure that the higher the corruption the lower the transparency cor-
ruption index value, and the higher the cash share. Hence, countries like Greece
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and Bulgaria (which have high corruption) also have a high share of cash payments
measured as a percentage of total payments; the correlation coefficient is —0.72
and highly statistically significant. But, as already argued, other countries such as
Switzerland, Germany and Austria have a high share of cash payments, but quite
low corruption. As in the shadow economy case from this figure, we cannot draw

the conclusion that cash is responsible for corruption.

Share of cash payments as an indicator of corruption Figure 3.3
(averages over 2014 - 2015)
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Source: Own calculations.

Again, | undertake an econometric investigation, trying to explain corruption. Cor-
ruption has considerable impact on economic, political and social factors and is
subject to a vast range of institutional, jurisdictional, society and economic condi-
tions. In a survey paper, Dimand and Tosato (2017) provide a comprehensive state
of the art survey of the existing literature on corruption and its causal effects. They

reach the conclusion that thanks to more convenient and better availability of data,
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empirical research on corruption has advanced vastly over the last decade. They
conclude that from a scholarly perspective the remaining challenge is how to deal
with noisy data and they try to capture hidden behavior. Their survey shed light on
the development of empirical corruption research and on the non-robustness of
older and newer empirical findings. They show that recent empirical findings on
the interrelation between corruption and bureaucracy, press and economic free-
dom, poverty wages and/or the shadow economy are in line with both theoretical
assumptions and older empirical research. They further conclude that the quality of
empirical research and corruption is still advancing and needs to settle important
issues, such as the right way to measure corruption, before being able to settle
debate of conflicting empirical findings. They conclude that more micro-data is

required in order to get consistent findings.™

Considering these survey results, an attempt is made here to explain corruption.
The transparency corruption index (TCI) is used as dependent variable; and indices
of rule of law and economic freedom, GDP per capita, share of cash payments and
cash limits are used as independent variables.’ The TCI of 38 highly developed
countries over 2014/2015 is used. The results are reported in table 3.4 (note that
for the dependent variable the TCl, the higher the value the lower the corruption!).
The regression shows that the better the rule of law and the more economic free-
dom is granted, the lower is corruption. It also shows, the higher GDP per capita
is, the lower is corruption. The result also shows that the higher the share of cash
payments, the higher is corruption; the estimated coefficient is statistically signifi-
cant. Finally, the cash limit dummy variable has the wrong sign and is not statisti-
cally significant.

11 Assimilar conclusion was also reached by Dreher and Schneider (2009), who empirically investigated
the interaction between corruption and the shadow economy.

12 Amazingly, in the survey by Dimand and Tosato (2017), cash as a driving force for corruption is not
even mentioned.
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Regression results: Transparency Corruption Index Table 3.4
(the higher the value, the lower corruption); 38 highly
developed countries; years 2014/2015

Dependent variable: Coefficients
Transparency Corruption Index (TCl)  (t/z-value)
(average over 2014/2015) [beta-value] Independent variables
(The higher the value, the lower
corruption) —44.725*% Constant term
(-2.48)
0.616** Rule of Law Index; the higher, the better
(3.18)
[0.424]
Test-Statistics::
R2=0.924 0.507* Economic freedom index; the higher, the better
F-value=124.64(0.000) (2.59)
RMSE=4.67 [0.204]
D.F.=32
4.060(*) log(GDP p.c.) (average over 2013/2014)
(1.65)
[0.176]
-0.176** Share of cash payments in % of all payments
(-3.30) (average over 2013/2014)
[-0.233]
-2.192 Cash limit (dummy-variable 1=limit, O=no limit)
(71 ‘23)***
[-0.066

*

*k

***Wrong sign! Not significant!
Source: Own calculations

In table 3.5 some simulation results about quantitative importance are presented.
One realizes that if the rule of law (economic freedom), increases by 10 percentage
points, the TCl increases by 6.1 (5.0%), which means less corruption. If the share
of cash payments is decreased by 10 percentage points, the TCl increases only by
1.8%, which means less corruption. | have here a statistically significant effect of
the estimated coefficient of the cash variable, but compared to the other two

variables, it is only of minor importance.
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Simulation results on TCI Transparency Corruption Index Table 3.5
(the higher the value, the lower corruption)

Standardized effects — Simulations

Rule of law +10 percentage points — Increase of 6.1 percentage points of the TCI
— Less corruption

Economic freedom +10 percentage points — Increase of 5.0 percentage points of the TCI
— Less corruption

Share of cash payments —10 percentage points — Increase of 1.8 percentage points of the TCI
— Less corruption

Cash limit=1 Wrong sign! Not significant!

Source: Own calculations.

Finally, in table 3.6 a robustness test for six different specifications is presented, as
Dimand and Tosato (2017) argued in their survey about the instability of the regres-
sion results explaining corruption. Table 3.6 clearly shows that the estimated coef-
ficient of cash share is in three cases statistically significant and in three cases not.
The estimated coefficient of cash limit is not statistically significant in any the six
cases. | must confess that the results are not stable. Hence, | cannot conclude that

cash is a driver of corruption.
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Problem of stability of the estimated coefficients Table 3.6
of the variables “cash share” and “cash limit”

Estimated coef- Estimated

ficient of “Cash  coefficient of Specification of the regression; depended variable;
No. share” “Cash limit Transparency Corruption Index
1 —0.176** =2.191 Log(GDPAV), ECFl av., LAW av.
(=3.30) (-1.23)
2 -0.079 -0.089 Log(GDPAV), ECFl av., LAW av., Gov. Eff.
(=1.54) (~0.06)
3 —0.083 0.032 Log(GDPAV), ECFI av., Gov. Eff.
(=1.13) (0.02)
4 —0.195** -1.915 LAW av., EFl av.
(-3.38) (=1.05)
5 —-0.109(*) -2.86 Log(GDPAV), LAW av., BFI av.
(-1.82) (=1.46)
6 —-0.083 0.033 Log(GDPAV), ECFI av., Gov. Eff.
(=1.13) (0.02)

GDPAV=GDP average 2013-2014; LAW av.=Rule of Law Index, Gov. Eff.=Gov. Efficiency index, EFI av.=Economic
Freedom Index, BFI av.=Business Freedom Index

*

%

Source: Own calculations

3.2.2 The case of money laundering

It is obvious that “crime” or dirty money is laundered. This has the purpose of
making dirty money appear legal (compare Walker, 1999, 2007)."* There are many
methods of money laundering; table 3.7 briefly explains the 12 most common
methods according to Unger (2007) and Schneider (2015). Which of these meth-
ods is chosen depends on the type of crime activity and on the institutional ar-

rangements in the country where the criminal money is “earned”. For example,

13 Step one is the earning and collection of the crime money. Step two is to become as rich and influ-
ential as possible in the underground and legal world.
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in the drug business method 8 “business ownership” is quite often used.™ In big
cities quite reasonable amounts of cash are earned by drug dealers in a lot of
different places, which they infiltrate into cash-intensive operations such as restau-
rants, which are especially well suited for money laundering purposes, by adding
the criminal proceeds to the “legal” turnover of the business. Table 3.7 also shows
that in 8 out of the 12 methods cash is only or mostly used. Quite obviously, when
using cash deposits (method 2), cash smuggling (method 4), business ownership
(method 8), credit card advance payments (method 11) and ATM operations (12)
for money laundering, more or less only cash is involved in these transactions. Only
for wire transfers, the purchase of insurance policies, security purchases and the
creation of shell corporations is cash of little or no importance. Therefore, cash is
quite important for money launderers in traditional criminal activities at the first
stage.

Unger (2007) estimates the amount of laundered money for the top 20 destination
countries of laundered money. These figures are shown in table 3.8. In this table
two estimates are presented, one by Walker (1999, 2007) and one by the IMF. The
Walker figure of 2.85 trillion USD is much larger than the IMF figure of 1.50 trillion
USD (both figures are for the year 2005). Walker's figures have been criticized as

too high, which was one reason why the IMF estimates are shown too.

Table 3.8 clearly demonstrates that two-thirds of worldwide money laundering is
ascribed to these 20 countries listed. One should realize that most of these coun-
tries are highly developed and have quite sizeable legal/official economies, which
makes them highly attractive for re-investing the laundered proceeds. What is also
amazing is that there are only a few small countries, offshore countries (OFCs) and/

or tax havens among them (Cayman Islands, Vatican City, Bermuda and Liechten-

14 Compare Schneider (2004) and Masciandaro (2004).
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stein).”™ The majority of countries that attract money laundering flows are econom-
ically big players. The United States has the largest share in worldwide money
laundering at almost 19.0%, followed by the Cayman Islands (4.9%), Russia (4.2%)
and Italy (3.7%). However, smaller countries such as Switzerland (2.1% of world-
wide money laundering), Liechtenstein (1.7%) and Austria (1.7%) are also attrac-
tive. If one takes the lower IMF values for Austria, Switzerland and the United
Kingdom, about 5.5% of the total amount is laundered in these three countries,
which comes close to roughly 10% of their official GDP. Yet it needs to be empha-
sized that it is not clear whether this money is “only” laundered in these countries
or whether it also remains there. The money may well leave these countries after
the laundering process. In general, table 3.8 demonstrates how substantial the
amount of laundered money is and that two-thirds of these funds are concentrated
in only 20 countries.

Bagella et al. (2009, p. 881) apply a two-sector dynamic general equilibrium mod-
el to measure money laundering for the United States and the EU-15 macro areas
over the sample period 2000:01 to 2007:04 on a quarterly basis. Their time series
are generated through a fully micro-founded dynamic model, which is appropriate-
ly calibrated to replicate selected stochastic properties of the two economies (legal
and illegal). Their model has a short run perspective. Bagella et al. get the following
results: First their simulations show that money laundering accounts for approxi-
mately 19.0% of the measured GDP in the EU-15, while it accounts for 13.0% in
the US economy, over the sample 2000:01 to 2007:04. Second, the simulated size
of money laundering appears less volatile than the corresponding GDP. As regards
the EU-15 macro area, the simulated statistics suggest that money laundering vol-
atility accounts for one-third of GDP volatility. For the US economy, the same sta-

tistics produce a figure of two-fifths. Considering these estimates | admit that they

15 Compare also Masciandaro (2005, 2006), Zdanowicz (2009), Truman and Reuter (2004), and Walker
and Unger (2009).
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are quite high and I have some doubts about how plausible these large figures are.

In another study Walker and Unger (2009, p. 821) again undertake an attempt to
measure global money laundering and/or the proceeds from transnational crime.
They criticize the traditional and often used methods such as case studies, proxy
variables, or models for measuring the crime economy, arguing that they all tend
to overestimate money laundering. They present a theoretically orientated gravity
model which makes it possible to estimate flows of illicit funds from and to each
jurisdiction in the world. This “Walker Model” was first developed in 1994 and was
updated in 2008/2009. The authors elaborate that their model belongs to the
group of gravity models which has recently become popular in international trade
theory. The authors argue that the original Walker Model estimates are compatible
with recent findings on money laundering. Once the scale of money laundering is
known, its macroeconomic effects and the impact of crime prevention, regulation
and law enforcement as well as the scale of transnational crime can also be meas-
ured. Walker and Unger (2009, pp. 849-850) conclude that their model still seems
to be the most reliable and robust method to estimate global money laundering,
and thereby the important effects of transnational crime on economic, social and
political institutions. Rightly they argue that the attractiveness of the distance indi-
cator in the Walker Model is a first approximation, but is still not theoretically sat-
isfactory. A better micro-foundation for the Walker Model is needed. Micro-foun-
dation here means that the behavior of money launderers is analyzed; in particular
the reasons that make them send their money to a specific country. Hence, Walker
and Unger (2009, p. 850) conclude that an economics of crime micro-foundation
for the Walker Model would mean that, similarly to international trade theory,
behavioral assumptions about money launderers should be made. Their gravity
model can be seen as a reduced form or outcome of a rational calculus of sending

money to a certain country and potentially making large profits.
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Problem of stability of the estimated coefficients

Table 3.7

of the variables “cash share” and “cash limit”

Summary

Wire transfers
(no cash)

Cash deposits
“Smurfing”
(only cash)

Informal value trans-
fer systems (IVTS)
(mostly cash)

Cash smuggling
(only cash)

Gambling
(mostly cash)

Insurance policies
(no cash)

Securities
(no cash)

Business ownership
(only cash)

Shell corporations
(little cash)

Purchases
(mostly cash)

Credit card advance
payment
(only cash)

ATM operations
(only cash)

Money launderers move funds around in the banking system all over the
world. Often these funds go through several banks and different jurisdic-
tions.

Money launderers deposit cash advances in bank accounts. Due to an-
ti-money-laundering regulations they often “structure” the payments, i.e.
break down large to smaller amounts (“smurfing”).

Money launderers on the one side rely on other transfer providers, such as
the Hawala or Hindi, and on the other side on IVTS shops (mainly selling
groceries, phone cards or other similar items).

Money launderers mail, FedEx or simply carry cash from one region to
another.

Casinos, horse-races and lotteries are ways of legalizing funds. The money
launderer can buy (for “dirty” cash) winning tickets — or in the case of casi-
nos, chips —and redeem the tickets or the chips in a “clean” bank check.

Money launderers purchase single premium insurance, redeem early (and
pay a penalty) in order to receive clean checks to deposit.

Usually used to facilitate fund transfers, where underlying security deals
provide cover (and legitimate looking reason) for transfers.

Money is laundered through legitimate businesses, cash-intensive opera-
tions, such as restaurants, are especially well suited for laundering; one of
the most often used methods!

Money launderers might create “fake” companies exclusively to provide
cover for fund moves without legitimate business activities; one of the most
often used methods!

Real estate or any durable good purchases can be used to launder monies.

Money launderers pay money in advance with dirty money, and receive
clean checks on the balance from the bank.

Banks might allow other firms to operate their ATMs, i.e. to maintain and
fill them with cash. Money launderers fill ATMs with dirty cash, and receive
clean checks (for the cash withdrawn) from the bank.

“no” cash: 4 cases
“only” cash: 5 cases
“mostly” cash: 3 cases

Source: Unger (2007, pp. 195-196) and own remarks.
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The amount of laundered money for the top 20 Table 3.8
destinations of laundered money, year 2005

% of world- Walker estimate MF estimate of

wide money 2.85 trillion USD 1.5 trillion USD worldwide
Rank Destination laundering Amount in billion USD Amount in billion USD
1 United States 18.9% 538,145 283,500
2 Cayman Islands 4.9% 138,329 73,500
3 Russia 4.2% 120,493 63,000
4 Italy 3.7% 105,688 55,500
5 China 3.3% 94,726 49,500
6 Romania 3.1% 89,595 46,500
7 Canada 3.0% 85,444 45,000
8 Vatican City 2.8% 80,596 42,000
9 Luxembourg 2.8% 78,468 42,000
10 France 2.4% 68,471 36,000
1 Bahamas 2.3% 66,398 34,500
12 Germany 2.2% 61,315 33,000
13 Switzerland 2.1% 58,993 31,500
14 Bermuda 1.9% 52,887 28,500
15 Netherlands 1.7% 49,591 25,500
16 Liechtenstein 1.7% 48,949 25,500
17 Austria 1.7% 48,376 25,500
18 Hong Kong 1.6% 44,519 24,000
19 United Kingdom 1.6% 44,478 24,000
20 Spain 1.2% 35,461 18,000
Summary 67.1% 1,910,922 1,006,500

Source: Unger (2007, p. 80).
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3.2.3 The case of cybercrime

According to Anderson et al. (2013), in the last 10 to 15 years cybercrime has orig-
inated from white-collar crimes. In the year 2007 the European Commission de-
fined cybercrime in the following way'®:

1. traditional forms of crime such as fraud or forgery, though committed over elec-
tronic communication, networks and information systems;
2. the publication of illegal content over electronic media; and

3. crimes unique to electronic networks.

Today, cybercrime takes on many forms, like online banking fraud (phishing), fake
antivirus software, fake computer programs and fake error messages. In a first
systematic paper Anderson et al. (2013) try to use a survey to measure the cost of
cybercrime and/or the criminal proceeds from some types of cybercrime.'” Cyber-
crime is a fairly new development and is certainly becoming more and more impor-
tant. What type of cybercrime costs can one observe? Anderson et al. (2013, p.
269) state the following four:

1. costs in anticipation of cybercrime, such as antivirus software, insurance and
compliance;

2. costs as a consequence of cybercrime in the form of direct losses and indi-
rect costs, such as weakened competitiveness as a result of intellectual property
compromise;

3. costs in response to cybercrime, such as compensation payments to victims and
fines paid to regulatory bodies; and

4. indirect costs such as reputational damage to firms, loss of confidence in cyber

16 This definition is taken from Anderson et al. (2013, pp. 268); compare also Levi and Suddle (1989)
as well as Levi (2009 a,b), and Levi (2017).

17 Compare also Detica and the Office of Cyber Security and Information Assurance (2011), Kanich et
al. (2011), Levi (2011), Levi and Burrows (2008), Taylor (2011), Van Eeten and Bauer (2008).
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transactions by individuals and businesses, reduced public-sector revenues and

the growth of the underground economy.

These types of costs are shown in figure 3.4, where Anderson et al. try to analyze

the costs of cybercrime and also some criminal revenues. From figure 3.4 one clear-

ly realizes that criminal revenues or criminal proceeds can be derived from the di-

rect losses of victims due to cybercrime. Direct losses (or proceeds of national or

transnational criminal activities) include:
1. money withdrawn from victims” accounts;

2. stolen software; and

3. faked financial transactions.

Framework for analyzing the costs of cybercrime

Defense costs/
Infrastructure costs

Indirect costs

Criminal revenues, Direct losses of the society/
profits Cybercrimes

Source: Anderson, et. at. (2013, p. 270), and our remarks.

\ J

Figure 3.4

Costs to society
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What does one know about the costs (and partly proceeds of criminal activities) in
the cybercrime area? Anderson et al. (2013, pp. 294-295) provide an interesting
table (table 3.9) showing a first estimation of the costs (and partly proceeds) of the
category of cybercrime.™

Considering the four cost (proceeds) components (costs of genuine cybercrime,
costs of transitional cybercrime, costs of cybercriminal infrastructure, costs of cy-
bercrime against public institutions) in table 3.9 one clearly realizes that compo-
nent 4 “Cost of crime against public institutions (welfare and tax fraud)” becoming
“cyber” is by far the largest part covering 67.5% of all costs of cybercrime, which
amounts to a sum of 150.2 billion USD on a global estimate. Turning to global
estimates of other components of cybercrime, one realizes that the costs of “gen-
uine cybercrime” on a worldwide basis are 3.5 billion USD or 1.6% of the total
costs of cybercrime. The 3.5 billion USD can also be seen as the largest part of the
proceeds of genuine cybercrime activities. If one considers component 2 “Costs of
transitional cybercrime” one realizes that it amounts to 44.2 billion USD or 19.8%
of the total costs of cybercrime. With 24.8 billion USD the costs of cybercriminal
infrastructure are quite sizeable as well; they amount to 11.9% of the total costs.
As already said, the costs of traditional crimes becoming cyber are with 150.2
billion USD the largest part of the costs of cybercrime. Again this could at least
partly be seen as the criminal proceeds from cybercrime activities in these areas,
especially for tax fraud. In general table 3.9 clearly demonstrates that the costs and
proceeds of cybercrime activities are sizeable. In future they will certainly rise be-
cause the use of electronic networks for crime activities is becoming more and

more attractive.

18 In the following table own calculations are added but it originally comes from Anderson et al. (2013,
p. 294-295).
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An estimation of the various cost components Table 3.9
(for the criminal proceeds) of cybercrime; year 2012

UK Est. Global Est.  Ref.
Type of cybercrime (in % of total cost); year 2010-2012 (in bn $) (in bn $) period
1. Cost of genuine cybercrime 0.164 3.50
(e.g. online banking fraud) in bn $ (0.9%) (1.6%)
2. Cost of transitional cybercrime 3.07 44.20 2010
(e.g. online payment card fraud) in bn $ (6.7%) (19.8%)
3.Cost of cybercriminal infrastructure 1.24 24.84 2012
(e.g expenditure on antivirus) in bn $ (11.9%)
4. Costs of cybercrime against public institutions
4.1 Welfare 1.90 20.00 2011
4.2 Tax fraud 12.00 125.00 2011
4.3 Tax filing fraud - 5.20 2010
SUM of 4 in bn USD (in % of total costs) 13.90 150.20 2011
(75.7%) (67.5%)
SUM of 1-4 in bn USD (in % of total costs) 18.37 222.70 2011
(100%) (100%)
In percent of total crime proceeds 20.3%

1,100 bn worldwide (100%)

Source: Anderson et al. (2013, pp. 294-295)
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3.3 Cash versus terrorist financing

There are quite a number of statements and also papers which draw a connection
between the financing of terrorism and cash. Some studies also support the view
that cash is used also for terrorism financing.” In table 3.10 the costs of terrorist
attacks are presented. Table 3.10 clearly shows that not much money is needed in
order to undertake terrorist attacks. What is also quite often not known that be-
fore the attacks terrorists are unknown as terrorists and they can use their bank
accounts and other financial means. Hence, even severe bargain restrictions can
easily be bypassed if one goes several times to cash (ATM) machines or asks friends
to go several times to do this. In figure 3.5 the costs of terrorist attacks in Europe
are shown. Most of them cost less than USD 10,000. This figure clearly shows that
even a severe legal cash restriction has minor effects on the financing of terrorists
and activists. As shown in table 3.11, terrorist organizations such as ISIS or others
have quite sizeable annual budgets and need to finance their operations in order
to function as an organization. But even here it is doubtful whether this terrorist

organization would diminish if there were no cash available worldwide.

19 Compare e.g. Riccardi and Levi (2017), Halliday, Levi and Reuter (2014).
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Date

1993

2002

2004

2003

2001

2015

Incident

World Trade Center bombing in New York

Bali bombing

Madrid train bombing

Jemaah Islamiyah operatives captured in Cambodia

9/11 bombings

Charlie Hebdo attacks in Paris

77

Table 3.10

Cost

Us$19,000

US$25,000

Us$10,000

Carrying US$50,000

13 hijackers received US$10,000 each

€6,000

Source: Sands, P. (2016): Making it Harder for the Bad Guys: The Case for Eliminating High Denomination Notes,
Weil Hall, p. 25.

Costs of terrorist attacks in Europe in past 20 years" Figure 3.5

Number of attacks (40=100%) by estimated cost

(7.5

(5%)

)

= Disrupted before any costs
incurred

=< 100 USD

= 100-1,000 USD

= 1,000-10,000 USD

= 10,000-20,000 USD

u = 20,000 USD

= Not possible to estimate

Y An analysis of 40 jihadist attacks in the past 20 years shows that most funding came from
delinquents’ own funds and 75% of the attacks cost total less than USD 10,000. Source: Mai, H. (2016).
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The world’s 7 “richest” terrorist organizations Table 3.11

Organization Annual turnover Main sources

ISIS usS$2bn Oil trade, kidnapping/ransom, protection, taxes, bank
robberies, looting

Hamas usS$1bn Taxes/fees, financial aid/donations

FARC Us$600m Drug production/trafficking, kidnapping/ransom,
mining, fees/taxes

Hezbollah Us$500m Financial aid/donations, drug production/trafficking

Taliban Us$400m Drug production/trafficking, fees/taxes, financial aid/
donations

Al Qaeda Us$150m Financial aid/donations, kidnapping/ransom, drug
trafficking

Lashkar-e-taiba US$100m Financial assistance/donations

(Kashmir)

Source: Sands, P. (2016): Making it Harder for the Bad Guys: The Case for Eliminating High Denomination Notes,
Weil Hall, p. 26.
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3.4 Summary of the empirical findings

Summarizing subchapters 3.1 to 3.3 | reach the following findings/conclusions:

(i) Figures on crime and criminal cash usage are rare, often contain large errors
(problem of double counting) and are difficult to interpret.

(i) The available evidence suggests that restrictions on cash use will probably
reduce profits from crime, but will certainly not eliminate them. Due to my
empirical investigation, | reach the following figures: Reduction in cash or in-
troduction of a cash limit: Shadow economy reduction between 2 and 20%
(extreme case: no cash); corruption reduction between 1.8 and 18 percentage
points (extreme case: no cash); crime reduction between 5 and 10%.

(iii) Other means of storing and transferring illegally obtained assets without
leaving many traces are already in use. They include:

a. the transport of physical valuables (e.g. prepaid instruments, precious metals,
diamonds),

b. using false identities and fake firms,

¢. criminal middlemen and shell companies to facilitate cashless transfers via
regulated entities like the banking system, money transmitters or online
payment service providers.

(iv) Also, funds can be moved through traditional or new, alternative transfer
systems like hawala or private virtual currency schemes.

(v) Finally, technical progress, especially cyber money (bitcoin), and other electronic
means are rapidly changing payment habits and hence will be heavily used by

criminals, too.
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4 Conclusions: Cash and civil liberties

For liberal societies the importance of cash has much deeper aspects than “pure”
economic ones. Cash reflects the fundamental relation between citizens or taxpay-
ers and state authorities. Using cash means freedom, independence and personal
fulfillment for a citizen who doesn’t want a state intervention when using cash.
The “voices” calling for the limitation or abolishment of cash argue that tighter and
more comprehensive state control over individuals’ financial flows and funds will
effectively fight crime, shadow economy and terrorism. But in my opinion we have

weak empirical evidence.

Of course, anonymous cash makes tax evasion easier, especially for those who
cannot afford to shift funds abroad. However, easy cash is clearly not the main
reason for tax evasion, though it does facilitate it. Indeed citizens” willingness to
pay taxes crucially depends on tax morale.?® Tax morale has been found to corre-
late with the relation between citizens and the government. The better the relation
the higher the tax morale. A high degree of trust and of political influence (direct
democracy) strengthens tax morale and the willingness of the citizens to pay their
taxes, so that the state can provide goods and services. Tax authorities should treat
taxpayers or citizens with respect and as clients rather than as suspects or servants.
Hence, such a fundamental basic contract (developed by Frey and Feld (2002,
2007)) between the tax payer and the state is crucial for the functioning of society.

The abolishment or strict limitation of cash carries the risk of seriously weakening
trust in state authorities. Abolishing cash as a simple tool against citizens to enforce
state control can easily prove to be counter-productive. Given the real perceived
importance of cash for civil liberties, a limitation or abolition could only be justified
by sound reasons and large benefits. Only then may trust between citizens and

20 Compare here the work of Feld and Frey (2002, 2007), and Schneider (2015).
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authorities remain intact. As cash is neither the motivation nor the reason for shad-
ow economies, crime or terrorist attacks, its abolition would not lead to large
welfare gains. In a democracy the choice between cash and other means of pay-
ment should be left to users, who happen to be citizens, taxpayers, consumers and
producers at the same time. Hence, my final conclusion is that citizens don't want
to be forced by state authorities not to use cash anymore. They should be free to
choose which payment instrument they use.
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Abstract

Despite the well-known difficulties to measure national euro circulations within the
euro area, several methods have been used to estimate the national demand for
euro banknotes in France, such as key-based calculations (ECB capital), approaches
using average return time of banknotes or extrapolated data from legacy curren-
cies historical trends, methods relying on the replacement indicators of the first

euro banknote series.

1 The analyses presented in this paper are those of the authors alone and do not necessarily reflect the
views of the Banque de France. The authors would like to thank their colleagues from the Directorate
General Statistics of the Banque de France, in particular Georges-Pierre Baltzinger, Guillaume Cousin,
Corinne Devillers, Jeanne Pavot and Yann Wicky for their valuable insights, as well as Jozef Vrana and
Harald Deinhammer from the Directorate Banknotes of the European Central Bank for giving us permis-
sion to present their works in this study.
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This paper proposes an update of these approaches and complements them with
two additional methods. First, exportations of banknotes data enable to infer the
French national circulation from the difference between banknotes issued by the
Banque de France and the banknotes it shipped outside the euro area, directly or
via the French wholesale bank. Second, a “bottom-up” approach can be built-up,
where the cash holdings of the different institutional sectors (MFls, households,
non-financial corporations) are summed up in order to estimate the use of cash for
transactional purpose.

Bearing in mind that those various approaches do not always separate the hoard-
ing from the transactional purposes nor take into account banknotes migrations
flows across countries, the analysis of the similarities and differences between
those several methods sheds light on the French national demand for cash by giv-

ing hints on both the low and the top ends of the range.

Introduction

As at December 31, 2016, more than 20 billion banknotes issued by the 19 nation-
al central banks of the Eurosystem circulated worldwide for a total value of 1,126
billion euros. Since the introduction of euro banknotes and coins in 2002, the

number of euro banknotes in circulation has grown by 7% each year on average.

However, while the total number of euro banknotes in circulation is known, the
number of banknotes circulating in the euro area Member States is not. After being
issued by the central bank, the behaviour of banknotes in circulation is unknown.
Lightweight, transportable and accepted throughout the euro area and beyond,

banknotes often migrate far from their point of emission.

In the absence of a better measure, the euro area Member States use the concept

of “net issuance”. Purely statistical, this concept represents the difference between
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the notes withdrawn and the notes lodged since 2002 at the national central
banks’ counters. At the end of 2016, the net issuance of France amounted to near-
ly 120 billion euros and accounted for 4.8 billion banknotes. However, these ag-
gregate data mask inconsistencies: the net issuance of €5, €200 and €500 notes is
negative, which means that for these denominations the number of banknotes
lodged at the Banque de France’s counters since 2002 is greater than the number
of banknotes it has issued.

The actual number of banknotes in circulation in France is estimated through vari-
ous methods. These estimates have a rather wide margin of uncertainty, especially
since banknotes are used for various purposes. Being the only available medium
physically representing the holding of central bank money, banknotes are used to
carry out transactions, but also to constitute reserves of value.

First, this study finds that the existing estimates of the number of banknotes in
circulation in France have usually been based on observed flows or net emissions,
sometimes in relation to macroeconomic aggregates, and that they have signifi-

cant methodological limitations (1).

Second, it proposes to introduce two complementary approaches, both based on
estimating the cash holdings of the various institutional sectors within the meaning
of the national financial accounts (2).

Third, the comparison of the results reveals very substantial differences, the ampli-
tude of which is however reduced if the comparison focuses on the “active” circu-
lation (banknotes held for transaction purposes). With a lower limit estimated at
12.2 billion euros in 2015, representing about 11% of French net issuance, this
study leaves unexplained a significant “residue”, even when taking into account
the non-observed economy. The wide range of banknote circulation estimates, as

well as the gap with the actual national net issuance, highlights the need for
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further research, in particular in order to better assess the volumes of hoarded

notes in France and the non-resident detention (3).

Definitions and methodological clarifications

In the context of this study:

— “Cash” only refers to banknotes: coins are not included in the analysis;

— "Cash holdings” refers to stocks of banknotes;

— "Active circulation” refers to notes held for transaction purposes. It should be
distinguished from the circulation of “transactional” denominations (€5 to €50
banknotes) because it does not include the fraction of €50 notes used for hoard-
ing purposes (which accounts for more than half)?;

— “Banknotes in circulation” includes banknotes held by euro area Monetary and
Financial Institutions (MFls), as well as banknotes circulating outside the euro
area;

— Due to the late availability of certain data, the study covers the year 2015;

— Banknotes put into circulation by the overseas departments note-issuing bank
(IEDOM) are included in the data.

2 Since the European return time (expressed in months between the issuance of a banknote and its
lodgement at the central bank) of the €50 note is more than twice that of the €10 and €20 notes, it
can be estimated that more than half of the European net issuance of €50 would be used for hoarding
purposes.
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Stylized facts about French net issuance of banknotes

At December 31, 2016, French net issuance amounted to 4.8 billion banknotes, for

a total of 119.8 billion euros, representing an increase of 6.7% in volume terms
and 6.2% in value terms over 1 year.

Evolution of banknotes net issuance in France since 2002 Figure 1

Evolution of banknotes net issuance in France since 2002
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Source: Emmanuelle Politronacci, Elodie Ninlias, Enda Palazzeschi, Ghjuvanni Torre.

The breakdown of the French net issuance by denomination highlights disparities
in the use of the euro banknotes, with the €20 note representing 48.9% of the
value of the French net issuance. On the other hand, the net issuance of €5, €200
and €500 denominations are negative, which means that since 2002, the Banque
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de France has registered more lodgements than withdrawals at its counters for

these denominations.

I- The banknote circulation of one country is usually estimated from
banknotes flows or net issuance

Since the euro introduction, measuring the number of banknotes in circulation has
become more complex. Several methods for estimating national circulations have
been used at the European level (method 1 based on the capital key), as well as by
the Banque de France (method 2 based on the return time and method 3 which

extrapolates on the French franc circulation).

More recently, new methods for estimating national banknote circulations have
been proposed by the European Central Bank (ECB)3:

— A method based on a stabilisation of the net issuance after the euro introduc-
tion, taking into account the growth rate of consumption (method 4) ;
— Two approaches related to the introduction of a new series of euro banknotes
(ES2) :
— One method based on the stability of ES2 lodgements and withdrawals
(method 5 a).
— Another approach based on the stability of the ES1 share in sorting
(method 5 b).

Finally, another method based on “adjusted active circulation” has been also
recently developed by the Directorate banknotes of the ECB.

3 ECB presentation, “Lessons learnt from the ES2 introduction on the determination of a national circu-
lation and euro banknote needs”, J. Vrana, July 2016
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1/ Method 1: Capital key
The simplest method for estimating the French banknote circulation consists in
applying the ECB capital key share of a given country to the average monthly cir-
culation of euro banknotes.

Indeed, NCBs' shares in this capital are calculated using a key which reflects the
respective country’s share in the total population and gross domestic product of
the European Union (EU). These two determinants have equal weighting. The ECB

adjusts the shares every five years and whenever a new country joins the EU.

Using this key presumes that the circulation of each country is proportional to the

size of its population and of its economy.

For France, the capital key is currently 14.18%. As part of the estimation of nation-
al banknote circulation, only the paid-up capital by the 19 central banks of the euro
area countries is taken into account, i.e. currently 20.14%.

According to this method, French banknotes circulation would amount to EUR
209.6 billion on average in 2015.4

4 This figure differs from the theoretical share of France in the total value of euro banknotes issued by
the Eurosystem, for two reasons: the share allocated to the ECB (8% of the total outstanding amount in
circulation) is not deducted here and the figure displays the average circulation value by denomination
in the course of 2015 instead of the value at 31 December 2015
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Average estimated French banknote circulation Table 1.1
and average total circulation of euros banknotes in 2015

EUR billions €5 €10 €20 €50 €100 €200 €500 Total
France 1.71 4.43 12.94 78.99 41.77 8.30 61.45 209.60
Eurosystem 8.50 22.01 64.23 392.14 20737 41.19 305.09  1,040.53
Source: CIS

This method assumes a same usage of cash in the euro area. However, in practice,
cash payment habits are different from one country to another. For instance, as
noted above, France is a major issuer of €20 banknotes, whereas the share of high
denomination notes (€100, €200 and €500) is rather limited.

Moreover, the relative place of cash among all means of payment is also variable
within the euro area. In some countries, as in Germany or in Italy, the use of cash
compared to the other means of payment is more important than in other coun-
tries where the use of payment card is more developed, as in France. According
to studies based on payment diaries in France® and in Germany®, cash payments
accounted for 56% of payments in volume and for 18% of payments in value in
France (in 2011), compared with 79% of payments in volume and 53% of pay-

ments in value in Germany (in 2014).

It should be noted that the large-scale survey conducted by the Eurosystem in
2015-2016 on the use of cash by households (SUCH survey, for “Study on the Use
of CasH"), whose results are pending at the date of this writing, could lead to up-

date the respective market share of the card and the cash in the point of sale (POS)

5 David Bounie, Abel Frangois, “Towards an Electronic Payment Society?”, Revue d’économie financiére
2013/1 (N° 109)
6 Deutsche Bundesbank, “Payment behaviour in Germany in 2014, p. 27.
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payments of households in France.

2/ Method 2: Return time
Banque de France usually bases its own estimates of cash demand on the return
time of euro banknotes. The return time of a denomination is defined as follows

in a given geographic area:

Return time = average monthly net issuance / average monthly lodgements
Assuming a similar return time within the euro area, the national banknotes circu-
lation by denomination can be deducted from the European return time and the

lodgements at the given BCN's counters.

According to this method, the French banknote circulation is estimated to be EUR

125.5 billion in average in 2015.

2015 Table 1.2
EUR billions €5 €10 €20 €50 €100 €200 €500 Total
European return 5.5 3.1 3.6 8.6 21.0 34.9 43.4

time (in month)

Monthly average 255 188.3 228.6 106.2 9.1 1.4 1.3
logdement France
(millions of pieces)

Estimated 141.2 579.7 830.9 918.9 190.2 47.5 55.8 2,764.1
circulation in France
(millions of pieces)

“Estimated 0.7 5.8 16.6 45.9 19.0 9.5 27.9 125.5
circulation in France
(Eur billions)”

Source: CIS
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This approach presents two major biases:

On the one hand, the European return time calculation is based on the total euro
banknote circulation, of which a significant part is held abroad.” Thus, the applica-
tion of these return times at national levels overestimates the banknote circulation
of the given country.

On the other hand, it is unlikely that the return times would be the same between
euro area Member States, because of the national specificities regarding cash cycle
and in particular the development at different speeds from one country to another

of the recirculation by private operators.

3/ Method 3: Extrapolation of the French franc circulation

This method extrapolates the French franc banknote circulation observed between
1979 and 2000.

This reference period is justified both by data availability considerations and by the
impact of the cash changeover in 2002, which led to a decline in the French franc
banknote circulation as of the end of the year 2000.

During the period under review, several notes ceased to be legal tender.® These
notes were still exchangeable for euro at the Banque de France’s counters a long
time after the introduction of the euro banknotes (until between 2005 and 2009).
During this period, the Banque de France paid advances representing the French
Treasury’s claims on the Banque de France for the balance of notes issued but not
presented for exchange. These advances were deducted from the franc banknote

7 According to the ECB, around one-third of the total value of euro banknote circulation is held outside
the euro area.

8 Four notes from the antepenultimate range of banknotes: 10 francs Voltaire, 10 francs Berlioz, 50
francs Racine and 100 francs Corneille (15 September 1986), as well as the whole penultimate range
of banknotes: 500 francs Pascal (1st March 1997), 200 francs Montesquieu (1st April 1998), 100 francs
Delacroix (1st February 1999) and 50 francs Quentin de La Tour (1st December 1995).
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circulation, so they have been added here to avoid breaks in statistical series.

According to this method, the French euro banknote circulation would reach EUR
64.4 billion at the end of 2015.

Extrapolation of the French banknote circulation Figure 2
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To evaluate the breakdown by denomination, the so-called “gap-method”, which
models the replacement of the francs by euros, is used. In this method, each deno-
mination in francs is substituted by the euro denominations immediately above and
below. The allocation keys for this replacement result from the difference between

the franc denomination and the two nearest euro denominations °.

According to this rule, the demand in French franc would switch to euro banknotes

and coins as follows:

Table 3.1
2 € 5€ 10 € 20 € 50 € 100 € 200 € 500 €
20FF 65.0% 35.0%
50FF 47.6% 52.4%
100FF 47.6% 52.4%
200FF 65.0% 35.0%
500FF 47.6% 52.4%

9 For example, the “gap” between the 50 franc note (i.e. €7.62) and the €5 note is €2.62 and the
gap with the €10 note is €2.38. Therefore, 1- (2.62 / 5) of the 50 franc note was transferred to the
€5 note (representing 47.6%), and 1- (2.38 / 5) of the 50 franc note was transferred to the €10 note
(representing 52.4%)
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By denomination, the French euro banknotes circulation would be broken down

as follows:
Table 3.2
EUR billions €2 €5 €10 €20 €50 €100 € 200 €500
2015 0.1 0.8 54 18.4 22.7 17.2
For the record: -1.0 9.4 56.0 411 14.4 -1.7 5.4
French net

issuance

Source: Banque de France

The limits of this approach:

— This method assumes that the real national banknote circulation followed a
growth rate in line with the trend observed over the previous 20 years (1979 -
1999), after the cash changeover. However, several events between 2000 and
2015 may have affected the dynamics of the banknote circulation, in particular
with respect to the evolution of the cash cycle, the economic crises in 2001 and in
2008, the development of electronic means of payment, etc. Moreover, between
1979 and 2000, the French franc circulation did not grow at an even pace, with
periods of rapid growth (1981-1984) and periods of stagnation (1992-1995).

— The range of French franc notes is difficult to compare with the much wider
range of euro notes. Indeed, the French franc notes did not include a note higher
than 500FF (i.e. €76) So, it is therefore difficult to define the extent to which the
present circulation of higher value denominations, in particular €200 and € 500,
corresponds to a changeover of the circulation of 500 franc note or to a growth
in circulation in absolute terms due to the introduction of high value notes. The
absence of obvious correspondence between the two denomination structures
limits their comparability.
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— The available data about the French franc circulation includes all the banknotes
issued by France, including franc notes which were held outside the country.
However, these banknotes should not be taken into account in estimating na-
tional banknote circulation. Moreover, given the international role of the euro,
the foreign demand for banknotes from France is probably significantly stronger

than at the time of the francs.

4/ Method 4: re-optimised circulation after the euro adoption

This method consists in determining the month from which national net issuance
adopts a stable and predictable seasonal pattern after 1 January 2002. The net is-
suance of this month is identified as the actual circulation in the country. This esti-
mated circulation is then extrapolated for the following years by applying the
growth rate of final consumption expenditure of households and associations
(NPISHs, Non-profit Institutions Serving Households).

There are two assumptions underlying this method:

— There is a point in time where the national net issuance and the actual national
circulation matched: when, for each denomination, the holdings of the various
stakeholders did stabilise.

— From that date, the evolution of net issuance would be mainly due to banknote
migrations, while national circulation would increase at the rate of final con-

sumption by households and associations.

This approach is limited to low and medium denominations, for which there is little
or no hoarding. Indeed, the application of this method to the high denominations
would imply to take into account an additional time required to rebuild hoarded
cash. In addition, the extrapolation of the circulation from the growth rate of final
consumption do not suit denominations of high value, as they are not usually used

for transaction purposes in France. For the €50, this method is not fully relevant
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since a large part of its circulation is presumably hoarded. Nevertheless, for the
sake of comparability with other methods, we hereafter provide an estimate of the

€50 circulation based on method 4.

Estimated circulation of €5 to €50 denominations Table 4.1
at the end of 2015

€5 €10 €20 €50
Stabilisation date Jul-02 Apr-02 Feb-02 Jun-02
Estimated circulation (EUR billions) 0.6 3.8 12.4 9.0
For the record: French net issuance -1.0 9.4 56.0 1.1

Source: ECB

In total, € 25.8 billion would be the value of the circulation of low and medium
denominations (€5 to €50) at the end of 2015.

This method presents several limits, all the more pronounced as we move away

from the date of the euro introduction.
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Firstly, it assumes that, after 2002, real circulation increased at the rate of the final
consumption. However, this is not necessarily the case, in particular because of the
substitution of other means of payment and changes in the cash cycle which may
have impacted the demand for cash. Actually, the sum of the estimated national
banknote circulation does not correspond to the net issuance of the whole Eu-
rosystem, because the latter increased much faster than the rate of final consump-
tion, as can be seen in the table below (ECB estimates) '°:

Difference between the sum of estimated national Table 4.2
banknote circulations and the actual euro banknote circulation
by the end of 2015

EUR billions €5 €10 €20 €50

Sum of estimated national circulation 7.5 21.2 52.0 128.5
Eurosystem circulation 8.8 233 68.8 419.9
Source: ECB

10 ECB presentation, “Lessons learnt from the ES2 introduction on the determination of a national
circulation and euro banknote needs”, J. Vrana, July 2016
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Secondly, applied to each denomination, this method assumes that the composi-
tion of the banknote circulation has not changed since 2002. For France, evidence
suggest an increasing use of the €50 banknote, gradually bringing the structure of
French net issuance closer to the trends observed at the European level:

Share of each denomination in the total value of the Figure 3
withdrawals in France (Banque de France and ledom)

100%
g

Bt

E
_ B
I
1 H | H ||

i

3
3

A0%
41.9% 38.2%

0%

10%
13.6% 14.4% 13.5%
2002 2009 2016

mE€S m€10 we20 wE50 m€100 = £200 = €500

Source: Own calculations.



Politronacci, Ninlias, Palazzeschi and Torre
The demand for cash in France: review of evidence
110

5/ Method 5: approaches based on the ES2 introduction
In the context of the on-going replacement of the first series of euro banknotes
(ES1) by the new “Europa” series, the ECB proposed two new approaches to deter-

mine national circulations:

a. An approach based on stable volumes of ES2 net issuance;
b. An approach based on stable volumes of the ES2 sorting data within NCBs.

These two methods are based on a stabilisation of ES2 net issuance when most of
the ES1 national circulation has been replaced by the ES2 series (a share of the ES1
banknotes will never come back to the NCBs' counters). At that time, the net issu-

ance is deemed to represent the actual euro banknote circulation.

a. The first method (5-a) is based on the identification of the stabilisation period
of ES2 lodgements and withdrawals at central bank’s counters, as well as ES1
lodgements.

b. The second method (5-b) determines the month from which the share of the
ES2 in the banknotes sorted by the NCB (ES2 saturation rate in sorting) is stable,
that is to say when change in the share of ES2 notes in sorting data is less than

1% for three consecutive months.

Then, the estimated circulation by denomination is adjusted in order to take into

account the impact of banknote cross-border migrations.
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For a given country, the average of the annual increase of the net issuance for the
last 5 years (2011 - 2015) is proportionally subtracted from the estimated circula-

tion:

Estimated circulation = NI, — (ANI, x T)

With NI, = ES2 net issuance stabilised at a given date

ANI,= average of the annual increase of the net issuance for the last 5 years
(2011 - 2015)

T = time between the date of the ES2 introduction and the stabilisation date of

the net issuance, in years

The two methods lead to similar results with an estimated circulation of EUR 0.6
billion for the €5 note and around EUR 3.0 billion for the €10 note.

Table 5.1
€5 €10
Method 5 a Stabilisation date May-15 Sept-15
Estimated circulation (EUR billions) 0.6 3.1
Method 5 b Stabilisation date Jul-15 Jan-16
Estimated circulation (EUR billions) 0.6 3.0

Source: ECB
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These two approaches have also some limits:

— At this stage, they can only be used for the ES2 notes that have been put into
circulation for a sufficient period of time to observe a stabilisation of the net
issuance. For the moment, this approach cannot be applied to the ES2 €20 note,
issued in November 2015. For France, where the share of this note is important,
the results will be particularly interesting to analyse.

— The adjustment used to neutralise the migration impact assumes that the full
variation of the net issuance is attributed to cross-border migrations. However, at
national levels, changes in net issuance may be linked to other factors (changes
in payment or hoarding behaviours, macroeconomic developments: GDP, sav-
ings rate, inflation, etc.).

— For the method 5-a: in France, the banknotes lodged by the customers are mixed
without distinction between series. As a result, the ES1 and ES2 distribution can
only be estimated based on the share of each series after sorting.

— For the method 5-b : the existence of a stock of unprocessed banknotes entails
a gap between the moment when the ES2 notes become dominant in the cir-

culation and the moment when this saturation is apparent in the sorting data.

6/ Method 6: Active circulation allocated according to the capital key and
adjusted with the unfits ratio

This method, recently developed by the ECB, is based on the estimation of an Eu-
ropean active circulation. The European return time of €10 note (ie 3.1 months in
2015) is applied to the average monthly logdements of low and medium value
banknotes.

Then, the estimated European active circulation is allocated among the euro area
countries in proportion to their capital key and then corrected by applying the ratio
between the share of the denomination in national unfits and the share of that

denomination in European unfits.
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Finally, a last adjustment is applied to make equal the sum of estimated national

circulations and the European active circulation.

There are two assumptions underlying this approach:

— The €10 note is only used for transaction purposes, whereas the changes in the
other denominations return time result from hoarding patterns.

— The difference between the share of a denomination in the unfits of a given
country and the share of that denomination in the European unfits is represent-
ative of the over- or under-representation of this denomination in the national

circulation compared to the European circulation.

Estimated active circulation in France Table 6.1
EUR billions €5 €10 €20 €50

2015 0.9 52 11.5 22.4
Source: ECB

Two limits can be underlined:

— The use of the €10 note return time is relevant for the denominations of €20 and
€50 because they share with the €10 note a similar cycle, at least in France (these
three denominations are dispensed by ATMs). However, this method cannot be
used for high value denominations and its application to the €5 note is question-
able: indeed, this denomination has a specific return time, higher than that of

the €10 note, because it is widely used for change purposes in stores.
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— It is likely that the sorting criteria are not completely homogeneous in the vari-

ous European countries depending on the denomination. As in consequence, a

denomination can be overrepresented in a given country unfits compared to its

share in the European unfits, not because of a proportionally higher circulation,

but due to various national sorting priorities.

To sum up, each method has some limits and they are not immediately compara-

ble:

2015

Method 1:
Capital key

Method 2 :
Return time

Method 3 :
circulation of francs
banknotes

Method 4 :
re-optimised circu-
lation after the euro
adoption

Méthode 5 a: stable
Europa series net
issuance

Méthode 5 b:
stable level of
the Europa series
banknotes sorted
by NCBs

Method 6: ajusted
active circulation

€5

0.7

0.8

0.6

0.6

0.6

0.9

€10

44

5.8

54

3.8

3.1

3.0

52

18.4

€50

79.0

45.9

22.7

9.0

Table 6.2

€100 €200 €500 Total

41.8 8.3 61.5 209.6
19.0 9.5 27.9 125.5
17.2 64.4

detail not available

detail not available

detail not available

detail not available
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Three of them provide an estimated total value of the banknote in circulation in
one country (methods 1, 2 and 3) and their results vary up to threefold: from EUR
64.4 billion to EUR 209.6 billion in 2015.

The three other approaches (methods 4, 5 and 6) focus on the low and medium
denominations and provide insight into the “active” circulation (or transactional
circulation). It may be noted that, all methods considered, the largest differences in
the estimates are related to the €50 banknote.

This present study propose to complete the comparison by including additional
approaches based on an evaluation of the cash holdings detained in the various

institutional sectors of the national economy and abroad.

II- Estimation of the euro banknote circulation based on banknote holdings

This study attempts to evaluate the national circulation of banknotes in France
by estimating the cash holdings of the various institutional sectors in the national

financial accounts meaning. Two methods are detailed below:

— A subtractive approach based on an assessment of the stock of cash issued in
France held by non-residents outside the euro area,

— A "bottom-up” approach based on the addition of the cash holdings stored at
the various points of cash cycle: among banks and fund carriers, in commercial
and service firms and by households.
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1/ Method 7: Approach based on the assessment of the non-resident
circulation

The actual share of euro banknotes held outside the euro area can only be estimat-
ed because of the anonymity of banknote flows across borders." However, the use
of official statistics on cross-border banknote shipments gives an indication of the

bottom of the range of banknotes circulating outside the euro area.

At the Eurosystem level, cash held “officially” abroad is calculated on the basis of
net shipments of banknotes outside the euro area by banknote wholesale banks
active in the currency market.”? At end-2015, the cumulated value of these net
shipments since 2002 amounted to nearly €180 billion, i.e. 16.4% of the total euro
banknote in circulation in terms of value.'® As an estimation of banknotes circulat-
ing outside the euro-area, this figure is a lower limit since it doesn’t take into ac-
count other outflow channels such as tourism, remittances from migrant workers
or the “unobserved” economy. From this figure, the ECB estimates that the value
of euro banknotes circulating outside the euro area represents around one-third of
the total value of euro banknotes in circulation.™

For France, according to the balance of payments and international investment
position statistics, the cumulative imports and exports of euro banknotes outside
France from 2002 to end-2015 amounts to 32,9 billions of euros. This figure is
based on data collected from banknote wholesalers involved in the euro import /

export market.

11 Subject to the obligation for physical persons to declare all sums of cash in excess of EUR 10 000
when entering or exiting the European Union external borders; in France, as in some other European
countries, this requirement also applies when moving across the national borders, within the EU

12 European Central Bank (2016), the international role of the euro, Interim report, June 2016

13 The recent methodological revision by ECB of its method for estimating the euro circulation outside
the euro area (6 April 2017) is not taken into account in the present paper

14 European Central Bank (2017), Annual report 2016, April 2017
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The Bank of Central African States and the Central Bank of West African States as
well as Algeria were the main recipients of banknotes exports in 2015, while Swit-
zerland, Cuba and Tunisia were the main countries of origin of imports.

Circulation of euro banknotes in France in 2015 Figure 4

in EUR billons

Non
resident
circulation

32.9

Source: Own calculations.

This foreign demand for banknotes, either by foreign central banks or intended to
cover the needs of non-euro area business clients (banks, exchange offices, etc.),
makes it possible to approximate the non-resident holding of cash. Indeed, by
subtraction, we can deduce the share of French net issuance that might be held in
France by residents.

Thus, using the French net issuance (€ 112.8 billion at the end-2015), the resident
circulation in France can be estimated at € 79.9 billion in 2015.
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There are two limits to this approach:

— Due to the lack of data on cross-border migrations inside the euro area,
the share of French net issuance circulating in other countries of the euro
area as well as the share of net issuance of partner countries circulating in
France cannot be taken into account. These migrations, however, are like-
ly to be significant, as illustrated by the fact that at end-2015, all euro area
countries but two had negative net issuance for at least one denomination.
In France, the €5 note has negative net issuance, which can be linked at least
partly to the Deutsche Bundesbank’s net issuance volumes of this denomination.
By contrast, at the end of 2015, the €20 note represents 62.5% of the volume
of the French net issuance, compared with only 4.4% of the net issuance of the
Eurosystem outside France. It is therefore likely that France is a net exporter of
€20 banknotes in the euro area, even if this denomination is more commonly
used in France than elsewhere in the euro area.

— Banknotes issued in France leave the euro area by unofficial channels that are not
monitored, such as tourism spending (see Box 1) and remittances, and thus are
not taken into account. The figure of € 32.9 billion of non-resident circulation is
therefore likely to be a lower limit.
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Tourism spending in cash Box 1

One way to improve this estimate would be to assess expenditure in cash by
tourists in 2015 using the data sources used for the compilation of the trav-
el item of the balance of payments (source: Banque de France). Nevertheless,
according to this data, it appears that tourism spending would have a very

low, or even, no impact.

Expenditure by foreign tourists in France in 2015:

— Tourists from euro area Member States: they spent a total of €20.9 billion
in 2015; we subtract from this figure the amount of transactions paid by
card and cash withdrawn directly in France at ATMs (11.4 billion + 1.8
billion, giving a total of 13.2 billion euros): thus, euro area tourists would
have brought 7.6 billion in cash to France in 2015.

— Tourists from non-euro area Member States: they spent a total of € 20.5
billion in France in 2015. By subtracting the amount of transactions paid
by card and cash withdrawn from ATMs (13.3 billion + 3.9 billion, giving a
total of 17.2 billion), these tourists would have brought 3.3 billion in cash
to France in 2015.
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Expenditure in foreign countries by French tourists in 2015:

— In the euro area: French tourists spent 17.9 billion euros in 2015 in the
euro area, of which about 10.1 billion were paid by card and 2.8 billion
withdrawn on the spot. Therefore, French tourists would have spent in the
euro area about 5.1 billion euros in cash withdrawn in France.

— Outside the euro area: French tourists spent 16.7 billion euros in 2015 out-
side the euro area, of which about 7.5 billion were paid by card and 3.7
billion were withdrawn on the spot. Thus, they would have spent outside
the euro area about 5.4 billion euros in cash withdrawn in France.’

Overall, it can be estimated that 11.0 billion euros in cash entered in France
and 10.5 billion euros in cash exited France in 2015, i.e. a close-to-zero bal-
ance. According to this result, inflows and outflows of banknotes related to
tourists” expenses would have a very limited impact on the value of cash in
circulation in France. It should be noted that, regardless of the payment
methods used (i.e. including card payments), expenses by foreign tourists in

France exceeded French tourists expenses abroad by 7 billion euros.

15 The totals are rounded from each exact value and will not therefore necessarily represent the sum
of the rounded figures
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Furthermore, these estimates must be taken cautiously as they suffer several

biases:

— They are obtained using data from different sources: surveys of foreign
visitors, surveys of French households, collection of data on card payments
from French credit institutions.

— Different methods are used to estimate inflows and outflows of banknotes.
Expenses paid by cards come from a survey carried out among foreign vis-
itors. This figure must be taken cautiously as the response rates to the sur-
vey are not always significant (e.g. in the survey, card spending is supposed
to be nil in case of a non-response). Regarding outflows of banknotes
(French visitors in foreign countries), the figure for payments by card comes
from the collection of data on card payments from credit institutions.

— All transactions not settled by card are assumed to be settled by cash.
Alternative payment methods, such as electronic currency, are not taken
into account.

— Estimates of cash in wallet held by tourists from outside the euro area
seem low: EUR 3 billion (especially since this figure includes foreign currency
exchanged in France upon arrival).

Despite these limitations, the impact of expenses by tourists is an idea to
explore. Indeed, if the balance were not close to zero, its extrapolation over
the last fifteen years would make it possible to estimate a cumulative stock

of cash from tourism expenses, which could be potentially important.
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2/ Method 8: Estimation of banknote holdings for transaction purposes

This method is based on an analysis of the cash cycle in France as well as on an
identification of cash holdings outside the central bank (Banque de France and IE-
DOM).

As a first step, we focus on the domestic transaction cycle in order to estimate the
average daily cash held for transaction purposes in 2015 by three main institution-
al sectors: banks, including Cash-In-Transit (CIT) companies (CH,), retailers (CH.;)
and households (CH, ).

CC = CHy + CH ¢ + CH,,
As a second step, the informal economy is included in order to refine this estimate
(for a more detailed description of the underlying methodology, see the methodo-

logical annex).

It should be noted that this approach does not distinguish notes from coins, since

the relative share of coins in the total cash circulation is very low. '®

To estimate the cash holdings held by the various stakeholders, two sources of in-

formation have been combined:

— The modeling of statistical data;

— The results of a qualitative survey (see Box 2).

16 At the end of December 2015, coins accounted for 2.3% of the total value of the euro cash circu-
lation
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Figure 5

Banque de France
Storage, sorting and issuance

Cash-in-Transit Companies
Storage, shipping and possibly
banknote recirculation

Commercial Banks

ATMs Counter_s
Storage, reception and
distribution

Storage and distribution

Potential recirculation

Public Retail trade and market services
Storage and transactions Storage and transactions
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Methodology of the qualitative survey Box 2

For the purpose of this study, interviews have been conducted with various

stakeholders of the French cash cycle:

— Credit institutions: seven banking networks participated, representing more
than 60% of the withdrawals and lodgements of banknotes at Banque de
France counters.

— Merchant sector: two trade federations and four large-scale retailers
(supermarkets and independent franchisees);

— One Cash-In-Transit company and one tax refund service provider.

The interviews took place between January and March 2017.

The main topics covered were:

— The average and minimum cash holdings at the end of a typical month in
2015 and their distribution (automats, bank branches, etc.),

— The impact of the development of recirculation of banknotes on the level
of cash holdings;

— The standards and the frequency of cash collecting in stores;

— Seasonal variations;

— The share of high value banknotes in cash holdings,

— The respective share of transactions settled by cash, card and cheques;

— The average amount of transactions settled by cash.
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A/ Banknote holdings for transaction purpose in banks

(including CIT Companies)

Transactional cash held by the banks was estimated on the basis of the monetary
statistics collected by the Banque de France.” The estimated figure was then

checked against the results of the qualitative survey.

— According to the monetary statistics, banknotes and coins held by monetary and
financial institutions amounted to 9.8 billion of euros at the end of 2015. As we
want to estimate the transactional cash of banks, it is necessary to deduct the
share of high value banknotes to retain only the value of €5 - €50 banknotes.
Since the €100, €200 and €500 represented 10.2% of the total value of bank-
notes withdrawn at Banque de France’s counters in 2015, we estimate that the
transactional cash holdings of banks amount to 8.8 billion euros. This figure
corresponds to the average value of €5 to €50 banknotes held by banks to meet

the transaction needs of their clients.

— In addition to this approach, the interviews carried out during the qualitative

survey shed light on the organisation of this cash holding.

For security reasons, banks try to keep their stock of banknotes and coins at the
minimum required to meet customer demand. This cash is stored in automated
teller machines (ATMs), branches vaults, and possibly central cash offices, includ-
ing cash held by banks at CIT companies.

In the context of our survey, the participating banks reported an average of
€2.8 billion held in cash (excluding cash at CITs). The cash holdings of resident
banks that did not participate in the survey can be assessed by calculating their

17 Amounts declared in France to the Banque de France by by resident MFIs under the item “Treasury
operations — notes and coins”
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average share in the total value of withdrawals and lodgements of banknotes at
the Banque de France and the [EDOM counters in 2015, i.e. 43%.0n this basis,
we estimate the total cash holdings of resident banks at 4.9 billion euros.

Furthermore, to estimate the average daily value of cash held by banks at CITs,
we assume, on the basis of the qualitative survey, that CITs hold two days of
inflows (cash collected from clients) and two days of outflows (cash ordered by
clients). On the basis of the following calculation, the average cash holding of
CITs is estimated at 2.3 billion euros:

Daily average flows:

Annual withdrawals and lodgements at
Banque de France’s counters
(excluding €100,€ 200 and €500 notes)

x 2 days
Number of working days in 2015

Withdrawals:

151.9 billion euros

x 2 days = 1,205 billion euros
252 working days
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Lodgements:

142.7 billion euros

x 2 days = 1,133 billion euros
252 working days

— Estimated average value of banknote holdings of CITs on a given day:
2.3 billion euros

It is therefore possible to assess the total cash holding of credit institutions, includ-
ing cash held by banks at CITs: 4.9 + 2.3 billion, giving a total of 7.2 billion euros,
2.3 billion euros of which are held at CITs.

This figure derived from a bottom-up approach is consistent with the global figure
available in the monetary statistics. For the purpose of this study, we therefore re-

tain the figure available in the monetary statistics, i.e. 8.8 billion euros.

B/ Transactional banknotes held by retailers

In order to evaluate the average value of transactional cash held by non-financial
companies in France, we use the turnover of retail and market-related services to
households in 2015 (source: the French National Institute for Statistics and Eco-

nomic Research - INSEE).

In accordance with the 2011 ECB study on the use of euro banknotes by house-
holds and firms ' we consider that other businesses do not hold significant
amounts of cash. In addition, wholesale trade, real estate services and services to
firms and governments were excluded from this study in order to focus on house-

holds spending. E-commerce was also removed from the calculation owing to the

18 BCE, “The use of euro banknote — results of two surveys among households and firms” — ECB
Monthly Bulletin April 2011
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very marginal use of cash in this type of spending.

On the basis of a restatement of the total turnover of retail and market-related
services to households in 2015, we estimate that households’ expenditure amount-
ed to 753 billion euros in 2015.

Households expenditure in 2015 Figure 6
Retail trade and market services out of e-commerce

w Retail wrade (in-stone)
wMarkerplace
@ Car repair and services seclor

wAccommaodation and food
Service sector

@ Leisure and culture services

w Publishing sector and
lelecommunication services

mOther services (eg. laundries
and hairdressing)

| Employment of domestic staff’
in EUR billions

Source: Own calculations.
Under the assumption that cash represents 18% of the value of payments at the

point of sale (POS) '°, annual expenditure paid by cash would amount to 136 bil-
lion euros. Hence, daily spending in cash in 2015 would be equal to 0.43 billion

19 D. Bounie, A. Frangois, “Towards an Electronic Payment Society?”, Revue d'économie financiere
2013
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euros on the basis of 6 days of spending per week, over 52 weeks.

Besides, assuming that cash is collected by CITs at the POS or brought to the banks
by retailers every 3 days, implying an average of two off-loadings per week ?°, cash
spent by consumers stays at the POS 1.5 day on average. On this basis, we assess
that 0.43 * 1.5 = 0.7 billion euros is held in the retail sector on any given day in
2015.

Moreover, the amount of cash held by retailers for change purposes should be
added to this estimate. On the basis of the information gathered during the quali-
tative survey, we consider that cash held for change at the beginning of the day
can be estimated by multiplying the value of a standard cash float (€60) by the
number of cash registers. The number of electronic payment terminals (around 1.5
billion in France) is used as a proxy of the number of cash registers. Given the trend
towards the individualisation of cash floats by cashier, we apply a ratio to take into
account the rotation of several cash floats for one cash register during a standard
day. On this basis, the total value of cash floats at the beginning of a day can be

estimated at 1.5 million * €60 * 1.1 ratio = 100 million euros.

Overall, the value of transactional cash held in the trade sector is estimated at
0.8 billion euros.

It is important to underline that this result is sensitive to the assumed share of cash
payments at the points of sale (18%). However, even if this assumption were re-
vised upwards, the result would be relatively close: 1.2 billion with a 30% share for

instance.

Note: the annual expenses paid by cash are estimated at 136 billion euros in this
study, which is close to the value of cash withdrawn at ATMs and over the banks’

20 This working assumption is commonly retained within the French financial community
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counters in 2015 (190.5 billion euros). The difference may be explained by with-
drawals by merchants for cash floats, withdrawals by private individuals for hoard-
ing purposes (in particular, withdrawals of high value banknotes), or payments
between individuals (person-to-person payments).

C/ Transactional banknotes held by households
Pending the results of the SUCH study, we use an approach based on the value of
withdrawals of €5 to €50 banknotes at ATMs and over-the-counter (OTC) in 2015:

Total value of ATMs and OTC
withdrawals of €5 to €50

, banknotes over one year
Average value of cash withdrawals

for transactional purposes ,
Total number of withdrawals of

banknotes at ATMs and OTC over
one year

We estimate the total value of ATMs and OTC withdrawals for transaction
purposes as follows:

Withdrawals at BDF counters (€5 to €50 notes) — net shipments by BDF +
recirculated banknotes

Besides, the number of ATM and OTC withdrawals in France in 2015 accounts for
1.8 billion.?"

21 Source: ECB Statistical Data Warehouse, Banque de France calculations
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This results in:
Average amount 151.9 billion - 0.1 billion + 25.7 billion
withdrawn
. = . = 98.4 euros
for transaction 1 809 million of ATM and
purposes OTC withdrawals

Assuming a linear decrease of the cash in wallet between two withdrawals, and
that the totality of the cash withdrawn is spent before each new withdrawal, we
evaluate the average amount of cash in wallet by inhabitant (aged 16+) at
98.4/2 =4€49.2.

The total amount of transactional cash held by households can therefore be esti-
mated at:

€49.2 x 53 millions of inhabitants (aged 16+) = 2.6 billion of euros.

This estimate seems robust, even if it is probably a lower limit since payments be-
tween private individuals are not taken into account. It is possible to compare it to
the result of a survey carried out in 2015 for Brink's that estimated the average
value of cash in wallet held by private individuals at €45 (using that figure would

result in an estimated value of transactional cash held by households of 2.4 billion).
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Overall, the total stock of transactional cash held by households, retailers,
banks (including CIT companies) is estimated at 12.2 billion euros in France
in 2015.%2

Active circulation of euro banknotes in France in 2015 Figure 7

Homsehobds

L

12.2

EUR
billions

in EUR billions

Source: Own calculations.

Thus, only a limited portion of the French net issuance at the end of 2015 would
be used for transaction purposes: around 11%.

This result is similar to the findings of other studies carried out elsewhere in the
euro area, such as the one conducted in Germany in 2009 (10% share) or by the
ECB in 2011 (30% share).?®

22 Holdings detained by Central government are not presented here because of their negligible amount
(EUR 45 million at end 2015)

23 BCE, “The use of euro banknote — results of two surveys among households and firms” — ECB
Monthly Bulletin April 2011
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D/ Transactional banknotes in the non-observed economy

It is possible to refine the result by including an estimation of the cash used in the
transactions in the non-observed economy. In accordance with the typology estab-
lished by the OECD, this concept refers to three types of activities:

— The underground economy (activities that are legal but deliberately concealed
from public authorities or under-estimated);

— The informal economy (clandestine activities by unregistered entities; employ-
ment of clandestine workers by households);

— The illegal economy (illegal activities, forbidden by law or carried out by unau-

thorised persons: trade in illegal drugs or stolen goods for instance).

In 2015, the INSEE estimated at 68.1 billion of euros the value of the underground

economy and the informal economy in France.

By comparing the estimated circulation used to settle transactions in the observed
economy (12.2 billion) to the estimated annual expenditure in cash in 2015 (136
billion euros, or 18% of 753 billion euros), it can be deduced that with 1 euro in
circulation in the economy, consumers pay about 11 euros of purchases. If this
ratio of 1/11 is relevant for the non-observed economy, the estimated value of
the non-observed economy (68.1 billion of euros) would mobilise 6.2 billion
of euros in cash.

Due to the lack of data, the assessment of the cash in used in the illegal economy
is difficult. We therefore suggest that it be excluded at this stage. Moreover, the
above-mentioned figure probably partly overlaps with the figure regarding the ob-
served economy (for instance, a part of the cash withdrawals is probably used in-

discriminately in observed and non-observed transactions).
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The aggregation of the estimated transactional cash holdings in the observed
economy (12.2 billion) with the estimated cash in circulation in the underground
and the informal economy (6.2 billion) gives an average active resident circula-
tion of 18.4 billion euros in France in 2015.

Active circulation of euro banknotes France in 2015 Figure 8
- including non-observed economy

non-ohserved
ECOnONY
6.2

18.4

EUR
billions

Transactional
clreulation
12.2

in EUR bilitons

Source: Own calculations.

To fully estimate the total resident banknote circulation, hoarding by households

should also be taken into account.

According to studies carried out by the Banque de France at the time of the cash
euro changeover in 2002, 45% of the franc circulation was hoarded in 2000 (do-
mestic hoarding accounting for the largest part of the total). However, due to the
lack of reliable data on the actual volume of cash in circulation in France, the share

of hoarded cash cannot be estimated.
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Moreover, there are other avenues for further research works, in order to complete

the analysis on:

— Non-observed economy: illicit activities (eg : drug trafficking) is not estimated;

— Households: the exploitation of the results of the SUCH study on the use of cash
should give an estimation of the cash carried in wallet in the various euro area
countries; it should then be possible to allocate the euro banknote circulation
according to cash carried in wallet, which should contribute to remove the bias

stemming from the heterogeneous use of cash within the euro area.
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IlI- Comparison of the various methods

Despite their methodological limits, the comparison of the results of the various
approaches is highly instructive.

1/ Comparison of the results regarding the total French banknote
circulation

Based on the different methods described in the study, the French banknote circu-
lation would stand between EUR 64.4 billion and EUR 209.6 billion.

Estimation of the circulation of euro banknotes in Figure 9
France in 2015

in EUR billions

et hanance s Fraoce : 112,77

9
5 .

Adetlesd 1: capital key Method It refurs lime Method 5 clroalstion of lnscs Method T: non vesidewt
bankmobes clrculaiion

Source: Own calculations.
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The relatively wide range of results gives rise to several comments:

— The methods 1 and 2, which split the European net issuance between countries,
seems to lead to an overestimation of the French banknote circulation. Indeed,
a large part of euro banknotes in circulation is held abroad and should not be
included in the allocation.
Their results are both at the top of the range. This reinforces the view that large

volumes of euro banknotes are in circulation outside the euro area.

— Between the methods 1 and 2, the results of the method 2 are logically the low-
est. Indeed, the value of banknotes returned at the Banque de France’s counters
is lower than the expected value using the capital key (15.20 % versus 20%). This
confirms both a relatively lower use of cash in France than in the rest of the euro

area, and a greater use of low denomination notes.

— The extrapolation of the French franc banknote circulation, whose legal tender
ended 15 years ago, have to be regarded cautiously (method 3). Indeed, many
factors could have changed the dynamics of the banknotes demand in France
since 2002. In this respect, it is somewhat paradoxical that method 3 gives the
lowest result. Unlike the other ones, this method does not take into account the
development of non-cash means of payment and in particular the significant
increase of payments by card. Thus, a higher result compared to the other meth-
ods would have seemed logical. This result may be an indicator of the impor-

tance of the cash hoarded in France, or “moved” outside France across borders.

— The method 7 is based on a robust evaluation of non-resident banknote hold-
ings. Its result is logically lower than in methods 1 and 2 as the banknotes held
outside the euro area are excluded. However, this method does not take into ac-
count the banknotes migration between the euro area Member States whereas

these flows are probably significant in France.
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2/ Comparison focused on the active banknote circulation

Given the importance of the use of low and medium denominations in France (the
average value of lodged banknotes amounts to €24.2 in France in 2015), an anal-
ysis focusing on the active circulation would help to refine the comparison by re-

ducing the gap between the different approaches.

For most of the methods of the total national circulation, it is possible to extract the
portion of the banknotes used for transaction purposes assuming that only de-
nominations of €5 to €50 are concerned:

— Method 1: Capital key

— Method 2: Return time

— Method 3: Extrapolation of the French franc circulation

— Method 4: Re-optimised circulation after the euro adoption

— Method 6: Active circulation allocated according to the capital key and adjusted
with the unfits ratio
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However, at this stage, methods 5 and 7 do not allow for an estimation of the
transactional circulation.

Estimation of the ACTIVE euro banknote circulation in 2015 Figure 10
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The active banknote circulation in France would stand between EUR 18.4 and 98.1
billion. There are several possible explanations for this wide range:

— The hoarded share of €50 banknote is taken into account differently among the
methods. Methods 1, 2 and 3 include hoarded €50 notes, while methods 4 and
6 exclude them (since 2002 for method 4). Method 8 includes a very small share
of them (the fraction of €50 notes hoarded for one single year). From this point
of view, the comparison between the 6 methods should be done with caution.

— The use of the capital key in method 1 and the return time in method 2 lead
to an overestimation of the national active banknote circulation because of the
integration of the non-resident circulation in the estimation.
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— The active banknote circulation stemming from method 1 is also overestimated
given the breakdown by denomination based on the assumption of an identical
use of cash in euro area countries. Indeed, according to this method, the €50
note would represent 80.5% of the circulation of transaction banknotes (€5 to
€50). Despite a strong growth in the use of this denomination in France, this
result is inconsistent with the breakdown by denomination of the flows recorded
at the Banque de France’s counters.

— In method 3, the breakdown per denomination of the banknote circulation relies
on a hypothetical calculation as the banknote denomination structures in French
franc and in euro are very different. By extension, the estimation of active bank-

note circulation is also hypothetical.

— The three latter methods provide more homogeneous results, which fluctuate
between 18.4 and 40 EUR billion. Their convergence tends to support the ro-
bustness of the result of our qualitative survey, which will nevertheless have to

be extended over time.
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Conclusion

This study aims to stimulate reflexion and improve the statistical processing and
modeling of banknote demand in France.

It proposes a new evaluation of the active cash circulation in France in 2015 (on
average and on a daily basis): EUR 12.2 billion (without the unobserved economy),
or 11% of French netissuance. This result is consistent with the findings of compa-
rable studies conducted in other countries or for the euro area. Adding an assess-
ment of the cash use in underground and informal activities leads to a total active

banknote circulation of around EUR 20 billion in France.

The comparison of the results of the different methods analysed in this paper al-
ready highlights interesting characteristics of the cash demand in France. Regular
updating of these results will be necessary to get comparable benchmarks. More-
over, as soon as there is a sufficient lapse of time, the inclusion of the €20 bank-
note in the method based on the lessons learnt from the ES2 will be very interest-

ing given the share of this denomination in France.

This study has methodological limitations and some weaknesses due to partial in-
formation, for example regarding households’ hoardings in France. Further ave-
nues thus need to be further explored, such as:

— Estimation of hoarded cash;

— Analysis of tourists” expenditure in cash;

— Estimation of the share of cash in the remittances of workers;

— Impact of the development of cashless payments and of current regulatory and
technological developments in the payments industry;

— Use of the data collected by the new sorting machines (BPS M7), which are

equipped with an optical sensor for tracking banknote serial numbers.
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Methodological Annex

Method based on banknote holdings

In this study, we use a bottom-up approach to estimate the cash in circulation (CC),
by considering it as the sum of the cash holdings (CH) of the institutional sectors:
households (hh), non-financial corporations (nfc), financial corporations (fc), the
government sector (gs) and non-profit institutions serving households (npish).

CC = CHyy + CH,y + CHf . + CH, + CH

npish

Since the government sector and the NPISHs use relatively limited amounts of cash
compared to the other institutional sectors, we focus on the cash held by house-

holds, financial and non-financial corporations.

We assume that the institutional sectors, particularly the households, hold cash for
two main reasons: transaction (t) and hoarding (h). Due to the absence of data on
hoarding, we limit the field of our study to the so-called “active” circulation, used
to settle transactions, as opposed to hoarded cash.

By distinguishing between cash held for trading and hoarded cash, the cash held
by households can be expressed as follows:

CC,, = CHL, + CH",

Financial institutions hold cash as a result of their customers’ operations, i.e. with-
drawals and deposits, mainly undertaken by households and non-financial compa-
nies. Their cash holdings are therefore a logistical stock, held either in the ATMs, in
the vaults of bank branches, or in the centres of Cash-In-Transit (CIT) companies. A

portion of the cash held by financial corporations is intended to be hoarded by
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households, or corresponds to holdings de-hoarded by households, and therefore

should not be included in the active circulation.
CC, = CHY + CH}.

Finally, the cash held by non-financial corporations (businesses) corresponds to
their turnover in cash awaiting pick-up by CIT companies, as well as cash funds. It
can therefore be entirely assimilated to the “active” circulation.
The "active circulation” (AC) can be expressed as follows:

AC = CH, + CH,p + CHj,
The use of cash for transactions in the non-observed economy by households and
non-financial corporations represents an additional difficulty when estimating the
active circulation. Cash held by these two sectors can be expressed as the sum of
cash held for transactions in the observed economy (ot) and cash held for transac-
tions in the non-observed economy (nt).

CHY, = CHSL + CHYY

CH,pe = CHg + CHt
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The use of cash in the non-observed economy is only partly captured by the data

used to estimate the cash holdings of households and non-financial corporations.

Assuming that the ratio between the amount of transactions paid by cash and the
currency in circulation is the same in the observed economy and in the non-ob-
served economy, it is possible to estimate the cash in circulation used for transac-
tions in the non-observed economy on the basis of the estimated amount of trans-

actions in the observed (AQOT) and non-observed (ANT) economy:

AOT
CHJY + CHIL = X ANT
CHE! + CHEE + CH,,
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Abstract

We study the demand for Swiss banknotes over the period from 1956 to 2015 and
present stylized facts on different banknote denominations since the inception of
the Swiss National Bank (SNB) in 1907. Employing the so-called seasonal method,
we focus on the demand for banknotes used as a store of value (“hoarding”),
which can be expected to be particularly relevant for Switzerland against the back-

drop of its status as a safe-haven country, its currently and historically low level of
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interest rates, and a banknote denomination with the largest value among ad-
vanced countries. Due to the pronounced seasonal pattern of CHF 1000 bank-
notes, which might not be related to transactions, we cannot rely on seasonal
ranges including the December peak. Instead, we employ other peak dates as well
as a method to correct for the excess seasonality, using institutional features of the
tax system. The latter approach is not sufficient to eliminate the excess seasonality
and thus does not lead to plausible estimates for the hoarding share of CHF 1000
banknotes. Employing other peak dates, however, indicates that since the turn of
the millennium the share of CHF 1000 banknotes that is hoarded increased stead-
ily from around 30% in the mid-1990s to over 70% in recent years.

1 Introduction

During the recent financial crisis, many countries experienced a noticeable increase
in banknote demand. In particular, after the bankruptcy of Lehman Brothers in
September 2008, which triggered concerns about the solidity of the banking sys-
tem, large denomination banknotes were in high demand to protect financial
wealth against bank failures. This is just one example of many, where banknotes
are not only demanded as a medium of exchange but — being money — perform
their function as a store of value, next to being the unit of account. Central banks
have an interest in knowing the share of currency in circulation used for transaction
and for store-of-value purposes, respectively. This is relevant both for managing
the supply of those banknotes, but also for monetary policy. An estimate of the
share of currency in circulation not used for transaction purposes, for instance,

helps when interpreting monetary aggregates and thereby when assessing the

3 For instance, circulation of EUR 500 banknotes increased by over 10% from September to October
2008 in the euro area. In the US, where only quarterly data are available for the denominations, circula-
tion of USD 100 banknotes increased by an extraordinary 7% over the last quarter of 2008. In Switzer-
land, circulation of the CHF 1000 banknote increased by over 12% from September to October 2008.
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stance of monetary policy.* Moreover, the demand elasticity for cash being used as
a store of value might affect the implementation of monetary policy in a low inter-
est rate environment. Additionally, to perform its day-to-day task of supplying and
handling the economy’s cash in circulation, the central bank needs to have an idea
of important features of the demand side. For example, a larger share of cash used
as a store of value might imply a lower variability in the demand for cash. Finally,
overall central bank profits will be affected if wealth is permanently held in high

denomination banknotes rather than bank deposits, generating seigniorage

The case of Switzerland seems to be particularly interesting when estimating the
share of banknotes held as a store of value, both domestically and abroad.> Swit-
zerland issues banknote denominations with one of the largest values in the world.®
Moreover, the level of interest rates is among the lowest worldwide, both current-
ly and historically, implying a low opportunity cost of holding cash. This fact, to-
gether with Switzerland’s reputation as a safe haven that attracts investors espe-
cially in times of crisis, would lead one to expect a sizeable amount of cash which
is held as a store of value for different motives. While the introduction of the euro
has given rise to several cash studies for euro-area countries, papers on the de-
mand for Swiss banknotes are scarce. The most comprehensive study by Andrist

(1997) is now 20 years old and therefore covers neither the recent financial crisis

4 Currency in circulation still constitutes a sizeable share of monetary aggregates. While in Switzerland
the share of total currency in circulation in M1 decreased from over 20% at the beginning of the 1990s
to around 14% recently, the share in M3 actually increased from less than 7% to over 8%.

5 Typically, the methods employed in this paper lead to an estimate of the share of cash used for do-
mestic transaction purposes. The residual would be the share of currency used for all other purposes,
i.e., domestic hoarding and non-resident demand. The latter could be further separated into the share
used abroad as a medium of exchange and store of value. As the Swiss franc does not seem to be used
for transaction purposes in other countries (Andrist 1997), we interpret the residual as encompassing
both foreign and domestic hoarding, or hoarding in short. We do not have any evidence on the respec-
tive shares nor do we try to estimate them within this study.

6 Printing of the 10’000 Singapore-dollar banknote stopped in October 2014 and it is being withdrawn
from circulation. Thus, there seems to be only one banknote denomination still in circulation, which is
larger than the CHF 1000 banknote: the 10°000 Brunei-dollar note, which is pegged one to one to the
Singapore dollar and is currently worth around CHF 7°100.
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nor the phase of low interest rates.

Against this backdrop of only a few studies on the demand for Swiss franc curren-
¢y, we investigate the demand for Swiss banknotes over the period from the incep-
tion of the Swiss National Bank (SNB) in 1907 to 2015. We start by providing a
survey of the literature on the demand for Swiss currency and continue with styl-
ized facts on the evolution of total banknotes as well as on the different denomi-
nations and put them into relation internationally. We then go on to estimate the
potential amount of banknotes used as a store of value, or “hoarding” in short,
focusing on the so-called seasonal method and emphasize specific issues when
working with Swiss data. The seasonal method approximates non-transactions-re-
lated demand by relating the seasonal pattern of the banknotes of interest to the
seasonal pattern of some reference series. This reference series can either be a
smaller denomination banknote, banknote circulation in another country or other
time series related to domestic transaction demand for cash. As hoarding should
dampen seasonal variation, the seasonal method requires that the reference series

shows a more pronounced seasonal pattern than the series of interest.

In the Swiss case, however, the denomination most likely used for hoarding pur-
poses — the CHF 1000 banknote — shows a large, pronounced seasonal peak in
December which exceeds the corresponding seasonal peaks for the smaller de-
nominations and presumably occurs for other reasons than seasonal transaction
demand. We try different methods to correct for this peculiarity. First, we try to
estimate the “excess seasonality” of the CHF 1000 banknote, using institutional
features of the Swiss tax system following Ettlin and Fluri (1986). The resulting
corrected seasonal ranges, on which the seasonal method is based, do not lead to
plausible estimates for the hoarding share of the CHF 1000 banknote, however.
Second, we use different months to compute the seasonal ranges. The corre-
sponding results indicate that since the turn of the millennium the share of CHF

1000 banknotes that is hoarded increased steadily from around 30% in the mid-
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1990s to over 70% in recent years.

The paper is structured as follows. Section 2 reviews the existing literature on Swit-
zerland, which reveals a wide range of estimates for the hoarding share of bank-
notes. Section 3 presents some stylized facts on the evolution of Swiss banknotes
over time as well as for the different denominations. Section 4 introduces the
seasonal method, describes and rationalizes the pronounced seasonal pattern of
the CHF 1000 banknote and explores different ways to apply the approach to the

Swiss case. Section 5 summarizes and concludes.

2 Studies on the demand for Swiss franc currency

As indicated in the introduction, it is surprising that Swiss franc currency hoarding
has not been much investigated, in contrast to other currencies like the US dollar
or the euro (or its precursors). In the following, we survey the literature on the
demand for Swiss franc currency, with a particular focus on results related to
hoarding.

In general, one strand of the literature on currency demand starts with observa-
tions on the share of outstanding currency that is needed for transactions by using
either payments data or conducting surveys. We are not aware of any such survey
for Switzerland so that we have to resort to evidence collected for countries that
might be similar to Switzerland in terms of currency demand. Based on payment
diary data, Bagnall et al. (2016) conduct a comprehensive study on cash usage in
seven developed countries.” According to this data, the mean respondent carries

7 Studies based on surveys and related diary data are often criticized for an inherent sample selection
bias and a bias caused by participants responding strategically. In the case of surveys among consumers,
also effects of the survey’s design on the results have to be taken into account. Particularly evident in
this regard is a high sensitivity or resistance among consumers to having to answer questions about
their cash holdings (see, e.g., Jonker and Kosse 2009).
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cash balances of USD 123 in Germany and USD 148 in Austria in his wallet. Argu-
ing that these countries have similar habits concerning cash as Switzerland, we
could take them as a reference to extrapolate the currency stock needed for trans-
actions. With a population of 8 million, this would result in a currency stock of
roughly CHF 1.2-1.5 billion, i.e., only 2% of the banknotes that were actually in
circulation at the end of 2015.2 It is common, however, that households’ transac-
tion demand constitutes only a minor share of outstanding currency. Based on
evidence from a 1986 currency holding survey, Sprenkle (1993) obtains a value of
around 10% for the US. Deutsche Bundesbank (2016, p. 42) estimates that the
share of euro banknotes held for transaction purposes in Germany is less than
10%.

However, it seems that Switzerland exhibits some idiosyncrasies in payment pat-
terns that are not shared by its neighbors. While in Switzerland the number of
debit terminals per 1000 inhabitants exceeds that in Austria and Germany, the
number of non-cash transactions is significantly lower. Moreover, automatic teller
machines (ATMs) in Switzerland typically distribute denominations up to the CHF
200 banknote,® which significantly exceeds the value of the denominations that
are typically available at ATMs in other countries. There the largest denomination
available is generally worth only about one half or one third of that available in
Switzerland.™ This indicates that Swiss consumers might carry significantly larger
amounts of cash than consumers in Austria and Germany. Finally, about two thirds
of the CHF 1000 notes that were in circulation in 2013 flowed back to the SNB
during that year, indicating that large banknotes are actually used in transactions

8 Values are converted into Swiss franc using the OECD’s purchasing power parity rate for 2015 at
http://stats.oecd.org/Index.aspx? datasetcode=SNA_TABLE4, thereby controlling for the different price
levels.

9 Recently, also CHF 1000 notes are becoming available at ATMs.

10 See Amromin and Chakravorty (2009), Figure 2, Table 1, and Table 4.
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(see SNB Annual Report 2013, p. 55)."" Even when allowing for these differences
and doubling or tripling the amount of cash needed for transactions, we are still
left with a large share of outstanding currency that is not explained by transaction
demand. This implies that sizeable amounts are hoarded and used as a store of
value for different reasons (see, e.g., Bartzsch et al., 2013b; Deutsche Bundesbank,
2016)."

Coming to studies which feature Switzerland and explicitly investigate hoarding
demand, the majority of studies obtains a hoarding share of around 40% for the
Swiss franc for the 1980s and the 1990s. An early study is Boeschoten (1992). He
finds that in countries with large denomination banknotes hoarding demand ac-
counts for a significant share. For Switzerland, he estimates that at the end of the
1980s, 45% of currency in circulation was hoarded.'™ From 1970 until 1989,
hoarding contributed 1% to the annual growth in cash.'* Andrist (1997) compre-
hensively studies money demand in Switzerland, while dedicating a chapter to the
demand for cash. He uses different methods to discern the demand for transac-
tions as well as hoarding, both domestic and foreign. Using a method based on the
life span of different banknote denominations, he obtains a share of hoarding and
non-resident demand in 1995 of 40%. Moreover, following Seitz (1995), he con-
cludes that non-residents do not hold Swiss franc for transaction purposes but
exclusively for hoarding. An internal SNB study (SNB 1998) uses the seasonal meth-
od with Sweden as a reference country. For the period from 1985 to 1997, the

share of the demand for hoarding and non-resident demand of the Swiss franc is

11 Please note in this regard that the same banknote can flow back to the SNB several times in a year.
Moreover, anecdotal evidence points to the use of large banknotes, in particular, in the market for
cars, cattle trade, and for cash payment of bank transfers at post offices to pay rents and insurance
premiums, for example.

12 Based on survey evidence, Stix (2013) found that in ten Central, Eastern, and Southeastern European
countries 44% of respondents with savings report that cash has a higher weight in their financial port-
folio than bank products (in particular savings accounts).

13 In 1970, this share was 35%.

14 The average annual growth rate of banknotes in Switzerland over that period is 4.3%.
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estimated to be about 40% on average.

Some studies, however, obtain much larger estimates of 70% or even more for the
hoarding share of the Swiss franc. Based on an analysis of the seasonal patterns,
Andrist (1997) calculates a share of 70% for domestic and foreign hoarding de-
mand. Since he uses retail sales as reference series and the results are quite sensi-
tive to the coefficient relating currency in circulation and retail trade, we would not
put too much emphasis on these results. Moreover, Doyle (2000) estimates the
foreign holdings of US, German, and Swiss currency over the time period from
1960 to 1996. Within a cointegration framework, he uses estimated currency de-
mand functions of a reference country to obtain the predicted (domestic) currency
demand of the particular country of interest and thereby an estimate for the for-
eign holdings. For the Swiss franc, he obtains non-resident holdings of 77% in
1996. However, as the author himself notes, the choice of Austria as a reference
country for Switzerland is not fully convincing. Consequently, his results for Swit-
zerland should be interpreted with caution.'

Moreover, some studies explicitly investigate the demand for certain denomina-
tions. Kohli (1988) estimates a system of demand equations for the different bank-
note denominations in Switzerland for the period from 1950 to 1984.'® The model
is used to predict the demand for a banknote, which had not been issued at the
time: the CHF 200 bill. That denomination was actually issued in 1997 and with
hindsight, Kohli's estimate for the share of CHF 200 banknotes was quite accurate.
He predicted a share of 14.3% (given the CHF 500 banknote would be abolished),
when it actually has been 14.5% on average since 1997. Ettlin (1989) investigates

15 In their study of the euro area, Fischer, Kéhler, and Seitz (2004) present stylized facts on Swiss cash
demand and its seasonal pattern for comparison without providing estimates of a hoarding share.

16 Among the potential explanatory variables are a variable measuring the distance of the value of a
denomination to its neighboring denominations, the physical size, the price level, income per capita,
velocity, and an interest rate.
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the demand for small (up to CHF 100) and large (CHF 500 and 1000) banknotes,
respectively, within a cointegration framework. He takes particular account of the
biannual tax effects and the hoarding demand resulting from measures to bypass
capital controls imposed during the breakdown of the Bretton Woods system."”
Based on just the latter effect, he obtains a hoarding demand of 23% of the large
banknotes in circulation for the first quarter of 1980; a corresponding hoarding
demand is not apparent for the small denominations.

Finally, Fischer (2014) investigates the effect of immigration on the demand for
large banknotes in Switzerland using micro data. He finds that natives hoard more
CHF 1000 banknotes than immigrants. While this is inconsistent with the hypoth-
esis that immigrants use cash for remittances or have less access to banking servic-
es, it is consistent with tax avoidance or a particular distribution of characteristics
that are relevant for precautionary money demand (e.g., immigrants on average
being of lower age or having lower wealth than natives). However, the results do
not allow for a discrimination between these effects.

17 Capital controls, e.g. in the form of negative interest rates on deposits of non-residents of up to
—10% per quarter were imposed as well as a ban on the acquisition of domestic financial assets by
non-residents to address strong capital inflows. These measures were gradually phased out from 1979
onwards, after an exchange-rate target had been introduced at the end of the preceding year; see also
SNB (1982, pp. 290f) and SNB (2007, pp. 195-198).



Tenhofen, Assenmacher, Seitz
The use of large denomination banknotes in Switzerland
158

3 Stylized facts on the demand for banknotes in Switzerland

In order to get an overview of the different characteristics of cash demand in Swit-
zerland, we present some stylized facts on the demand for Swiss franc banknotes,
both for the total and the different denominations. This allows us to get a sense of
the relevance of banknote hoarding over time and of the importance of different

denominations in this context.

3.1 Demand for total banknotes

When the SNB started to operate on 20 June 1907, it issued its first own bank-
notes.’® On that day, SNB banknotes of a total value of CHF 44.2 million were in
circulation.™ This amounted to 23.3% of the total value of banknotes in circulation
(SNB 1932, p. 56), while the remainder was made up of notes of the banks of is-
sue. Over the next three years, these two sets of banknotes circulated in parallel,
with an increasing share of SNB banknotes. When the transition was completed in
June 1910, the value of total (SNB) banknotes in circulation had increased to CHF
254.9 million.

Figure 1 shows annual data for the nominal value of total banknotes in circulation
in Switzerland from the inception of the SNB in 1907 to 2015. The left-hand panel
indicates that it increased steadily from around CHF 0.16 billion at the end of 1907
to CHF 72.88 billion at the end of 2015. From the end of the transition period in

18 During that time, Switzerland was part of the Latin Monetary Union (de facto on a gold standard
from the early 1870s), which regulated issuance and acceptance of coins among participating coun-
tries, but not of banknotes. Before 1907, Switzerland had no central bank but operated within a system
of free banking, where private banks (“banks of issue”) issued banknotes and competed with each
other. Until 1881, the issuance of banknotes was not even regulated by the Swiss government. See
SNB (2007, pp 29-35).

19 As the time to develop and produce the SNB's first own banknote series (called “interim banknotes”)
was limited, it built on the banknotes issued by the private banks of issue: it used the same paper and
printing plates, where the number of the bank of issue on each denomination was replaced by a rosette
with Swiss cross. Also the denominations were the same as regulated and standardized by the Swiss law
on banknotes from 1881 (cf. Section 3.2).
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Nominal value of total banknotes in circulation in Switzerland Figure 1

TOTAL BANENOTES IN CIRCULATION IN TOTAL BANKNOTES IN CIRCULATION IN

SWITZERLAND SWITZERLAND
Mzl valui ireently Fani

(left panel: in CHF billion, right panel: growth rate in percent)
Source: SNB

1910 to 2015, the average annual growth rate of banknotes in circulation was
5.4%. This is larger than the average annual increase in nominal GDP over that
time period, which was 4.8%. Given technological progress in payment technolo-
gies and cash management practices, a smaller average growth rate of banknotes
than of nominal GDP would be expected. Thus, other factors also seem to have
played a role. In particular, as the right-hand panel of Figure 1 shows, the growth
rates have been quite different over the years. The first 30 years saw a large vola-
tility in banknote circulation. During four years, banknote circulation even increased
by more than 30%, namely during World War [ (1914, 1917, and 1918) and when

the Great Depression intensified in 1931.%° In all of these instances, hoarding de-

20 That year saw a sharp deterioration of the economic situation particularly in neighboring Austria
and Germany, following the failures of Creditanstalt and Darmstadter und Nationalbank (Danat), re-
spectively.
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mand for Swiss franc also from non-residents was an issue, so that from May 1918
to June 1921 a ban on Swiss franc shipments abroad was imposed. Between these
large peaks, banknote circulation decreased in several years, in particular in the first
half of the 1920s and again from 1933 to 1935. There were different reasons for
this. In the former period, banknotes that were hoarded abroad flowed back when
the German hyperinflation had been stopped (SNB 1932, p. 137). Moreover, gold
coins and banknotes circulated in parallel, which made the demand for banknotes
dependent on the availability of gold coins (SNB 1932, p. 142), which itself was
volatile and affected by global shocks.

The years of World War Il saw again a strong increase in the demand for Swiss
franc banknotes. It flattened in the 1950s but returned to higher growth rates
during the years of higher inflation in the 1960s and particularly in the 1970s. To-
wards the end of the Bretton Woods system, and again during the late 1970s,
Switzerland experienced large capital inflows and in response resorted to capital
controls, in particular negative interest rates on deposits held by non-residents. As
banknotes were used to circumvent those capital controls, these periods of in-
creased appreciation pressures are visible in the two peaks during the 1970s in the
right-hand panel of Figure 1. The 1980s and most of the 1990s featured slower
banknote growth, which then accelerated with the uncertainties and crises since
the end of the 1990s, namely the fear of a possible millennium bug 2000, the
bursting of the dot-com bubble around 2000, the 9/11 terrorist attacks in 2001,
the introduction of euro banknotes and coins in 2002, the financial crisis in 2008,
and the euro area debt crisis starting 2010.

The (nominal) demand for banknotes increased strongly over time also in per cap-
ita terms. Figure 2 shows that banknotes per capita and total banknotes increased
in lockstep, so that population growth does not seem to be an important factor

driving banknote demand. Total (nominal) banknote holdings per capita increased
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Nominal value of total banknotes per capita and corresponding Figure 2
total banknotes in Switzerland
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Nominal value of total banknotes per capita: blue line, left logarithmic scale;
corresponding total banknotes: green line, right logarithmic scale

from CHF 80 in 1910 to almost CHF 8800 in 2015. This translates into an average
annual increase of 4.6%, whereas population growth was only 0.8% p.a. on aver-
age over that time period. A similar picture emerges when considering banknote
holdings per capita in real terms.?" Real per capita banknote holdings, in prices of
2015, increased from CHF 1430 in 1921 to almost CHF 8800 in 2015, i.e., by 1.9%
p.a. on average, whereas real total banknote holdings increased by 2.8% p.a. on

average (cf. Figure 3).

21 This series is only available from 1921 onwards due to lacking price data.
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Real value of total banknotes per capita in circulation Figure 3
and corresponding total banknotes in Switzerland

TOTAL BANKNOTES IN CIRCULATION IN
SWITZERLAND
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Real value of total banknotes per capita in circulation: red line, right scale;
corresponding total banknotes: blue line, left scale
Source: SNB

Also in international comparison, banknote holdings per capita in Switzerland are
high, as Table 1 documents. The only country coming close is Japan. In Swiss franc,
Japan’s per capita holdings are 27% lower than Switzerland’s, but in PPP terms,
they are around 7% larger.?? The US and the euro area, both being large currency
areas for which the literature has estimated a sizeable share of banknotes circulat-
ing abroad,?* have holdings at around 60% of the Swiss ones in PPP terms. Where-
as the UK and Canada are in a range of 20-25% of Swiss banknote holdings,

Sweden is at the lower end with only about one tenth of that of Switzerland's.

22 Following the strong appreciation of the Swiss franc since 2008, total banknotes per capita in Swiss
franc tend to overstate holdings in Switzerland relative to other countries.
23 See, for example, Fischer et al. (2004), Porter and Judson (1996), or Seitz (1995).
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International holdings of total banknotes per capita Table 1
and relative to GDP in 2015

Total banknotes per capita
Total banknotes to

in CHF in PPP GDP in %
Canada 1522.76 1678.12 3.80
Euro Area 3471.46 4179.16 10.36
Japan 6351.29 7370.47 18.55
Sweden 815.55 761.78 1.63
Switzerland 8754.38 6866.18 11.29
UK 1492.73 1443.22 3.48
USA 4275.43 4293.46 7.65

Note: End-of-year values of banknotes in circulation, converted with end-2015 current exchange rates. PPP-cal-
culation based on purchasing power parities computed by the OECD.

Relative to GDP, the position of Switzerland remains basically the same as in per
capita PPP terms, confirming that the choice of normalization does not affect the
conclusion that Swiss banknote holdings are high.

Standard monetary theory implies that the demand for banknotes should depend
on the volume of transactions, the price level, and the opportunity cost of holding
cash. We therefore plot the ratio of total banknotes to (nominal) GDP, i.e., the in-
verse of the velocity of banknotes in circulation, in the left-hand panel of Figure 4,
together with the interest rate on savings deposits as a measure of the opportuni-
ty cost. Compared with banknote holdings per capita (Figure 2), the ratio of
banknotes to GDP shows a different pattern. From the establishment of the SNB
until 1945, the ratio of banknotes to GDP increased with a brief fallback in the
1920s. This matches with the evidence reported above that political uncertainty

and demand from abroad led to increased hoarding. After reaching a peak of over
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25% in 1945, the ratio of banknotes to GDP fell steadily — with only a brief inter-
ruption in the early 1970s — until the beginning of the 1990s when it reached a
level of about 7.5%. Such a downward trend would be expected if advances in
payment technologies lead to a larger share of non-cash payments and if cash
management improved. Until the beginning of the recent financial crisis, the ratio
of banknotes to GDP moved sideways whereas, since 2008, it started to increase
again. Initially, both a fall in GDP in the course of the crisis and an increased de-
mand for banknotes due to doubts about the solidity of banks contributed to this
increase. However, even after GDP started to grow again and the most severe
banking problems had abated, the ratio continued to increase and reached over
11% in 2015.

A qualitatively similar picture for the post-war years emerges when relating total
banknotes to private consumption, as indicated in the right-hand panel of Figure
4.%% This transactions-related variable is presumably more relevant for banknote
demand, compared to the more broadly defined concept of GDP. Nevertheless,
also for the ratio to private consumption, a downward trend up to the early 1990s
is observed, which was briefly interrupted in the late 1970s. From the early 1990s
to the recent financial crisis the ratio bottomed out, but passed over to a strong
increase, particularly since 2012. In 2015, the ratio stood at 219%, a level last seen
in the late 1970s.

Barring secular trends that are driven by advances in payment technology or other
low-frequency developments, we would expect a negative relation between the
ratio of banknotes to consumption or GDP and the opportunity cost of holding
cash. To some extent, this is indeed the case. The increase in the banknote-to-GDP
ratio in the late 1970s coincides with a downward spike in interest rates. Moreover,
the sharp increases in interest rates in the late 1980s to the early 1990s led to an

24 Unfortunately, annual data on private consumption for Switzerland is only available since 1948.
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Ratio of value of total banknotes in circulation to nominal Figure 4
GDP / to nominal private consumption and nominal interest
rate in Switzerland

RATIO OF VALUE OF TOTAL BANKNOTES TO RATIO OF VALUE OF TOTAL BANKENOTES TO
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Ratio of value of total banknotes in circulation to nominal GDP / to nominal private consumption:
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nominal interest rate (rate on savings deposits), red line, right scale

Source: SNB

acceleration of the decrease in the banknote-to-GDP ratio. However, much of the
decrease in interest rates took place in the late 1990s whereas the banknote-to-
GDP ratio picked up strongly only after the financial crisis in 2008. This is reflected
in the correlation of the interest rate with the deviation of these ratios from trend.?
Considering the banknote-to-GDP ratio, the correlation is indeed negative at —0.12
for the whole period from 1907 until 2015. Over the post-war period starting
1948, the correlation is more strongly negative at —0.26. However, as indicated

25 As a first approximation, we try to capture the aforementioned secular movements, which might
include advances in payment technology but also long-run trends in hoarding demand, by the trend
resulting from an application of the Hodrick-Prescott filter to those ratios. For the banknote-to-GDP
ratio, this trend first increases from the beginning of the sample in 1907 until the end of World War I,
then decreases again until the mid-1990s. Subsequently, it is stable until the beginning of the recent
financial crisis, when it increases again.
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above, when considering the sample from the second half of the 1990s until 2015,
it turns positive with 0.07.25 Obviously, there have been other factors besides inter-

est rates which have influenced this ratio in the course of time.

In sum, demand for Swiss franc banknotes has increased steadily since the estab-
lishment of the SNB in 1907. Until the end of World War II, hoarding demand, also
from abroad, has recurrently played a role. With the Bretton Woods agreement,
the US dollar became the dominant currency and motives for hoarding Swiss francs
apparently receded. Nevertheless, Switzerland’s stability, low inflation, and the ex-
istence of a large value banknote presumably make Swiss franc banknotes still at-
tractive for hoarding. The strong increase in banknote demand in the wake of the
financial crisis supports this conjecture. We now turn to the different denomina-

tions in order to uncover more evidence.

3.2 Evolution of different banknote denominations

The first banknote series issued by the SNB contained only denominations of CHF
50, 100, 500, and 1000. The value of the banknote denominations in real terms in
the early 1900s was high, in particular when considering that the price level has
increased about fivefold from 1920 until 2015. Banknotes were mainly employed
in commercial transactions, which explains their relatively large value.?” Typically,
(gold and silver) coins were used in day-to-day transactions. In conjunction with
the beginning of World War | and a resulting drop in the circulation of coins, bank-
note denominations of CHF 5 and CHF 20 were added in 1914 to provide sufficient
means of payment for day-to-day operations.

26 Similar correlations are obtained when using the banknote-to-consumption ratio.

27 During the first ten years of the SNB, changes in payment technology, namely the replacement
of trade bills by settlement in banknotes, led to an increase particularly in the demand for CHF 1000
banknotes, see SNB (1932, p. 136).
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About 40 years later, i.e., in 1956, the CHF 10 banknote was issued as the next
new denomination. Issuance of the CHF 5 banknote was suspended subsequently
in 1958 and its circulation became negligible shortly afterwards. In 1997, the CHF
500 banknote was replaced by a CHF 200 banknote, so that the current set in-
cludes the following six denominations: CHF 10, 20, 50, 100, 200, and 1000.% As
a result, the replacement of the CHF 500 by the CHF 200 banknote takes place
during our sample period and has the potential to affect the demand also for the

other denominations.

Figure 5 shows that the increase in the nominal value of banknotes in circulation
since 1956 is mostly driven by the large denominations, predominantly the CHF
1000 and CHF 500 bills up to 1980 and only the CHF 1000 bill thereafter. Their
value shares increased particularly over the 1970s, when they were used to bypass
measures to limit appreciation pressure on the Swiss franc in the course of the
breakdown of the Bretton Woods system.?® The popularity of the CHF 500 bank-
note declined from the end of the 1970s onwards. This coincides with the intro-
duction of banking accounts related to wage payments over the course of the
1970s, so that fewer and fewer wages were paid in cash,*® where the CHF 500 bill
had been a popular denomination. This change in the payment technology also
affected the CHF 100 banknote. It was the most important bill up to the early
1970s, but exhibited a sharp drop in its share over the following decade. The CHF

28 The SNB reviews the set of denominations regularly. Against the backdrop of weak demand for CHF
500 banknotes, i.e., the demand for the CHF 500 banknote basically stagnated since the mid-1970s
and its share in the total value of banknotes had been declining since 1975, the SNB in 1985 considered
two possible future sets of denominations: one with both a CHF 200 and 500 bill and another with ei-
ther a CHF 200 and 500 bill. Banks and business representatives had a preference for the latter solution
and also experiences abroad pointed in that direction. Moreover, printing an additional denomination
is costly. As a result, in 1987 the SNB decided to replace the CHF 500 banknote by a CHF 200 bill. See
SNB (2007, p. 346).

29 See footnote 21.

30 The number of postal checking accounts more than doubled between 1970 and 1980, mainly due
to accounts related to wage payments. See SNB (1982, pp. 290 and 295). The average (gross) monthly
wage in 1970 was about CHF 1500.
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1000 banknote, in contrast, continued its upward trend — even despite an in-
creased popularity of payments by check (Swiss-Check) — and reached a value
share of 62% in 2015. The introduction of the CHF 200 banknote in 1997 led to
some modifications in the distribution among the different denominations. First,
the CHF 500 banknote quickly dropped out of circulation and the demand was
picked up by the new CHF 200 banknote, but also by the CHF 1000 bill. Second,
some of the demand for CHF 100 banknotes also switched to the new denomina-

tion and the share of CHF 100 banknotes has been on a declining trend since then.

The fact that the noticeable increase in the demand for total banknotes is driven by
the largest denomination and that its share dominates those of the other denomi-
nations is a first indication that a non-negligible part of the increased demand for
the CHF 1000 bill might result from hoarding, domestically or abroad.?'

In addition, Figure 6 illustrates that only the CHF 1000 banknote shows an unam-
biguous increase in its ratio to consumption over the sample period.>? By contrast,
for the CHF 100 bill this ratio fell continuously from over 13% in 1956 to less than
3% at the end of the 1990s. The CHF 500 banknote and the smaller denomina-
tions also fell strongly in importance until the end of the 1990s, after which they
flattened out. By contrast, since the recent financial crisis, the ratios to consump-
tion for the CHF 100 and the CHF 200 banknotes increased slightly, which might

indicate some hoarding demand also for these denominations.

31 Fischer et al. (2004, p. 14f) refer to the high share of large denomination banknotes in Germany,
the Netherlands, Belgium, and Austria as an indication of hoarding. However, they do not quantify this
observation. Van Hove and Vuchelen (1999) show for the case of Belgium that the introduction of a
new highest denomination leads to a substitution of hoarding away from the lower denominations.
32 Asimilar picture emerges for the banknote-to-GDP ratio as presented in Figure 7.
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Nominal value and corresponding share of different banknote Figure 5
denominations in circulation in Switzerland
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In general, the developments of the different banknote denominations relative to
consumption are consistent with advances in payment technologies, more efficient
cash management practices, as well as changes in payment habits (e.g., wages are
no longer paid in cash but instead in a bank account, increased payments by cred-
it and debit cards, etc.) and indicate that denominations up to CHF 50 are primar-
ily used for transaction purposes. The CHF 1000 bill, in particular, plays a different
role. From 1956 until the late 1990s, the ratio to consumption for the CHF 1000
banknote fluctuated in a band between 6% and 9%. From the mid-1990s on, this
ratio embarked on a rising trend and stood at 13% in 2015. Again, these figures
illustrate that the main vehicle for banknote hoarding seems to be the CHF 1000
banknote (and to a smaller extent the CHF 200 and potentially the CHF 100 bank-

note), so that in the following we will focus on this denomination.
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The ratio of banknotes to nominal private consumption
in Switzerland: denominational breakdown (left panel:

Figure 6

large denominations, right panel: small denominations)
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Figure 7

denominational breakdown (left panel: large denominations,

right panel: small denominations)
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4 The seasonal pattern of CHF 1000 banknotes and hoarding demand

In this section, we study the seasonal pattern of different banknote denominations
with the aim to determine the demand for hoarding, following Sumner (1990) and
Porter (1993).2® The basic idea behind the method based on seasonal patterns is
that banknote demand for (domestic) transactions is influenced by events that
occur regularly over the year like Christmas shopping or summer holidays. By con-
trast, banknote demand for hoarding (or foreign demand) is typically not affected
by such seasonal factors. As a result, the seasonal variation of banknote demand
will decrease with an increasing share of banknotes that are hoarded or held by

non-residents.3

4.1 Seasonal method

More formally, total banknote demand can be modeled as the product of a
trend-cycle component, T,, and a seasonal component, S,. This decomposition
also holds for the domestic-transactions (T{’) and non-domestic-transactions (T/)
related demand, respectively®>:

T So=TH S+ T S )

33 There are different methods to estimate hoarding of a given currency, see Fischer et al. (2004) as
well as Bartzsch et al. (2011a, 2011b) for an overview.

34 Nevertheless, seasonal influences are possible in the case of small denominations used for foreign
travel. However, the share of foreign demand affected by this is likely to be fairly limited in relation to
the total volume of banknotes circulating outside Switzerland or being held for hoarding purposes.

35 Of course, a seasonal adjustment decomposition also entails the irregular component. For the pur-
pose of this investigation, we fold the irregular component into the trend-cycle component. Having a
separate irregular component does not alter the results.
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Next, let B3, be the share of the overall trend-cycle component demanded for do-
mestic transaction purposes, and (1 - B,) be the share demanded for hoarding or

by non-residents. This leads to
T,S.=B,T,Str+(1-B)T,S. @)

This equation can be further simplified by cancelling T, from both sides of the
equation and assuming that the demand for hoarding and by non-residents does

not exhibit seasonal variation, i.e., " =1 V't:
S,= B, S+ (1-8,). 3)

When solving for B,, this equation would — based on estimated seasonal factors
from standard seasonal-adjustment packages — in principle yield a time-series for
the hoarding share.
S~ 1
Bt = : @
Sir-1

As can be seen from equation (4), 8, will be close to zero when the seasonal factor
for a certain month is close to unity, whereas it might be very large (or undefined)
whenever the seasonal factor of the reference series approaches one. To make
these estimates more robust, a range (e.g., the maximum) of seasonal factors with-
in one year is therefore usually used.® Inserting, for instance, the highest and
lowest seasonal factors into equation (3) gives:

36 See, for instance, Porter and Judson (1996) and Bartzsch et al. (2013b). Also, seasonal patterns at
different frequencies could be used, for instance the intra-weekly, intra-monthly, or intra-yearly sea-
sonal component. See, for example, Cabrero et al. (2002). In line with the literature, we employ the
intra-yearly component.
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Smax,r :Br SZWM + (7'.81)

Sm/‘n,z :Bt Srt;m,t + (7'Bt)- (5)

When subtracting the two equations from each other and solving for 8,, we ob-

tain an estimate of the share of banknotes held for domestic transaction purposes

in year t:
Smax,t - Smin,t
Bz =
Srrrrmx,t - rt;zin,t (6)

However, the seasonal factors for the purely transactions-related series, S, are
unknown and have to be approximated through the use of a benchmark series.
The challenge is to find a suitable benchmark series to determine the range of
seasonal factors related to domestic transactions, which cannot be observed di-
rectly. Possible choices are the demand for banknotes in a reference country, which
does not feature hoarding and demand by non-residents or a variable like retail
trade or private consumption expenditures that is solely related to domestic trans-
actions.*” Alternatively, the seasonal factors across different denominations can be
compared, assuming that small denominations are mainly used for transactions,

whereas large banknotes are more prone to hoarding and non-resident demand.*

In the case of Switzerland, however, finding a suitable reference series is difficult.
When using banknote data from another country, ideally, this reference country
should feature a similar pattern for banknote demand except that there is no

37 In principle, domestic hoarding and non-resident demand could be separated if a reference country
could be found with a similar hoarding demand but no demand by non-residents or vice versa. In prac-
tice, it is hardly possible to distinguish the two components. However, Bartzsch et al. (2013b) present
one possibility relying on different seasonal patterns for the case of Germany.

38 For an overview of other alternatives like coins or vault cash, see Bartzsch et al. (2013b) and Seitz
(1995).
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hoarding and foreign demand. In the past, Sweden was considered a reasonable
reference country for Switzerland but this does not seem to be the case for more
recent data. Fischer et al. (2004, p. 54) calculate the seasonal factors for Sweden
and Switzerland from 1980 to 2000. Both countries showed a pronounced season-
al peak in December and no visible peak in the summer months. More recent data
for Sweden, however, exhibit noticeable seasonal movements in the summer
months, which does not conform with the Swiss pattern anymore. Alternative po-
tential candidates (e.g., Denmark or the UK) exhibit similar problems, while other
countries which are more similar with respect to banknote use, like Germany or
Austria, also feature demand for hoarding and by non-residents, thereby making

them ineligible as a reference country.®

Using private consumption or retail sales as reference series, however, also entails
problems. First, private consumption data is available at quarterly frequency only,
starting 1980. Moreover, its seasonal pattern is less pronounced than the one for
banknotes, which rules out using the seasonal method to estimate hoarding and
foreign demand. Second, retail sales are available on a monthly basis, but only

since 2002. This would shorten our sample period considerably.

Therefore, we focus on the comparison of different banknote denominations. We
concentrate on those denominations which are present over the entire sample
under consideration, i.e., from 1956 to 2015.%° This eliminates the CHF 200 and
500 banknotes, which were either introduced only later or abolished earlier, re-
spectively. We also abstract from the CHF 10 banknote, introduced in 1956, to
limit the boundary problem related to the seasonal filter. As a result, we are left
with the CHF 20, 50, 100, and 1000 banknotes, which account for around 83% of

39 The introduction of the euro presents an additional complication for these countries.
40 The sample size basically results from the program limitations of the seasonal adjustment package
X-13ARIMA-SEATS.
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banknotes in circulation on average over the sample period (in value terms). Figure
8 to Figure 11 show their seasonal patterns. On the left-hand panel, the seasonal
factors are plotted as time series whereas the right-hand panel shows the same
seasonal factors, just in a different ordering, i.e., for a given month over the entire
sample period, in order to get an impression of the typical seasonal range in the

series.

What immediately becomes apparent from these figures is the pronounced sea-
sonal pattern of the largest banknote denomination compared to the smaller de-
nominations. As indicated in the previous chapter, we would expect hoarding de-
mand to be concentrated in the demand for CHF 1000 banknotes, which would
imply that the seasonal variation is dampened compared to those bills which are
typically used for transactions. However, this is not the case here. The CHF 1000
banknote is characterized by the largest seasonal factors, particularly in December,
though the December peaks have decreased visibly since the mid-1990s and again
after the financial crisis. By contrast, the smaller denominations show an increase
in the December peak around the early 2000s, which for the CHF 100 banknote
has reversed since the financial crisis as well. In the earlier part of the sample, a
continuous increase in the seasonal lows at the start of each year is visible for the
CHF 100, 50, and 20 denominations. While the cause for the less pronounced
troughs is unclear, this development came to an end in the late 1970s when ATMs
started to appear and may have led to a smoother demand for precautionary as

well as transaction balances.

Overall, comparing Figure 8 with those of the smaller denominations illustrates
that the CHF 1000 banknote features a maximum seasonal range, which is larger

than that of all the other denominations.*" This basically renders the standard

41 For the CHF 1000 banknote, the seasonal high is reached in December, whereas the seasonal low
is in August.
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seasonal approach to estimate hoarding and non-resident demand, as described
above, inapplicable.

Seasonal pattern of CHF 1000 banknotes Figure 8
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lower panel: seasonal factors of respective month over entire sample period)
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Seasonal pattern of CHF 100 banknotes
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Seasonal pattern of CHF 50 banknotes Figure 10
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Seasonal pattern of CHF 20 banknotes Figure 11
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4.2 Correction for tax effects

As indicated above, the main cause for the extreme seasonal variation of the CHF
1000 banknote is the very large peak in December. Even though one would expect
a seasonal peak at the end of the year because of Christmas shopping and gifts in
terms of money, also other influences seem to be at work, especially end-of-year
tax considerations. Switzerland is one of only a few countries in Europe that taxes
wealth, which includes deposits held in bank accounts.*? Taxable wealth can easily
be reduced by withdrawing deposits prior to the end of the year and re-depositing
them at the beginning of the next year, as bank statments issued for tax purposes
show only the balance on December 31st.%* Such a behavior would result in a pro-
nounced seasonal peak in the demand for large banknotes in December. Conse-
quently, the maximum seasonal range for the CHF 1000 banknote including De-
cember would be biased upward due to a temporary non-transactions-related

component from which we want to abstract.

Ettlin and Fluri (1986) present evidence that tax effects indeed play a role for the
pronounced December peak in the demand for CHF 1000 banknotes. They docu-
ment a biannual regularity in the December peak, which they attribute to the bian-
nual tax period that was common in most cantons until 2000.* More specifically,
up to that year, the relevant time period for tax statements was two years (instead
of one), beginning with an odd-numbered year. As a result, every two years a re-
lated increase in the demand for banknotes could be observed, i.e., at the turn of

42 Currently, there is a wealth tax at the level of the cantons and the municipalities, but not at the
federal level; the federal tax on wealth was abolished in 1959. Though the wealth tax does not range
among the most important taxes, its proceeds accounted for 8.5% of the tax income of cantons and
municipalities in 2013, see Eidgendssische Steuerverwaltung (2016).

43 Strictly speaking, also cash holdings are part of the taxable wealth and have to be declared. Howev-
er, they are difficult to verify for the tax authorities.

44 The Swiss parliament issued a law in 1993 that required the cantons to harmonize the methodol-
ogy according to which the wealth tax is collected. Thus, in the years until 2000, the cantons with a
biannual tax collection period had to phase out this scheme. The variation of tax rates and exemption
amounts among different cantons and municipalities remains nevertheless high, see Eidgendssische
Steuerverwaltung (2016).
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the year from an even- to an odd-numbered year. Therefore, until around 2000,
two subsequent December peaks are of considerably different size and the differ-

ence varies over time as the tax legislations of the cantons changed.

We follow the methodology suggested by Ettlin and Fluri (1986) to take these bi-
annual effects into account in the seasonal adjustment procedure for the CHF
1000 banknote series. The idea is to split the time series into two series: one con-
taining only the odd-numbered months and one containing the even-numbered
months. Standard seasonal filters are then applied separately to these two series.
As the seasonal adjustment procedure still filters out seasonal variation over twelve
time periods, this means that in effect both series are adjusted for biannual season-
al variation. Subsequently, they are recombined (and re-normalized) to obtain one
series. With this methodology, a given month in two subsequent years (e.g., the
December in year t and the December in year t+7) is treated differently, in contrast
to standard approaches. This allows us, in particular, to capture the large seasonal
December peak every two years due to tax reasons. The corresponding effect is

also visible in the seasonal factors presented in Figure 8.

Following this approach, the average difference between the December peak of an
odd-numbered year and the subsequent even-numbered year is 2.9% from the
beginning of the sample until 2000, when the last cantons phased out biannual tax
collection. The largest (absolute and percentage) difference between subsequent
December peaks occurred in 1983/84: The seasonal factor for December 1983 is
1.0725, whereas it is 1.1300 for December 1984, an increase of 5.4% from the
odd- to the even-numbered year.* This gives us an estimate of the tax-induced
increase in the demand for CHF 1000 banknotes. However, given that not all can-
tons applied a biannual tax-collection period and that the tax legislation changed
over time, these estimates constitute only a lower bound for the true seasonal

45 This is after re-normalization to ensure an average seasonal factor of one over each year.
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increase in the demand for CHF 1000 banknotes due to tax reasons.

Nevertheless, we try to estimate the magnitude of the tax-related bias in the de-
mand for CHF 1000 banknotes from the difference in subsequent December peaks.
Since this difference varies over time, we take this into account in our correction
procedure. In particular, until 1998, we replace the (excessive) seasonal factor for
December in an even-numbered year by the average of the seasonal factors for
December in the two adjacent odd-numbered years, i.e., by the average of the
seasonal factors of the preceding and subsequent year. This leads to an average
reduction in the seasonal factor for December of 2.9%. Since the biannual tax
pattern ended in 2000, we cannot use the aforementioned procedure to correct
the December peaks from that year onwards.* The resulting series of seasonal
factors can be found in the left-hand panel of Figure 12, whereas the original series
already presented in Figure 8 is reproduced here in the right-hand panel for com-

parison.

Whereas the seasonal peaks in December are reduced, sometimes considerably,
the maximum seasonal range is still large when compared to those of the smaller
denominations presented in Figure 9 to Figure 11. According to the hypothesis
underlying the seasonal method, this would imply that CHF 1000 banknotes are
predominantly used for transactions whereas the smaller denominations are
hoarded, which obviously does not conform with observed payment patterns.*’
One problem with our correction for tax avoidance, for instance, is that we only
capture tax avoidance in cantons with biannual tax periods, whereas we do not

correct for cash withdrawals in cantons with annual tax periods. We therefore

46 Please note that after 2000, there is now an annual tax period (instead of biannual), so that one
should expect the additional, tax-related banknote demand in December to occur every year (instead
of every two years).

47 When applying the seasonal method, in this subsection we use the maximum seasonal range of the
reference series as well as of the series of interest to compute the hoarding shares. Using other ranges,
but still including December, does not fundamentally alter the results.
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resort to another approach and employ different seasonal ranges that leave out
the December peak.

Seasonal factors of CHF 1000 banknotes Figure 12
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Upper panel: corrected for tax effects; lower panel: original series
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4.3 Using alternative seasonal ranges

In the spirit of Porter and Judson (1996), we start from the seasonal range ob-
served over the time period which best corresponds to the maximum seasonality in
a transactions-related variable, e.g., retail sales. For this variable, the seasonal high
is reached in December and the seasonal low in February, in line with international
evidence on the seasonality of transactions. Since we want to abstract from the
excessive seasonal peak of the CHF 1000 banknote in December, we take the Jan-
uary as a proxy. This month features the second-largest seasonal factors and, since
these are end-of-month figures, presumably the tax-related withdrawals have al-
ready been deposited again. As a reference series, we take the CHF 20 banknote.
It is one of the smaller denominations less suitable for hoarding purposes. We take
the CHF 20 banknote and not the CHF 10, since the latter was only introduced in
1956 whereas the CHF 20 banknote already appeared in 1914. As a result, we can
study a longer time period and, moreover, reduce the boundary problem related to
the seasonal filter.*® Moreover, the maximum seasonal range of the CHF 20 bank-
note perfectly corresponds to that of retail sales, i.e., the peak is in December,
whereas the low is in February. This is a further indication that the CHF 20 bank-
note is primarily used for transaction purposes. The seasonal factors for these two
denominations can be found in Figure 8 and Figure 11.

The main results of this analysis are presented in Figure 13. It shows the share of
hoarding demand for the CHF 1000 banknote, i.e., formally (1 - 3,). More specif-
ically, we focus on longer-run movements and average the respective seasonal
ranges of the target and reference series over a five-year horizon and plot the re-
sulting estimated hoarding shares for the CHF 1000 banknote. After moving
around 50% at the beginning of the sample, the hoarding share decreased to 45%

at the end of the 1960s. Over the following two five-year periods, coinciding with

48 Using a shorter sample period, results based on the CHF 10 banknote do not differ much from those
using the CHF 20 banknote as a reference series.
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the breakdown of the Bretton Woods system and related pressure on the Swiss
franc, the estimated share increased again to 50%. More tranquil times followed,
so that a low was reached from the mid-1980s to the mid-1990s with a hoarding
share of 33% to 35%. In the course of the increased uncertainty due to the events
since the turn of the millennium (millennium bug, 9/11, introduction of the euro),
the hoarding share almost doubled to 649%, after which it stabilized until the be-
ginning of the financial and euro area crises. The latter events led to a further in-

crease in the share of hoarding to 73% in the last five-year period up to 2015.

The resulting nominal values, based on the average value of CHF 1000 banknotes
in circulation over the respective five-year period, are presented in Table 2. In the
first three five-year periods, even though the relative hoarding share fell, the abso-
lute value of CHF 1000 banknotes hoarded almost doubled to around CHF 1.5
billion on the back of an increase in overall demand for CHF 1000 banknotes.
During the breakdown of the Bretton Woods system, included in the following two
five-year periods, this value further tripled to CHF 4.6 billion, after which it basical-
ly stagnated over the following 15 years until 1995. Since then, it increased sixfold
to reach almost CHF 29 billion in the period from 2011 to 2015. The first large in-
crease in this latter episode occurred around the turn of the millennium (CHF 5.6
bn, 64%), while the second increase coincided with the period of the financial and
euro area crises (CHF 11.7 bn, 69%). Considering the entire sample period from
1956 to 2015, the estimated value of CHF 1000 banknotes held for transaction

purposes grew broadly in line with private consumption expenditures.

Overall, the hoarding shares obtained for the CHF 1000 banknote are within the
range typically obtained for other large denomination banknotes. For example,
estimates for the USD 100 note by Judson (2017) indicate that 60-75% of that
denomination were held abroad at the end of 2016. Porter and Judson (1996)
obtained a corresponding share of 66—75% for December 1995. For Japan, Otani
and Suzuki (2008) found that just 40% of the JPY 10’000 banknotes were hoarded
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Share of hoarding of CHF 1000 banknote using Figure 13
CHF 20 banknote as reference series
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in 2007. Bartzsch et al. (2013b) analyze the net issuance of the Deutsche Bundes-
bank within the Eurosystem to get an idea of the proportions used for domestic
transactions, hoarding, and foreign demand. They found that the EUR 500 bank-
note, which is especially prone to hoarding, is the denomination most frequently
held outside the euro area, i.e., EUR 95 billion out of an estimated total of German
banknotes abroad of EUR 175 billion. Before the introduction of the euro, the
Netherlands had a NLG 1000 banknote* for which Boeschoten and Fase (1992)
obtained a hoarding share of 60-80% for the second half of the 1980s, depending
on the method employed.

49 This corresponds to more than EUR 450 at the official exchange rate irrevocably fixed at the end
of 1998.
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Nominal value of CHF 1000 banknotes held for
hoarding and transaction purposes (CHF billion)

1956 — 1960

1961 - 1965

1966 — 1970

1971 -1975

1976 — 1980

1981 — 1985

1986 — 1990

1991 - 1995

1996 — 2000

2001 - 2005

2006 - 2010

2011 -2015

Total

1.75

2.68

8.93

10.81

13.12

13.88

17.46

22.16

27.29

39.30

Hoarding
0.87
1.38
1.51
2.77
4.58
4.50
438
4.81
8.67
14.22
17.02

28.70

Transactions

0.88

1.30

8.74

9.08

8.80

7.94

10.27

10.60

Table 2

Notes: Numbers are based on the estimated hoarding shares and average nominal values of CHF 1000 bankno-

tes in circulation in the respective time period.
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5 Summary and conclusion

In this study, we use the seasonal method to estimate the share of Swiss banknotes
in circulation that is hoarded, both domestically and abroad. Compared to other
countries, the application of this methodology to the Swiss case faces the problem
that the largest denomination, the CHF 1000 banknote, exhibits very pronounced
seasonal peaks that exceed those of other transactions-related time series, like
small-denomination banknotes or private consumption expenditure, that are com-

monly used to proxy transactions-related banknote demand.

We present evidence that the large seasonal peak at the end of the year is related
to tax effects, in particular, the wealth tax that is levied —among other things — on
the end-of-year bank-account balances. For the time when this tax was levied bi-
annually, we can estimate a correction for this tax effect. Applying this correction,
however, is not sufficient to reduce the seasonal peaks in the CHF 1000 banknote
series to levels below those of the references series.

To obtain a meaningful hoarding share, we therefore proxy the December peak of
the CHF 1000 banknote and calculate the seasonal range based on the subsequent
month, i.e., January. In this way, we obtain hoarding shares of around 50% until
the early 1980s that then fall continuously to about 30% in the late 1990s.
Subsequently, following the increased uncertainty since 2000 and, in particular,
since the financial crisis in 2008, the share of hoarding for the CHF 1000 note has
significantly increased to over 70%. These figures are within the range typically
obtained for other large denomination banknotes.

In line with other countries and studies, our results show that only a small part of
currency in circulation in Switzerland is used for transaction purposes. As this
purpose is the most important one for economic and monetary policy reasons, the

different motives and their magnitudes should be taken into account when inter-
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preting monetary data. This should help to improve the indicator properties of
monetary data for price and business cycle developments (see Aksoy and Piskorski,
2005, 2006, for the US).
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Abstract

It would seem that physical currency should be fading out as the world of pay-
ments is increasingly electronic, with new technologies emerging at a rapid pace,
and as governments look to restrictions on large-denomination notes as a way to
reduce crime and tax evasion. Nonetheless, demand for U.S. dollar banknotes
continues to grow, and consistently increases at times of crisis both within and
outside the United States because it remains a desirable store of value and medium
of exchange in times and places where local currency or bank deposits are inferior.

1 Email: rjudson@frb.gov. The author is a staff economist in the Division of International Finance, Board
of Governors of the Federal Reserve System, Washington, DC 20551 U.S.A. The views in this paper
are solely the responsibility of the author and should not be interpreted as reflecting the views of the
Board of Governors of the Federal Reserve System or of any other person associated with the Federal
Reserve System.
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After allowing for the effect of crises, demand for U.S. banknotes appears to be
driven by the same factors as demand for other types of money, with no discernible

downward trend.

In this work, | review developments in demand for U.S. currency since the collapse
of Lehman Brothers in late 2008 with a focus on some new questions. First, what
are the factors driving demand for lower denominations, especially $20s, which
are the most commonly used in domestic transactions? To what extent can the

recent strength in demand be attributed to the long spell of very low interest rates?

Finally, for the larger denominations, | revisit the question of international demand:
| present the raw data available for measuring international banknote flows and
presents updates on indirect methods of estimating the stock of currency held
abroad. These methods continue to indicate that a large share of U.S. currency is
held abroad, especially in the $100 denomination.

As shown in an earlier paper, once a country or region begins using dollars, subse-
guent crises result in additional inflows: the dominant sources of international de-
mand over the past two decades are the countries and regions that were known
to be heavy dollar users in the early to mid-1990s. While international demand for
U.S. currency eased during the early 2000s as financial conditions improved, the
abrupt return to strong international demand that began nearly a decade ago with
the collapse of Lehman Brothers in 2008 has shown only limited signs of slowing.
In contrast, the growth rate of demand for smaller denominations is slowing, per-
haps indicating the first signs of declining domestic cash demand.
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The Death of Cash? Not So Fast: Demand for U.S. Currency at Home and
Abroad, 1990-20162

Unlike the banknotes of most other countries, the U.S. dollar is used far beyond its
borders as a medium of exchange and store of value. This international aspect of
dollar usage has important implications for a wide range of Federal Reserve opera-
tional considerations, including its currency production, processing, and planning,
the interpretation of currency figures as part of monetary analysis, daily open mar-
ket operations, management of the Federal Reserve’s portfolio, and analysis and
forecasting of the Federal Reserve’s income.? In addition, currency exports, like
other exports, figure in the U.S. balance of payments and international investment
position. Finally, the role of cash in the underground economy and other illicit ac-
tivities has been an increasing focus of discussion, and some countries have adjust-
ed the mix of notes they issue based on these concerns.* This paper shows that the
post-2008 resurgence in demand for U.S. banknotes has hardly abated. In addition
to updating data and methods presented in Judson (2012), this paper takes a clos-
er look at trends by denomination and poses some additional questions about the
future of cash. In particular, | note that demand for smaller denominations appears
to be slowing even though interest rates are still near zero and GDP growth has

been solid.

2 This work would have been impossible without the generous assistance of, and thought-provok-
ing discussions over many years with, Dick Porter (FRB-Chicago); Joann Freddo, Eileen Goodman, Jeff
Pruiksma, Elliot Shuke, and Charles Sims (FRB-New York); Carol Bertaut, Neil Ericsson, Jaime Marquez,
John Roberts, Charlie Thomas, Shaun Ferrari, Michael Lambert, and Lorelei Pagano (Board of Gover-
nors); and Edgar Feige (University of Wisconsin, Emeritus). All errors and omissions are mine.

3 Until late 2008, Federal Reserve notes, the dominant form of currency, were the primary liability on
the Federal Reserve’s balance sheet. As a result, currency demand was thus a primary consideration in
the conduct of daily open market operations as well as in longer-range planning related to the Federal
Reserve’s System Open Market Account portfolio. After late 2008, deposits of depository institutions
(of which reserve balances are the vast majority) increased significantly and now exceed currency as a
liability on the Federal Reserve’s balance sheet. Appendix Figure 3 illustrates the major components of
the Federal Reserve's balance sheet since 2003.

4 For example, India had a surprise recall of its highest-denomination notes in late 2016. The 500 euro
note will be phased out after 2018.
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Despite the disparate methods and data sources, the data consistently indicate
several trends. First, international demand for U.S. currency increased steadily over
the 1990s and into the early 2000s, a period that coincided with the fall of the
Berlin Wall, the collapse of the Soviet Union, and periodic economic and political
crises in several Latin American countries. Second, international demand for dollars
began to stabilize or decline around the time of the introduction of the cash euro
in 2002 This decline coincided with economic and political stabilization and finan-
cial modernization in many economies in and around the euro zone and the former
Soviet Union and continued until late 2008, when the global financial crisis sparked
renewed demand for U.S. banknotes that has shown no sign of abating.

In this paper, | present estimates of the stocks and flows of U.S. currency abroad
from the early 1990s through the end of 2016. Section 1 reviews the available data
sources, with a focus on their strengths and weaknesses for use in answering ques-
tions about the shares of banknotes held in the United States and abroad. Section
2 presents an overview of currency demand over the past several decades and
some stylized facts about the composition of U.S. currency levels and changes over
time. Section 3 builds on these stylized facts and presents simple and direct esti-
mates of stocks and flows of U.S. currency abroad. Section 4 presents updated
indirect estimates of stocks and flows of U.S. currency held abroad; these estimates
are based on the data sources from Section 1 as well as additional information.®
Section 5 presents estimates of a very simple currency demand equation for the
United States, from which estimates of the impact of international demand on
currency growth can be derived. Section 7 reviews developments in denominations
other than $100s. Section 7 summarizes these findings and concludes with some

general observations and directions for further work.

5 The euro currency was introduced as a unit of account in 1999; the physical currency was introduced
in 2002.

6 It is not possible to apply the “biometric” or “fish” method to the most recent design of U.S. bank-
notes because of a change in the way the notes are introduced.
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| Data: An Overview

I.A Total Currency in Circulation

I.A.1 Public Data

In general, the aggregate quantity of genuine currency in circulation is relatively
easy to measure: it is physical, and it is produced, transported, and issued under
very secure conditions.” Official currency statistics for the United States are report-
ed by the Treasury and Federal Reserve, which collaborate to produce data on
currency in circulation, generally defined as Federal Reserve notes, Treasury curren-
¢y, and coin held outside of the vaults of the Federal Reserve and the Treasury.®
Figures on total currency in circulation are reported weekly on the Federal Reserve’s
H.4.1 and H.6 Statistical Releases; the quarterly Treasury Bulletin provides addition-

al detail on denominations of banknotes and coin in circulation.

I.A.2 Internal Data

The Federal Reserve’s internal accounting and production processes require close
monitoring of currency production, processing, and movements; as a result, more
frequent and detailed data are available internally for Federal Reserve notes, which
constitute the vast majority of currency in circulation ($1.46 trillion of the $1.51
trillion total as of the end of 2016).° In particular, accounting data provide daily
updates by denomination on the quantity of Federal Reserve notes outstanding
(that is, carried on the books of each Federal Reserve Bank), and in the custody of
each Federal Reserve Bank. In addition, processing data provide monthly totals of
Federal Reserve note movements between each Federal Reserve office and

7 The quantity of counterfeit currency in circulation at any point is not known, but estimates suggest
that circulating counterfeits are extremely small relative to genuine currency, on the order of one to
three in 10, 000 (Judson and Porter (2010)).

8 Appendix table 1 in Judson (2012) provides a list of sources of currency data along with a description
of the different definitions of currency.

9 H.4.1 Statistical Release, tables 1 and 6. http://www.federalreserve.gov/releases/h41/20161229/.
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circulation by denomination.’ As shown in section 3, these data and simplifying
assumptions about domestic and international movements of banknotes can be

exploited to obtain estimates of stocks and flows of U.S. currency abroad.

I.B Data on Cross-Border Flows of U.S. Currency

Movements of currency across U.S. borders cannot be precisely measured for sev-
eral reasons. First, there is no legal requirement or mechanism to monitor move-
ments of $10,000 or less, and many individuals cross U.S. borders each year.! The
net movements of currency across U.S. borders through such nonbanking channels
are potentially significant. Indeed, as noted in U.S. Treasury (2006), customs report-
ing for Mexico indicates substantial cash flows from the United States to Mexico in
the hands of tourists and migrants; such flows, since they typically occur in amounts
of less than $10,000 and through nonbanking channels, are not captured in U.S.
data. Second, even when there is a legal requirement to report currency flows,
mechanisms are not always in place to capture the data and reporters might not
comply with requirements. Despite these challenges, informative measurements

do exist.

The Federal Reserve provides currency on demand to all account holders, including
those who provide banknotes to international customers. Many of these institu-
tions, including most of the largest wholesale banknote dealers, report monthly, on
a voluntary and confidential basis, the value and ultimate source or destination
country of their receipts and payments of U.S. currency. While not all banks that

deal in the international shipment of banknotes provide these reports, the bank-

10 The locations and boundaries of the twelve Federal Reserve districts were set when the Federal Re-
serve was established in 1913. Within each district, cash processing occurs at one or more cash offices.
The number and location of these offices varies over time. Processing data are reported separately for
each office.

11 In 2016, about 160 million passengers arrived and departed on international flights at U.S. airports
and about 190 million border crossings occurred by land (Bureau of Transportation Statistics, 2017).



Ruth Judson
The future of cash in crisis and calm: demand for US dollar banknotes
207

note shipping business is highly concentrated and this dataset currently captures
the vast majority of banknote shipments that cross U.S. borders through commer-

cial banking channels.

This dataset begins in the late 1980s and covers virtually every country in the world.
The quality of the data varies across time as the set of reporting dealers has evolved;
for all practical purposes, the dataset begins in the early 1990s. For example, con-
sider a shipment bound for Russia via Germany. The immediate source or destina-
tion of the shipment can be identified by the location of the counterparty. Thus, for
a nonreporting dealer, the dataset would only indicate a shipment to Germany, but
a reporting dealer would provide the ultimate destination, Russia. Conversely, con-
sider a shipment from Cambodia back to the United States via Hong Kong. Data
from a nonreporting dealer would indicate an inflow of dollars to the United States
from Hong Kong, but data from reporting dealer would indicate the ultimate
source of shipment as Cambodia. The level of detail in the reporting has generally
improved over time as more dealers have begun to report. However, this trend has
reversed in some cases in recent years as reporting banknote dealers have left the
market and as other nonreporting dealers begin providing banknote shipment ser-
vices to the departing reporter’s customers.

Two additional shortcomings of this dataset are that it covers only banknote flows
to and from the United States, and that it only covers flows through the banking
system. First, the dataset does not cover U.S. banknote flows among other coun-
tries, which can be substantial, especially in areas where large volumes of cross-bor-
der trade are conducted in cash.'?> The absence of such information complicates
any estimation of regional or country-level holdings outside the United States, but
does not affect aggregate measurements of commercial bank currency shipment
flows into and out of the United States. However, banknote flows through

12 Refer to U.S. Treasury (2006) for examples of such flows.
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nonbank channels can also be significant, and observations gathered in the course
of the joint U.S. Treasury — Federal Reserve International Currency Awareness Pro-
gram indicate that several countries receive dollar inflows through nonbank chan-
nels such as tourists or migrant workers but return the currency to the United
States through banking channels.”™ As a result of these shortcomings and compli-
cations, the country-level data must be interpreted with care and with an under-
standing of the institutional arrangements in place through time.™

Il Stylized Facts about U.S. Currency in Circulation

II.A Overall Currency Growth Has Been Strong

The death of cash has often been predicted, and it would seem that demand for
currency should grow somewhat more slowly than income given the general in-
crease in the variety of payment media as well as increasing use noncash means of
payment.’™ However, U.S. currency in circulation has grown at an average rate of
about 7 percent annually over the past few decades, one to two percentage points
more rapidly than U.S. nominal GDP. Since 2008, the gap has been greater: annual
currency growth has remained around 7 percent even though GDP growth has
averaged less than 3 percent.’

13 This phenomenon is addressed in more detail in the discussion of the flow data.

14 In principle, the most obvious direct source of information on U.S. currency flows across U.S. borders
should be the Currency and Monetary Instrument Reports (CMIRs), which are compiled by the U.S. Cus-
toms Service. Individuals and firms making almost any shipment of more than $10,000 in cash across a
U.S. border are required to file CMIRs, so these reports should be quite comprehensive and informative.
However, as noted in Treasury (2006) and in Judson (2012), CMIRs are neither accurate nor thorough
measures of large cash shipments outside the banking sector, and hence we do not use the CMIR data
in this study. For researchers who do not have access to the shipment data, or for certain countries and
time periods, the CMIR data can provide useful insights. Refer, for example, to Feige (1996, 2012) for
analysis of the U.S. economy and to Kamin and Ericsson (2003) for analysis of dollarization in Argentina.
For the latter analysis, CMIR data were both available over a longer time period and more reliable than
usual because of the patterns of dollar flows to Argentina.

15 Refer to BIS (2016).

16 On a Q4-to-Q4 basis, over 1980-2016, currency growth averaged 7 percent and nominal GDP
growth averaged 4.7 percent. Over 1990-2007, currency growth averaged 6.9 percent and nominal
GDP growth averaged 5.3 percent.
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I1.B Overall U.S. Currency Movements are Dominated by $100s

In value terms, the driving force over this period has generally been growth in the
$100 denomination, as can be seen in Figures 1A and 1B." Figure 1A presents
annual end-year data on U.S. currency in circulation by denomination from 1989
to 2016. At the end of 2016, U.S. currency in circulation totaled about $1.5 trillion,
of which nearly $1.2 trillion, or nearly 80 percent, was in the $100 denomination.'®
Figure 1B presents annual growth rates for the same items, on a fourth-quarter-to-
fourth-quarter basis. The overall growth of currency, the solid black line, moves
closely with, though generally more slowly than, the growth of $100 notes, the
dashed purple line. The correlation of overall currency growth with $100s over this
period is over 0.9; correlations with the other denominations are generally decreas-

ing in the denomination.

II.C Crises Are Reflected in Aggregate U.S. Currency Data

Figure 1B begins to reveal some general patterns in overall currency demand. In
particular, currency growth was quite strong in the early 1990s, which coincided
with the fall of the Berlin Wall and the collapse of the Soviet Union. After a brief
lull in the mid-1990s, currency growth picked up again in the late 1990s, driven by
crisis in Argentina in 1997 and then concern about Y2K in 1998 and 1999. Follow-
ing a dip in currency demand in 2000, which largely reflected the return early in
2000 of precautionary stocks accumulated late in 1999, demand was boosted in
the early 2000s by the events of September 11, which, judging by outsized com-
mercial bank shipments, led to strong overseas demand for currency in the short
run and, in the longer run, the apparent accumulation of precautionary stocks at
home and abroad. Demand then slowed over the mid- to late-2000s until the

17 In piece terms, however, U.S. currency is dominated by smaller denominations. As of the end of
2016, $1s were 30% of notes in circulation, $2s to $10s were 15%, $20s were 22 percent, and $50s
and $100s were 33%. Appendix Figures 1A and 1B provide a breakdown of U.S. and Canadian currency
by denomination in value and piece terms.

18 These figures are from the Treasury Bulletin: https://Awww.fiscal.treasury.gov/fsreports/rpt/treasBul-
letin/b2017_1.pdf .
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Left: U.S. Currency Levels, 1989 -2016 Figure 1A and 1B
Right: Annual Growth of U.S. Currency, 1989 -2016
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sharp reversal seen in late 2008." More formally, Banegas, Judson, Sims, and Ste-
bunovs (2015) show that there was a strong correlation between international
demand for U.S. dollars and indexes of economic and political uncertainty over
2000-2014.

II.D Canadian Patterns of Currency Demand Are Likely Similar to U.S.
Domestic Currency Demand
One might look to Canada for evidence of what U.S. currency demand would look

like without a foreign component. Canada has similar income levels, payments

19 Hellerstein and Ryan (2011) find systematic relationships between currency shipments and inflation
and other factors.
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Left: Canadian Currency Levels, 1989 -2016 Figure 2A and 28
Right: Annual Growth, Canadian Currency, 1989 -2016
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technologies, holiday patterns, and GDP growth rates to those in the United States,
but little Canadian currency is believed to circulate externally. Figures 2A and 2B
display Canadian currency in circulation by denomination in levels and growth rates
from 1989 to 2016. As can be seen in Figure 2A, $100s are also prevalent in Can-
ada, though less dramatically than in the U.S., accounting for just over half of Ca-
nadian currency in circulation at the end of 2016.2° Overall currency growth rates
for Canada are, not surprisingly, driven less strongly by $100s and more strongly by

$20s and $50s, the primary transaction denominations in Canada.

20 Both the United States and Canada have notes of denominations above $100 in circulation, but in
both cases, these notes have not been issued to circulation for some time.
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Il.LE U.S. and Canadian Currency Growth Relative to Income Diverged
Beginning in the 1980s

As noted earlier, U.S. currency growth has been strong even relative to nominal
GDP. Figures 3 and 4 display the ratios of total currency to nominal GDP for the
United States and Canada over the past half-century. Ordinary theories of money
demand would predict that the ratio of income to currency, or velocity (the inverse
of the ratio shown here) should vary positively with the opportunity cost of holding
money. That is, in terms of these charts, higher opportunity cost would be associ-
ated with lower demand for currency relative to income. As cashless payments
become more common and, presumably, more cost-effective, one might expect
that, abstracting from movements in market interest rates, demand for currency
relative to income should decline. Indeed, that pattern prevailed in the United
States until about 1985, and in Canada generally for the period. The upturn in the
U.S. ratio of currency to nominal GDP beginning in 1989 is thus anomalous and is

consistent with substantial and growing external use of U.S. currency.

In the next section, | present a very simple estimate of overseas demand for U.S.
currency based on these patterns and the assumption that patterns of domestic
demand for currency are the same in the United States and Canada. | then juxta-

pose these estimates with direct measurements of cross-border currency flows.
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Il Simple Estimates of Stocks and Flows of U.S. Currency Held Abroad
IIl.A Two Estimates Based on Money Demand and Comparisons with Canada

llILA.1 A Very Simple Estimate

Taken together, the difference between the patterns seen for the United States and
for Canada in Figures 3 and 4 suggest a simple estimate of the share of U.S. cur-
rency abroad. As noted above, and as displayed in Figure 5, U.S. and Canadian
nominal GDP growth rates have been similar over this period. The observed U.S.
ratio of currency to nominal GDP is the sum of domestic and foreign demand. If we
assume that the Canadian ratio of currency to nominal GDP is the same as its U.S.
counterpart for domestic demand, then the foreign share of U.S. demand can be
estimated as follows. Define

CURRCanada
CURRGDPpppgs = — )
GDP Canada

CURRUSA CURRUSADom CURRUSAFDr
CURRGDP,5, = = + 2)
GDP,s, GDP,s, GDP,s,

= CURRGDP 5, pry + CURRGDP 5, 1o,

Replacing CURRGDP ¢, o, With CURRGDP,.q, In the equation above, it is then
possible to solve for CURRUSA_For / CURRUSA_Totas

CU/TUSAFO, CurrGDPCanada
ForShare,simpe = ———— =1-( —————) @)
CurrUSA, CurrGDP s,
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lll.LA.2 A Simple Estimate

The approach above carries with it the assumption that Canadian and U.S. domes-
tic demand for currency are the same at the same point in time. However, the
level of Canadian per capita income, while similar to that of the United States, has
generally been a bit lower. Thus, an alternative assumption would be that Canadi-
an and U.S. domestic demands for currency relative to income are the same at the
same levels of per capita income. In order to construct an estimate of the share of
U.S. currency abroad using this assumption, we proceed as follows. First we re-
gress the ratio of Canadian currency to GDP on the log and level of Canadian per
capita GDP, denoted GDPC:

CURRGDPCanada = aCanada + BT /nGDPCCanada+ BZGDPCCanada + Sr (4)
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To be sure, this specification is a very simple reduced form based on the chart
shown; it effectively assumes a log-linear structure for demand for currency as a
function of income and assumes no other factors. We then construct the estimat-
ed domestic share of U.S currency for a given level of GDPC as

—

CURRGDPUSADam = U cgnada + B/n (GDPCUSA * XCanUS) (5)

where X, Is the U.S.-Canadian dollar exchange rate. The simple estimate is then
constructed as before, replacing CURRGDP 50 With CURREBPUSADM rather than
CurrGPDy,, in Equation 2 and rearranging to solve for CURRsarr / CURRcarons

which gives
—_
CurrUSAg,, CurrGDP ysapom
Forshareg,ppe= —————— =1-( ——————) ®)
CurrUSAqza CurrGDP ¢

These two estimates of U.S. currency abroad are displayed in Figures 6A and 68.
The GDP-based estimates, the solid lines, suggest that about 60 percent of all U.S.
currency, and about 75 percent of $100s, were held abroad as of the end of 2016,
for a total value of about $900 billion. Over the past two decades, these estimates
point to a sharp runup in external demand for U.S. currency beginning in the late
1980s, a brief pop in 1999, a decline beginning in 2003, and a resurgence in 2008
that continued through 2016, all patterns consistent with the overall growth of
U.S. currency.
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Ill.B Measurements of Cross-Border Flows of U.S. Currency

We now turn to the information provided by direct measurements of currency
flows. Figures 7 through 11 display annual data on the primary measurements of
cross-border currency flows in dollars, the international commercial bank shipment
data described in Section I.B.1. Beginning with Figure 7, the solid black line indi-
cates net commercial bank shipments and the dashed blue line indicates the total
change in currency in circulation each year.?' Focusing only on the solid black and
blue dashed lines, several features of the data stand out. First, reflecting the strong
influence that international demand has on overall U.S. currency demand, the two
series generally move in parallel, though the gap widens in the early 2000s and
narrows in the most recent years. Second, the spike seen in total currency in circu-
lation around 2000, the blue dashed line, is absent in the shipment flows. This
feature of the data reflects the fact that a large share of the runup in holdings of
currency immediately prior to the century date change (that is, in the final weeks
of 1999) was held in commercial bank vaults and was then returned to the Federal
Reserve early in 2000. Thus, while the currency was technically “in circulation” in
the sense that it was held outside the Federal Reserve, the bulk of it never went to

bank customers.??

While U.S. currency is used in, and is shipped to and from, many countries, a few
areas stand out because of their size and their appetite for dollars in times of crisis.
In Figure 8, the dashed red line indicates net commercial bank shipments to the
two leading markets in this category, the former Soviet Union and Argentina. For
all but the first and last few years of the period shown, or from about 1995 to

21 Net commercial bank shipments are defined as shipments out of the United States to other countries
(exports) less shipments from other countries into the United States (imports).

22 For many internal calculations, we typically smooth through this spike because of its extremely
transitory and peculiar nature. The currency component of the money stock excludes currency held in
the vaults of depository institutions. We would ordinarily prefer to use this currency component meas-
urement, but data are not available by denomination on that basis.
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Left: International Commercial Bank Shipments Figure 7 and 8
And Total Change in U.S. Currency in Circulation

Right: Total Commercial Bank Shipments and Shipments
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2008, these shipments more than fully accounted for all net commercial bank
shipments. This phenomenon might also have been the case in the early part of the
sample, but reporting in that period was not as detailed. As a result, shipments
recorded with a destination of Europe might well have been sent to the former
Soviet Union. In the early 2000s, net shipments to these markets declined as the
financial conditions stabilized and as the need to use cash for saving and transac-
tions has faded. In the past two years, though, global conditions as well as crisis

and political uncertainty in these regions appears to have coincided with an
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upswing in demand for dollars.?®

Figure 9 displays a proxy for commercial bank shipments based on currency pro-
cessing data, the solid gray line. Commercial bank shipments are reported on a
confidential basis, and monthly data are not always available on a consistent
schedule. In order to have data for operational and publication purposes, Federal
Reserve Board staff developed this proxy, which is the sum of net payments of
$100 notes from three Federal Reserve offices known to handle substantial vol-
umes of deposits and withdrawals sent from or to international destinations: New
York, Los Angeles, and Miami.?* This proxy is based on two assumptions, which
differ from the true net shipments series in two offsetting ways. The first assump-
tion, which likely results in an overestimate, is that all payments and receipts at
these offices are to or from international counterparties and that all payments and
receipts at other offices are to or from domestic entities; in fact, every Federal Re-
serve office serves domestic and international customers. The second assumption,
which would generally result in an underestimate, is that only $100s are sent to or
received from international destinations. This proxy moved very closely with the
total shipments data in the 1990s, but was considerably higher than shipments
over most of the 2000s, perhaps suggesting that domestic demand for $100s was

stronger in that period.

The two dashed series in Figure 9 indicate two experimental series. As noted above,
one shortcoming of the shipment dataset is that it captures only cross-border flows
carried through commercial banking, or “wholesale” channels. However, as report-
ed in U.S. Treasury (2006), many countries receive large dollar flows through non-

23 See Banegas et al. (2015) for analysis of the significance internal and external economic and political
crisis for currency demand at the global and country level.

24 The Federal Reserve System has 12 regional Banks, whose locations are fixed. Many Federal Reserve
Banks also have one or more branches, whose number and location can change over time as opera-
tional needs dictate. The Miami office is a branch of the Federal Reserve Bank of Atlanta and the Los
Angeles office is a branch of the Federal Reserve Bank of San Francisco.
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bank, or “retail” channels and return dollars to the United States through banking
channels. In the commercial bank shipment data, this phenomenon emerges in the
form of persistent negative net shipment figures. That is, the shipment figures indi-
cate large flows of dollars out of the foreign country into the United States and
much smaller flows in the opposite direction.

For some such countries, the net commercial bank shipments figures are likely ac-
curate and reflect dollar banknote inflows from third countries. For example, if
tourists from Country A routinely carry dollars to Country B and the residents of

Country B have little other use for dollars, the dollars might be shipped from
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Country B to the United States. All other factors equal, this pattern would result in
negative net shipments figures, and shipments figures summed across Country A
and Country B would give an accurate indicate of flows into and out of the United
States. For some countries, however, it is likely that dollars arrived in the country
from the United States through nonbank channels. In such cases, the commercial
banknote flows would not give an accurate indication of net flows to and from the
United States.

The first experimental series imposes a very rough adjustment for this phenomenon
as follows. First, a group of countries known to have significant tourism or signifi-
cant populations of immigrants or migrant workers in the United States is identi-
fied. Second, a group of countries whose total net shipments is substantial and
negative is identified. Third, for each year and for each country in both groups, the
assumption is imposed that total net currency shipments to these countries, includ-
ing the observed net commercial bank “wholesale” flows and nonbank “retail”

flows, were zero.

As with the shipments proxy, this approach embodies two assumptions. First, this
approach implicitly assigns a value of zero for net currency flows to these coun-
tries. This assumption could be erroneous in either direction: actual net flows could
be positive or negative. Second, this approach assumes that other countries’ flows
in aggregate are accurately measured by net commercial bank shipments. The blue
dashed line shown here displays an adjustment that imposes this assumption for
about a dozen countries. While this approach is admittedly crude, it is suggestive
of the magnitude of flows that could be occurring through nonbank, or “retail”
channels. Ideally, we could refine this measure by constructing series of “retail”
(nonbank channel) banknote flows from the United States to other countries.
While this type of data is not available universally, it is collected by some countries,
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including Mexico.?* This measure, the dashed black line, also tracks the shipments
proxy for most of the sample, though it becomes implausibly large in the last few
years of the sample. To the extent that this adjustment it useful, it is probably more
applicable for cumulative, or stock estimates, than it is for flow estimates, because
the nonbank flows likely occur at different times than the measured banking-chan-
nel flows back to the United States. For example, currency might be brought from
the United States to another country through nonbanking channels over time and
then return quickly in the event of a regulatory or other political or economic

change.

Finally, the dashed gray line is an adjusted shipment proxy series. Along the lines of
the adjusted commercial bank series, this series includes only payments of $100s
from the Federal Reserve Bank of New York, which are generally positive, and omits
payments from the Miami and Los Angeles cash offices, which are generally nega-
tive and might reflect reflows of currency that moved across U.S. borders through

nonbank channels.

Figures 7 through 9 display nominal values, which can be misleading even in a
period with relatively low inflation. Figure 10, therefore, displays all of the same
series as in Figures 7 through 9, but scaled by the stock of currency in circulation at
the end of the previous year, or the approximate percentage-point contribution to
currency growth that would be implied by each of these measures. While the

measures certainly vary, they generally point to strong contributions from foreign

25 Mexico is the largest single contributor to this adjustment, and it was the case of Mexico that in-
spired this approach. In the 1990s, Mexico collected customs data on cash imports from all travelers
with no lower bound on the reporting threshold. This reporting is, of course, subject to the same
problems of underreporting as other customs data, but the magnitudes were substantial and of a
magnitude similar to reported commercial bank inflows. More recent customs reporting requires only
declaration of amounts above $10,000. Regardless, Mexican statistics on tourism flows indicate sub-
stantial volumes of people and revenue, though the form of the revenue (cash, credit card, or other) is
not specified. Refer to Banco de Mexico (2012).
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demand in the early to mid-1990s, a slowing in the mid-2000s, and a resurgence
beginning in 2008.

IIl.C Using Cross-Border Flow Estimates to Construct Estimates of the Stock
of U.S. Currency Abroad

While tracking movements in currency in circulation is the major object of opera-
tional interest, having an estimate of the stock of U.S. currency abroad is also
important for various analytical and operational questions faced by the Federal
Reserve. Figures 11A and 11B chart the stocks of currency in circulation implied
by the flow measures presented earlier. In Figure 11A, each line represents the
cumulative change in the item since the end of 1988, when currency in circulation
was about $230 billion. As indicated by the thicker gray dashed line, total U.S.
currency in circulation worldwide has increased by about $1.2 trillion since 1990.
The most direct measurement, commercial bank shipments, the solid black line,
suggests that nearly $500 billion has moved abroad since 1990, which would put
the total at between $500 billion and $700 billion, depending on the assumed in-
itial value. The shipments proxy, the solid gray line, suggests that about $600 bil-
lion moved abroad over the period, putting the total at $600 billion to $800 bil-
lion.?® Finally, the adjusted shipments and proxy figures, the dashed black and gray
lines respectively, suggest that about $750 to $900 billion moved abroad over the
period, putting the total at $750 billion to $1.1 trillion. These ranges are, of course,
large, though the simple method proposed above in Section Ill.A.2 produces an

estimate very close to the center of the range.

Finally, Figure 11B displays the cumulative flow measurement and estimates as a

share of the cumulative increase in currency in circulation at each point in time.

26 The proxy is the only measurement available before 1988. It indicates that $40 billion moved abroad
over the period from 1974 to 1989; during that time, currency in circulation increased by about $180
billion.
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Measures of Cumulative Flows of U.S. Curreny Abroad, Figure 11A
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Again, the estimates are disparate, but indicate some common trends, including a
strong role for international demand in the 1990s, a waning role in the early 2000s,
and a resurgence in 2008 that shows signs of stabilizing but not waning. In this
Figure, as earlier, the role of the former Soviet Union and Argentina is likely under-

stated because of poor data coverage in the shipment data in the early 1990s.

IV Indirect Estimates of the Share of U.S. Currency: The Seasonal Method

Earlier work on estimates of the stock of currency abroad has developed and pro-
vided estimates from two methods, known as the seasonal method and the biom-
etric method.?” Updates to these methods continue to indicate that a substantial
share of U.S. currency is abroad, but technical factors and shifting patterns of
currency demand have made their use more challenging.

In particular, this paper does not present estimates based on the biometric (“fish”)
method because current banknote distribution practice does not allow use of one
of the critical assumptions. In particular, the biometric method relies on the as-
sumption that, when a new banknote series is issued, all banknotes issued are of
that series. However, for the issuance of 2003-series $20s, $50s, and $100s, older
designs co-circulated for a time, and so it is not currently feasible to produce these
estimates for the current design.

IV.A The Seasonal Method: Key Assumptions

The seasonal method extracts an estimate of the share of U.S. currency abroad by
working from four key assumptions. First, we assume that the seasonal pattern in
domestic demand for U.S. dollars is similar to the seasonal pattern of demand
within Canada for Canadian dollars (similar holidays, vacations, customs, and de-
nominations). More specifically, we assume that the seasonal amplitude, or the

27 Refer to Porter and Judson (1996), Judson and Porter (2001), U.S. Treasury (2006).
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percentage difference between the seasonal peak and seasonal trough, is similar
for U.S. and Canadian currency demand.?® Second, we assume that foreign de-
mand for U.S. dollars has no significant seasonal pattern, or, correspondingly, that
the seasonal amplitude for the foreign component of demand for U.S. dollars is
zero. Third, we assume that circulation of Canadian dollars outside of Canada is
negligible, so that the demand for Canadian dollars can be attributed solely to
domestic demand. Finally, we assume that U.S. currency is not used to a substantial

degree inside Canada.

IV.B Model

Based on these assumptions, we can express the seasonal model as follows:

Define:
S} = seasonal amplitude for country i, component j

B, = fraction of currency held abroad at time t

The overall seasonal amplitude in U.S. currency, S,i", can be expressed as a weight-

ed sum of domestic (d) and foreign (f) components:

SLs,r =B, 5{/5» +(1-B) S(Z/s,r (S1)

We cannot separately identify S, and S¢, but, using the assumptions above, we

replace S/;5; with 0 and S ¢, with S, , to obtain:

Ls,z = Bt * 0 + (7'6) SEAN,I (S2)

28 Of course, Canadian and U.S. holidays are not identical: to give just two examples, Canada observes
Thanksgiving in October and the U.S. observes it in November, and Canada’s holidays include the day
after Easter and the day after Christmas while these days are not generally holidays in the United States.
Nonetheless, the broad outlines of holidays are very similar, especially at a monthly frequency.



Ruth Judson
The future of cash in crisis and calm: demand for US dollar banknotes
228

Or, solving for B

T
Sbst

Bt=7_

T
SCAN,t

IV.C Application and Estimates

We estimate the share of all currency abroad and the share of $100s abroad using
X-12 ARIMA and an alternative shorter smoothing window to obtain seasonal fac-
tors for U.S. and Canadian currency in circulation. Once the seasonal factors are

estimated, the seasonal amplitude must be calculated.

In earlier estimates using this method, the peak month was December and the
trough month was February of the following year. However, it seems that seasonal
factor patterns have changed in the past several years, as illustrated in Figures 12A
and 12B. December remains the clear peak, though its relative magnitude has de-
clined precipitously. February is no longer the trough for U.S. currency in circula-
tion. Rather, September is now the trough, though January is now about the same
as September. Since this method requires that the same “peak” and “trough”

months be chosen, | use December and January.

Because of these shifts over time, | propose two approaches to measuring the
seasonal amplitude. For each, | report results using two different seasonal adjust-
ment procedures, X12-ARIMA and X12 with a shorter 3x1 smoothing window,
shown in black and blue respectively. The first approach estimates the annual am-
plitude as the difference between the seasonal factor for December of one year
and January of the next year. These estimates are associated with the year in which
December falls and are shown in Figures 13A and 13B as the “annual” estimate,
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the solid lines. A third approach is to estimate the seasonal amplitude each month
as the difference between the maximum and minimum seasonal factors over the
most recent twelve months, and then to estimate the monthly share of currency
abroad as the trailing average of the estimates for the past twelve months. The
estimates from this approach are shown in Figures 13A and 13B as the “monthly”
short-dashed lines.?® 3°

The results of the seasonal estimates for all currency abroad and for $100s through
December 2016 are displayed in Figures 13A and 13B. As was the case in earlier
work, these estimates are on the high end of the range. These estimates also show
a quite different time series pattern relative to one another as well as relative to
other flow-based measures, though the monthly measures generally indicate an
upswing in the share of U.S. dollars held abroad.

One curious feature of these results is that the estimates for $100s are lower than
the estimates for currency overall despite our general impression that $100s are
more prevalent in international use of U.S. currency. It is difficult to know what to
make of these results, though it seems likely that it is related to the quite substan-
tial changes in seasonal amplitudes evident in both the U.S. and Canadian data.
This topic is worthy of study in its own right.

29 In this method, one could just as easily use the unsmoothed seasonal amplitude estimates. These
estimates, though, show a step-function-like shape because the seasonal maximums and minimums
generally change once per year. It seems unlikely that the share of currency abroad follows such a step
function, and so the moving average imposes a smooth trend. Notably, this averaging does not affect
the level of the share estimates on average over time.

30 A third method presented in Judson (2012) has been dropped because it is now producing unreal-
istic estimates that approach 100 percent.
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Left: X—12 Seasonal Factor Estimates Figure 12A and 128
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Left: Seasonal Method Figure 13A and 138
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Right: Seasonal Method
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V Estimating a Currency Demand Function

Finally, we return to the idea of a currency demand function, which was briefly
explored in Section 3 with reference to Canada. Here, the approach is to specify a
demand function for U.S. currency that allows for foreign shipments as well as
domestic factors. Our general assumption has been that currency demand consists
of two components: a domestic component, which should be correlated with the
typical determinants of money demand; and an international component, which is
driven by routine as well as crisis-related fluctuations in foreign demand for U.S.

currency.

Table 1 presents coefficient estimates for a simple error correction model for the
currency component of M2 estimated quarterly beginning in 1988, a date chosen
for two reasons.®! First, 1988 marks the beginning of availability of the commercial
bank shipment data as well as an apparent upshift in international demand for U.S.
currency. Second, preliminary testing (not shown) indicates a distinct structural
break in 1988. The regression model consists of two equations, one for the steady
state and one for dynamics.

The steady state equation is

Log(NGDP) - Log(Curr) = ¢ty + &; (Ry, ) + Q5Trend - €,

31 As noted in Section III.B., the currency component of M2 excludes currency held in the vaults of
depository institutions, or vault cash, which was one of the most volatile components of currency in
circulation just before and after the century date change. Thus, this measurement of currency is more
useful for longer-term analysis where the inclusion of the large and transitory swings in vault cash might
be inordinately influential, such as in quarterly measurements where the periods immediately before
and immediately after the century date change fall into different quarters.
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d(log (Curr)) = By, + B, SHIP + B, (d (log (Curr) ) ., + B5d (log (NGDP),,,

B.,d(log (NGDP),, + B Y2K + v,

Quarterly Error Correction Regression Results
Dependent variable: Growth of seasonally adjusted currency

component of M2

Quarterly, 1988:1 — 2016:4

Steady - state equation
a, (Constant)

a (Rypor)

a, (Trend)

Dynamic equation

B, (Error correction coefficient)
B, (Shipments)

B, (Y2K Dummy)

B; (d(log(Curm) .,

B, d(log(NGDP)) .,

B d(log(NGDP)) .,

Adjusted R-squared = 0.70
Number of obs =116

Coefficient

6.293

0.031

-0.003

-0.026

0.534

0.004

0.558

0.200

0.241

T-Stat

6.8

2.1

-3.0

2.1

8.9

Table 1
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The variables are defined as follows:

— NGDP: Nominal GDP, seasonally adjusted

— Curr: Seasonally adjusted currency component of M2

— SHIP: Two-month moving average of commercial bank shipments adjusted for
negative net shipments, divided by the previous period’s seasonally adjusted cur-
rency component of M2. This formulation puts shipments on the same basis as
the monetary aggregate growth data, which are calculated as monthly averages.

— Rshort: Short-term interest rate, a proxy for the opportunity cost of holding cur-
rency

— Trend: 1 for 1988:Q1 and increasing by 1 each quarter

— Y2K: Dummy: 1 for 1999:Q4 and -1 for 2000:Q1

The coefficients in the steady state equation are constrained to unitary elasticity,
and the coefficients on the lagged values of log changes in currency and GDP are
constrained to sum to 1. The equations are estimated by nonlinear least squares in
one step by substituting for the error term in the dynamic equation. After con-
trolling for the estimated contribution of overseas demand, the coefficients are
generally of the expected sign and magnitude. The short interest rate is positively
correlated with velocity, the error correction coefficient is negative, shipments are
strongly significant, and recent lags of currency growth and income are significant.
The time trend coefficient is somewhat counterintuitive, but its overall contribution

is small and so we leave further examination of it for future work.

Figure 14A displays overall currency growth, the solid black line, the proxy meas-
urement, the short-dashed red line, and nominal GDP growth, the dashed gray
line, for the regression sample period. Finally, Figures 14B and 14C display the
quarterly and cumulative contributions to currency growth from foreign demand
implied by the regression in Table 1. In both figures, the contributions are calculat-

ed from dynamic forecasts with residuals applied equally to the two components.
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As indicated by the dashed red line in Figure 14C, international shipments, as
measured by the $100s proxy, are responsible for about two thirds of the growth

in currency over this period.

Notably, even the highest of these estimates suggests that currency holdings by
U.S. residents are significant—at least $1,000 per person—a finding at odds with
survey work on currency holdings.?? Feige (1996, 2012) suggests that underground
economic activity could account for this discrepancy, though underreporting, espe-

cially by individuals with large cash holdings, is also likely a substantial problem.

Growth of Currency, Nominal GDP, and Proxy for Foreign Figure 14A
Demand, 1988 — 2016

Percent

Currency \
_—— Nominal GDP /
-=-= Shipment Proxy*

T T T T T T
1990:Q1 1995:Q1 2000:Q1 2005:Q1 2010:Q1 2015:Q1

Source: Federal Reserve System

32 The most recent Survey of Consumer Payment Choice, conducted in 2014, indicates holdings of
about $200 per person (Greene et al., 2014).



Ruth Judson
The future of cash in crisis and calm: demand for US dollar banknotes

236

Estimated Foreign and Domestic Contributions to Figure 14B
Currency Increases, 1988 -2016
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Estimated Cumulative Contributions of Domestic Figure 14C
and Foreign Factors to U.S. Currency Increases, 1988 -2016
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Note: Foreign proxy is commercial bank shipments adjusted for negative net shipments as described in the text
divided by currency stock at the end of the previous period. In this Figure, residual assigned equally to domestic
and foreign factors.

Source: Federal Reserve System
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VI The End of Cash? Demand for U.S. Currency by Denomination

While $100s are the largest denomination by value and dominate international
flows, the evolution of demand for smaller denominations in recent years deserves
examination. Figure 15 displays the ratio of currency to U.S. nominal GDP from
1960 to 2016 for all currency, for $100s, for $20s, and for $10s and below. Not
surprisingly, the path for total currency closely tracks that for $100s, with a steady
upward path. In contrast, the path for $20s shows a slight uptick in the mid-2000s
after years of steady decline, and the paths for $10s and smaller shows signs of
leveling off or even declining.

Focusing on growth rates gives a slightly different picture: as seen in Figure 16,
which displays growth rates for the same denomination groups, currency demand
growth has been slowing somewhat. While demand for $50s and $100s is still
growing faster than in the 2000-2007 period, it is now slower than in earlier dec-
ades. The pattern is similar for $20s, with growth edging back down. For the
smallest denominations, growth is closer to earlier trends, but remains at or below
the rate of GDP growth.

These trends are of relatively short duration, and it remains far too early to an-
nounce the death of cash. It is possible that demand growth will pick up with
nominal GDP, but it is also possible that rising interest rates will limit growth. In
addition, international demand is as difficult to predict as crises themselves, but the

slowing growth rate of demand for $100s is notable.
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Ratio of Currency to GDP by Denomination Figure 15
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Average Annual Growth in Currency in Circulation Figure 16
by Denomination
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VII Summary, Conclusions, and Directions for Future Work

In sum, much as in earlier work, the currently available data do not allow for pre-
cise estimates of foreign holdings of U.S. currency, and the available estimates are
somewhat disparate. Nonetheless, direct measurements, regression-based esti-
mates, and indirect estimates all point to strong international demand in the 1990s,
a falloff in the early 2000s, and a resurgence that coincided with the collapse of
Lehman Brothers and has yet, nearly ten years later, to subside.> Collectively, these
methods continue to suggest that half or a bit more than half of U.S. currency
circulates abroad. For the U.S. dollar, the end of strong demand both abroad and

at home seems to be far off, though, as noted, demand growth is slowing.

There are many promising avenues for future investigation, including the follow-
ing. First, is there a good way to estimate hoarding of notes, using the biometric
method or some other method based on banknote processing data? For the biom-
etric method, what might we be able to learn about hoarding of notes? For the
seasonal method, what is the significance, if any, of the shift observed in seasonal
patterns of demand for U.S. currency? For the regression-based methods, would a
more rigorous and sophisticated regression framework yield more precise or very
different estimates? Are there ways to tease out the drivers of cash abroad? It is
often asserted that cash is overwhelmingly used for illicit purposes, but can the
forces driving licit and illicit use be identified and measured? Finally, as more
and more ordinary transactions become cashless, will cash be increasingly

marginalized?

33 Indeed, weekly data, reported in Appendix Figure 2, show an unmistakable turnaround in demand
patterns in the middle of September 2008.
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Appendix

Shares of U.S. and Canadian Currency in Circulation

By Value and Pieces, 2016 Average
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Federal Reserve Bank Assets and Liabilities and Capital, Appendix Figure 3
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Abstract

To facilitate a more detailed study of the volume of euro banknotes in circulation
issued by the Deutsche Bundesbank, it is broken down into the components of
foreign demand, domestic hoarding and domestic transaction balances. These
banknote demand components are estimated using the direct approach “net ship-
ments and foreign travel” as well as an indirect approach known as the “seasonal
method”. According to the new estimates, which are based on a combination of
the two approaches, around 65% to 70% of the arithmetical volume of euro bank-
notes issued by the Bundesbank were in circulation outside Germany at the end of
2015; of this figure, 40 to 50 percentage points were in circulation outside the

1 Discussion Papers represent the authors personal opinions and do not necessarily reflect the views of
the Deutsche Bundesbank or its staff
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euro area, and 20 to 30 percentage points in other euro-area countries. Between
30% and 35% of the Bundesbank’s cumulated net issuance was in circulation in
Germany, of which 25 percentage points were hoarded and 5 to 10 percentage
points held for transaction purposes. The newly estimated time series for domestic
hoardings does not feature a noticeable break due to the euro area’s low-inter-
est-rate environment; instead, Bundesbank-issued euro banknotes may be circulat-

ing in other euro-area countries in greater numbers.

1 Introduction

As a rule, the banknotes of a given currency can be used as a means of payment
and store of value not only in the relevant currency area, but outside it as well. Euro
and US dollar banknotes, in particular, are likely to be used on a considerable scale
worldwide. Using a combination of different estimation methods, Judson (2012)
asserts that just over half of US currency in circulation is probably held outside the
United States.? Based on an evaluation of euro currency flows through internation-
al banknote wholesale banks, the European Central Bank estimates that, in terms
of value, much more than 18% of the stock of euro banknotes in circulation is
likely to be found outside the euro area (European Central Bank, 2015).

It is particularly true of the euro area that banknotes issued by a central bank do
not necessarily circulate in that bank’s country. There are currently 19 national
central banks (NCBs) in the Eurosystem, and the euro banknotes issued by each of
them can migrate freely across national borders. An NCB's arithmetical stock of
banknotes in circulation therefore cannot provide direct insight into the volume of

2 Further analyses of foreign demand for US dollar cash can be found in Porter and Judson (1995, 1996)
and Feige (2012), for example. Feige (2012) evaluates data on net shipments of US dollar banknotes by
wholesale currency shippers as well as surveys on cash taken abroad by travellers and cash remittances
by migrants. In the end, Feige (2012) estimates that the amount of US dollars in circulation outside the
United States is just US$230 billion, or 23% of US currency in circulation.
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banknotes in circulation in that country. Against this background, the Bundesbank
determines the components of its cumulated net issuance of euro banknotes on an
ongoing basis; these are foreign demand, domestic transaction balances and do-
mestic hoarding. These analyses help in gaining an understanding of developments
in the circulation of the banknotes issued by the Bundesbank and are the key pre-

requisite for quantifying the scale of cash usage in Germany.

The new estimates of the components of demand for Bundesbank-issued bank-
notes that are presented in this paper build on the extensive studies contained in
Bartzsch et al (2011a, 2011b), in particular, which analyse the period up to and
including 2009. Those papers found that at the end of 2009 around 65% to 70%
of the Bundesbank’s cumulated net issuance of euro banknotes was in circulation
outside Germany. Bartzsch and Seitz (2016) and Bartzsch (2017) use the biometric
method, as it is called, to determine the holding of transaction balances of €5, €10
and €20 banknotes in Germany and outside the euro area. According to the esti-
mates, between one-fifth and one-sixth of the arithmetical stock of banknotes in
circulation issued by the Bundesbank in these denominations is held in domestic
transaction balances. Holdings of transaction balances in these denominations
outside the euro area are small; only in the case of the €20 banknote are the
non-euro-area transaction balances significant, with a share of just over 7% in the
total arithmetical stock of Bundesbank-issued banknotes of this denomination in
circulation. In what is regarded as a landmark study, Seitz (1995) estimates that at
the end of 1994 between 30% and 40% of the Deutsche Mark banknotes in circu-
lation, or Deutsche Mark banknotes with a value ranging between DEM 65 billion
and DEM 90 billion, were to be found outside Germany.

The present paper first uses a direct approach, namely the “net shipments and
foreign travel” approach, to estimate the banknote demand components. In this
approach, the volume of Bundesbank-issued banknotes in circulation outside Ger-

many is determined using the Bundesbank’s cumulated net issuance derived from
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wholesale banks active in the global market for currency trading and using esti-
mates of euro banknotes taken abroad by travellers. While total domestic transac-
tion balances consisting of credit institutions’, households’ and retailers’ transac-
tion balances can be estimated, domestic hoardings are the resultant residual in
this approach. In order to directly estimate domestic hoardings and also check the
validity of the estimates of the other banknote demand components, an alterna-
tive, indirect estimation approach called the “seasonal method” is additionally
used. According to the new estimate, which is based on both approaches, be-
tween 65% and 70% of the euro banknotes issued by the Bundesbank were in
circulation outside Germany at the end of 2015, with 40 to 50 percentage points
outside the euro area and 20 to 30 percentage points in other euro-area countries.
Between 30% and 35% of the Bundesbank’s cumulated net issuance was in circu-
lation in Germany. The major part of this — 25% of the Bundesbank-issued euro
banknotes in circulation — is hoarded. Only 5% to 10% of the cumulated net issu-

ance is held in domestic transaction balances.

The development of banknote hoarding is particularly interesting in the context of
the current low-interest-rate environment. The time series for domestic hoarding,
estimated up to the end of 2015 using the seasonal method, indicates a smooth
development despite the current low-interest-rate environment. Instead, there are
indications that stocks of Bundesbank-issued euro banknotes in other euro-area

countries have risen considerably in recent years.

The remainder of this paper is structured as follows. Section 2 describes develop-
ments in the circulation of euro banknotes issued by the Eurosystem and by the
Bundesbank. Sections 3 and 4 go on to discuss the breakdown of the Bundes-
bank’s cumulated net issuance into the components of foreign demand, domestic
hoarding and domestic transaction balances using a direct approach or the season-
al method. Section 5 develops a combination of these new estimates, while sec-
tion 6 concludes.
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2 Demand for euro banknotes

The volume of euro banknotes in circulation issued by the Eurosystem and by the
Bundesbank is shown in Figure 1.2 The volume of euro banknotes in circulation
signifies the volume of banknotes held by economic players within and outside the
euro area and therefore represents the total usage of euro banknotes as a means
of payment and store of value. At the end of January 2002, shortly after euro cash
was introduced, the cumulated net issuance of euro banknotes by the Eurosystem
totalled roughly €220 billion. At the end of 2004, this cumulated net issuance
came to more than €500 billion for the first time, and at the end of 2014 it exceed-
ed the €1,000 billion mark. The volume of euro banknotes in circulation stood at
€1,126 billion at the end of 2016, in addition to which the 19 Eurosystem NCBs
have issued euro coins in the net arithmetical amount of €26.9 billion. These fig-
ures show that the combined use of euro cash as a means of payment and store of

value within and outside the euro area is on the rise.

The Bundesbank is part of the Eurosystem and contributes to the development of
the total stock of euro banknotes in circulation by issuing and accepting euro bank-
notes. The arithmetical volume of Bundesbank-issued euro banknotes in circulation
has grown particularly dynamically. At the end of January 2002, the outstanding
volume amounted to €73.3 billion, or 33.1% of the total stock of euro banknotes
in circulation, while at the end of December 2016, it stood at €592.2 billion, or
52.6% of the total stock of euro banknotes in circulation. The Bundesbank was
therefore responsible for a considerable portion of the net issuance of euro bank-
notes in circulation. One particular reason for this is likely to be that the Bundes-

bank meets the foreign demand for euro banknotes to a large degree by way of

3 Descriptions of developments in the volume of euro banknotes in circulation issued by the Eurosys-
tem and by the Bundesbank can also be found, for instance, in Bartzsch et al (2015) and Deutsche
Bundesbank (2016).
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Euro banknotes in circulation Figure 1
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banknote shipments to banknote wholesale banks and through banknotes taken
abroad by residents travelling. The Bundesbank’s role in wholesale euro banknote
trade has also evolved historically, because it already had business relationships
with wholesale banks active in currency dealing owing to the considerable volume
of Deutsche Mark cash that was in circulation abroad. Other factors contributing
to the particular growth in the outstanding volume of euro banknotes issued by
the Bundesbank are probably Germany’s geographical location at the heart of Eu-
rope, the convenience of Frankfurt airport and the significant amount of travel
undertaken by the resident population.

Figure 1 also shows the growth rates of euro banknotes in circulation compared
with the same month of the previous year for the Eurosystem and the Bundesbank.
These growth rates of euro banknotes in circulation were very high in the first years
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after the introduction of the single currency, in particular; between the end of Jan-
uary 2002 and the end of January 2003, for example, the total stock of euro bank-
notes in circulation grew by 53.3%, with the outstanding volume of euro bank-
notes issued by the Bundesbank even rising by 69.4%. These especially striking
growth rates in the first few years after the introduction of euro cash can probably
be attributed to the changeover of national currencies. Cash users are likely to have
particularly dissolved banknote hoardings earmarked for long-term storage in the
months preceding the replacement of the national currencies and subsequently
replenished them after the introduction of euro cash. Nonetheless, the growth
rates of euro banknotes in circulation are also consistently high. From December
2006 to December 2016, the stock of euro banknotes in circulation issued by the
Eurosystem grew by an average of 6.0% each year, while the outstanding volume
of euro banknotes issued by the Bundesbank even rose by an annual average of
8.8%. This growth can be explained, in part, by an increase in the price level as well
as in economic output in the euro area and Germany. Even so, the volume of euro
banknotes in circulation grew more dynamically overall than could have been ex-
pected based on these factors alone. One reason for this is the strong demand
from abroad for euro banknotes, which will be analysed in more detail later in this
paper. The increase in the growth rates of euro banknotes in circulation from Oc-
tober 2008 is also striking. During the Lehman crisis, as it came to be known, a

number of investors evidently viewed euro cash as a safe investment.

Figure 2 and Table 1 show the value of euro banknotes in circulation, broken down
by denomination, for both the Eurosystem and the Bundesbank. In terms of value,
the €500, €100 and €50 banknotes, in particular, are significant. The increase in
€500 and €100 banknotes in circulation in 2008 is notable, when investors sought
these particular banknote denominations as a store of value while the financial
crisis intensified. When news began emerging in February 2016 that halting pro-
duction and issuance of the €500 banknote was under consideration, the out-

standing volume of this banknote denomination declined. At the end of 2016, the
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joint share of the large €100, €200 and €500 denominations in the total volume
of banknotes in circulation stood at 55.4% for the Bundesbank and 43.4% for the
rest of the Eurosystem excluding the Bundesbank. In other words, the share of
large banknote denominations in the total volume of euro banknotes in circulation
is much higher for the Bundesbank than for the rest of the Eurosystem. One possi-
ble reason for this could be the greater use of large banknote denominations as a
transaction medium or store of value in Germany. However, a study by the Europe-
an Central Bank, which analysed cash usage in Austria, Belgium, France, Germany,
Italy, Luxembourg, the Netherlands and Spain, found that, if anything, Germany
has a below-average number of users of €200 and €500 banknotes (European
Central Bank, 2011). This suggests that the reason for the large percentage of
high-value banknotes in the Bundesbank’s outstanding volume of banknotes is
likely to be the use of German-issued euro banknotes in other countries.
Bartzsch et al (2011b) do indeed find that €500 euro banknotes issued by the Bun-
desbank are especially prevalent outside Germany. After a detailed evaluation of
the denomination structure of the cumulated net issuance, Bartzsch et al (2011a)
put the level of hoardings in Germany at the end of 2009 at €70 billion, or 20% of
the Bundesbank’s cumulated net issuance.
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Euro banknotes in circulation Figure 2

€bn

450 === EUR 500
EUR 200
=== EUR 100
450 === EUR 50
=== EUR 20
=== EUR 10
400 === EURS

Eurosystem

€bn

200

Bundesbank
150

100

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: Deutsche Bundesbank.



Uhl, Bartzsch: Domestic and foreign demand for
euro banknotes issued in Germany

260

Euro banknotes in circulation by denomination at the Table 1
end of 2016

Eurosystem Deutsche Bundesbank

€ billion % € billion %
EUR 500 269.9 24.0 162.2 27.4
EUR 200 46.7 4.1 34.6 5.8
EUR 100 2433 216 131.0 22.1
EUR 50 461.6 41.0 176.1 29.7
EUR 20 71.8 6.4 49.2 8.3
EUR 10 239 2.1 28.9 49
EUR 5 9.0 0.8 10.2 1.7
Total 1,126.2 100.0 592.2 100.0

Sources: Deutsche Bundesbank and European Central Bank.

The volume of euro cash in circulation consists of the euro banknotes and coins in
circulation. Figure 3 shows the cumulated net issuance of euro coins by the Eu-
rosystem and by the Bundesbank. The analyses presented in this paper look at the
components of the outstanding volume of euro banknotes issued by the Bundes-
bank. Concentrating on the banknotes in circulation is warranted given the low-val-
ue share of outstanding coins in the total volume of cash in circulation.* At the end
of 2016, coins in circulation accounted for a 2.3% share of the cash in circulation
in the Eurosystem; the arithmetical volume of coins in circulation issued by the

Bundesbank made up just 1.3% of the arithmetical cumulated net issuance of euro

4 The Bundesbank, as Germany's central bank, issues euro banknotes. In Germany, responsibility for
coin minting lies with the Federal Government, represented by the Federal Ministry of Finance. The
Bundesbank purchases euro coins from the Federal Government at their nominal value and introduces
them into circulation.
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cash by the Bundesbank. The balance of euro coins held for transaction purposes
in Germany is analysed in Deutsche Bundesbank (2015a) and Altmann and Bartzsch
(2014). According to these studies, euro coins with a value of €2.3 billion were
held in domestic transaction balances in 2011, corresponding to 36% of the total

stock in circulation at that time.

Euro banknotes in circulation Figure 3
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3 Components of banknote demand using direct approaches

3.1 Regional distribution of Bundesbank-issued euro banknotes using direct
approaches

International migration of euro banknotes can take place via various channels, for
instance shipments of euro banknotes abroad by banks that are active in the glob-
al market for currency dealing, euro banknotes taken abroad by travellers, remit-
tances by foreign workers and the settlement of transactions in international pay-
ments. The “net shipments and foreign travel” approach looks at two of these
channels. In this approach, the volume of banknotes in circulation outside Germa-
ny is derived from the Bundesbank’s household survey on foreign travel and data
on cumulated net shipments to international wholesale currency shippers who

supply the German-issued euro banknotes to non-euro-area countries.

As part of the balance of payments statistics, the Bundesbank conducts household
surveys on how much euro cash Germans take with them when they travel abroad.
For more on the methodology used, see also Deutsche Bundesbank (2003, 2005,
2015¢) and Bartzsch et al (2011a). Some of the results are shown in Table 2.°
Where useful, this information includes breakdowns by cash flows to euro-area
countries and non-euro-area countries (ie intra and extra-euro-area cash flows);
however, Table 2 only shows the results for total inflows and outflows of euro cash
as a result of foreign travel. In 2015, euro cash with a total value of €23.1 billion
was taken abroad through foreign travel, of which €13.5 billion went to other
euro-area countries and €9.6 billion ended up in non-euro-area countries. Travel-

lers took euro cash totalling €4.8 billion abroad in 2015 and exchanged it for

5 As there are no comparable surveys on what euro cash inflows foreign travellers to Germany gener-
ate, the latter are estimated based on the assumption that the behaviour of foreign travellers to Ger-
many is similar to that of German travellers abroad. The household survey looks at cash carried, though
this is primarily likely to constitute banknotes.
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foreign currency there, while they took a total of €18.4 billion abroad and used it
for cash payments there. Conversely, travellers brought an estimated €6.7 billion
into Germany in 2015. Of that, some €5.3 billion originated in other euro-area
countries and €1.4 billion in non-euro-area countries. Overall, a net total of ap-
proximately €222 billion flowed abroad through foreign travel up until the end of
2015. By the end of the second quarter of 2016, this figure had increased to just
over €228 billion. For reasons of data availability, banknote demand components

will be analysed as at end-2015 in the remainder of this study.

Inflows and outflows of euro cash as a Table 2
result of travel in € million

Cash Cash in circulation abroad
Cash outflows inflows as a result of travel
Cash
payments
Euro cash made
taken abroad
abroad and  using euro Estimated
exchanged imported euro cash
into foreign  from imports via Net
Total currency Germany travel outflows Cumulated
2015 Q1 3,975 806 3,169 1,418 2,557 208,228
2015 Q2 5,352 821 4,531 1,798 3,554 211,782
2015 Q3 8,059 1,786 6,273 1,934 6,125 217,907
2015 Q4 5,754 1,373 4,381 1,576 4,178 222,085
2016 Q1 3,972 753 3,219 1,397 2,575 224,659
2016 Q2 5,393 960 4,433 1,756 3,637 228,296

Source: Deutsche Bundesbank.
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Another channel via which German-issued euro banknotes migrate abroad are
outpayments to banks active in the global market for currency dealing. These
banks order euro banknotes from the Bundesbank and ship them to non-euro-area
countries, where they are used, for instance, to stock bureaux de change. Flows of
banknotes between the Bundesbank and wholesale currency shippers are included
in the Bank’s accounting system.® Figure 4 shows cumulated net shipments defined
as the cumulated difference between the Bundesbank’s outpayments to wholesale

currency shippers and the latters’ inpayments to the Bundesbank.

Cumulated net shipments as a result of international Figure 4
banknote wholesale trade
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Source: Deutsche Bundesbank.

6 The data for 2002 and 2003 are, however, based on a Bundesbank survey among wholesale currency
shippers and on information provided by the Bundesbank’s branches.
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The regional distribution of euro banknotes issued in Germany estimated using this
approach is shown in Figures 5 and 6. At the end of 2015, the lion’s share of the
Bundesbank’s cumulated net issuance in the amount of just over €550 billion was
thus accounted for by banknotes in circulation abroad, namely €380 billion, or
70% of cumulated net issuance. At roughly €270 billion, or 50% of cumulated net
issuance, the majority of banknotes in circulation abroad were outside the euro
area. However, Germany was also a major net exporter of euro banknotes to the
rest of the euro area via foreign travel, with banknotes with a net value of approx-
imately €110 billion, or 20% of cumulated net issuance, finding their way there.
The banknotes in circulation outside the euro area can be attributed to foreign
travel and net shipments, with the latter, in cumulative terms, making the largest
contribution at just over €158 billion, or 29% of the Bundesbank’s cumulated net
issuance. The volume of banknotes in circulation in Germany rose somewhat in the
first few years after the introduction of euro cash, before standing at roughly €120
billion between 2005 and 2012, with slight fluctuations. Its percentage of cumu-
lated net issuance consequently fell steadily, from 77% at the end of 2002 to 28%
at the end of 2013. The volume of banknotes in circulation in Germany did not
start picking up again perceptibly until 2013. It is therefore clear that, according to
the estimates using the “net shipments and foreign travel” approach, cumulated
net issuance of banknotes by the Bundesbank was driven almost exclusively by
banknotes in circulation abroad up until the end of 2012, while domestic demand
for banknotes for transaction balance and hoarding purposes was roughly con-
stant. This did not change until 2013. Of the entire increase in cumulated net issu-
ance of euro banknotes by the Bundesbank in 2015, to the tune of €45 billion, an
estimated €25 billion, or more than half, was attributable to higher domestic de-
mand. In 2014 and 2015, the circulation of banknotes within Germany rose as a
percentage of cumulated net issuance. The reasons for the growth in banknotes in

circulation in Germany are examined in the following subsection.
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Regional distribution of euro banknotes Figure 5
issued in Germany in € billion
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Regional distribution of euro banknotes issued in Germany as Figure 6
a percentage of cumulated net issuance by the Bundesbank
80 === Total banknotes
in circulation
70 abroad
60 ==== Banknotes in

circulation outside

50 the euro area
Banknotes in

40 circulation
n Germany
30
=== Banknotes in
20 circulation in the
— euro area
10 / (excl Germany)
0
2002 03 04 05 06 07 08 09 10 11 12 13 14 15 16

Quarterly data in 2003 and 2004 derived by linear interpolation of the year-end figures for
2002, 2003 and 2004.
Source: Authors’ own calculations.



Uhl, Bartzsch: Domestic and foreign demand for
euro banknotes issued in Germany
268

3.2 Uses of euro banknotes in Germany according to direct approaches

The stock of euro banknotes in Germany held in the form of transaction balances
is made up of the cash holdings of credit institutions’” and of retailers as well as
households’ transaction balances.® While credit institutions’ cash holdings are sta-
tistically recorded at month-end, the cash held by retailers and households has to
be estimated; the following estimates are based on Deutsche Bundesbank (2009).
For households, this is done using the Bundesbank’s payment behaviour studies,
for which data were collected for 2008, 2011 and 2014 (Deutsche Bundesbank,
2015b, 2012, 2008). Individuals aged 18 and over were asked how much money
they normally withdraw from an ATM, bank cash desk or point of sale, and how
much of this cash they have left when they make their next cash withdrawal. As-
suming a linear reduction in the withdrawn funds until the next time money is
taken out, this yields the average amount of cash that households hold for trans-
action purposes, albeit only from 2008 onwards. For those years in which no sur-
vey was conducted, ie for 2009, 2010, 2012, 2013 and 2015, the transaction
balances determined in the last survey are applied. Earlier years are not covered by
the payment behaviour study. Consequently, the entire domestic stock of euro
banknotes in the form of transaction balances can be determined only from 2008
onwards. Retailers” average cash holdings are derived from consumers’ estimated
cash spending with retailers and assumptions as to the shipments of daily takings
to commercial banks. Cash spending with retailers are estimated by adjusting pri-
vate consumption for items that are thought to be paid for by cashless means.

7 Credit institutions’ cash holdings normally stem almost exclusively from regular domestic transactions;
see also Bartzsch et al (2011b). At the end of 2016, these cash holdings were approximately €6.5 billion
higher than a year earlier. This increase is probably the result of funds being shifted out of the deposit
facility, which had a negative interest rate. That would mean that these holdings constituted hoardings,
not cash holdings. This development will be relevant going forward, but does not yet affect the esti-
mates presented up until end-2015.

8 As Germany is a net exporter of euro banknotes, the value of euro banknotes in circulation in Ger-
many is equal to the volume of euro banknotes issued in Germany in circulation within the country.
In other words, demand for euro banknotes in Germany is completely covered by the Bundesbank’s
cumulated net issuance.
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Uses of euro banknotes in Germany in € billion Figure 7
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Domestic hoardings are calculated as the residual of the difference between the
volume of banknotes in circulation outside Germany and the domestic transaction
balances. The components of banknotes in circulation in Germany estimated in this

way are shown in Figures 7 and 8.

Domestic transaction balances amount fairly consistently to approximately €35 bil-
lion and are made up, in roughly equal parts, of credit institutions’ and households’
cash holdings. Retailers’ cash holdings are consistently just under €2 billion and
consequently have barely any impact. The bulk of banknotes in circulation in Ger-
many represent hoardings. These were roughly €90 billion in 2008 to 2013. After
that, they rose considerably, namely by just under €20 billion in 2014 and some
€25 billion in 2015. The increase in banknotes in circulation in Germany is there-

fore attributable solely to the growth in hoardings. In turn, the vast majority of
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domestic hoardings probably constitute cash hoarded by households.

The sharp increase in domestic hoardings in 2014 and 2015 estimated here is
problematic for the following reasons. First, households’ bank deposits have not
—with just a few exceptions — been subject to negative interest rates hitherto. This
would suggest that the interest rate environment has not yet prompted a shift out
of bank deposits into cash, particularly as this would also entail costs such as fees
for renting a safe deposit box or the cost of buying a safe. Second, the sharp rise
in domestic hoardings could be the result of an estimation error. Under the “net
shipments and foreign travel” approach, domestic hoarding is calculated as the
difference between the estimated total volume of banknotes in circulation outside
Germany and the estimated domestic transaction balances. The volume of the
domestic transaction balances can be estimated relatively reliably. It has a low ab-
solute value which hardly changes over time. By contrast, the volume of banknotes
in circulation outside Germany is very large. Estimating its size is fraught with a
degree of uncertainty as this estimation approach does not capture every channel
through which cash is imported and exported. For instance, a lack of statistical
data means that cash remittances by foreigners are not considered. The direct es-
timates presented here, therefore, might underestimate the volume of German-is-

sued euro banknotes in circulation abroad.

Ultimately, estimates of the domestic hoardings derived as a residual are associated
with relatively large uncertainties. This is particularly true of the annual changes in
domestic hoardings at the current end, which are important for assessing the ques-
tion of whether the current low-interest-rate environment has caused banknote
hoarding to increase. The aim is therefore to establish an alternative, more reliable
estimate for the time series of domestic hoardings. This is done in the next section
using what is referred to as the “seasonal method”.
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Uses of euro banknotes in Germany as a percentage of Figure 8
cumulated net issuance by the Bundesbank
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Quarterly data in 2003 and 2004 derived by linear interpolation of the year-end figures for 2002, 2003 and
Source: Authors' own calculations.
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4 Components of banknote demand using the seasonal method

4.1 Methodological considerations

Unlike the “net shipments and foreign travel” approach, the seasonal method to
determine banknote demand components is an indirect rather than direct estima-
tion approach, ie it is not based on available statistics or surveys. Instead, the aim
of the seasonal method is to filter out information about banknotes in circulation
outside Germany from the seasonality of banknote circulation. For this purpose, it
is assumed that the volume of banknotes in circulation outside Germany has little
or no seasonality. Hence, the stocks of banknotes in circulation in Germany and
abroad exhibit different seasonal patterns, with the seasonal term for the total
volume of banknotes in circulation being dampened by the stock circulating
abroad. The individual components of Bundesbank-issued banknotes can be de-
rived using various estimates of the unknown seasonal term for the volume of
banknotes circulating in Germany. The main features of the seasonal method can
be traced back to Sumner (1990), who applied it to investigate the transaction and
hoarding balances for the US dollar. The calculations on banknote demand compo-
nents that are performed in this paper using the seasonal method are an extrapo-
lation of the results presented in Bartzsch et al (2011b), who analyse the period
2002-09, to the end of 2015. Other papers which apply the seasonal method in-
clude Seitz (1995), Porter and Judson (1996) and Judson (2012).

The starting point for the seasonal method is the following multiplicative sea-
sonal model of a time series; see Bartzsch et al (2011b).

TrstthdSrd"'TtaSra M
where T, stands for the trend component and S, the seasonal term at time t. Fur-

thermore, the superscript indices d and a indicate an additive decomposition of the

overall time series T, S, into the components T7¢ S¢ and T2 S¢, with d standing for
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“domestic” and a for “abroad”. In addition, f3, denotes the share of the overall
trend held domestically d, ie T?= 5,7, and T¢= (1 — /3, )T,. Thus, equation (1) can be
reformulated as follows:

Sy =S8+ (1 = f3.)S¢ 2)

To solve equation (2), the seasonal term S, is first determined using standardised
seasonal adjustment approaches and S¢ = 7 is assumed throughout. The seasonal
term for a suitable reference variable is used in each case for the unknown season-
al term S¢. The choice of reference variables is explained in greater detail in Bartzsch
et al (2011b). This paper subscribes to the choice of reference variables in Bartzsch
et al (2011b), as these reference variables are established and their use ensures
continuity in the estimates of banknote demand components. In practice, deter-
mining the volume of banknotes in circulation outside the euro area, of banknotes
in circulation abroad within the euro area, of domestic hoardings and of domestic
transaction balances as a percentage of the total arithmetical stock of Bundes-
bank-issued euro banknotes in circulation is a three-step process, with compo-
nents d and a each being defined differently.

In a first step, the component T¢S? covers the volume of banknotes circulating in
Germany and abroad within the euro area, while the component 7¢S¢ denotes the
volume circulating outside the euro area, resulting in equation (3).

St :/§Z+H+EWUSTT+H+EWU+ (7 _/§t7'+H+EWU) STF\’W (3)

The superscript T is a symbolic representation of transaction balances, while H
stands for hoarding, EWU for the volume of banknotes circulating in the rest of the
euro area and RW for the volume of banknotes circulating in the rest of the world.
The superscript symbol “+” indicates that the aggregate of each of the compo-

nents forms part of the equation. The seasonal term S/ +#+ W is unknown and is
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approximated by the seasonal term of French banknote circulation. France and
Germany are indeed likely to be very similar in terms of their economic structure
and probably play similar roles with respect to banknote migration within the euro
area, be it in connection with foreign travel or via other channels. That said, the
Bundesbank plays a special role when it comes to demand from non-euro-area
countries owing to the fact that, in net terms, the bulk of the Eurosystem’s cumu-
lated net issuance derived from international banknote wholesale trade comes
from Germany (Bartzsch et al, 2011b).

In a second step, the volume of Bundesbank-issued banknotes in circulation is
broken down into the total volumes of banknotes in circulation in Germany and

abroad; see equation (4).

S, = RI+HST+H 4 (1 — RI+H) SEWU+AW (4)

Private consumption is the chosen reference variable for the unknown seasonal
term in Germany, S/*". The reason for this is that private consumption is a typical
explanatory variable in a banknote demand model for banknotes in domestic

circulation.

In a final step, transaction balances as a percentage of the total volume of Bun-
desbank-issued euro banknotes in circulation are determined; see equation (5).

St :/gtTStT + (7 _/ETT) 5;‘-/+EWU+RW (5)

Here, credit institutions’ cash holdings are used as the reference variable. In the
period under review (2002-15), credit institutions’ cash holdings served as house-
holds" extended transaction balances, as banks stocked as much euro cash as they
needed to supply to households. Furthermore, retailers also deposit more cash at

credit institutions in periods during which transaction balances for cash spending
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are particularly high.

A key assumption of the seasonal method is that the volume of banknotes in circu-
lation outside Germany and domestic hoardings have no seasonality. This assump-
tion can be tested for a special case, as monthly data for the Bundesbank’s cumu-
lated net issuance derived from international banknote wholesale trade are
available; see Table 3. A regression of cumulated net shipments on seasonal dum-
mies shows that these are not significantly different from each other. Furthermore,
there is no notable partial correlation of a time series value with the prior-year
value. Both these points suggest that the volume of banknotes in circulation out-

side Germany does indeed have very little seasonality to speak of.

Seasonality tests Table 3

Partial year-on-year

Test for deterministic season autocorrelation
Circulation of Bundesbank- 5.047 (0.000) 0.39
issued euro banknotes
Cumulated net shipments 0.39(0.959) -0.03

Notes: Each of the time series shows a trend that has been removed by applying the Hodrick-Prescott filter (Ho-
drick and Prescott, 1997), where A=14.400. The test for deterministic seasonality tests the equality of seasonal
dummies after regressing the time series on seasonal dummy variables. Shown here are the F-test value and the
associated p-value, the latter in brackets. Monthly data for 2002 to 2015 were used. Source: Authors’ own cal-
culations.



Uhl, Bartzsch: Domestic and foreign demand for
euro banknotes issued in Germany
276

Applied in practice, attempting to determine the share f3, for each calendar month
t using equation (2) proves to be overly ambitious. If there is no seasonal influence
in a given period, ie S, = S¢, the share 3, cannot be determined using equation (2).
In addition, individual months in which the seasonal term S¢ is less pronounced
than that of the total volume of banknotes in circulation yield potentially implausi-
ble values for f3,. In summary, equation (2) delivers plausible results for certain
months but not all; see also Bartzsch et al (2011b) and Porter and Judson (1995).
For this reason, it is advisable to move to an approach based on seasonal ampli-
tude. To do this, the time index t first needs to be replaced by the index m,/, with
m standing for the month and / for the year. The circulation of Bundesbank-issued
euro banknotes typically experiences a seasonal high in December and a seasonal
low in February. Deducting equation (2) for February from that for December of the
previous year, the share f3, is determined as

Sdec,/ - Sfeb,/+7

Bi= 6)

d _ d
ec,/| 5j‘eb,/+7

One particularity that should be noted here is that statistical data on private con-
sumption are only published quarterly. Equation (6) is applied in the same manner
here — with a seasonal high in the fourth quarter and a seasonal low in the first

quarter.
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Components of euro banknotes issued Figure 9
in Germany in € billion
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Sources: Deutsche Bundesbank and authors’ own calculations.

4.2 Banknote demand components using the seasonal method

The results of the estimates determined using the seasonal method are depicted in
Figures 9 and 10. They show that the total volume outside Germany of euro bank-
notes brought into circulation by the Bundesbank amounted to €365 billion at the
end of 2015 — an estimate which corresponds very closely to the €380 billion esti-
mate calculated using the “net shipments and foreign travel” approach. The two
approaches therefore come to similar conclusions regarding the volume of bank-
notes in circulation both in and outside Germany, and the same can be said of the
trends for these time series over time. Major differences exist with respect to the
regional distribution of banknotes in circulation outside Germany. According to the

seasonal method, the volume of banknotes in circulation in the rest of the euro
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Components of euro banknotes issued in Germany as Figure 10
a percentage of cumulated net issuance by the Bundesbank
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area stood at €160 billion at the end of 2015, which is significantly higher than the
€110 billion estimated using the “net shipments and foreign travel” approach. The
opposite is true in the case of the stocks of banknotes in circulation outside the

euro area.

As was the case for the direct “net shipments and foreign travel” approach pre-
sented in Section 3, domestic transaction balances have a flat trend line. They
amounted to around €55 billion at the end of 2015 — approximately €20 billion
higher than the estimate calculated using that approach. However, this difference
has barely any impact when measured against the share of cumulated net issuance
by the Bundesbank. At the current end, both approaches arrive at the same esti-
mates for domestic hoardings, ie just under €140 billion. That said, while domestic

hoardings rose sharply in 2014 and 2015 based on the “net shipments and foreign
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travel” approach, they have shown a steady, slight upward trend since 2010 when
calculated using the seasonal method. Applying the seasonal method, there is
therefore no structural break in domestic hoardings brought about by the low-in-
terest-rate environment. Instead, this approach suggests that stocks of German-is-
sued euro banknotes in other euro-area countries have risen considerably in recent
years. Over the past few years, this component has made the greatest contribution
by far to growth in the Bundesbank’s cumulated net issuance of euro banknotes.

5 Combination of estimates using direct approaches and the seasonal
method

This paper uses the “net shipments and foreign travel” and “seasonal method”
approaches to determine banknote demand components. These are the most ap-
propriate methods for estimating the components of the arithmetical stock of Bun-
desbank-issued euro banknotes in circulation. Other approaches only allow the
interpretation of upper and lower bounds or the estimation of a few components
at most; see also Bartzsch et al (2011a, 2011b). There is no consensus in the liter-
ature about the relative merits of direct and indirect approaches; Judson (2012)
and Feige (2012), using indirect and direct approaches, arrive at different estimates
for the scale of foreign demand for US currency. Direct approaches for determining
the stock of banknotes in circulation abroad are based on capturing statistically as
many as possible of the channels through which banknotes can flow abroad. The
seasonal method presented here, meanwhile, is based on an appropriate selection
of reference variables for the unknown seasonal term of banknotes in circulation in
Germany; the assumptions made under this method ultimately cannot be verified
empirically. Direct and indirect approaches yield comparable results for the stock of
Bundesbank-issued euro banknotes in circulation; see the overview in Figure 11.
The main differences between direct and indirect approaches can be found in the
breakdown of banknotes in circulation abroad into non-euro-area countries and

euro-area countries, which is not shown in Figure 11.
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Overview of estimates Figure 11

€ billion

400 === Banknotes in circulation abroad - direct
== == Banknotes in circulation — indirect

350 === Hoardings — direct
== == Hoardings — indirect

300 === Transaction balances — direct
== == Transaction balances — indirect

250

200

150

100 - -:___;——‘
50

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Source: Authors” own calculations.

Finally, the paper presents a new estimate for the components of the stock of Bun-
desbank-issued euro banknotes in circulation, which is based on both approaches;
see Table 4. Estimation intervals are used in Table 4 to show the shares of the
banknote demand components, with the poles of these intervals being based on
the estimates of one of the two approaches. Table 4 also contains an estimate of
the stock at the end of 2016, which is calculated by weighting the arithmetical
volume of banknotes in circulation for the end of 2016 with the estimated shares
for 2015. All estimated figures are rounded to a multiple of 5 to articulate the un-
certainty surrounding the estimates. Both approaches comes to comparable results
at the current end for the scale of banknote hoarding in Germany, but suggest that
their patterns differ over time. Due to the presumption that the direct approach
might fail to capture a notable volume of banknotes taken abroad, the seasonal

method is used to estimate how banknote hoarding develops over time.
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Components of Bundesbank-issued banknotes in circulation Table 4

Total circulation
abroad

of which outside euro
area

of which rest of euro
area

Circulation in Germany

of which hoarded

of which transaction
balances

Total circulation

?Extrapolating the components of banknote demand with shares as at the end of 2015.

Share end of 2015

(%)

65-70

40 -50

20-30

30-35

25

5-10

Stock end of 2015

(€ billion)

365 —380

210-270

110-160

170 -190

135

35-55

553

Source: Authors” own calculations and Deutsche Bundesbank.

Stock end of 20162

(€ billion)

385-415

235-295

120 -180

180 — 205

150

30-60

592
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6 Conclusion and discussion

This paper presents a breakdown of the arithmetical stock of Bundesbank-issued
euro banknotes in circulation into the components of foreign demand, domestic
hoarding and domestic transaction balances. These components are estimated us-
ing the direct approach “net shipments and foreign travel” as well as the “season-
al method”. Overall, at the end of 2015, 65% to 70% of the stock of banknotes
issued by the Bundesbank were in circulation abroad, with 40 to 50 percentage
points in countries outside the euro area and 20 to 30 percentage points in other
euro-area countries. 25% of the Bundesbank-issued banknotes in circulation were

hoarded in Germany, and 5% to 10% were domestic transaction balances.

The estimates presented here show the development of cash usage in Germany
throughout the period since euro cash was introduced. Of particular interest is the
guestion whether the current low-interest-rate environment has led to a distinct
increase in banknote hoarding in Germany. Where the direct approach is used to
estimate hoardings as a residual at the current end, there is indeed evidence of an
increase in banknote hoarding. However, the use of direct approaches to estimate
foreign demand requires every last channel via which banknotes migrate abroad to
be captured. Estimates based on the seasonal method do instead suggest that
banknote hoarding in Germany has developed smoothly despite the low-inter-
est-rate environment. Rather, the seasonal method points to a rise in the stock of

Germany-issued euro banknotes circulating in the rest of the euro area.
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Abstract

At the end of 2015, the Deutsche Bundesbank had issued a total net amount of
just over €45 billion in €20 banknotes. In statistical terms, each resident living in
Germany was therefore issued with around 30 banknotes of this denomination. Up
until now, it was not clear how many of these German-issued euro banknotes are
actually used for payment purposes. Owing to the introduction of the new Europa
series of banknotes on 25 November 2015, it was possible to estimate the volume
of €20 banknotes that are held for transaction purposes both in Germany and

outside the euro area.
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The estimation of the volume of €20 banknotes held for domestic transaction pur-
poses (known as the domestic transaction balance) is primarily based on the ob-
served return flows of the old series (ES1) of €20 banknotes received by the
Deutsche Bundesbank. The cash balance of €20 banknotes held for domestic
transaction purposes was estimated at around €8.5 billion at the end of October
2015. This means that only 19% of the total (net) amount of €20 banknotes issued
by the Deutsche Bundesbank up to the end of October 2015 were used for trans-
action purposes within Germany. The remaining 819% has either migrated abroad,
been hoarded or got lost. The results of the analysis are also important as a means
of explaining the just over €36 billion worth of EST €20 banknotes which are still
outstanding in the Deutsche Bundesbank's balance sheet. Given that the cash bal-
ance held for domestic transaction purposes has since been almost fully replaced,
it is no longer to be expected that ES1 banknotes will flow back to the Deutsche
Bundesbank in any sizeable amounts.

The volume of German-issued €20 banknotes — officially stemming from banknote
shipments by the Deutsche Bundesbank — held for transaction purposes outside
the euro area was estimated at just over €3 billion at the end of July 2016 using the
biometric method. This estimate represents a lower level for the actual cash bal-
ance held for transaction purposes, as it does not incorporate banknote exports
resulting from foreign travel and cash amounts sent abroad. It is derived from cu-
mulated shipments of ES2 €20 banknotes up to the end of July 2016 and the value
of the ES1 and ES2 €20 notes deposited in July 2016 at the shipment branches. In
terms of the Deutsche Bundesbank’s cumulated net shipments of €20 banknotes
in the amount of around €12 billion at the end of 2015, the estimated cash bal-
ance (resulting from shipments) held for transaction purposes outside the euro
area accounts for around 28%.
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1 Introduction

At the end of 2015, the Deutsche Bundesbank had issued a total net amount of
around €45 billion in €20 banknotes (German-issued €20 notes). In statistical
terms, each resident living in Germany was therefore issued with 30 banknotes of
this denomination. Even though cash is still the most commonly used means of
payment at the point of sale in Germany, the total number of issued banknotes still
seems very high. Presumably, only part of this amount is actually used for payment
purposes in Germany (known as the “domestic transaction balance”). The rest may
either have been lost, hoarded on a permanent basis or may be in use abroad for

transaction and hoarding purposes.

The fact that it is not possible to equate the cumulated net issues of a eu-
ro-area country with the national volume of cash in circulation in that coun-
try also becomes evident when making international comparisons (Figure 1).
The Deutsche Bundesbank’s cumulated net issues of €20 notes have been steadily
increasing since 2002. The Deutsche Bundesbank therefore issues more €20 bank-
notes than it receives through inpayments. Conversely, the cumulated net issues of
the (entity of) other Eurosystem member countries are steadily declining; in these
countries, more banknotes are paid in in the form of deposits than are paid out. A
significant share of German-issued banknotes therefore flows out of Germany ei-
ther through tourists or business travellers, and is deposited by resident commercial
banks at other Eurosystem central banks. The Deutsche Bundesbank is therefore
making a sizeable contribution to the supply of cash in the Eurosystem and also to
the seigniorage revenues of the other central banks.

This raises the question as to how high the volume of €20 banknotes that are in
active circulation in Germany actually is. According to our estimates, the value of
the total domestic transaction balance lies between €35 billion and €55 billion.

This equates between 5% and 10% of the Deutsche Bundesbank’s cumulated net
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issues. Calculations for individual denominations are much more difficult as, de-
pending on the face value, banknotes are not all equally suitable for transaction
purposes or as a store of value and are also subject to varying degrees of demand

from other countries.

In the following, the transaction balances of €20 banknotes are examined in great-
er detail both in Germany (section 2) as well as outside the euro area (section 3)
with the help of data obtained during the introduction of the new Europa series of

banknotes (ES2). The results are summarised in section 4.

Cumulated net issuance of €20 banknotes (in € billion) Figure 1

50
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2iaz
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= Germany === Eurosystem without Germany

Source: CIS II.
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2 The volume of €20 banknotes held for transaction purposes in Germany

2.1 Replacement of the old ES1 banknotes

The Deutsche Bundesbank has been putting the new ES2 €20 banknotes into cir-
culation in Germany since 25 November 2015. Figure 2 shows inter alia the share
of the new ES2 banknotes in relation to the Deutsche Bundesbank’s gross
monthly outpayments. Since April 2016, this share has stood at roughly 99%.
Accordingly, ES1 €20 banknotes have accounted for a share of around 1% of gross
outpayments since then. Only remaining stocks of ES1 €20 banknotes are paid out
again. ES1 €20 banknotes that flow back to the Deutsche Bundesbank are filtered

out during processing and destroyed.

Figure 2 also shows the share that is accounted for by the new ES2 notes in
relation to the Deutsche Bundesbank’s gross monthly inpayments. Inpay-
ments made at the Deutsche Bundesbank can be assumed to be a representative
sample of the cash in circulation in Germany. These inpayment data therefore pro-
vide information about the extent to which the ES1 €20 banknotes have already
been replaced with ES2 banknotes (and the last batch of banknotes issued from
the first series). In July 2016 the new series has accounted for a share of around
95% of the gross inpayments at the Deutsche Bundesbank. This means that the
share of ES2 banknotes held for domestic transaction purposes was roughly the
same as the share of these banknotes that was paid out in the last few months
(99%). During the period following the launch of the ES2 banknotes at the end of
November 2015 up until July 2016, the volume of €20 banknotes held for transac-
tion purposes in Germany therefore appears to have been almost completely re-
placed.
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€20 ES2 banknotes as a share in the Deutsche Bundesbank'’s Figure 2
gross inpayments and outpayments of total €20 banknotes
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Source: CIS II.

In order to determine how many €20 banknotes are in active circulation in
Germany, we calculate how many banknotes flowed back to the Deutsche
Bundesbank between the end of October 2015 and the end of July 2016.
Given that Germany is a net exporter of €20 banknotes (see Figure 1), only a small
amount of foreign banknotes end up in Germany. The return flows to the Deutsche
Bundesbank are therefore primarily banknotes from the domestic cash cycle. By
adding up these return flows over time, these data can be used to estimate the
domestic transaction balance. The sum of the return flows can be determined us-
ing the Deutsche Bundesbank’s cumulated net issues. Figure 3 shows the develop-
ment of the Deutsche Bundesbank’s cumulated net issues, with separate curves for
the old and the new series of €20 banknotes. Between the end of October 2015
and the end of July 2016, the cumulated net issues of ES1 banknotes declined from
€43.9 billion to €35.8 billion. During this period, the Deutsche Bundesbank there-
fore withdrew a net amount of around €8.1 billion old ES1 banknotes from circu-
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lation and replaced them with ES2 notes. If it is also taken into consideration that,
owing to the parallel issuance of ES1 and ES2 banknotes, around 5% of (active)
domestic circulation is still accounted for by ES1 notes that have not yet been re-
placed by ES2 notes, the calculated €8.1 billion makes up around 95% of the do-
mestic transaction balance. Based on this calculation method, the domestic
transaction balance contains around €8.5 billion (= €8.1 billion divided by
0.95) worth of €20 banknotes. Of the total amount of €43.9 billion Ger-
man-issued €20 banknotes in circulation at the end of October 2015, only
around 19% were accounted for by the domestic transaction balance. Each
resident living in Germany therefore keeps an average of five €20 banknotes for
transaction purposes and not 30 banknotes as estimated on the basis of the net

issues.

Since the introduction of the new series of €20 banknotes at the end of November
2015, the total value of these notes has increased from €0 to €11.4 billion. Assum-
ing a relatively constant transaction balance of €8.5 billion, just over 70% of the
ES2 €20 banknotes brought into circulation by the Deutsche Bundesbank were in

the domestic transaction balance at the end of July 2016.
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Cumulated net issuance of €20 banknotes by the
Deutsche Bundesbank (in € billion)

-G ===l

Source: CIS II.

Figure 3
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2.2 Conclusion

The cash balance of €20 banknotes held for domestic transaction purposes
was estimated at around €8.5 billion at the end of October 2015. This means
that only 19% of the total amount of €20 banknotes issued by the Deutsche
Bundesbank up to that point were in active circulation in Germany. Each res-
ident living in Germany accounted for approximately five €20 banknotes for trans-
action purposes, and not 30 banknotes as estimated on the basis of the net issues.'

The calculations are largely in line with our estimations regarding the share of the
total domestic transaction balance accounted for by banknotes in relation to the
Deutsche Bundesbank’s cumulated net issues, which stands at between 5% and
10%. By comparison, the estimated share of €20 banknotes held for transaction
purposes in Germany (approximately 19%) seems quite plausible given that the

€20 note is a denomination typically used for payment.

Furthermore, the analysis clearly shows that it is not possible to equate the
Deutsche Bundesbank’s cumulated net issues with the volume of cash in active
circulation in Germany, ie the volume of cash held for domestic transaction purpos-
es. This should be borne in mind, especially when assessing the level of market
penetration of the new banknote series. The cumulated net issues could, for in-

stance, lead one to assume that just over €36 billion in EST banknotes are still in

1 With regard to the five €20 notes in the transaction balance accounted for by each resident living in
Germany on average, it should be noted that the domestic transaction balance is not only accounted
for by households, but also includes the cash holdings of credit institutions and the volume of change
held by retailers. According to our estimates, the domestic cash transaction balance had a value of at
least €35 billion in 2015. €13 billion of this amount was accounted for by households, just under €20
billion by the cash holdings of credit institutions and only just under €2 billion by the volume of change
held by retailers; the latter can therefore be disregarded. The cash holdings of credit institutions, on
the other hand, arise almost exclusively from domestic transactions. They can therefore be interpreted
as an external component of the transaction balance of domestic households (Bartzsch, Rosl and Seitz,
2011b, subsection 2.2.2). When considering the domestic cash transaction balance, coin holdings can
be disregarded as they only account for an estimated value of around €2 billion (Altmann and Bartzsch,
2014).
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active circulation in Germany, whereas in actual fact, these banknotes were taken
out of the German cash cycle quite some time ago. A large share of these notes
has migrated abroad and has been paid in at other central banks or will at some
stage be paid in at these central banks (see Figure 1). A further share may have
been permanently hoarded or lost. It is therefore better to use the inpayment flows
at the Deutsche Bundesbank when assessing the level of market penetration of the
new series, with the new series currently accounting for a share of just under 95%.

2.3 Review of the estimates

Finally, the estimates of domestic transaction balances of (all of the) small
denominations (see Table 2 in section 4) shall be compared with similar esti-
mates from the Deutsche Bundesbank’s study of payment behaviour
(Deutsche Bundesbank, 2015). Both estimates are juxtaposed in Table 1.

The estimates from the payment behaviour study refer to transaction balances held
by households. In order to make these estimates comparable with total domestic
transaction balances (households, credit institutions and retail trade) from Table 2,
the latter are multiplied by the estimated percentage share of the total transaction
balances of households, ie comprising all denominations, in the total domestic
transaction balances, ie comprising all denominations. The transaction balances of
households derived from this can be taken from the penultimate row of Table 2.
They are about twice as high as the transaction balances of households reported in
the 2014 payment behaviour study; see last row of Table 1. One explanation for
this discrepancy is that the estimate with the payment behaviour study only cap-
tures balances held in wallets but not total regular cash withdrawals for transac-
tion purposes. In the absence of data on composition by denomination, only an
estimated value for households’ total transaction balances, ie comprising all de-
nominations, can be derived for withdrawals. For all three waves of Deutsche Bun-
desbank’s payment behaviour survey, this estimated value is around twice as high
as the estimated value derived from the stock of cash held in wallets.
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Comparison between estimates on domestic transaction
balances and estimates based on the 2014 payment

Table 1

behaviour study

Domestic transaction balances
according to the estimate from Table 2

Estimated households’ transaction
balances as a percentage of total
domestic transaction balances (across
all denominations in each case)

Derived households’ transaction
balances according to the estimate

from Table 2

Households’ transaction balances in

€5 banknote

€1.8 billion

44%
(end-2013)

€0.8 bn
(=0.44 * €1.8 bn)

€0.4 billion

€10 banknote

€4.0 billion

38%
(end-2014)

€1.5 bn
(=0.38 * €4.0 bn)

€1.0 billion

€20 banknote

€8.5 billion

38%
(end-2015)

€3.2 bn
(=0.38 * €8.5 bn)

€1.5 billion

their wallets according to the 2014
payment behaviour study

Sources: Deutsche Bundesbank and author’s own estimates.

On balance, the estimates of domestic transaction balances from Table 2 are
a very good fit with the estimates of households’ transaction balances de-
rived from the study on payment behaviour.

2.4 Outlook

Whether the approach outlined in this paper could also be used to calculate the
volume of cash held for domestic transaction purposes in other euro-area countries
would have to be examined on a case-by-case basis. The calculations are based on
the assumption that the domestic demand for euro banknotes is fully met by the
Deutsche Bundesbank’s cumulated net issues. This approach is therefore only suit-
able for countries that are net exporters of €20 banknotes. This assumption is
plausible in the case of Germany as Germany has, over time, issued just under

68% of the current aggregate demand for €20 banknotes (see Figure 1) which is a
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disproportionately high share. This assumption is not true of other countries, how-
ever. As soon as the remaining denominations of the ES2 series have been brought
into circulation in Germany, the volume of banknotes held for domestic transaction
purposes is also to be calculated for these denominations using the method pre-

sented in this paper.

3 Volume of German-issued €20 banknotes held for transaction purposes
outside the euro area

3.1 The biometric method

The early 1990s saw the launch of a new series of US dollar banknotes featuring a
security thread. Back then, Porter and Judson took advantage of this opportunity
to estimate the volume of $50 and $100 notes in circulation abroad.? The introduc-
tion of the ES2 €20 notes, which were issued for the first time on 25 November
2015, was similarly used to gauge the volume of German-issued €20 banknotes (ie
notes brought into circulation by the Deutsche Bundesbank) outside the euro area.
To this end, use was made of the “"biometric” method, originally devised by the
Danish biologist Carl Petersen. Biologists are often confronted with the problem of
not knowing the size of the total population N (eg the number of fish in a lake). By
marking newly added fish of population size M and taking a random sample from
the lake some time later it is, however, possible to produce a ratio estimator. This
allows a conclusion to be drawn concerning the size of the population N.

3.2 Estimation procedure
Measuring the volume of cash in circulation presents a similar problem inasmuch

as the volumes circulating in Germany and abroad are not known.? The biometric

2 See Porter and Judson (1996).
3 However, Bartzsch, Rosl and Seitz (2011a, 2011b) have demonstrated that Germany is a net exporter
of euro banknotes both to other euro-area countries and to non-euro-area countries.



Nikolaus Bartzsch: Transaction balances of small
denomination banknotes: findings from the introduction of ES2
301

method can be used to estimate the volume of German-issued €20 banknotes held
for transaction purposes outside the euro area (non-euro-area countries), the in-
trinsic assumption being that these notes are in free and random circulation.* The
biometric method can therefore only capture the volume in circulation in the
strict sense, that is German-issued €20 notes held for transaction purposes
that are actually in circulation in non-euro-area countries, and not those be-
ing hoarded in these locations. The term “hoarded banknotes” refers to notes
that return to branches at a much slower pace than notes in circulation in the
narrower sense. This definition encompasses not just notes used as a long-term or
temporary store of value but also notes that have gone astray or been destroyed.®
If, as presumed, the notes are circulating in an unhindered and random fashion,
after some time the share of marked banknotes in the random sample matches the
share of marked banknotes among the population as a whole.

M denotes the collective value of all marked notes (ES2 €20 banknotes). n repre-
sents the value of all €20 notes belonging to the random sample while m denotes
the value of all marked €20 notes included in that sample. If these volumes are
broken down according to the value of all German-issued €20 notes belonging to

shipments held in non-euro-area countries for transaction purposes, N, this results

4 See Porter and Judson (1996, p 893). For a more precise account Porter and Judson (1995, section
3.2). Since Germany is a member state of the European monetary union, the term “abroad” refers to
two categories of country: other euro-area countries and non-euro-area countries. In this context, the
biometric method therefore takes a different approach to that deployed by Porter and Judson for the
United States.

5 Banknotes paid in to the Deutsche Bundesbank via shipments stem either from the volume of cash
held for transaction purposes or from temporary hoarding. The problem here is that it is not possible to
visibly discern whether a given note belongs to the former or latter category.
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in the following:

m 2)

Variables n, m and M on the right-hand side of equation (2) refer to “shipments”.
This term refers to all €20 banknotes paid in to branches of the Deutsche Bundes-
bank via official deliveries of banknotes to countries outside the euro area or any
such notes brought into circulation by these branches.® In other words, the random
samples n and m are only taken from branches handling shipments (shipment
branches). The above works on the assumption that banknotes in these random
samples (forming part of a shipment) were brought into circulation by the Deutsche
Bundesbank (and not other Eurosystem central banks). This assumption can be
justified by the fact that the vast majority of shipments occurring within the Eu-
rosystem are handled by the Deutsche Bundesbank. Shipment branches thus com-
prise branches that strive to satisfy not just the demand coming from within Ger-
many and from other euro-area countries but also from non-euro-area countries
alike. In order of importance, these are first and foremost the Deutsche Bundes-
bank’s branches in Frankfurt am Main and Mainz, followed by its branches in Frei-
burg and Villingen-Schwenningen (which “replaced” the Lorrach office), with Ber-
lin and Munich in third place.” Variable n denotes the value of all €20 notes (EST
and ES2) paid in to the above branches in July 2016 from countries outside the
euro area. Variable m stands for the value of all the ES2 €20 notes included in this
volume. Drawing of the random sample was held off until July 2016 in order to

6 The shipments are processed by wholesale banks active in the international wholesale banknote
market.

7 The Lorrach office, which occupied an important position in the international wholesale banknote
market in terms of the Swiss banking system’s logistical links with the euro cash cycle, was closed on
30 September 2012.
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give the €20 notes from the old and new series enough time to achieve a good
mix. Inpayment flows at the Deutsche Bundesbank have been used to assess the
level of market penetration of the new series, with the new series accounting for a
share of 94% in July 2016.

Apart from via shipments, German-issued euro notes are mainly transported
abroad to non-euro-area countries either as a result of travel or as cash taken by
migrants back to their home countries.® These channels are not captured by the
biometric method, notwithstanding the fact that inpayments arising from the ship-
ments also include notes that were originally exported abroad through travel to
countries outside the euro area. N from equation (2) thus relates only to that
share of the volume of German-issued €20 notes held for transaction purpos-
es in non-euro-area countries that is attributable to shipments. However, pre-
sumably most of German-issued €20 banknotes kept outside the euro area stem

from shipments.

Value M denoting the volume of ES2 €20 notes brought into circulation by ship-
ment branches between 25 November 2015 and 31 July 2016 and destined for
non-euro-area countries comes to €1.4 billion.? The sum total n comprising all €20
notes (ES1 and ES2) paid in to shipment branches in July 2016 as shipments from

non-euro-area countries amounts to around €150 million. Value m denoting the

8 At the end of 2015, German euro notes worth an estimated €272 billion were to be found in circu-
lation outside the euro area. Of this amount, €158 billion stemmed from shipments, with €113 billion
arising from foreign travel. These figures represent an update of the estimate made by Bartzsch, Rosl
and Seitz (2011a, section 3.1). No data is available showing how the various denominations break
down regarding German euro notes exported through travel.

9 This represents the cumulative value of net outward payments from Germany to countries outside
the euro area (ie the sum total of all outward payments less all inpayments) in the context of the official
shipments described above.
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volume of ES2 €20 notes included in n totals €65 million.” In equation (2), it
follows that N, which constitutes the volume of German-issued €20 notes
held for transaction purposes outside the euro area and deriving from ship-
ments, had an estimated value of around €3.3 billion at the end of July 2016.

In the next section we investigate whether this estimation is plausible.

3.3 Review of the estimates

Viewed in relation to the total volume of German-issued €20 banknotes in
circulation, which amounted to €44.9 billion at the end of 2015, the estimat-
ed cash balance held for transaction purposes (arising from shipments) out-
side the euro area accounts for no more than just over 7% of the whole. At
first glance this would appear to be a very low figure. But this result was to be
expected for a number of reasons. First, a large share of German-issued €20 bank-
notes is to be found in other euro-area countries (see Figure 1). Second, euro
banknotes kept outside the euro area are primarily being hoarded." The cumula-
tive value of net shipments of German-issued €20 banknotes (in countries outside
the euro area) as at the end of 2015 was estimated to have reached a level of
€11.6 billion, equivalent to one-quarter of the (mathematical total) volume of this
denomination in circulation. An estimated share of no more than around 28% of
these cumulated net shipments (worth €3.3 billion) relate to transactions. The
remaining share, worth €8.3 billion, is hoarded. At the end of 2015, the total cash
balance of German-issued €20 banknotes held outside the euro area came to an

10 According to the ECB guideline dated 9 December 2011 on the statistical reporting requirements
of the ECB in the field of external statistics (ECB, 2011), national central banks are obliged to supply
monthly data on the importing and exporting of euro notes to and from non-euro-area countries. These
figures are meant to be broken down according to denomination using the most accurate estimates
available. To this end, the Deutsche Bundesbank makes use of the BMS cash management system,
which records shipment banknotes according to denomination, also differentiating between types ES1
and ES2. Inpayments (imports) data broken down by denomination have only been available since
January 2013. For the period between 2002 and 2012 it was, however, possible to derive estimates
of cumulative net shipments according to denomination using inpayment shares (in value terms) from
the year 2013.

11 See Bartzsch, Rosl and Seitz (20113, section 3.4).
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estimated amount of about €13 billion.™

Finally, we use the following tests to check the estimate derived in subsection 3.2
relating to the volume of German-issued €20 notes held for transaction purposes

outside the euro area (arising from shipments), N.

Test 1 “N may not be larger than the total volume of shipments (ie the cumulative
value of net shipments) of €20 notes effected by the Deutsche Bundesbank since
the introduction of euro coins and banknotes.”

N is a partial amount of the total volume of shipments. Therefore, it may not ex-
ceed the latter. With respect to shipments information, only data on the cumula-
tive outpayments are broken down by denomination. Inpayments data have only
been broken down by denomination since January 2013. Assuming that the pro-
portion of €20 notes among inpayments arising from shipments in 2013 can also
be applied to the period between 2002 and 2012, the estimated (net) cumulative
value of shipments of €20 notes effected by the Deutsche Bundesbank is found to
stand at €11.6 billion at the end of 2015. This figure lies well above the estimated
value of N (€3.3 billion) which has therefore not been disproved by test 1.

Test 2 “N should be low”

This test also works on the assumption that €20 notes held in non-euro-area
countries are seldom used for transaction purposes. Presumably, most euro notes
in these countries are being hoarded.”® At the end of 2015, N (€3.3 billion)
made up just 7% of the total volume of German-issued €20 notes in circulation

12 According to an estimate based on the seasonal method, the volume of German-issued €20 notes
held outside the euro area rose linearly from just under €3 billion in 2003 to €8 billion in 2009 (Bartzsch,
Rosl and Seitz, 2011b, subsection 2.2.2). Extrapolating from this, the year-end figure for 2015 stands
at €13 billion.

13 See Bartzsch, Rosl and Seitz (20113, section 3.4).
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(€44.9billion).™ Similarly, when compared with the (estimated) volume of €20
notes held in Germany for transaction purposes amounting to €8.5 billion, N ac-
counts for a rather modest share (around 38%) of the total figure. The estimated
value of N is thus also compatible with the hypothesis presented in test 2.

4 Summary and conclusions

Table 2 gives an overview of the key estimates, including existing estimates for
€5 and €10 banknotes. ™

The volume of German-issued €20 notes arising from shipments and held
outside the euro area for transaction purposes accounts for an estimated
value of around €3.3 billion (end-July 2016). Therefore, of the cumulated net
shipments (with an estimated value of about €11.6 billion as at end-2015) and
hence of the total volume of German-issued €20 notes held outside the euro
area (estimated total of around €13.2 billion at end-2015), the vast majority
of notes are hoarded. The (total) volume of German-issued €20 notes in circula-
tion amounting to €44.9 billion (end-2015), less 1) the estimated value of €20
notes held for transaction purposes in Germany amounting to €8.5 billion
(end-October 2015) as derived in section 2 and less 2) the (extrapolated) estimated
value of the total volume of German-issued €20 notes held outside the euro area
amounting to €13.2 billion (end-2015) leave an estimated residual value of
€23.2 billion. This figure represents around half of the cumulated net issues
of German-issued €20 notes. It consists of hoards in Germany and (transac-
tion and hoarding-related) balances in the rest of the euro area. Demand for

€20 notes there is to some extent met by the Deutsche Bundesbank.

14 At the end of 2015, (cumulative net) shipments of German-issued €20 notes (with an estimated
value of €11.6 billion) accounted for one quarter of the total volume of German-issued €20 notes in
circulation.

15 See Bartzsch and Seitz (2016).
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Components of the (arithmetical) volume of small-denomination Table 2
“German” banknotes in circulation

€ billion €5 banknote €10 banknote €20 banknote

Total arithmetical volume in circulation 8.5 24.5 44.9
(cumulated net issues)

Cash balance held for transaction 1.8 4.0 8.5
purposes in Germany (21.2%) (16.3%) (18.9%)
Total volume of such cash kept outside - 8.5 13.2
the euro area (34.7%) (29.4%)
of which (cumulated net) shipments 0.56 6.2 1.6
(6.6%) (25.3%) (25.8%)
of which held for transaction 0.24 0.5 33
purposes (2.8%) (2.0%) (7.3%)
of which hoarded 0.32 5.7 8.3
(3.8%) (23.3%) (18.5%)
Residual (ie hoarded in Germany or 6.1 12.0 232
hoarded/held for transaction purposes (72.2%) (49.0%) (51.7%)

in other euro-area countries)

Sources: Deutsche Bundesbank and author’s own estimates.

Notes:

1) Percentage share of cumulated net issuance in brackets.

2) €5 banknote: Volume of cash held in Germany for transaction purposes as at beginning-May 2013; cash ba-
lance held for such purposes outside the euro area arising from shipments as at end-January 2014. All other fi-
qgures relate to end-2013.

3) €10 banknote: Volume of cash held in Germany for transaction purposes as at end-August 2014; cash balan-
ce held for such purposes outside the euro area arising from shipments as at end-May 2015. All other figures re-
late to end-2014.

4) €20 banknote: Volume of cash held in Germany for transaction purposes as at end-October 2015; cash balan-
ce held for such purposes outside the euro area arising from shipments as at end-July 2016. All other figures re-
late to end-2015.
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Domestic transaction balances account for roughly one-fifth of the total volume in
circulation of all three denominations (cumulated net issuance). However, in the
case of €10 and €20 banknotes, cumulated net shipments account for around
one-quarter of the total volume in circulation of each denomination, which is sig-
nificantly higher than in the case of the €5 banknote, at only 7%. The reason for
this difference is that there is typically less demand for the €5 abroad than for the

two next higher denominations.
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Abstract

Central banks need to forecast banknote demand. It determines the number of
notes they need printed and the future distribution network required. Yet forecast-
ing demand is an inherently complex problem - banknotes are anonymous bearer

instruments and so many of the sources of demand are difficult to research.

This paper sets out a framework for identifying and assessing drivers likely to
influence banknote demand. It presents, for the first time, the findings from an

1 | would like to thank Carleton Webb who constructed the forecasting models described in this pa-
per and provided much advice and guidance on their interpretation. | would also like to thank Roy
Whymark, Cordelia Kafetz, Martin Etheridge and Victoria Cleland for their comments on earlier drafts
of this paper. The views expressed in this paper are those of the author, they do not necessarily reflect
the views of the Bank of England and should not be reported as such. The author is solely responsible
for any errors
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econometric model, looking at the past relationship between demand for Bank of
England notes and a range of economic variables and cash industry statistics, to
help forecast future demand.

But this approach has its limitations. There will be determinants of demand not
included in the model. Furthermore, what is to say that past relationships will hold
into the future? Perhaps we are now approaching a point of inflection - a paradigm
shift in the demand for cash that causes the pre-existing relationships to break

down.

To account for this, central banks must continue to research cash demand, its cur-
rent and future drivers, and how significant they might be going forward. They
must look for leading indicators that suggest a break with the past, and attempt to
understand how, and when, the impact of technological change may significantly
change the trajectory of cash use. This paper will set out a structure for capturing
all of this information and using it to make judgements on the future of cash.

Whilst it might improve central bank’s forecasting capability, and thus the basis for
policy decisions, it will not eliminate all uncertainty. Therefore, central banks must
retain flexibility, and ensure the wider cash industry does as well. There is a future
for cash but we must constantly be alert to events that might change what that
future looks like.

1 Introduction: The curious case of cash

Despite regular reports of its demise, cash demand is stronger than ever. In the
run-up to Christmas 2016, the total value of Bank of England notes in circulation
(NIC) peaked at over €70 billion for the first time (an increase of 10% on a year

earlier). This represents over €1,100 for every man, woman and child in the UK.
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Demand has grown despite the fact that cash’s popularity as a transactional pay-
ment method is gradually declining. In 2015, cash accounted for less than half of
consumer payments for the first time. Clearly some other factors are driving this
growth.

Whilst this may be unexpected to the lay observer, it is a pattern consistently seen
across the world. From Australia to the United States, parts of Europe to Canada,
the paradox of falling cash use in transactions alongside strong overall growth

persists.

Why do central banks need to forecast demand?

Central banks need to maintain public confidence in the availability, quality and
security of the currency to meet their objectives of monetary and financial stability.
In order to do so they need to forecast what demand for their banknotes will be.

This helps them determine:

i. How many notes to print
— Central banks need to know volumes of notes to print in advance because
many components have significant lead-times.
— New notes are printed to both replace old notes deemed "unfit’ for circula-
tion and to meet increases in overall demand. This paper focuses on forecast-
ing changes in overall demand, rather than unfit returns, which are forecast

separately.

i. The infrastructure needed
— Whilst exact distribution models and outsourcing arrangements differ inter-
nationally, the wider distribution system serves broadly the same functions in
each country. Central banks need to ensure the system has sufficient capacity
to: distribute new notes to where they are needed, sort and recirculate used

notes, and destroy old notes when they become unfit for use.
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Central banks need to balance the inherent risk aversion to running out of bank-

notes with controlling costs, and responsibly managing public funds.

This paper presents a framework to help enable central banks to understand the
demand for their banknotes and how this can be forecast to help steer policy de-
cisions. The framework considers: (i) the drivers of banknote demand, (ii) how de-
mand can be modelled using these drivers, (iii) how to account for drivers that
cannot be modelled and (iv) how uncertainty about the future and potential shocks
can be managed. The framework is flexible, and allows for the analysis to be re-
fined and updated regularly so that conclusions on the future of banknote demand

can evolve.

The framework is as follows:

Chart 1
Research and Forecast demand Create a scorecard Conduct scenario
understand using those to consider the analysis to ensure
drivers of drivers that can impact of drivers sufficient flexibility

banknote demand be modelled that cannot to deal with
be modelled uncertainty
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The remainder of this paper is structured as follows. Section 2 sets out a simple
extrapolation approach for forecasting demand, by looking at demand for Bank of
England (BoE) notes. Section 3 sets out a conceptual approach for classifying the
sources of banknote demand. Section 4 presents a longlist of potential drivers in
each market. Section 5 describes how some of these drivers can be incorporated
into an econometric model, presenting for the first time a drivers-based model for
assessing demand for BoE notes. Section 6 discusses the limitations of this model
and what this means for how models should be used. Section 7 sets out an ap-
proach to combine the outputs from a model with data on the other drivers of
demand that were not suitable for inclusion in the model using a ‘scorecard” ap-
proach. It also presents the supporting evidence for two of those drivers. Section 8
concludes with how central banks can use this framework to help to plan for the
future: how to manage uncertainty and maintain an orderly, effective and fu-

ture-proof distribution model for banknotes.
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2 Extrapolating from the past

One way to forecast future demand for banknotes is to look at the past. The chart
below shows how BoE NIC has grown since 1975. Growth has persisted through-
out the period, with NIC as a proportion of GDP falling swiftly from 1975 before
starting to climb gradually in the mid-1990s. It also shows that growth since then
has been largely driven by the €20 and €50.

Value of Notes in Circulation (€billions) Figure 1
and as a proportion of GDP (%)
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Source: Bank of England, ONS

When forecasting based on historic data, typically one would place more weight
on the recent past because, ceteris paribus, recent changes can be expected to
persist as the majority of the drivers of those changes will continue at their recent

trajectory. As is demonstrated later, this reasonably simple extrapolation can help

2 (a) Data are based on the last day in February each year. (b) GDP figures based on nominal GDP, GDP
figures used for 2016 are Q3 2015 - Q3 2016 as full 2016 data was not available at time of publication.
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forecast NIC growth over the short-term. For example, based on recent trends it

would tell us to expect strong growth in demand for BoE notes to persist.

But this methodology gives few insights into what is driving changes in demand.
From a forecasting point of view, if the factors driving growth change, a model
that simply extrapolates recent growth is unlikely to perform well until those fac-
tors’ effects on growth have stabilised. For example, because interest rates deter-
mine the opportunity cost of holding cash, they are likely to be negatively related
with growth in NIC. Some of the growth seen since 2008 in BoE NIC may reflect
the large cuts in interest rates around that time. A model that could not foresee or

account for these cuts would have under-forecast growth.

Unless enhanced, such a simple model does not offer central banks the opportuni-

ty to factor in possible changes to variables that may drive demand.

3 Classifying the drivers of banknote demand

When considering the drivers of demand, it is helpful to consider where notes
might be held and for what purpose. This paper uses the conceptual framework
described by Whymark & Fish in 20142, which considers that banknotes are de-
manded for two uses?: (i) as a medium of exchange (for transactional use); and (ii)
as a store of value, across three markets: (a) the domestic legitimate economy; (b)

overseas; and (c) the shadow economy.

As anonymous bearer instruments, central banks cannot know exactly where their

3 Fish T and R Whymark (2015), "How Has Cash Usage Evolved in Recent Decades? What Might Drive
Demand in the Future?” Bank of England Quarterly Bulletin, Vol. 55, pages 1-12, available at http://
www.bankofengland.co.uk/publications/Pages/quarterlybulletin/2015/g3.aspx

4 Money as a unit of account is for our purposes captured by use as a medium of exchange and store
of value.
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notes are or how they are being used, but this framework provides a structure for

considering what drives banknote demand.

Transactional demand

Cash is used in the domestic economy to facilitate transactions for goods and ser-
vices; it circulates between financial institutions (in branches and ATMs), consum-
ers (in wallets) and merchants (stored in tills or safes waiting to be banked). It is the
source of demand that is most easy to identify, and is of most importance to cen-
tral banks.

That is because central banks have sight of notes that return to the national distri-
bution system; and have strong contacts with stakeholders in this market. In 2014
it was estimated that, at any one point in time, between 21% and 27% of the

value of Bank of England NIC was held within the domestic transactional cycle.®

It is the most important market, because it largely determines the infrastructure the
distribution system needs to maintain. Notes used in the transactional cycle tend to
be carried, spent and banked more often and thus determine much of the process-
ing activity the distribution system needs to meet.

Hoarding
Cash is hoarded in the domestic economy, where savings are kept as cash, often at
home as opposed to in a bank account. Hoarded cash is more difficult to research,

central banks can draw on survey data but we suspect that underreporting occurs.

A 2014 survey into the uses of cash® suggested that 18% of people hoarded cash.’

5 Fish T and R Whymark (2015)

6 An unpublished survey commissioned by the Bank of England’s Notes Directorate and conducted by
GfK NOP involving 1,000 respondents

7 Hoarding was defined as money kept at home for saving but that was not used for regular spending.
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Extrapolating the results indicated that a minimum of €3 billion was hoarded
domestically —around €345 per hoarder. However, these results are highly sensitive
to methodology. A more recent survey® found that 41% of people® reported that
they kept money in their home as savings but, on average, a much lower amount
of €78. This range demonstrates that surveys provide an indication of hoarding but
should not be solely relied upon. As an illustrative example, if one in every thou-
sand adults in the United Kingdom were to hoard as much as €100,000, this would
account for a further €5 billion (nearly 10% of NIC)."°

Overseas

Banknotes are demanded outside of their country of origin: for tourists to facilitate
spending, and as a store of value for overseas investors. Central banks may have
visibility of some of these flows and demand sources, but not all. Due to the chal-
lenges with disentangling overseas transactional and hoarded cash demand, this

paper treats all overseas demand as one classification.

Shadow

Banknotes are also used in the shadow economy. The shadow economy can be
broadly defined as “those economic activities and the income derived from them
that circumvent government regulation, taxation or observation”." This definition
covers a wide range of unreported income, from both legal and illegal activities
and in this paper all cash demand from the shadow economy is treated as one

source.

8 Face-to-face survey commissioned by Cash Services, carried out by Optimisa Research of 1,945 in-
dividuals.

9 22% of people chose not to say, so the true figure may be higher.

10 Fish T and R Whymark (2015)

11 Schneider and Buehn (2016), ‘Estimating the size of the Shadow Economy: methods, problems and
open questions’, IZA Discussion paper series, No. 9820. This definition is taken from Del’Anno (2003),
Del’Anno Schneider (2004) and Feige (1989).
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4 Identifying the drivers of banknote demand

Central banks cannot always differentiate between the various uses, and there are
likely to be regular movements between each category. Nonetheless, this frame-
work is useful for identifying, researching and unpicking the drivers of banknote
demand.

It is possible, based on research, literature and experience, to select a longlist of
drivers likely to influence banknote demand. These drivers will be sensitive to many
factors specific to individual currencies such as cultural issues; exposure to interna-
tional markets; domestic financial structure; and national banknote distribution
system. The table below identifies drivers of demand for Bank of England notes. It
is based on international literature, primary research, data from the distribution

system, economic theory and experience.

5 How do these drivers help forecast demand for banknotes?

Once a longlist of drivers that influence demand for banknotes has been identified,
central banks need to have a process for assessing how they will combine in the

future to affect overall demand.

This paper sets out two approaches that, which used in conjunction, should com-

prehensively capture the prevailing influences on banknote demand:

i) An econometric model

ii) A ‘scorecard’ of indicators
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Drivers of banknote demand

Market

Domestic

Overseas

Shadow

Consumers

Merchants

Financial
institutions

Use

Transactional
(Medium of exchange)

Availability of alternatives
to cash

Acceptability and cost of
those alternatives

Overall consumer spending:

— Consumption
— Unemployment

Attitudes to cash versus

alternatives, in terms of:

— Security

— Ease of use

— Budgeting implications

Self-employment

Cost of payment methods
Consumer attitudes to cash
Safety and fraud concerns

Attitude to cash from
a business continuity
perspective

Interest rates

Interest rates

Industry structure
— Number of ATMs

— Number of bank branches
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Table 1

Hoarded
(Store of value)

Trust in financial institutions
(eg influenced by cyber
attack, or national/global
financial crisis)

Interest rates

Security concerns to storing
cash at home

Perceived need to hold money
outside of the financial sector

Alternatives to cash as a store
of value

Exchange rates/perceived changes in future exchange rates

Tourism levels
Migration

Status as an international reserve currency

Tax and social security contribution burdens

Quality of institutions
Labour market regulations
Tax morale

Deterrence
Self-employment
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An econometric model

Econometric modelling can be used to assess the past relationship between chang-
es in these drivers and changes in banknote demand. In order to be included in an
econometric model, the indicators must be robust, statistically significant, and reg-

ularly produced — but not all drivers meet these criteria.

There are a variety of models that central banks could use and the indicators in-
cluded will depend on data available to them at the time. This paper presents the

results from a model produced to forecast demand for Bank of England banknotes.

Bank of England experience
Building on previous work'?, an error correction model was constructed to forecast
NIC growth.

The model estimates a long run relationship between the level of NIC and the driv-
ers of demand that, when tested, proved to be statistically significant. This includes
macroeconomic measures such as the interest rate, exchange rates and nominal
consumption, as well as variables covering industry structure such as number of
ATMs, which help control for changes in the opportunity cost of accessing cash.
For completeness, other variables included in the model are: the number of bank
branches, self-employment, and the number of regular payments made in cash.
The number of regular payments made in cash should proxy for the popularity of
alternatives to cash amongst consumers, accounting for the availability and ac-
ceptance of, and attitudes towards those alternatives.

It was not possible to include variables for a number of drivers identified in Table 1.

For example, whilst data on alternatives to cash, such as payments made by con-

12 Cusbert T and T Rohling (2013), ‘Currency Demand during the Global Financial Crisis: Evidence from
Australia’, RBA Research Discussion Paper, No 2013-01.
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tactless cards, are available, they are not recorded over a sufficient time frame to
be included. Others factors' were identified but when modelled, they were found
to not be statistically significant. However, they can still be of use in understanding
future demand and this paper will later discuss how they can be combined with the
forecast model.

The model’s long run relationship is (in logarithms)':

NIC,= c,+ [8,Cons,+ [s,BankRate,+ [35(LinkATMs, - Pop,) +
[,(BankBranches,- Pop, ) + [3:SelfEmp,+ [ssCashRegPay.+ [3,URate,+ [S4ER,

This relationship passes the Johansen test for cointegration, indicating a long run
relationship between the variables. The model calculates a level of NIC consistent
with its long run determinants and the forecasts return NIC to its long-term equi-
librium over time, with some short-term deviation dependent on recent changes in
the variables. So if NIC is above the equilibrium, the model forecasts weaker NIC
growth, conversely if NIC is below, it forecasts stronger growth. Given the speed of
adjustment coefficients in the total and denominational models are around -0.1 to
-0.25, the equilibrium adjustment should be almost complete after around 4 to 10

quarters (mostly within 1-2 years).

13 Other variables tested included the unemployment rate, the proportion of workers born in Eastern
Europe, (ONS estimates of) the shadow economy, the sterling effective exchange rate, official foreign
holdings of sterling, the VIX measure of stock market volatility, a measure of sterling-dollar volatility,
tourist expenditure, the number of state benefit payments per person and the number of students in
the UK.

14 Where Cons is nominal consumption, BankRate is Bank Rate (or Base Rate): the rate set by the Mon-
etary Policy Committee of the Bank of England, LinkATMSs-Pop is the number of ATMs per person aged
16+ (as in the Labour Force Survey data), BankBranches-Pop is the number of bank, building society or
Post Office branches per person, SelfEmp is the proportion of self employed in employment, CashReg-
Pay is the number of regular payments made in cash per person per year, URate is the unemployment
rate and ER is the sterling effective exchange rate index, all at time t. Nominal consumption captures
both the transactional demand for cash, and the effect of inflation on demand for cash through rising
prices.
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The total NIC model is useful for discussing what influences cash demand but cen-
tral banks also have to model by denomination in order to determine note orders.
Denomination-specific models are more sensitive to series changeovers and policy
interventions and these exogenous shocks must be accounted for. For example, in
2010, the Bank of England responded to concerns about the deteriorating quality
and availability of €5 notes in circulation. As a result, the Bank asked the ATM op-
erators to increase the number of €5 notes dispensed. To account for this, a dum-
my variable had to be included in the model, so as not to attribute this change in
demand to other factors. From the model it appears that the policy change raised
€5 NIC by 9%.

Generally, the financial crisis period triggered a shift in the coefficient estimates (fs,)
— the patterns observed before the crisis between various indicators and NIC were
impacted by it. While some seem to have subsequently drifted back toward their
pre-crisis values, others have remained at notably different values. This may be
because the volatility around the crisis induced enough variation in the data to
distinguish the effects of certain variables. For example, the large cuts in Bank Rate
were unprecedented and helped to uncover the strength of the relationship be-
tween NIC and Bank Rate.

The full list of coefficients is in appendix 1.

The results indicate a number of intuitive relationships, focussed on in the table

below.
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Relationship between explanatory variables and NIC Table 2

Variable

Consumption

Interest rates

Exchange rate

Number of
cash payments

Self-employment

Impact and possible rationale

Cash demand rises with nominal consumption. The coefficient is slightly less than
one, implying that a 1% rise in consumption leads to a slightly less than 1% rise in
cash demand. Consumption growth disproportionately drives demand for €20 notes,
while boosting €10 demand less than one for one. This might reflect a substitution
effect from €10 notes into €20 notes due to inflation.

Higher interest rates reduce cash demand, a relationship that became clearer during
the financial crisis when rates were cut significantly. The contagion effect following
the financial crisis may be captured both by lower rates and the exchange rate —
which may over-attribute growth in cash demand to these variables. The relationship
shows that a 100 basis point increase in Bank Rate is estimated to push down on
cash demand by 2%.

Bank Rate was not statistically significant for the €5 note but was for the €10. The
clearest effects are on the €20 and €50 notes.

For the €50 the US Federal Reserve's policy rate has been included as international
demand is larger for this denomination. The 450 basis point reduction in Bank Rate
and 500 basis point cut in the Federal Reserve's policy rate between 2007 and 2009
explains a fifth of the €6 billion increase in €50s since.

A fall in sterling’s exchange rate increases demand for cash. This was highlighted

by an immediate increase in demand for the €50 note following the fall in sterling’s
exchange rate in summer 2016 in the aftermath of the results of the UK's referendum
on EU membership. Acquiring BoE notes when the pound is cheap makes sense for
foreign visitors to the UK who are in essence bringing forward spending even when
those notes will not be spent for a number of months or even years. We also have
intelligence that there are individuals who hold a basket of currencies as cash and, for
whom, a fall in sterling’s exchange rate allows them to purchase BoE notes cheaply.

The number of regular payments made per person per year in cash increases demand
for cash, although this variable lost significance when updating the model using 2015
data. This variable captures payments like household utility bills, made in cash but
may also proxy the long run decline in cash usage overall for all types of payments.
The number of spontaneous payments made in cash was also tested but was not
significant. This might be because regular payments made in cash are of higher value
than spontaneous cash payments.

Self-employment appears to raise demand for cash, consistent with small businesses
receiving a larger proportion of their transactions in cash compared to large busi-
nesses. However for €50 notes there is a negative effect, although it is unclear what
drives this.
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Other findings revealed by the use of dummy variables in the model are that:

— There was a 2.9% increase (around €1.2 billion) in NIC in 2008-09 not associated
with the other variables that may be related to the shocks hitting the economy
— especially the financial sector — at that time. That could be interpreted as pre-
cautionary holdings of cash.

— The €50 note appears to be affected by series changeovers in a way that other
denominations are not, reflecting the note’s store of wealth use and the fact
that returned €50 notes are more likely than other notes to be exchanged for
electronic payment as opposed to a new series note.

— Concerns about electronic payments and bank computer systems around the

year 2000 appear to have temporarily boosted cash demand by a little over 1%.

But there are a number of patterns implied by the model’s results that are more

complex to explain:

A rise in unemployment appears to push down on NIC. One might expect un-
employment to boost cash demand as households often use cash for budgeting
(given that reduced spending should be captured by the consumption variable).
This holds true for demand for €5 notes, but higher unemployment lowers de-
mand for €20 notes, explaining the negative effect on overall NIC. The negative
coefficient might capture some cyclical factor not fully accounted for by consump-
tion. Or it may reflect some people drawing on previously hoarded cash, already in

circulation, when they become unemployed in order to smooth consumption.

A rise in the number of ATMs per person pushes up demand for cash. This
might reflect the fact that the banking sector requires extra cash to stock the ATMs,
which more than offsets the reduced need for consumers to hold larger stocks of
cash if cash is easier to access. Conversely, it could reflect the fact that consumers

withdraw more cash when ATMs are more readily available. This coefficient
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suggests that around 5% of cash is stocked in ATMs or their supply chains, which
seems reasonable given the value of cash withdrawn from ATMs. Before 2008, the
coefficient implied that over a quarter of cash was associated with ATMs which is
an unrealistically high proportion. It has since reduced and it is possible that varia-
tion in the other variables since 2008 has revealed a weaker underlying relationship
between ATMs and NIC.

For individual denominations, the picture is even less clear. ATMs per person
reduce €5 and €10 NIC, but push up on the €20.

In contrast to ATMs, a rise in the number of bank branches per person reduc-
es demand for banknotes. The increase in cash stocked is more than outweighed
by changing behaviour. The coefficient implies that if around 200 branches close
(or 1% of the total), NIC increases by 0.4% as households stock higher amounts of
cash. Small businesses may also play a significant role in holding larger amounts of
cash. The role of branches was insignificant before 2008, perhaps because there

were so many branches at that time that closing some made little difference.

Projecting forward

Once the past relationship between different variables and changes in demand for
each denomination is known, it is then possible to produce and use forecasts for
these variables to calculate forecasts for NIC growth by denomination.
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How accurate is the model?

It is also possible to measure how accurately the model would have performed in
the past given the data available at the time. The chart below compares the perfor-
mance of the error correction model (ECM) with a simpler extrapolation model' by

calculating the root mean squared error (RMSE) of the forecasts.

Comparison of RMSE Figure 2
(@annual growth rate for sum of denominations)

Percentage point error [ 3°

—Extrapolation model ——=ECM

Quarters ahead
| — T

1 2 3 4 5 6 7 8 9 10 11 12

The extrapolation model tends to perform better over the short-term, with evi-
dence that the ECM’s economic determinants help it to perform better after that.
Both models still exhibit relatively large forecast errors, of 2-3 percentage points in
terms of annual growth rates up to three years ahead.’ In terms of NIC levels, it

should be noted that this annual errors would compound over time.

15 The exact type of model is an autoregressive (AR) model, which regresses current growth on the last
period’s growth rate (or the last few periods’). These models tend to revert to the mean, but the short
term dynamics are driven by the observed persistence of changes in growth over time.

16 These results are specific to the sample period and may not hold for the future.
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6 Modelling challenges

There are three key challenges to producing an effective forecast model that help
explain this inaccuracy and also provide insights into how to supplement this fore-

casting approach:

(i) specification challenges with the model itself;
(i) inaccuracies in our forecasts for the variables included; and

(iii) concerns that past relationships may be disrupted going forward.

Specification challenges

Specification challenges have to be overcome with any forecasting model. In the
model above, judgement was used, based on the evidence, to remove variables
deemed responsible for spurious relationships. For example, the inclusion of point
of sale terminals in the model suggested an unrealistically large proportion of NIC
growth was driven by cash obtained as part of a sale hence this variable was re-
moved. As the complexities interpreting some of the coefficients demonstrate, it is

often not clear whether or not to include certain variables.

Models may also suffer from omitted variable bias: the model may not have cap-
tured all the factors that influence cash demand. For example, as stated above,
demand from overseas and the shadow economy are important components of
NIC yet we do not have the data to measure and model the drivers of this

demand.

Input forecast inaccuracies

A model can only be as accurate as the information inputted. The model’s outputs
are likely to be incorrect, if the forecasts for the explanatory variables are. For ex-
ample, forecasts for variables like consumption are normally subject to certain con-

ditioning assumptions, which may not materialise and forecasts for other variables
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are based on simple extrapolation. But as discussed below, one of the main bene-
fits of the model is that it allows us to conduct scenario analysis for a number of

possible future states, making it less reliant on identifying just one set of inputs.

Reaching a paradigm shift when past relationships no longer hold

The model is based on historic relationships and so can only forecast based on re-
lationships that have held true in the past. Whilst it can incorporate past trends, it
is not able to take into account paradigm shifts that fundamentally alter existing

relationships or new relationships that may emerge.

There is the added complexity that drivers are interrelated and changes to one
could have knock-on effects on others. For example, if transactional demand con-
tinues to fall whilst non-transactional demand rises, will there be a tipping point
where banknotes no longer have the same utility as a store of value if it was ex-
tremely difficult to bank and spend them? This model will not be able to predict
such a point of inflection. In countries with falling transactional demand and falling
NIC, it is possible that ‘de-hoarding’ has occurred already.

Moreover, non-linearities may exist in a number of relationships (for example, with

the exchange rate or interest rates) that have not been modelled.
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7 How can models be supplemented?

Given models’ theoretical and practical limitations, it is important to develop an
approach that takes account of a broader range of drivers.

This paper uses a scorecard approach to help collate information on these drivers
and weight them based on:

— The likelihood of a change in one of the drivers occurring;

— The market and use for cash affected, and thus;

— The magnitude of the potential impact; and

— The time lag between a change in a driver and the resultant impact on cash
demand.

Research has helped to identify which indicators to monitor, as set out in earlier in
Table 1, as well as to understand the transmission mechanism through which these

drivers influence demand.

Below is the evidence used in two instances to judge the potential impact various
drivers could have on i) merchant demand for BoE notes, and ii) hoarding demand
for BoE notes. It explains why a driver is influential, the potential impact it might
have, and how it can be monitored whether through inclusion in the model or in

the scorecard. This evidence is then used to inform the scorecard below.

Merchants’ use of cash

Merchants are responsible for a significant portion of NIC'”. Cash may be held by
merchants as takings before being banked, in tills as floats or for business continu-
ity purposes. As set out in Table 1, drivers for merchants’ use of cash are: cost of

17 In our 2014 quarterly bulletin article we estimated that this could amount to up to €5 billion.
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payment methods, consumer attitudes to cash, safety and fraud concerns, cash in

transit costs and interest rates.

One might expect that historically low interest rates, compared with the costs of
cash-in-transit (CiT) services for banking takings would mean that merchants would
hold onto cash for longer before banking it. This is somewhat evidenced by the
fact that the value of notes returned to wholesale cash distribution centres has
fallen 13% in the last two years." This has partly led to the increase in NIC as notes
have been held in the transactional cycle by financial institutions and retailers for
longer. Merchants are also keeping cash in the transactional cycle by refilling ATMs
in their stores directly from their tills. Due to this increasing trend, in 2013, to en-
courage these notes to be authenticated before use, the Bank of England, along
with the industry'®, introduced the Code of Conduct for Authentication of Ma-

chine-Dispensed Banknotes.

To understand whether merchant’s had a strategy for encouraging or discouraging
the use of cash, we at the Bank of England undertook qualitative research?® with a
range of large, cash-intensive businesses. The research found that many businesses
had seen a steady but significant fall in proportion of cash sales in recent years
which they expected to continue into the future, reflecting changing consumer
attitudes. Some of this was driven by changing behaviour, such as a shift in the
point of sale from in person to online. Businesses in other industries reported a
stable cohort of cash users (in one example accounting for 20% of sales) for whom
alternatives did not appear popular. This is accounted for in the model by the
variable which measures the number of regular payments made in cash, and the

18 From €15.25 billion in July 2014 to around €13.31 billion in July 2016.

19 The Code has broad industry support and is sponsored by the British Retail Consortium, Cash Servic-
es, LINK, the Association of Commercial Bank Issuers and Payments UK. See http://www.cashservices.
org.uk/what-we-do/codes-conduct

20 12 interviews were conducted with large, cash-handling businesses, across different sectors, broadly
representative of total cash spending as reported in Payments UK, 2016 UK Consumer Payments.



Callum Miller
Addressing the limitations of forecasting banknote demand
335

forecasts will cover a trend over time. To inform the forecast, it is also necessary to
monitor leading indicators that may signify an acceleration or deceleration of this

movement away from cash going forward.

Banking policies were thought to be relatively unresponsive to falling cash volumes
and decisions on how often to bank takings were driven by practical concerns such
as safety and insurance limits and CiT costs. Interestingly, merchants said they were

not strongly influenced by the potential interest they could earn.

Cash was still the cheapest form of payment for most merchants but the differen-
tial between cash and debit card was narrowing. This matches with industry-wide
data provided by the British Retail Consortium survey, which shows that as a pro-
portion of tender value, cash is the cheapest payment method although debit card
costs are falling, with possible further reductions to come once the full impact of
interchange fee reductions are realised?'. Cash costs on the other hand, such as the
cost of a business account with cash services, have stayed fairly stable. The relative
costs of card and cash will depend on the individual merchant because a significant
share of cash processing costs are fixed, and card processing requires initial invest-
ment. Thus costs per transaction are dependent on scale of the business.

Costs of collection as a % of tender turnover, 2011-2015 Table 3
2011 2012 2013 2014 2015

Cash 0.14% 0.16% 0.14% 0.14% 0.15%

Debit cards 0.32% 0.32% 0.32% 0.36% 0.22%

Source: BRC Payments Survey 2015

21 The Interchange Fee regulation is EU legislation that came into effect in June 2015. In the UK, this
means that on average debit interchange cannot exceed 0.2% of transaction value.
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This is emphasised by research with small businesses??, which found that majority
of businesses not currently offering electronic payments are unlikely to change
their approach. Four in five of these businesses ‘probably” or ‘definitely will not’
offer debit/credit card, contactless, or mobile payments in the next 2-3 years. An

aversion to change and cost were cited as the top barriers.

Overall, whilst larger businesses are responsive to costs, merchants interviewed
reported that they would continue to offer as many methods of payment as con-
sumers wanted, and that they would not push customers away from cash. Howev-
er, around a third of the merchants interviewed said that they may attempt to
“nudge” customers if cash became too costly. Smaller businesses appear more re-

sistant to card payments although they are similarly motivated by cost.

Hoarding

There are many motives for hoarding cash. One would think interest rates are an
important factor, as presumably there is a level at which the opportunity cost of
foregone interest outweighs the perceived benefit of cash. However, the only avail-
able information on hoarding comes from surveys, and they have found that peo-
ple keep cash mainly to provide comfort against potential emergencies.

As can be seen in the chart below, issues about privacy, trust and access to cash in
emergencies were the most important drivers. It is not clear if these drivers will
persist into the future or what might influence them. Perhaps greater knowledge
of deposit insurance limits would reduce hoarding. A widely-publicised cyber-at-
tack, on the other hand, might reduce trust in financial institutions to keep data
private and increase the incentive to hoard. These are events we can monitor,
although measurable indicators are more difficult to determine. Stability of earn-
ings, as measured by wage levels for example, could be used to proxy the need for

22 Tu, T & Salmon, C (2016) Uses of cash and electronic payments, Ipsos Mori Research Report 432.
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cash in emergencies.

Why do you keep cash at home rather than in a bank, Figure 3
building society, or credit union?

I don’t have a bank account

| feel a sense of achievement from saving physical cash
Interest rates on savings accounts are too low

In case the ATMs don’t work

Don’t know

Physical cash feels more real than a bank account

I do not trust Fls

Other

| prefer to keep my savings private

In case | need it for emergencies

0% 10% 20% 30% 40%

Source: GfK NOP survey of 1,000 respondents into the uses of cash, 2014

Similarly central banks can monitor whether an alternative to cash as an anony-
mous store of value is developed and adopted. Whilst take-up is hard to predict,
such a product would seemingly have to be anonymous, widely accepted, exist
outside of the traditional banking system and be controlled by some other trusted
party. It is unlikely such a product will be developed in the near-future.

Nevertheless, the impact of these factors will be limited given that 42% of those
who hoard reported that “nothing” would influence them to put cash in a bank

account in the future. Of those that could be influenced, interest rates and
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perceived access to cash were the most important factors.?® Interest rates are in the
econometric model and the variables on ATMs and bank branches are included to
account for access to cash. This finding appears to contradict the data in the chart
— highlighting the shortcomings of surveying about future intentions.

Scorecard

The drivers not included in the forecast model have been assessed in the scorecard
below. Continued research and analysis will help refine the scorecard, which should
be considered preliminary at this stage. Whilst the ratings assigned in the scorecard
are subjective, they are informed by the evidence.

Once the scorecard has been fully specified, central banks can decide whether to
deviate from a model’s central forecast and the extent to which they should do so.
There needs to be a robust process for how this is done in practice, with sufficient
checks, challenges and balances to ensure that bias is removed from the decision.
The scorecard should, therefore, be used as a tool to help to ensure that the full

range of potential impacts are discussed and taken into account.

23 When asked “What would influence you to put the cash you are keeping at home in an account
with a bank, building society, or credit union?” 42% replied “Nothing”, 20% “Higher interest rates on
savings accounts” and 14% “Easier to withdraw the cash again if | need to.”
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Preliminary scorecard for drivers of banknote demand

Indicator

Interchange fee

Use of alternative

payment methods

Cash costs
(Cash in transit, busi-
ness banking)

Safety and fraud
concerns

Cyber attacks

Alternatives to cash as
a store of value

Stability of earnings/
wage growth

Deposit insurance limit

Market and use, rough
proportion of overall
demand

Domestic transactional

(21-27% of stock of
notes

Domestic transactional
(21-27% of stock of
notes)

Transactional
— merchant demand

Transactional
—merchant demand

Transactional and

hoarding

Hoarding

Hoarding

Hoarding

Table 4

Brief description of transmission mechanism

Determines cost of accepting card (and thus relative
cost of cash) for merchants.

Reflects changing use of payment methods.

Increases cost of banking cash takings and
encourages cash to remain in circulation.

If potential cash losses are deemed more likely than
card, merchants will nudge customers away from
cash.

Influences attitudes to cash due to safety concerns of
alternatives

Potential substitution from cash hoarding to ‘saving’
via an alternative product.

Influences perceived need of cash in case of emer-
gencies

Influences need for cash in case of emergencies,
unlikely to have significant impact.



Rating of potential
impact (1-5, where 5 is
high impact)

2

1 (stock market volatility
not significant)
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Feedthrough time
Lagging or leading indicator

Leading

Likely to take 6-12 months for changes in legislation
to feed through to cost changes and further lag to
influence merchant behaviour.

Lagging
Data will reflect substitution away from cash.

Leading

Uncertain as to how quickly merchants would
respond to cost changes, likely to be dependent on
magnitude of change. Should lead to a step change
in level of NIC as opposed to impacting growth in
long run.

Leading

Merchants will take time to react to changes,
although data may not be produced regularly enough
to be considered a leading indicator.

Leading
Public response to cyber attack dependent on scale
and reporting of incident.

Leading
Uncertain as to how quickly developments would
influence behaviour.

Leading
Unknown given absence of information on hoarding
behaviour

Leading
Unknown given absence of information on hoarding
behaviour

341

Likelihood of change
occurring

Unlikely in the next year

Trend likely to continue
but deviations possible

No indication of
significant change in the
next year

Unlikely

Unknown

Low

Attachment to cash
for hoarding is attitude
unlikely to change

Low

No indication of a
change.
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Preliminary scorecard for drivers of banknote demand (continued)

Indicator

Tourist spending

Status as a reserve
currency

Migration

Tax and social security
contribution burdens
Quality of institutions
Labour market regu-
lations

Tax morale

Deterrence

Market and use, rough
proportion of overall
demand

Overseas

Overseas

Transactional/shadow

Shadow

Table 4

Brief description of transmission mechanism

Increased tourist spending reflects greater demand for
cash, either acquired abroad or once entered the UK.

If sterling was to be considered less valuable as an
international reserve currency, overseas demand for
BoE notes would fall.

Migrants to UK are likely to be more cash-dependent
than residents.

If taxes, contributions or regulations increased then
cash demand would be expected to rise, although
clear link with self-employment variable.

Increased deterrence for using cash in shadow
economy will reduce cash use, as would higher
morale.



Rating of potential
impact (1-5, where 5 is
high impact)

0 (not significant in
model)
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Feedthrough time
Lagging or leading indicator

Lagging

Indicative of future patterns but data produced fairly

regularly.

Leading

However changes in “status’ role will probably only
materialise as reduced demand for sterling.

Lagging

Migration will have already impacted NIC once

migration statistics reported.

Leading
Lag unknown

343

Likelihood of change
occurring

Uncertain

Uncertain

Unknown

Uncertain

Taylor review on modern
employment practices
may report on some of
these drivers

Tax morale difficult to
predict and deterrence
changes unknown
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8 Conclusion: helping to plan for the future

This paper sets out a framework for understanding banknote demand. Following
extensive research, it seeks to identify the drivers of demand for Bank of England
banknotes. It describes how a forecast model was developed, using the relation-
ship between changes in some of these drivers and changes in NIC to predict de-
mand going forward. It also sets out how this can be supplemented with broader
research and information that could not be properly accounted for in the model.

Together, this information can be used to help determine a forecast for NIC.

However, calculating a central forecast for banknote demand, by denomination, is
a rather narrow output. As central banks, it is the range of possible outcomes that
interests us. For example, demand can be forecast based on interest rates rising
sharply, the pound depreciating and the number of bank branches falling sharply.
It can also be forecast based on a cyber threat causing a reversal of the trend away

from cash for transactions whilst consumption was growing strongly.

This is arguably the more important output. It allows central banks to assess future
infrastructure needs against a range of stretch scenarios, and to ensure they are

resilient to a combination of exogenous shocks.

Practically, this can be done by negotiating agile and flexible contracts with suppli-
ers to guarantee sufficient flexibility to banknote production. Central banks can
also hold contingency stocks of banknotes to meet demand under a range of se-
vere but plausible events. These stock levels can be set according to a broad risk

appetite dependent on the range of scenarios they want to mitigate against.

It is not possible to know exactly what demand for banknotes will be in the future,
but this paper sets out a framework for understanding what demand might be and

how it might be influenced. It also describes how to identify leading indicators that
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may signify a change of demand in the future. With this knowledge, processes can
be put in place to manage uncertainty to ensure confidence in the currency is

maintained.



Addressing the limitations of forecasting banknote demand

I Callum Miller
346

References

Cusbert T and T Rohling (2013), ‘Currency Demand during the Global Financial
Crisis: Evidence from Australia’, RBA Research Discussion Paper, No 2013-01.

Dell’Anno, R. (2003), ‘Estimating the shadow economy in Italy: A structural equa-
tion approach’,

Del’Anno, R. and F. Schneider, (2004), ‘The shadow economy of Italy and other
OECD countries: what do we know?’, Discussion Paper, Department of Economics,
University of Linz, Linz, Austria.

Feige, E.L. (ed.) (1989), ‘'The Underground Economies. Tax Evasion and Informa-

tion Distortion’, Cambridge University Press, Cambridge.

Fish T and R Whymark (2015), "How Has Cash Usage Evolved in Recent Decades?
What Might Drive Demand in the Future?’ Bank of England Quarterly Bulletin, Vol.
55, pages 1-12, available at http://www.bankofengland.co.uk/publications/Pages/
quarterlybulletin/2015/g3.aspx.

Schneider and Buehn (2016), ‘Estimating the size of the Shadow Economy: meth-
ods, problems and open questions’, IZA Discussion paper series, No. 9820.

Tu, T & Salmon, C (2016), ‘Uses of cash and electronic payments’, Ipsos Mori
Research Report 432.



Callum Miller

Addressing the limitations of forecasting banknote demand

Appendix 1: ECM estimates for total NIC

Constant
Consumption
BankRate

LinkATMs

Branches

SelfEmp
CashRegPayments
UnemploymentRate
ExchangeRate

Speed of adjustment
d(NIC(t-1))
d(Consumption(t))
d(ExchangeRate(t))
Crisis 2008Q4

Crisis 2009Q1

Crisis 2009Q2
Millennium (1999Q4)
Adjusted R-squared

Standard error

1993Q4 - 2008Q2

14.798***

0.908***

-0.002

0.288***

-0.049

0.917***

0.136***

-0.009**

-0.048**

-0.658***

0.335%**

0.453***

-0.055*

0.015%**

0.43

0.005

1993Q4 - 2015Q4
without crisis dummies

14.204**

0.85%**

-0.022%**

0.052*

-0.524***

0.865**

0.046

-0.008**

-0.091***

-0.194%**

0.27***

0.103

-0.085***

0.011**

0.28

0.005

*** **and * indicate p-values less than 0.01, 0.05 and 0.10 respectively
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Table 5

1993Q4 - 2015Q4
with crisis

14.204***
0.85%**
-0.022***
0.052*
-0.524***
0.865**
0.046
-0.008**
-0.091***
-0.183***
0.202**
0.232**
-0.059**
0.015***

0.014**

0.011**
0.36

0.005
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Abstract

U.S. consumer cash payments averaged 26 percent by number (volume share) from
2008-2015, according the Survey of Consumer Payment Choice (SCPC), and essen-
tially flat from 2012 to 2015. In contrast, new estimates from the Diary of Consum-

er Payment Choice (DCPC) suggest that the volume share of consumer cash

1 Scott Schuh is the director of the Consumer Payments Research Center in the research department of
the Federal Reserve Bank of Boston and a senior economist and policy advisor. His emailadress is scott.
schuh@bos.frb.org. This paper reflects the collaborative work of the Consumer Payments Research
Center with the Federal Reserve Banks of San Francisco (Cash Product Office) and Richmond. The au-
thors thank Jason Premo for excellent research assistance; Barbara Bennett, Marcin Hitczenko, Joanna
Stavins, and Robert Triest for helpful comments; and Suzanne Lorant for superb editing. The views
expressed in this paper are those of the authors and do not necessarily reflect the views of the Federal
Reserve Bank of Boston, the Federal Reserve Bank of San Francisco, or the Federal Reserve System.
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payments is higher than estimated in the SCPC, as expected, but 8 percentage
points lower in 2015 than in 2012. Unfortunately, the DCPC most likely does not
provide an accurate estimate of the actual changes in cash payments due to major
changes in survey methodology between 2012 and 2015. Furthermore, improve-
ments in economic conditions during this period may have influenced the esti-
mates in ways that do not reflect longer run trends. Counterfactual simulations
that control for survey and economic changes suggest the cash volume share de-
clined about 1 to 3 percentage points due to changes in consumer preferences
during this period, closer to the SCPC estimate. The DCPC estimates also indicate
that the dollar-value share of cash payments was flat.

1 Introduction

Cash does not appear to be “dead,” or even “dying,” in the United States despite
widespread diffusion of electronic payment networks and proliferation of consum-
er payment instruments in recent decades. Using the Federal Reserve Bank of Bos-
ton’s Survey of Consumer Payment Choice (SCPC), Greene, Schuh, and Stavins
(2016) shows that the volume share (number) of U.S. consumer payments that are
cash averaged about 26 percent from 2008 to 2015; the cash share was notably
higher in 2015 than it was in 2008. Using the Diary of Consumer Payment Choice
(DCPC), which was co-sponsored by the Federal Reserve Banks of Boston, Rich-
mond, and San Francisco, Bagnall et al. (2016) reported the U.S. cash volume share
of payments in 2012 was 41 percent — 15 percentage points higher than in the
2012 SCPC.

This paper provides a more detailed, official introduction to the DCPC, reporting
new results for 2015 to compare with 2012 and focusing on consumer use of cash
(or currency, that is, notes, bills, and coins). The DCPC represents an improvement
in measurement of consumer payment choices over the SCPC for two reasons.

First, the DCPC asks respondents to record every payment they make each day,
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whereas the SCPC asks respondents to recall from memory how many payments
they typically make during a longer period of time (week, month, or year). Thus,
the DCPC is expected to produce more accurate estimates of consumer payments.
Second, the DCPC collects data on not only the number of payments but also the
dollar value of each payment. Thus, the DCPC adds a second dimension of pay-
ment use — value as well as volume — that enriches understanding of consumer

payment decisions.

SCPC and DCPC estimates of the volume of cash use in 2012 and 2015 are quite
different statistically and economically. The SCPC estimates indicate that the cash
volume share was about unchanged (0.3 percentage points higher in 2015). How-
ever, Matheny, O'Brien, and Wang (2016) reported preliminary and unofficial 2015
DCPC estimates that suggest cash volume was 8.2 percentage points lower than in
2012 (40.7 percent in 2012 versus 32.5 percent in 2015). Unfortunately, the 2012
and 2015 DCPC raw data estimates are unlikely to be an accurate estimate of the
actual change in cash’s share due to substantial changes in survey methodology.
Therefore, the implied change in U.S. consumer cash use (a decline of 8 percentage
points in volume) is almost surely not an accurate reflection of actual changes in

consumer preferences for cash between 2012 and 2015.

Differences in survey methodology and economic conditions between the 2012
and 2015 DCPC likely contributed to differences in the DCPC estimates of consum-
er payments during this period. The survey methodology of the 2015 DCPC in-
cludes two improvements relative to 2012: revisions to the DCPC questionnaire
and switching to a better sampling frame. Both improvements likely affected the
measurement of consumer payments, although both also had some limitations. A
second reason for the lack of comparability is the U.S. economic conditions
changed from 2012 to 2015, with unemployment falling and uncertainty from the
financial crisis diminishing. While changes in economic conditions could affect

measurement of consumer payments by the SCPC and DCPC, the latter may be
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more susceptible to economic fluctuations because it measures actual daily activity
whereas the former measures “typical” behavior that presumably abstracts from

high-frequency developments.

The DCPC motivates an enhanced view of consumer payment choices relative to
the SCPC by providing data on the dollar value of payments as well as the number
(volume). According to the DCPC, the consumer value shares of cash payments
were similar in 2012 and 2015 (12.4 percent and 11.4 percent, respectively). This
1.0 percentage point difference is modest compared with the 8.2 percentage
points in the cash volume share. Thus, the value shares suggest little change in
consumer cash use, while the volume shares point to a potentially large decline.
Moreover, this apparent discrepancy in the picture of cash volume and value shares
over time implies another intriguing development, namely, that the average value
of consumer cash payments (the total value of payments divided by the total num-
ber) must have been higher in 2015 than in 2012, which it was (577 versus $70,
respectively).?

Economic intuition suggests that consumers likely choose both the value and num-
ber of payments intentionally and simultaneously. Economic theory offers consid-
erable guidance about the determination of payment values, which represent con-
sumer spending from income (see Schuh 2017). However, neither economic
theory nor the economics literature provides much guidance for understanding
how consumers choose the number of payments they make during a period. The
economics literature has demonstrated empirically that the choice of payment in-
strument is correlated with the dollar amount of payment. As first shown by Klee
(2008), consumers tend to use cash more often for small-value payments. Thus,
consumer joint decisions about the value and volume of payments together deter-

mine the average payment value. Even without measurement challenges, it is

2 Throughout the paper, all dollar values are expressed in constant 2015 dollars to adjust for inflation.
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difficult to decompose and interpret changes in the total value, total volume, and

average value of payments without a rigorous economic model.

Although we do not present such a model in this paper, we conduct two analyses
to assess the observed DCPC data. First, we describe how the value, volume, and
average value of consumer payments changed over time at the aggregate U.S.
level and for individual consumers. These data begin to suggest how changes in
survey methodology and economic conditions may have influenced consumer pay-
ment choices. Second, we conduct counterfactual simulations to quantify a likely
range of estimates of the actual change in consumer preferences for cash between
2012 and 2015. We estimate standard models of consumer choices of payment
instruments that depend on individual payment values, other factors related to
economic conditions (for example, income and employment status), and survey
methodology. These estimated models show very little change between 2012 and
2015 in consumer payments defined by the probabilities of choosing particular
instruments at various payment values. We then simulate the effects of substitut-
ing the actual 2012 and 2015 distributions of individual payment values into the
models of consumer payment choices for alternate years (that is, 2012 distribu-
tions into the 2015 model and vice versa). We conclude that a reasonable estimate
of the change in cash volume shares that is attributable to changes in consumer
preferences for cash is about —1 to —3 percentage points, which is much less than
the observed change (8.2 percentage points) and closer to the SCPC estimate
(+0.3 percentage points).> The remainder of the observed change in cash volume
share is likely attributable to changes in survey methodology, changes in economic
conditions, or both, but we do not estimates these influences separately.

3 Although we estimate the aggregate change to be modest, changes at individual merchants could
differ from the aggregate. For example, Wang and Wolman (2016) report a 2.5-percentage-point-
per-year decline in the volume shares of cash at a discount retailer between 2010 and 2013. For the
same time period, 2010 to 2013, the SCPC finds a smaller 0.75-percentage-point-per-year decline in
aggregate cash use (volume).
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The remainder of this paper is organized as follows. Section 2 introduces the DCPC
in greater detail and describes its relationship to the SCPC. Section 3 presents ag-
gregate time series data on the number of payments, value of payments, and av-
erage payment value from the SCPC and DCPC. Section 4 reports the microeco-
nomic distributions of these same payments data for individual consumers,
cumulated over their three diary days. Section 5 describes the estimated models of
consumer choices of payment instruments in 2012 and 2015, and reports the re-
sults of the counterfactual simulations. Section 6 concludes, and an appendix con-
tains the technical details.

2 The Diary of Consumer Payment Choice

This section briefly introduces the DCPC and provides a high-level comparison with
the SCPC. The purpose here is not to provide an exhaustive description of the
DCPC or a comprehensive reporting of all the DCPC data in 2012 and 2015.% In-
stead, the goal is to summarize the key similarities and differences between the
DCPC and SCPC, and between the 2012 and 2015 DCPC, focusing on the esti-

mates of consumer cash use.

2.1 Brief History

Since 2008, the Federal Reserve Bank of Boston has conducted the annual Survey
of Consumer Payment Choice (SCPC) to provide reliable and representative time-se-
ries data on U.S. consumers’ responses to the transformation of payments from
paper to electronic means of payment. The SCPC was designed to measure the
adoption and use of traditional and emerging payment instruments by U.S. con-

sumers. A key contribution of the SCPC is the inclusion of currency or “cash”

4 More publications doing so will come later. Previous research using the 2010, 2011, and 2012 DCPC
includes Bagnall et al. (2016), Briglevics and Schuh (2016), Briglevics and Shy (2012), Fulford, Greene,
and Murdock (2015), Greene and Schuh (2014), Shy (2012), Shy (2013), and Shy and Stavins (2013).
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(notes, bills, and coins), which had not been tracked for U.S. consumers since the
mid-1980s.> By including cash together with all noncash payment instruments, the

SCPC provides comprehensive data about consumer payment choices.

Despite providing time series data that offers a unique measure of U.S. consumer
payment trends, the SCPC has two potential shortcomings. First, the SCPC ques-
tionnaire asks respondents to recall from memory their payment choices in a “typ-
ical” week, month, or year rather than relying on recordkeeping or the use of
electronic transaction files. Thus, the SCPC is potentially vulnerable to measure-
ment error stemming from poor respondent recall, rounding, and related difficul-
ties. Second, the SCPC collects only the number of payments made by consumers
and not the dollar values of those payments. The latter shortcoming is particularly
limiting for research and projection of trends because of the empirical correlation

between payment value and consumer choices of payment instruments.

Consequently, in 2010, the Fed Banks began fielding pilot versions of the Diary of
Consumer Payment Choice (DCPC) that complement and enhance the measure-
ment of consumer payments in the SCPC. Based on early success, the Banks decid-
ed to field an official version of the DCPC in 2012. In contrast to recall-based sur-
veys, payment diaries ask respondents to record their daily payment choices (and
cash withdrawals), so they are likely to obtain better measurement of consumer
payments.®

The primary motivation for the DCPC was to test the SCPC’s ability to accurately
measure the number of consumer payments. Results of the 2012 DCPC, which

revealed a much higher estimate of the cash volume share than in the 2012 SCPC

5 See Avery, Robert B., Gregory E. Elliehausen, Arthur B. Kennickell, and Paul A. Spindt (1987).
6 See Bagnall et al (2016) for an introduction to payment diaries in seven industrial countries, most of
which were sponsored by central banks.
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(41 percent versus 27 percent, respectively) appeared to support the presumption
that the DCPC provides better estimates of payments than the SCPC, especially for
small-dollar-value cash payments. A preliminary analysis by Hitczenko (2013) found
that the optimal period of recall for cash is less than one week, which is the highest
frequency recall period in the SCPC; thus, daily diaries likely give better estimates of

cash use.

The 2012 DCPC cash volume estimate seemed to receive further support from the
estimate of the value share of cash payments. At 12.4 percent, the estimated cash
volume share revealed that the average value of cash payments is relatively small
(521), and thus perhaps more likely to be overlooked in a recall-based survey. In
addition, Schuh (2017) demonstrated that the aggregate value of payments in the
2012 DCPC approximately matched the estimate of personal income from the
National Income and Product Accounts and generated more accurate estimates of
consumer expenditures than the Consumer Expenditure Survey. Based on this rela-
tive success of the 2012 DCPC, and armed with a better understanding of the
character and merits of payment diaries, the Fed Banks fielded the DCPC again in
2015 and 2016, enabling a quantitative comparison of changes in cash use over
time with the SCPC estimates.

2.2 Comparison of SCPC and DCPC

The SCPC and the DCPC are complementary data collection tools that aim to meas-
ure consumer use of payment instruments (Table 1 and Figure 1). The SCPC and
DCPC both estimate the number of consumer payments, the number of cash de-
posits and withdrawals, and the value of cash holdings plus (beginning in 2016)
other account balances (checking, PayPal, GPR prepaid card). They also distinguish
between bills, online and offline purchases, and person-to-person (P2P) payments.
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of Consumer Payment Choice

Owner (Co-sponsors)

Frequency

History

Reporting period
Questionnaires
Observation unit(s)

Mode(s)

Data collection

Time burden
Incentive

Summary of contents

Measurement period

SCPC

FR Bank of Boston

Annual
2008-present

September - December

Consumers, households

Online
(Internet, unaided)

Recall
(typical period: day, month, year)

30 minutes
$20

Instruments, ratings of traits
Adoption of accounts
Account balances

Adoption of instruments
Cash balances

Cash withdrawals

Use of instruments (#)

“Typical” [period]
(week/month/year)

Source: Federal Reserve Bank of Boston.
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Table 1

DCPC

FR Bank of Boston
(FR Banks of SF, Richmond)

Irregular
2010-2012, 2015-2016

October (except 2015)

Consumers

Mixed — paper/online
(Instructions, memory aids &
Internet, unaided)

Recording and recall
(day)

Up to 20 minutes/day, 3-4 days
$60-70

Instruments, preferences
Account balances
Instruments carried/available
Cash balances

Cash deposit & withdrawals
Use of instruments (#,5)
Instruments, choice reasons

Daily
(3 consecutive, randomly assigned)
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DCPC evolution, 2012 to 2015 Figure 1
= T ] Recording—) Days
R oo oon s £
] AL DT b s TRE R YN TS BEFCEE 28 (e A Elahe s Same
SOPC bwkaew matnchesl N pergoniact i pargon samplele
DCPC Ciaihi DELAALE a0 AalE [ THIN BPOSIE [ Ehl g BECE SOPC
porncs & ehpwhan altar
A complets L5 piryws Fypu o disproaity B cheching acoommi kg
FOPC belown Chacling, PR W e el sith Toliovw ups frschdineg Bncome]
[FdLR propadd, Paylal i furthar clansity
bl as TN s Ea
Arpsunmans Follow wp questions approprists i
depisn, une of § vidue & Himbeg of payee ot withdiawals
oy incom el
ERIE T Wors follow up quinbions based on  Teamber betwesn dctoarts
Pagmiam pawh w
Bsdopton of bank flry Erasaciion typs)
& s rar Timehneet of bill pay=main
wocouny
- Firt Doy 2012 | Special Modules 2015
Ciparars c3ah hatancs Clay 1 Emaigency wsings
Chaching & ferain Ciay 3 Bili paryrmen {41 typa
Tirng o miare recgd
T rand crubecenca
artmal carTancy [y

Source: Federal Reserve Bank of Boston.
Note: 2015 additions and enhancements in bold.

Important differences between the SCPC and DCPC, however, could lead the two
instruments to produce different estimates of the total number of payments and of
cash use. These differences include recall versus reporting (described above), re-
porting periods, payment information that is collected, survey mode, and survey
administration period. The SCPC and DCPC also have different reporting periods
for measuring payments. The SCPC asks respondents to estimate numbers of pay-
ments in “typical” time periods, for example, a “typical month,” and estimates the
total number of payments made by U.S. consumers in a typical month. The DCPC
asks respondents to report every payment they make over an assigned three-day-pe-
riod (during October in 2012 and between October 16th and December 15th in
2015) and reports an estimate of the total number and value of payments made by
U.S. consumers during these periods. In contrast to the SCPC, and as noted above,
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the DCPC asks respondents to report information about specific payments, includ-
ing dollar values. Consumers also report the date and time of their payment, the
payee, and whether or not a device, for example, a mobile phone or laptop, was
used.

The SCPC and DCPC also differ in survey methodology. The SCPC is an online inter-
net survey; respondents are asked to take both the SCPC and DCPC but receive no
instructions about the SCPC before they begin. The DCPC is mixed mode, with re-
spondents receiving various supports. Before the DCPC begins, consumers receive
an introductory email describing its multi-day structure; are sent written and video
instructions for reporting payments, and receive two types of paper memory aids
(large format including instructions and pocket-sized) as well as a pouch for col-
lecting receipts. These additional supports are expected to lead to more precise
reporting of consumers’ actual activities. Respondents take the SCPC in one sitting;
DCPC respondents go online over three or four days to record payments activity,
cash holdings, income receipt, deposits and withdrawals, etc. The DCPC builds its
monthly estimate of payments from three-day waves of respondents randomly

distributed throughout the month. The SCPC estimate is based on consumer recall.

2.3 Improvements to DCPC Survey Methodology

The 2012 and 2015 DCPC estimates differ due to two improvements in survey
methodology between the two periods: 1) revisions to the survey questionnaire
(Figure 1); and 2) a switch to a better sampling frame (Table 2). In addition, some
of the questionnaire improvements had some practical flaws, and the sampling
frame was so new that the 2015 sample was limited to a smaller size than desired.
Furthermore, the changes in survey methodology make it difficult to identify eco-
nomic changes that could be affecting consumer expenditures and changes in
consumer preferences for payment choice over the three years. Therefore, readers
should not treat the difference between the 2012 and 2015 DCPC estimates as an
unbiased estimate of the actual change during this period. This warming applies to
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the total number of payments, the numbers and shares of payments by payment

instrument, and potentially other estimates from the DCPC for 2012 and 2015.

Comparison of DCPC sampling frames and samples,

2012 and 2015

Vendor
Target population

Sampling frame

Frame recruitment

Frame size
Outsourced sampling frame

DCPC sample recruitment

DCPC time period

DCPC sample size, # of
respondents
(# of completed diaries)

DCPC sample size in comparable
time period
(October 16-October 31)

2012 DCPC
RAND Corporation
Age 18+, non-institutional

American Life Panel (ALP)

80% convenience sample, some
referrals by panel members, some
address-based sampling

~5,500

None

Random representative subject to
maximum matching with SCPC
longitudinal panelists

October 1-31

2,468 (2,468)

1,398

Source: Federal Reserve Bank of Boston.

Table 2

2015 DCPC
University of Southern California
Age 18+, non-institutional

Understanding America Study
(UAS)

100% address-based sampling

~1,400

GfK Knowledge Panel

Invite all panel members; random
selection of UAS repeat diarist

(509); random selections of GfK
members

October 16-December 15
Total: 1,392 (1,901)

UAS: 1,076 (1,585)
GfK: 316 (316)

390
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2.3.1 Questionnaire Revisions

Changes to the 2015 DCPC questionnaire include new questions and improve-
ments to existing questions. New questions were added to collect additional infor-
mation about consumers’ assets and income available for making payments, to
capture information about noncash deposits and withdrawals, and to expand un-
derstanding of consumers’ payment preferences. Improvements were designed to
refine classification of consumer expenditures and to improve recall and reporting
of bill payments. New questions likely did not play a role in the measurement con-
sumer payment choices for 2015 relative to 2012. Improvements, while important
for the DCPC in the long run, may have reduced comparability of the 2015 and
2012 DCPC data. Important additions and improvements are described below and

summarized in Figure 1.

There are four important additions. First, a 10-minute “night before” survey was
added to ensure accurate reporting of cash holdings and other financial assets
before consumers began reporting payments. In comparison, in 2012, consumers
were asked to report cash in their pocket, purse, or wallet but not cash they stored
elsewhere or their balances of other financial assets. The 2015 night-before report-
ing makes it possible to maintain a running tally of cash, checking account balanc-
es, GPR prepaid card balances, and PayPal balances as consumers make payments
during their three-day reporting period and to cross-check that tally against con-
sumers’ reported holdings and balances. This is valuable for error-checking and
also for understanding consumers’ payment choices in the context of their availa-

ble financial resources and flows into and out of their accounts.

Second, in 2015 consumers provide more detailed information about their sources
of income and directly report the timing of its receipt. Similar to the improved re-
porting of financial assets, this change makes it possible to examine payment in-
strument choices in the context of current and expected financial resources. In

2012, consumers reported their primary source of income, their last receipt of
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primary income, and their next expected receipt of primary income. In 2015, this
category of questions was expanded and consumers reported all sources of in-
come and the frequency with which they received them. In addition, consumers
were asked to report the dollar value of any income received on the date of their
“night before” survey and also on each of their three diary days. In 2012, consum-

ers did not report dollar values for income received.

Third, the scope of the DCPC was expanded to include more information about
deposits and withdrawals. In 2014, the reporting of such transactions was limited
to cash deposits and withdrawals. In 2015, consumers also reported transactions
that affect noncash balances, including the dollar values of transfers from one ac-
count to another, the receipt of income by noncash payment methods, and non-
cash withdrawals.

Fourth, in 2015 questions about consumers’ preferred method(s) of payments
were expanded to put preferences in the context of specific payment situations
and dollar amounts. In 2012, consumers reported the payment method they most
prefer to use. In 2015, as part of the night-before survey, consumers answered four
sets of questions about their preferred payment methods for bills, for purchases,
for online payments, and for in-person purchases conditional on dollar value (ar-
ranged in four groups by dollar value). Then in 2015, as consumers reported each
payment over the next three days, they answered follow-up questions about their
reasons for using (or not using) their stated preferred payment instrument, given
the transaction type (bill or nonbill).

Two changes to methods of asking about payee and bills in the DCPC question-
naire could have affected measurement in 2015 and comparability to 2012. First,
the change to the payee classification method made it possible to add follow-up

questions dependent upon payee type (medical, financial services, etc.) in order to
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more clearly distinguish among different types of consumer expenditures.” In 2012,
respondents were asked to report what person or entity was paid in 44 categories
according to NAICS codes.® In 2015, nine filter categories were used for the initial
identification of payee type and respondents received additional entry screens to
further classify the payee type. Follow-up questions were conditional on which of

the nine filter categories was selected.

Second, a new 10-minute module was added to 2015 DCPC reporting day 3,
where respondents were offered reminders about 42 types of bills in six catego-
ries.? Results of the 2012 DCPC compared to the 2012 SCPC suggested that the
DCPC may have been undercounting bill payments'®; this new module addressed
that concern. Prior research in survey methodology would predict that these re-
minders would result in a larger number of bills being reported compared to the
number reported in response to a more general question (Menon 1993; Winter
2004; Comerford, Delaney, and Harmon 2009; Jagger et al. 2012; Hitczenko and
Tai 2014).

2.3.2 New Sampling Frame

The sampling frame for the DCPC was the RAND American Life Panel (ALP) in 2012.
Beginning in 2014, the Boston Fed began to implement the SCPC, and eventually
the DCPC, with the University of Southern California’s Understanding America

7 Analysis of the 2012 DCPC found that it accurately estimated consumption expenditures and dispos-
able personal income (Schuh, 2017). In 2015, follow-up questions conditional on payee classification
identify consumption spending, purchases of durable goods, and the need to make a payment in
response to an emergency.

8 North American Industry Classification System.

9 The Boston Fed conducted two experimental surveys in 2014, where consumers were offered lists of
bill types as reminders (Zhang 2016). As a result of these experiments, reminders of the following cate-
gories of bills were added to the 2015 DCPC: household or utility payments; phone, cable, or internet
payments; credit card or loan payments; insurance payments; other types of payments, including tuition
and medical bills; and tax payments.

10 Bill payments include bills paid automatically, bills paid electronically, and bills paid by mail, in per-
son, or by phone.



Schuh, Greene, O'Brien: U.S. consumer cash use, 2012-2015:
an introduction to the diary of consumer payment choice
364

Study (UAS) panel. The main reasons for the switch were to take advantage of UAS
improvements in panel recruitment, hence representativeness, and to avoid some
limitations in the ALP. While this panel change is expected to provide more repre-
sentative results, the transition necessitated a different sample period and a small-
er sample size in 2015, both of which reduced comparability with 2012,

The UAS panel is being drawn with improved sampling methods, so it is expected
to provide more representative results.” The ALP, used from 2008 to 2014 for the
SCPC as well as for the 2012 DCPC, was recruited using a combination of 80 per-
cent convenience (volunteers from existing panels), snowball (referrals to friends
and relatives), and address-based sampling. In contrast, 100 percent of the UAS
panel has been recruited using the address-based sampling method of Dillman
(2014), which is expected to lead to a more representative group of respondents,
such as respondents who are not particularly interested in personal finance, who

do not necessarily take surveys, and who may be English language learners.

Indeed, evidence from the 2014 SCPC suggests that differences between the ALP
sample in 2012 and the UAS sample in 2015 could be affecting DCPC estimates.
The 2014 SCPC was administered to samples of both the ALP and the UAS. The
two questionnaires were identical but some 2014 survey estimates are markedly
different between the two samples. In particular, the UAS sample found greater
shares of consumers adopting prepaid cards, money orders, bank account number
payment (BANP), and debit cards. These differences in adoption rates were statis-

tically significant and are not explained by observable demographic differences.

11 For details about the discrepancies between estimates from the 2014 ALP and 2014 UAS, see An-
grisani, Foster, and Hitczenko (2017).

12 Bank account number payment is defined as “a payment made by providing your bank account
number to a business, organization, or person, such as an insurance or utility company. You can give
your number on websites, paper forms, etc.” Additional research is needed to understand the effects
of panel differences. One possibility is survey experience. In 2014, ALP respondents had been taking
surveys for seven years and the UAS panel was new.
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On the other hand, the 2014 SCPC estimates of payment instrument shares from

the ALP and UAS are more similar, as shown below.

In 2012, the DCPC was in the field from September 29 through November 2. In
2015, the DCPC was implemented later (October 14 to December 17) due to the
transition from ALP to UAS, and extended to study payment instrument choice
during the holiday shopping period. This extended implementation period has
some advantages, but it makes it more difficult to compare estimates for the two
years. For purposes of this report, we look at the two 16-day periods of October
16th through October 31st to minimize discrepancies between the estimates due

to seasonal effects from non-overlapping time periods.

One limitation of drawing a sample from the UAS panel in 2015 was that the sam-
ple size were smaller than desired. The UAS panel only began in 2014, so it was still
small and in the formative stages. By October 2015, the UAS contained less than
2,000 total panelists. Consequently, there were only 1,392 unique UAS respond-
ents included in the 2015 SCPC and DCPC, although some DCPC respondents
agreed to take the diary twice to increase the number of responses. By contrast,
there were 2,468 unique DCPC respondents in 2012. Thus, for the comparable
time periods (October 16-31), there were only 1,398 respondents in 2012 DCPC
and 390 respondents in the 2015 DCPC (see Table 2).3

Table 3 describes the demographic composition of the two panels for the compa-
rable periods. There are no statistically significant differences between the two
years for the following observed variables: household income, age, race, educa-
tion, and gender. While not statistically significant, the percentage of people em-

ployed was 3.5 percentage points higher in 2015 at 60.4 percent. However, the

13 No members of the GfK Knowledge Panel took the survey between October 14 and November 2,
2015. The 2015 sample used for this paper is exclusively the UAS.
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Demographic composition of DCPC samples,

2012 and 2015 (percentage shares)

Less than
$25,000

$25,000-
$49,999

$50,000-
$74,999

Income
$75,000 -
$99,999

$100,000-
$124,999

More than
$125,000

Under 25

25-34

35-44
Age

45-54

55-64

Over 65

Full Sample
2012

223

25.4

13.1

9.6

2015

25.2

12.5

85

Difference

1.3

-0.6

0.3

0.5

Did not make a payment

2012

49.9

27.0

8.0

10.1

33

2015

47.5

16.0

10.2

3.6

10.2

8.6

18.0

151

19.5

17.5

Table 3

Difference

-2.40

-10.98

4.44

0.27

8.48

-6.50

-9.26

-0.23

5.43

1.29

Source: Federal Reserve Bank of Boston. Notes: All values shown above are percentages. For year-to-year com-
parability and to avoid holiday effects, the data for this report is restricted to respondents participating between
October 16 and October 31 in each year. Results from the 2012 and 2015 DCPC are preliminary and subject to

change.
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High
school or
less

Some
college

Bachelor's
degree

Graduate
degree

Black

Other
Race

White
Female
Male
Employed

Unem-
ployed

Out of
Labor
Force

Full Sample
2012

41.8

28.8

17.3

7.7

354

2015

40.9

28.5

13.7

8.1

78.0

47.5

60.4

7.7

Difference

-0.9

-0.3

0.6

0.6

Did not make a payment

2012

70.0

20.9

5.0

4.1

19.3

43.8

2015

48.2

32.6

5.9

441

39.6

367

Difference

-21.86*

11.65

9.22*%

8.29

0.42

-8.71
1.49
-1.49

4.29

-4.54
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panels differ in the percentage of respondents who report making no payments
during their diary days. In 2012, 7.8 percent unweighted (10.0 percent weighted)
of respondents reported making no payments, compared to 12.6 percent un-
weighted (12.0 percent weighted) in 2015. This difference impacts the number of

payments, and possible their composition as well.

To evaluate the effect of a change in the share of the number of respondents with
zero payments, we conduct the following exercise. Assuming that the 2015 sam-
ple is more representative of consumers with zero payments, we can adjust the
share of consumers making zero payments in 2012 to equal the share in 2015,
12.0 percent.’ The simulated increase in the 2012 share of zero-payment consum-
ers causes a decrease in the 2012 average number of transactions per month (to
56.7) and the 2012 average number of cash transactions per month (to 22.8).
Under this simulation, the 2012 share of cash transactions would have been 40.3
percent instead of 40.7 percent (Table 4) and the percentage point decline from
2012 to 2015 would have been 7.8 percentage points instead of 8.2."

Effect of adjusting 2012 share of DCPC respondents Table 4
with zero transactions to 2015 level

Actual Adjusted* Difference
Total Number of Transactions 57.8 56.7 -1.2
Number of Cash Transactions 235 22.8 -0.7
Share of Cash 40.7% 40.3%

Source: Authors’ calculation. Note: * Adjustment makes the 2012 share of diaries with zero transactions equiva-
lent to the 2015 share.

14 These percentages are weighted for the 2012 and 2015 diary respectively. This simulation was also
conducted for the 2015 diary, but the magnitude of the results were similar.
15 These percentages are weighted for the 2012 and 2015 diary respectively. This simulation was also
conducted for the 2015 diary, but the magnitude of the results were similar.
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2.4 Changes in Economic Conditions

In addition to changes in survey methodology, the U.S. economic expansion ma-
tured from 2012 to 2015 so consumers faced different economic conditions in
which to make their payment choices. Without a structural economic model of
consumer choice of the number of payments, it is not possible to identify exactly
how these economic changes affected the DCPC estimates. However, there are
some general economic conditions reported in the DCPC that can be used to con-
trol for the economic changes in an approximate, reduced-form manner when

estimating models of consumer payment choices.

Perhaps the clearest and most easily measured change was the decline in the un-
employment rate of nearly 3 percentage points (from 7.8 percent in October 2012
to 5.0 percent in October 2015). Evidence suggests that consumers are less likely
to have bank accounts and credit cards when unemployed (Cole 2016). Therefore,
an increase in employment likely would lead to increased access to additional pay-
ment instruments (credit cards and the payment instruments linked to a bank ac-
count [paper checks, debit cards, BANP, and online banking bill payment]). Con-
sumers with more choices are less likely to choose any individual option for a given
payment. That is, consumers with only two or three choices of payment instrument
are that much more likely to choose cash in any given situation. Thus, lower unem-

ployment could be related to a decline in the shares of payments made in cash.

A second potential influence of economic activity is that economic expansion and
growth changes the opportunity cost of time for consumers. In theory, if it takes a
substantial amount of time for consumers to shop and make payments, then so-
called “shopping time” competes with consumers’ time at work earning wages
and time from leisure. So, if the value of work or leisure rises, consumers might be
more inclined to spend less time shopping, which could manifest itself in the form
of fewer shopping trips (and payments) with larger average payment values. It is

unclear, however, how large an effect the opportunity cost might have on the
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number and average value of payments.

Other types of economic changes may also have influenced the 2012 and 2015
DCPC estimates in ways that are harder to identify and explain. As economic
growth stabilized and utilization of resources increased, it is likely that risk declined
and distress (bankruptcy, foreclosure, etc.) also eased. But it also became more
evident that trend productivity growth was lower, which may have affected expec-
tations of future income. Both risk and trend growth could affect saving and cred-
it decisions, which may influence payment choices in complex ways. Finally, inno-
vations in payment services are a key part of fintech, and these innovations almost

surely are affecting payment choices.

2.5 Implications for Measurement of Payment Choices

Taken together, some of these changes in survey methodology and in economic
conditions could have affected the measurement of payment behavior in 2015.
Table 5 provides qualitative assessments of the possible effects of these measure-
ment changes. Many of the questionnaire improvements in 2015 were related to
collecting deeper information about accounts and preferences. These changes
were unrelated to the reporting of the total number of payments, small-dollar-val-
ue payments, shares of bill payments, and shares of payments by merchant cate-
gory. Two changes — the new way of collecting the payee type and the new bill
payment module — could have affected some of the measures listed in Table 5, in
particular, the number and percentage share of bill payments and the change in

the distribution of payee types.

As noted above, requiring consumers to indicate whether or not they had paid any
of 42 types of bills would be expected to result in a larger number of bills being
reported compared to the number reported in 2012. If the number of nonbills re-
ported remained constant, this would have the effect of increasing the share of

bills payments and, presumably, decreasing the share of cash payments (because a
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Factors that could affect changes in estimates, Table 5
2012-2015
Possible factors in change
Observed 2012-15 change Questionnaire Sampling frame Economic change

Total payments

t (0] (] ?
Zero payments

Ll ? ([ ] o
Bills (#, share)

1 [ ] =] [ ]
Small-value
payments (#) 3 ? ® L4
Total value
of payments: = (@) (] (]
nominal
Total value of
payments: real 3 (@) (] (]

Merch categories
(share of # in 3 ? ? (]
cash intensive)

Source: Authors’ analysis.
Likelihood of influence: @ High. Q Medium. O Low. ? Unknown.
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relatively small share of bills are paid with cash).

As a result of the changes to the payee classification method, some popular cate-
gories of retail purchases were less prominently displayed in the online question-
naire. These included fast food, grocery stores, pharmacies, liquor stores, restau-
rants, bars, and gas stations—payees where cash is often used. Therefore, it is
possible that these changes, while enabling other innovations, could have de-
pressed the number of cash transactions reported. Compared to 2012, the 2015

DCPC finds fewer transactions in these cash-popular categories.

The change in the sampling frame appears likely to have been more influential. A
more representative sample—composed of larger shares of respondents who are
not necessarily interested in personal finance or regular survey-takers—could result
in a different estimate of the total number of payments, the share of respondents
with zero payments, the number and share of bill payments, the number of
small-dollar-value payments, the total value of payments, and the distribution of
payee types. In addition, changes in economic conditions also could affect many

of these measures.

To summarize, there are reasons to suspect that changes in survey methodology
and economic conditions affected the comparability of the 2012 and 2015 DCPC
estimates. However, precise identification of these effects requites considerably
more research and modeling of consumer payment behavior. Furthermore, the
relative imprecision of the 2015 estimates due to smaller sample sizes makes it
difficult to identify statistically significant differences from 2012.
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3 Aggregate Time Series Data

This section compares and contrasts aggregate data from the SCPC and DCPC over
time."® We focus on estimates of the number of payments per consumer and total
value of payments per consumer (both per month, the latter in constant 2015
dollars). For each measure, we also present shares of payment instrument use by
number (volume shares) and value (value shares). Finally, we examine the average
dollar value of payments, which equals the value of all payments divided by the
total number of payments. The analysis focuses on total payments and cash pay-
ments, but debit and credit cards are included in some comparisons.

3.1 Number of Payments

Time series estimates of the number of payments per consumer are plotted in
Figure 2. The solid lines indicate the DCPC estimates; the dashed lines are the
SCPC estimates. As indicated by the vertical line, data through 2014 are estimated
from the ALP, and data from 2015 and 2016 are from the UAS panel. Tables 6 and
7 provide detailed estimates of the number, value, and average value of payments
for 2012 and 2015 during their common sample period (October 16-31), convert-
ed to a monthly rate. These tables include all of the estimates in Figures 1 through

5 for total and cash payments, as well estimates for all other payment instruments.

DCPC estimates of the number of total payments per consumer are notably lower
than the SCPC estimates. For 2008 to 2016, the estimated SCPC number of pay-
ments fluctuated in the range of 66 to 71 payments per month without any appar-
ent major trend. In 2012, the DCPC estimate (57.8) was about 11 payments per

16 The Fed Banks also conducted pilot studies of the DCPC in 2010 and 2011, but we do not include
the data from them here. Although the basic focus on the number and value of payments by instrument
was the same, the 2010 and 2011 questionnaires were earlier, less complete versions of the 2012 ques-
tionnaire. And although the sample was administered to the ALP, the sample sizes were much smaller
(less than 400) and much less representative than 2012.
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month lower than the SCPC estimate. In 2015, the DCPC estimate (51.4) was
about 18 payments per month lower than the SCPC. The relative magnitudes of
the DCPC and SCPC estimates are surprising given that daily recording of payments
in the DCPC is expected to provide a more accurate estimate than the SCPC's recall
method of reporting. One possible explanation of these results is that the SCPC
data cleaning procedure may not be handling unusually large numbers of pay-
ments properly."’

In contrast, the DCPC and SCPC estimates of the number of cash payments are
more similar. Following a large increase in 2009, the SCPC estimate of cash pay-
ments was relatively steady at 18 to 20 payments per month. The 2012 DCPC es-
timate (23.5) was above the SCPC, and the 2015 DCPC estimate (16.7) was below.
This result implies that the gap between SCPC and DCPC estimates of the number

of total payments primarily occurred in the estimates for all noncash payments.

Comparing 2012 and 2015, Figure 2 shows a discrepancy between the data sourc-
es over time. In contrast to the DCPC, the SCPC estimates of the total payments
were about the same in 2012 and 2015 (68.9). In fact, the difference between the
2012 and 2015 DCPC estimates of the number of payments is larger than any
three-year difference observed in the SCPC time series. This discrepancy remains
when we look at the number of cash payments. The number of cash payments in
the 2015 DCPC was 28.9 percent lower than the 2012 DCPC estimate, while the
2012 and 2015 SCPC estimates were the same (18.6). Again, the difference be-
tween 2012 and 2015 DCPC cash estimates was larger than any three-year period
in the SCPC. Perhaps the SCPC’s measurement of “typical” payments may smooth
higher frequency fluctuations that could be affecting consumer payments in the
DCPC. However, the fact that the SCPC estimates of total payments did not decline
in 2015 relative to 2012 raises doubts that the change in sampling frame or

17 For details of the SCPC data cleaning procedure, see Angrisani, Foster, and Hitczenko (2017)
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Mean number of consumer payments per month Figure 2
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Note: Results from the 2012 and 2015 DCPC and the 2015 and 2016 SCPC are preliminary
and subject to change.

economic conditions can explain the result because both types of changes oc-
curred equally for the SCPC and DCPC.

The volume shares of payments provide a complementary perspective on the num-
ber of payments (Figure 3). The SCPC data indicate that U.S. consumers made
three-fourths or more of their payments in 2008-2015 using three instruments:
debit cards, cash, and credit cards.' The most notable fluctuation in the SCPC
shares occurred after the financial crisis, when the cash share increased and the
credit card share decreased. As the economy recovered, these shares have moved
back toward their pre-crisis levels, although the cash share in 2016 remains above

18 For more details, see Greene, Schuh and Stavins (2016) and its predecessor reports cited therein.
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the share in 2008. The DCPC estimates of volume shares indicate the same three
instruments account for most consumer payments. However, the cash share is
considerably higher in the DCPC than in the SCPC, and the debit and credit card
shares are higher. Perhaps this higher ordering of cash estimates reflects better
measurement from recording smaller cash payments in the DCPC than relying on
recall estimates in the SCPC. In any case, the implied changes in cash estimates
from 2012 to 2015 are quite different: the 2015 DCPC cash share is 8.2 percentage
points lower than in 2012 (40.7 versus 32.5 percent); the 2015 SCPC cash share
was 0.3 percentage points higher than in 2012 (26.8 versus 27.1 percent).

Share of consumer payments per month (number), Figure 3
by type of payment instrument
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3.2 Value of Payments

Estimates of the real (inflation-adjusted) value of payments per consumer from the
DCPC for 2010-2015 are plotted in Figure 4 (constant 2015 dollars); recall that the
SCPC does not collect payment values. In 2012 and 2015, the average real value
of total payments was approximately $4,000 per consumer per month, which im-
plies average annual household spending of roughly $96,000." This estimate is
roughly comparable to average household income from the Survey of Consumer
Finances, and is close to estimates of personal disposable income from the Nation-
al Income and Product Accounts (see Schuh [2017]). However, the estimated 2015
real value of total payments was 2.2 percent lower than it was in 2012, while real
disposable income increased 6.2 percent during this same period.?° The real value
of cash payments is about one-eighth as large (§450-$500 per month) as the value
of total payments and moves similarly to total payments, with the 2015 real value

of cash payments being 10.0 percent lower than in 2012.

The value shares of payments for cash, debit, and credit are roughly similar in mag-
nitude, as seen in Figure 5, but lower than their corresponding volume shares. The
three value shares range from about 11 to 20 percent in 2012 and 2015 and are
relatively stable throughout time. In contrast to the corresponding volume shares,
where these three instruments accounted for the vast majority of the number of
payments, their value shares sum to less than half of the total value of consumer
payments. The cash share in 2015 was 11.4 percent, only 1.0 percentage point less
than in 2012, which is not surprising given the stability and correlation of the levels
of the real values of total and cash payments. The credit card share also was
moderately lower in 2015, while the debit share was about 5 percentage points

19 This calculation assumes October is an average month in terms of seasonal factors, which it appears
to be, and that there are approximately 2.01 consumers per household in the United States.

20 The payments and income measures have not been adjusted for comparability yet, and the DCPC
payments estimate does not include a portion of the personal saving part of income. Consequently,
moderate deviations in the growth rates of these two estimates do not necessarily indicate error but
do warrant further analysis.
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Dollar value of consumer payments per month, for all and cash Figure 4
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and 2015 DCPC are preliminary and subject to change.

higher — more than accounting for the lower shares of cash and credit.
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3.3 Average Payment Values

Estimates of the average payment value, defined as the total value of payments
divided by the total number of payments, for 2010-2015 are plotted in Figure 6.
Given that the number of total payments was lower in 2015 than in 2012, and that
the value of total consumer payments was about the same in both years, it is not
surprising that the average payment value was higher in 2015. The average
value of all payments in 2015 was $77, 13.2 percent higher than in 2012 ($70).
Similarly, the average value of cash payments in 2015 was $27, or 28.6 percent
higher than in 2012 ($21); in contrast, the average value of credit payments was
lower in 2015.

Average dollar value of consumer payments, Figure 6
for all and by type of payment instrument
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4 Individual Consumer Data

This section reports and analyzes the underlying payment choices of individual
consumers in 2012 and 2015. As noted earlier, the aggregate results may be influ-
enced by changes in survey methodology (questionnaires or sampling frames),
changes in the U.S. economy between 2012 and 2015 that influenced consumer
economic behavior, or both.

4.1 Diary-period Observations

To evaluate changes in individual consumer payment behavior, we constructed the
total number of payments made by each respondent (consumer) during his or her
respective three-day diary period and the sum of the dollar values of those pay-
ments, as well as the three-day average payment for each respondent (three-day
value divided by three-day number). These individual diary-period observations are
unique to the consumer for whom they are constructed and, thus, summarize the
behavior of one consumer over three days. An individual’s three-day observed be-
havior, however, is not necessarily representative of his or her behavior during the
remaining days of the month.?!' Nevertheless, random sampling of diary respond-
ents based on demographic characteristics throughout the month should produce
estimates that reflect the average behavior of consumers for the entire month

properly, as explained in Schuh (2017).

Another reason to examine three-day behavior is to isolate and highlight important
differences across consumers. For each individual payment, the dollar values may
range from one cent (50.01) to an extremely large value (say $40,000 for a new

21 For at least two reasons, three days may not be representative of the month: 1) seasonal effects
during a respondent’s three-day period may influence his or her payment behavior, and these seasonal
effects may vary across consumers; and 2) infrequent events, such as cash deposits (rare among con-
sumers) or buying a new car (large-value purchases), lead to small samples that do not reveal the full
extent of consumer behavior
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car, $500,000 to pay off a mortgage, or even larger amounts). In contrast, the
number of transactions for each individual payment is one (1). Thus, there is wide
cross-section variation in the value of individual payments but no variation in the
number. Hence, adding up all payments by an individual consumer over three days
generates meaningful cross-section heterogeneity in the number of payments. At
the same time, adding up the value of all payments by an individual consumer over
three days actually reduces cross-section heterogeneity by combining large- and
small- value payments to smooth out spending by individual consumers in a mean-
ingful way. For example, consumers with very high income and very low income
both make small-value payments, for example, a $2 cup of coffee, but their in-
comes probably have little bearing on that particular payment choice. High-income
consumers, however, are more likely to make payments with a higher total value

over a three-day period.

The average consumer made between 5 and 6 payments during a three-day period
(5.6in 2012 and 5.0 in 2015), or slightly less than 2 payments per day (1.9 versus
1.7) (see Tables 6 and 7). It is difficult to assess the economic plausibility of these
estimates, because the number of payments is not included in basic economic
theories about consumer expenditures and the economics literature has little or no

research addressing this topic.

4.2 Number of Payments

Distributions of the estimated three-day number of payments for individual con-
sumers from the SCPC and DCPC in 2012 and 2015 are plotted in Figure 7. Com-
paring the SCPC and DCPC estimates of the number of payments has two purpos-
es here. First, consistent with the aggregate results in Figure 2, Figure 7 shows that
the distributions of estimated payments in the SCPC (bottom panel) are shifted to
the right of the distributions in the DCPC (top panel); thus, the SCPC estimates are
higher than the DCPC for reasons that are hard to explain. Second, Figure 7 shows
that the distributions of estimated payments in 2015 relative to their analogous
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Distribution of the number of consumer Figure 7
payments per three-day period
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distributions in 2012 differ significantly between the SCPC and DCPC. The SCPC
distributions in 2012 and 2015 (bottom panel) are quite similar in mean and vari-
ance. Conversely, the DCPC distribution in 2015 s shifted to the left of the 2012
distribution, reflecting a lower number of payments even conditional on omitting
the zero-payment respondents. The 2015 DCPC distribution also reflects a greater
proportion of lower value payments (higher peak at low values) in addition to the

reduction (leftward shift) in the number of payments.
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The disparity in the SCPC and DCPC relative estimates of the number of payments
in 2015 versus 2012 suggests that the change in the 2015 sampling frame may
have a greater impact on the DCPC since, as noted in section 2, respondents may
smooth higher frequency fluctuations that are not affecting payments reported in
the SCPC. Although it is conceivable that changes in economic conditions could
have led to consumers reducing their number of payments, one might have ex-
pected to see this reduction in both the DCPC and the SCPC. However, this expec-
tation relies on the assumption that the SCPC and DCPC measure the number of
payments equally well, which may not be true for several reasons, including differ-
ences between the recall and recording methods of reporting payments (see Sec-
tion 2.2).

4.3 Value of Payments

Distributions of the estimated three-day value of payments for individual consum-
ers from the DCPC in 2012 and 2015 are plotted in Figure 8 (recall that there are
no estimates of payment value in the SCPC). Unlike the DCPC distributions of num-
ber of payments, the distributions of payment values did not shift in 2015 relative
to 2012, again conditional on omitting the zero-payment respondents. This finding
is consistent with the fact that the total value of payments increased only 0.8 per-
cent in 2015 from 2012, as noted above. However, the 2015 distribution of pay-
ment values is different from 2012 in the frequency of low- versus high-value pay-
ments. In 2015, the share of consumers making payments of less than about $500
during the three-day period was higher than in 2012, especially for exceptionally
low values ($100 or less). Conversely, the share of consumers making higher value
payments was lower in 2015 than in 2012, especially in the range of about $500
to $1,500.

To summarize, Figure 8 indicates that while the estimated total value of payments
was about unchanged between 2012 and 2015, the composition of payment val-

ues across consumers shifted. This change in composition also may be explained



Schuh, Greene, O'Brien: U.S. consumer cash use, 2012-2015:
an introduction to the diary of consumer payment choice

385
Distribution of the three-day dollar Figure 8
value of consumer payments
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Source: 2012 and 2015 DCPC. Notes: Expressed in 2015 dollars. Consumers with zero transactions for their
three days are omitted. Results from the 2012 and 2015 DCPC are preliminary and subject to change.

by the change in the 2015 sampling frame and sample. Again, if the UAS panel is
more representative frame of U.S. consumers, it may reflect a larger proportion of
consumers who make smaller total values of payments during three-day periods. It
is much harder to imagine how the changes in the 2015 DCPC questionnaire might
have produced this kind of shift in the composition of payment values across con-
sumers. Likewise, there is no obvious economic model or even intuition that might
explain this mean-preserving distributional shift, nor any obvious economic devel-
opment that might suggest such a shift.
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4.4 Average Payment Values

Finally, the distribution of average payment values shifted to the right (increased) in
2015, as seen in Figure 9, consistent with the increase the aggregate average
payment value from $70 to $77. Generally speaking, this aggregate average in-
crease resulted from fewer consumers making average payments less than $25 and
more consumers making average payments greater than $25. However, the chang-
es are not monotonic; more consumers made average payments between $25 and
$75, but fewer made average payments between $75 and $150. It is difficult to
provide further economic interpretation of these changes without a model and
better identification of the effects of changes in survey methodology.

5 Individual Payment Data

This section deepens our analysis of the DCPC data by moving from the three-day
estimates for each diarist (plotted in Figures 6-8) to the level of each individual
payment. The literature provides empirical analyses of individual payments culled
from various sources, such as merchants’ checkout scanner data, that give some
guidance about how to analyze payment choices of different types and values.
Using similar econometric models to characterize consumer payment preferences
from the DCPC data, we quantify (1) the change in the number of payments and
(2) the effects of changes in the distribution of individual payments in dollar values
on the volume share of cash between 2012 and 2015.%

5.1 Correlation between Payment Instrument and Amount
Numerous studies have documented unconditional correlations between the val-

ues of individual payments and consumer choices of the payment instruments for

22 In principle, one could also conduct analogous simulations of the effects of changes in the actual
distribution of the number of payments on the values share of payments. This exercise would require
more models and estimation, which we leave for future research.
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Distribution of the average dollar value Figure 9
per payment per consumer
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Source: 2012 and 2015 DCPC. Notes: Expressed in 2015 dollars. Consumers with zero transactions for their
three days are omitted. Results from the 2012 and 2015 DCPC are preliminary and subject to change.

each value. Using scanner data from grocery stores, Klee (2008) showed that the
probability of choosing cash was negatively correlated with payment value, and
the probability of choosing debit and credit cards was positively correlated with
payment value. This result was replicated by Briglevics and Schuh (2014) using
2012 DCPC data and by Wang and Wolman (2016) using scanner data from a
non-grocery discount retailer. Cohen and Rysman (2013) used combined scanner
and survey data for a longitudinal panel of consumers and showed that negative
correlation between cash probability and payment value remained even with fixed
effects. Using 2012 DCPC data, O'Brien (2014) and Stavins (forthcoming) find the



an introduction to the diary of consumer payment choice

I Schuh, Greene, O'Brien: U.S. consumer cash use, 2012—-2015:
388

same relationship across all transaction types, even when individuals are sorted

into self-identified payment preferences.

Similar unconditional correlations between payment value and instrument appear
in both the 2012 and 2015 DCPC, as shown in Figure 10. The probability of using
cash for very small-value payments is very high in both years (about 0.7 t0 0.8), and
it declines sharply up to about $50, where it settles at less than 0.2. Conversely, the
probabilities of using debit cards and credit cards are well below 0.2 for very
small-value payments and rise notably up to about $25. Note that these results are
qualitatively similar to prior results from grocery and other retail scanner data, but
are not quantitatively the same due to the inclusion of bills and other payments in
addition to payments to retail stores. Comparing the 2012 and 2015 empirical
probabilities, it is apparent that 2015 is qualitatively similar to 2012 but the proba-
bilities of cash use observed in the data are lower in 2015, by about 0.1 in the
smaller values (up to about $50) and less different for larger values. Naturally, the
debit and credit probabilities are higher in 2015.

Following prior empirical studies, we use a multinomial logit regression model to
estimate the probabilities of consumer choices of payment instruments for each
DCPC year. The specification of the model is shown in equation (1), where the
probability of choosing each payment instrument, j, in a year, t, is represented by
the term P,

Pr(/z:U:f(Xz/'B/t) (1)
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Probability of payment instrument use by Figure 10
dollar value of consumer payment, 2012 and 2015
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Subscript j represents each payment instrument included in the regression model:
cash, check, credit card, debit card, electronic payment or other payment.?* Sub-
script t represents each year, 2012 and 2015. The variable X denotes all the set of
independent explanatory variables for consumer payment choices including the
log of the dollar value for each payment and the term S represents the set of co-
efficients corresponding to each explanatory variable. In addition, X includes varia-
bles that control for economic conditions and, to the degree possible, survey char-
acteristics that might reflect the influence of changes in methodology, as described
in Section 2. Economic variables include a comprehensive suite of demographic
variables plus employment status, whether debit or credit cards were carried, and
whether the person carried enough cash to make the purchase. Variables poten-
tially related to changes in survey methodology include merchant- and transac-
tion-specific variables (such as bill payments).2*

Overall, these econometric models fit the payments data reasonably well, as can be
seen by comparing the fitted probabilities of cash payments from the econometric
models with the smoothed probabilities in the actual data (Figure 11). The regres-
sion fitted values are especially good at fitting the smaller value payments (under
$25), which account for a large number of cash transactions. The model fits the
2012 data slightly better than 2015, where the data wiggles around more as the
payment value changes and there are fewer observations. Nevertheless, there are

23 Electronic payments are defined as those using and automated clearinghouse (ACH) to make the
payment. These transactions typically involve providing a bank account number to or using a financial
institution’s online banking bill payment system. Other payments are defined as all payments that do
not fall into any of the other categories. These include prepaid cards, money orders, traveler’s checks,
text message payments, and mobile payments.

24 The list of explanatory variables is located in the appendix along with the cash coefficients from the
model output. Purchases are grouped into three categories. Merchant category 1 contains purchases
at food and personal care supplies. Merchant category 2 contains purchases at auto and vehicle re-
late, general merchandise, entertainment and transportation, medical, education, and personal service,
government and non-profit, and gifts and transfers to people. Merchant category 3 contains purchases
at housing related, financial, professional, miscellaneous services, and purchases or payments label as
other.



Schuh, Greene, O'Brien: U.S. consumer cash use, 2012-2015:
an introduction to the diary of consumer payment choice
391

Actual and fitted probabilities of cash use Figure 11
by dollar value of consumer payment, 2012 and 2015
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no obvious large differences in the model fit between years. Appendix Tables A.1
and A.2 report the estimated coefficients from the models, with the demographics

separated from the economic and survey-related variables.

Qualitatively, the estimated coefficients are quite similar but there are quantitative
differences and the statistical significance is not always consistent across years. In
general, the economic variables in the model tended to be statistically unchanged
from 2012 to 2015, though there are exceptions. For example, the coefficient on
the (log) payment value for cash is slightly less negative in 2015 (-0.67, compared
with -0.82), suggesting that the correlation with value weakened (conditional
on controlling for economic and survey conditions). In addition, the coefficient
indicating whether or not an individual carried enough cash to make the observed
payment slightly increased, suggesting that those who select to carry cash are
likely to use it, conditional on have enough cash to make the purchase. There are
more statistically significant differences between the demographic variables includ-
ed in the model than there are between the economic variables (10 demographic
variables and 2 economic variables are statistically different), but these differences
in demographic coefficients do not follow a consistent pattern. For example, the
probability of using cash does not change monotonically with age. Also, cash use
by age is significantly different from the reference group (35 to 44) for some but

not all age groups.

These econometric results provide one way of characterizing changes in consumer
preferences for cash. Although not a structural economic model that incorporates
optimizing consumer choices, the probability estimates implicitly take into account
the economic conditions and survey methodology specifications that might have
influenced the DCPC estimates of the volume and value shares of cash. Therefore,
we interpret the relative stability of the estimated coefficients as an approximate
indication that underlying consumer preferences for payment instruments were
relatively stable between 2012 and 2015.
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However, the explanatory variables (X) changed between 2012 and 2015, for the
reasons described earlier, and these changes would have influenced the predicted
probabilities of cash use. In particular, changes in the distribution of individual
payment values could play a central role in observed changes in the probabilities of
cash use given their relative importance among the coefficients. To control for
these distribution differences, the next step is to create a set of counterfactual

simulations.

5.2 Distributions of Individual Payment Values

The distribution of individual payment values shifted considerably between 2012
and 2015, as shown in Figure 12. The most striking feature of these distributions
is a large decline in small-value (less than $25) payments in 2015 relative to 2012.
As previously discussed, the probability of cash use is much higher for small-value
payments, so a decline in the number of small-value payments implies a decline in
the volume share of cash payments. Indeed, more disaggregated data (not pre-
sented) shows that the decline in small-value individual payments was concentrat-

ed in cash payments.

It is difficult to identify reasons for the shift in payment values from 2012 to 2015.
A comprehensive economic model is required to explain why consumers might
change the volume, value, and average value of their payments, in the absence of
more specific identification of the possible results of changes in survey methodol-
ogy. Nevertheless, it is certainly plausible that changes to survey methodology or
economic conditions discussed previously could have contributed to the observed
change in the distribution, over and above any changes in consumer preferences
estimated by the econometric model. Therefore, to quantify the effects of the
change in the distribution of payment values on observed consumer payment
choices, we can use the estimated econometric models and observed distributions
of payment values to conduct counterfactual simulations that separate the effects

of unidentified economic and survey factors, as a whole, from the estimated
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Distribution of the dollar value of payments Figure 12
per month per consumer
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2012 and 2015 DCPC are preliminary and subject to change.
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consumer preferences.

5.3 Counterfactual Simulations

To obtain a better understanding of how the share of payments would have
changed if the same distribution of payment values were used for the 2012 and
2015 DCPC, we construct two sets of counterfactual simulations. Each counterfac-
tual provides an estimate of the volume share of cash payments due to changes in
consumer payment preferences, assuming that only one distribution was used.?
These counterfactual simulations hold all variables related to the individual and the
payment constant between the two years. The only variables that change with the
simulations are the coefficients used to predict the probabilities of using each pay-
ment instrument. Because both survey methodology and economic conditions
changed between 2012 and 2015, this simulation technique does not attempt to
separate effects of economic change from effects of changes in survey methodol-
ogy. The simulations, however, provide one way to measure how consumer pref-
erence for choosing a payment instrument may have changed over the three-year
period.

The precise methodology underlying our counterfactual simulations is shown in
equations (2) and (3) below:

Pr ('5,'75 =1)= g(X7zf"é/75) @

Pr (‘5/'72CF =1)= g(X75,',é/72) ®

25 That is, the 2015 payment value distribution for both 2012 [counterfactual] and 2015, or the 2012
payment value distribution for both 2012 and 2015 [counterfactual].
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A caret (") indicates an econometric estimate. Multiplying the 2012 explanatory
variables for each payment, X,,, by the 2015 coefficients, 3/75, creates an estimat-
ed 2015 counterfactual probability for each payment instrument for each payment
made in the 2012 diary.?® The 2012 counterfactual probabilities for the 2015 diary
payments are calculated using the same method, multiplying the 2015 explanatory
variables, X;s, by the 2012 coefficients, ,é/,z, as shown in equation (3). The simu-
lated change in the share of cash payments for the 2012 panel is the difference
between the sum of fitted probabilities (estimated from equation 1) and the sum
of the corresponding counterfactual probabilities, equation (2). Then the simulated
change in the aggregate probability of using cash for 2012 is shown by equation
(4) for 2015 by equation (5):

N Z FX2: B - Z 906, By ] (@)

A PrP,s) = [Z g(Xisf'Bh,72) - Zf(Xzsf éh,75)] )

Here, the subscript h denotes cash as the payment instrument.

The fitted and counterfactual probability estimates for 2012 and 2015 panel are
similar, as seen in Figure 13. The similarity of the probability plots suggest that the
difference between cash’s share of payments in 2012 and the share in 2015 was
not the result of demographic, merchant, and payment characteristics. If these

variables had been responsible for the difference between the volume shares of

26 While the explanatory variables are multiplied by the coefficients, the actual probabilities are calcu-
lated using the multinomial logit equation, which is shown in the appendix. Rather than describing the
complete function, the replacement of the coefficients for 2012 (2015) with those from 2015 (2012) is
the most important aspect in estimating the counterfactual probabilities.
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Predicted and counterfactual probabilities of cash use Figure 13
by dollar value of consumer payment, 2012 and 2015
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logit model as well as the simulated counterfactual results for 2015. The chart on the right shows the simulated
counterfactual results for 2012 along with the fitted probability from a multinomial logit model for 2015. Re-
sults from the 2012 and 2015 DCPC are preliminary and subject to change.
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cash payments in the two years, the differences would have manifested in two
ways. First, the plots of counterfactual probabilities would not have been as similar
to the plots of the fitted probabilities, and, second, the estimates of coefficients for
the 2012 and 2015 data would have produced more coefficients that were statis-
tically different.

Table 8 reports the actual, fitted, and simulated cash shares. The fitted model
captures only about three-quarters of the difference in cash share between the
two years (6.3 percentage points estimated out of 8.2 percentage points actual).
The simulated counterfactual differences range from —2.6 percentage points for
the 2012 data to 0.4 percentage points for the 2015 data. To account for the dif-
ference between the estimated model and actual data, we scale up the simulated
changes to —3.4 percentage points (that is, (0.4/6.3)*8.2) for 2012 and 0.5 per-
centage points (that is, (2.6/6.3)*8.2) for 2015. Therefore, we conclude that the
most likely estimate of the change in consumer preferences for cash use from 2012
to 2015 is a decline of approximately 1 to 3 percentage points in the volume
share.?”

While these counterfactual simulations do not provide an exact measure of the
change in the share of cash payments, they do provide guidance on how consum-
er preferences for cash use changed with demographic and transaction-specific
characteristics. The simulated change in the share of cash payments is conserva-
tive, since it only accounts for the change in consumer preferences and not for the
economic changes as well (which could be a combination of cyclical and trend
forces); this limitation is a byproduct of the technique used. However, these simu-

lations are more in line with the estimates from the SCPC, +0.3 over the three-year

27 In principle, we could conduct counterfactual simulations for the value shares of cash as well.
However, this exercise would require more modeling and joint treatment of volume and value, which
we leave for future research.
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period. In general, the DCPC suggests share of cash payments declined between

2012 and 2015, but the consistent level of the value share of cash and the results

of the counterfactual simulations implies that cash use remained more stable than

a direct comparison would initially indicate.

Simulated estimate of change in consumers’
preference for using cash, 2012 to 2015

2012
Actual Share 40.7
Fitted Model Share 39.4
2012 Counter Factual Share -
2015 Counter Factual Share 335

Table 8

Change
-8.2
-6.3
-2.6

-0.4

Source: authors’ analysis. Notes: Included in model: sample and questionnaire improvement, economic change.

Simulations applying 2015 probabilities by value to 2012 value distribution and vice versa.
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6 Conclusion

Results in this paper demonstrate that reports of the death of cash in the United
States are exaggerated. Data from the 2012 and 2015 DCPC and the 2008-2015
SCPC together, show clear evidence that cash is still one of three most common
means of payment by consumers by volume. However, consumer cash payments
are relatively small value on average, so the total value of cash payments is relative-
ly low despite consumers using cash to make a relatively large number of pay-
ments. The value share of cash estimated in the DCPC also shows no evidence of a
decline in cash share from 2012 to 2015, but the DCPC raw data suggest that cash

use as a share of the number of consumer payments was much lower in 2015.

Unfortunately, evaluating the change in U.S. consumer cash use between 2012
and 2015 is more difficult because of changes in survey methodology and eco-
nomic conditions that affected the DCPC implementation in these two years. We
cannot identify and explain all of the specific economic forces underlying the dif-
ferences in the number, value, and average value of consumer payments because
the literature does not offer an adequate model of consumer choices of these
payment variables. However, DCPC data confirm prior evidence that consumer
choices of payment instruments are correlated with individual payment values,
with cash being used most often for small-value payments, and these data do not
show evidence of large changes in consumer preferences for cash. Nevertheless,
changes in observed consumer payment behavior resulting from changes in survey
methodology and economic conditions manifest themselves through changes in
the distributions of individual payment values. Counterfactual simulations suggest
that the best estimate of the change in cash volume shares from 2012 to 2015 that
is attributable to changes in consumer preferences for cash use is about =1 to -3
percentage points. This estimate is reasonably close to the analogous one from the
SCPC (+0.3 percentage points) during the same period.
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Estimates of consumer payment choices from the DCPC for 2016 (and beyond)
should be more comparable with the 2015 DCPC estimates because of fewer
changes in survey methodology (same sampling frame) and some additional im-
provements (fewer changes to the questionnaire and limitations were addressed).
However, two factors will remain a challenge for interpreting DCPC data in the
short run until satisfactory structural models of consumer payment choices are
developed. First, it will be more difficult to identify separate cyclical and long-run
trend components from the DCPC data than the SCPC data; the latter is likely to
produce smaller year-to-year changes due to its measurement approach (recall
based on typical periods). Second, there is insufficient guidance about how to
jointly interpret of consumer choices of the number and value of payments, so di-

vergence in volume and value shares for an instrument will be puzzling.

In light of these challenges, it seems prudent to continue collecting data on con-
sumer payment use from both the SCPC and DCPC for now. The SCPC has a longer
time series and may give greater clarity on trends in payment use until much more
data are available to rely on the DCPC estimates. On the other hand, the DCPC
estimates provide potentially more accurate measurement of consumer payment
choices, and it has the significant advantage of collecting data on payment values
in addition to numbers. In terms of economic research, much more effort is needed
to develop structural models of consumer payment choices that can be estimated
with the SCPC and DCPC data.
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Appendix

Economic and Survey-related Variables, Table A.1
Probability of Using Cash

(2012) (2015)
Payment Payment
instrument instrument Difference
Cash Coefficients -0.820 -0.667 0.153
Log Amount (0.0391)*** (0.0726)*** 1.86*
Carried Credit -3.142 -2.665 0.477
(0.137)*** (0.313)*** 1.40
Carried Debit 0.724 1.009 0.285
(0.0934)*** (0.211)*** 1.24
Carried Enough Cash 2.231 2.729 0.498
(0.118)*** (0.264)*** 1.72*
Unemployed 0.320 0.723 0.403
(0.223) (0.406)* 0.87
Out of Labor Force -0.170 -0.166 0.004
(0.108) (0.205) 0.02
In-Person 2.779 3.312 0.533
(0.213)*** (0.405)*** 1.16
Bill 1.319 0.805 -0.514
(0.291)*** (0.308)*** 1.21
Tuesday 0.281 0.417 0.136
(0.148)* (0.319) 0.39

Standard errors in parentheses * p<0.10 ** p<0.05 *** p<0.01
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Wednesday

Thursday

Friday

Saturday

Sunday

Payment at Merch Group 1

Payment at Merch Group 3

Observations

Pseudo R-squared

(2012)
Payment
instrument

0.419
(0.146)***

0.263
(0.152)*

0.371
(0.152)**

0.271
(0.162)*

0.211
(0.152)

-0.0246
(0.0879)

0.261
(0.204)

8049

0.424

(2015)
Payment
instrument

0.192
(0.285)

0.250
(0.289)

0.505
(0.263)*

0.475
(0.275)*

0.156
(0.281)

0.135
(0.165)

0.695
(0.330)**

1886

0.396

409

Difference

-0.227
0.71

-0.013
0.04

0.134
0.44

0.204
0.64

-0.055
0.17

0.1596
0.85

0.434
1.12
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Demographic Variables, Probability of Using Cash Table A2
(2012) (2015)
Payment Payment
instrument instrument Difference
Cash Coefficients 0.527 0.765 0.238
Income Less Than 25k (0.174)*** (0.347)** 0.613
Income 25k to 49k 0.0774 0.0279 -0.0495
(0.128) (0.257) 0.172
Income 75k to 99k -0.286 0.256 0.542
(0.141)** (0.266) 1.800*
Income 100k to 124k -0.390 0.126 0.516
(0.152)** (0.322) 1.449
Income Greater Than 125k -0.308 0.266 0.574
(0.137)** (0.267) 1.913*
Age Under 25 -0.513 0.845 1.358
(0.290)* (0.571) 2.120**
Age 25 to 34 -0.0924 -0.603 -0.5106
(0.149) (0.290)** 1.566
Age 45 to 54 0.187 -0.0809 -0.2679
(0.145) (0.265) 0.887
Age 55 to 64 0.274 0.602 0.328
(0.152)* (0.274)** 1.047
Age 65 and Over -0.185 1.069 1.254
(0.181) (0.310)*** 3.493***
High School & Lt. High School 0.904 1.161 0.257
(0.158)*** (0.320)*** 0.720
Some College 0.450 0.715 0.265
(0.107)*** (0.216)*** 1.099
Graduate School -0.161 -0.440 -0.279
(0.113) (0.208)** 1.179

Standard errors in parentheses * p<0.10 ** p<0.05 *** p<0.01
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(2012) (2015)
Payment Payment
instrument instrument Difference
Black 0.293 0.407 0.114
(0.164)* (0.446) 0.240
Other Race -0.555 -0.0441 0.5109
(0.150)*** (0.272) 1.645*
Female 0.179 0.644 0.465
(0.0901)** (0.196)*** 2.156**
Married 0.153 0.139 -0.014
(0.109) (0.230) 0.055
No Bill Responsibility -0.237 1.408 1.645
(0.185) (0.382)*** 3.876***
Some Bill Responsibility -0.499 1.208 1.707
(0.188)*** (0.438)*** 3.581***
Most Bill Responsibility -0.422 1.333 1.755
(0.207)** (0.405)*** 3.859***
All Bill Responsibility -0.383 1.002 1.385
(0.146)*** (0.302)*** 4.129
No Shopping Responsibility 0.175 -0.109 -0.284
(0.238) (0.374) 0.641
Some Shopping Responsibility -0.160 -0.520 -0.36
(0.144) (0.303)* 1.073
Most Shopping Responsibility -0.0292 -0.217 -0.1878
(0.140) (0.307) 0.557
All Shopping Responsibility 0.0940 -0.180 -0.274
(0.129) (0.263) 0.935
Observations 8049 1886

Pseudo R-squared 0.424 0.396
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Multinomial Logit Model Used to Construct Counterfactual Estimates

The functional form of the counterfactual simulations were included in the body of
the paper, but a more detailed explanation of how the multinomial logit model
was used to construct the counterfactual estimates is included here. The right hand
side variables in equation (6) are represented by the N x K matrix, X,, which con-
tains the transaction amount, payment specific variables, and demographic varia-
bles for each year, t, in which the diary took place. The K x 7 coefficient matrix, 8,
and contains the estimated coefficients for each payment instrument, j.
The estimated probability of using a specific payment instrument is denoted as
P, = 1,where j represents the payment instruments used in the regression: cash,

check, debit, credit, electronic, and other.

eXzB/t
PrP=1)= ——— )

YL exh

The estimated probabilities for each payment instrument j in 2012 would be
denoted:

ez 5/72
PrP=1)= @
Y b

The estimated probabilities for each payment instrument j, in 2015 would be
denoted:
eX7sé/75

PrBro=1)= — ®
Y ensins
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The 2015 counterfactual probability estimates are calculated by replacing all of the
2012 coefficients in both the numerator and denominator with the estimated co-
efficients from 2015 and then re-estimating the probabilities. The equation is
shown in equation (9).

eXi12 Bj75

T ©
T e

The 2012 counterfactual probability estimates are calculated the same way by re-
placing all of the 2015 coefficients in both the numerator and denominator with
the estimated coefficients from 2012 and then re-estimating the probabilities. The
equation is shown in equation (10).

e*15Bj12

PriPuo=1= — (10)
o enshiz



Schuh, Greene, O'Brien: U.S. consumer cash use, 2012-2015:
an introduction to the diary of consumer payment choice
414

Simulation: Respondents with Zero Payments, 2012

The simulation aims to re-estimate the number of payments reported in 2012 by
presuming that, if the 2012 sample completely matched the 2015 sample, more
respondents in 2012 would have made no payments over their 3-day reporting
period.

The following are the steps in the simulation:

(1) Divide the 2012 sample into two groups: those who made at least one payment
over their 3 reporting days and those who made none.

(2) Divide each of these groups into 6 categories by income (3 categories) and age
(2 categories) (Table A.3):

Percent of Population within each Group, 2012 DCPC Table A3
Percent that Made at Least Percent that Made
One Payment No Payments
(1) @) @) (4)
45 and Under Over 45 45 and Under Over 45
HH Income Under $35,000 14% 17% 41% 23%
HH Income Between $35,000 16% 17% 7% 14%
and $75,000
HH Income Over $75,000 16% 21% 10% 5%

(3) For the group that made at least 1 payment, calculate the average number of
transactions per month and the average number of cash transactions per month

for each of the 6 income/age combinations Table A.4). The distribution of the



Schuh, Greene, O'Brien: U.S. consumer cash use, 2012-2015:
an introduction to the diary of consumer payment choice
415

individuals removed from the group who made at least 1 payment over their 3
reporting day were chosen to closely match the population from the group who
made no payments (columns 3 and 4 of the table above). For example, 41 percent
of the average individuals who were moved from the group who made at least 1
payment over their 3 reporting days and those who made none were 45 and

younger and had household incomes of less than $35,000.

Transactions per Person per Day, 2012 DCPC Table A.4
Percent that Made at Least Percent that Made
One Payment No Payments
45 and Under Over 45 45 and Under Over 45

HH Income Under $35,000 1