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Cash, Hoarding and the Underground Economy

1 Introduction

Estimates of the size and scope of undergroundoscias are often carried out by using a
so-called ‘monetary method’. A central assumptidnalb monetary methods rests on the
assertion that everyone involved in undergrounchegoc activities has a strong preference
to conceal these activities and, therefore, pretersse cash (currency) in all underground
economy transactions. Henaoeteris paribughe demand for cash should be higher the larger
the size of the cash using underground economy.

This idea was pioneered by Cagan (1958) and latéménn (1977), Feige (1979, 1989),
Tanzi (1980, 1982, 1983), Klovland (1980, 1984),a&charyya (1990), Escobedo and
Maule6n (1991) and others developed variants of rtfumetary method. More recently,
however, Breusch (2005a,b) and Ahumada et al. (200U8) have shown that many of the
estimates using either the Tanzi or Klovland metksatfer from serious econometrical or
mathematical shortcomings. Therefore, results obthifrom these methods may provide
misleading information to policy and law makersckPiardt and Sarda (2011, 2012) have
made a first attempt to address these issues Blapeng the Modified-Cash-Deposits-Ratio
(MCDR) approach, which they have applied to Germang Spain, respectively. Moreover,
Berger et. al (2012) have applied the approachree €.

The purpose of the present paper is to furtheneetthe MCDR approach by incorporating
cash hoarding and to discuss in some detail impdics of the MCDR approach with a view
to identify possible applications and limitatiod$e remainder of this paper is organized as

follows. In the next section we briefly review estsal aspects of the MCDR approach and

% Here we use the term ,underground economy” inemgeable with terms such as shadow economy, hidden
economy, black economy, etc. (see also Kazemie8;2®ickhardt and Sarda 2011).



discuss relevant assumptions. In section three wtend the MCDR approach by

incorporating estimates of hoarded currency. Thal fsection concludes.

2 The MCDR Approach
In this section we briefly reconsider essentialeatp of the MCDR approach. In particular,
we first deal with the theoretical and economelribackground and then discuss the

underlying implications and assumptions of the apph in some detail.

2.1  Motivation and Background

As noted, the MCDR approach was primarily develop#th a view to avoid econometrical
and mathematical problems that were discovered s@aes ago with respect to the popular
monetary approaches of Tanzi (1980, 1982, 1983)Kdndland (1980, 1984). Additional
motivations were related to: (i) the possible uisabn of cash using illicit economic activities
not caused by tax pressure, (ii) simplifying plailgy testing and, (iii) raising the level of
transparency (see Pickhardt and Sarda 2011, 2012).

Essentially, the MCDR approach follows a ‘back#te-roots path’ by first going back to
the pure calculation method of Peter M. Gutmanv{J9Among other things, Gutmann’s
approach rests on the assumption that over timetsage the legal economy wish to maintain
a constant ratioh of currency to sight depositsUnfortunately, however, for many
industrialized countries this assumption does eeinsto hold as the growth rates of sight
deposits substantially exceeded those of cash wermy during the last decades. As a
consequence, the original Gutmann approach maytteachegative size of the underground
economy, which does not seem to be plausible. Brcdthand Sarda (2011, 149-150),

therefore, replace the aforementioned assumptiothdyequally strong assumption that “all

4 Gutmann (1977, 27) writes: , The amount of currereyyuired for legal transactions in 1976 is assuthed
same percentage of demand deposits as in 1937-41."



currency in circulation in the base ye@y, represents the entire cash agents wish to hold in
any year after the base year for the set of legalkactions they prefer to carry out in cash.”
Otherwise, the remaining assumptions of the Gutmapproach continue to hold. By

formalizing these assumptions and after some nmeging the authors derive the following

equation,
Gt =Co _Yut 1)
Co+Dy Yt

with C; denoting currency in circulation outside banks (8)Fat the end of the yea€y
denoting currency in circulation outside bankshat ¢nd of the base year or base peiind,
denoting sight or demand deposits held by domestcbanks (non-MFIs) at the end of the
year,Yu/ Y. denoting theelative size of the cash using underground econanay denoting
the time index. Also, by assumption, we h&ge= C;, and, thusC; — Gy = Cyt, whereC,
denotes currency used for transactions in the kegahomy andy denotes currency used for
transactions in the underground economy.

Equation (1) states that the relative size of thehausing underground economy (r.h.s. of
(1)) can be measured by the ratio of currency @isednderground economy activitie€)
and money used in the legal sector of the econ®@npy+(D = M,). Moreover, equation (1)
generates a positive size of the underground ecgrfonrmany industrialized countries and,
therefore, solves a fundamental problem of themaigsutmann approach.

This notwithstanding, equation (1) rests on sontlkeerastrong assumptions. For example,
according to (1) it is assumed that theminal amount of currency in circulation outside
banks at the end of the base year or period remsesige entire amount of currency agents
wish to hold for legal transactions during each ewery subsequent period. Hence, in (1) the

distorting effect of inflation is ignored. Yet, thaflation effect may be incorporated by



adjustingCy in each year with the prevailing inflation rate,raeasured by the consumer price
index (CPI). Effectively, this amounts to assumthgt agents wish to hold a constaeal
value stock of currency for legal transactions mlyriall periods under consideration.
Likewise, according to (1), changes in the popalasize would have no influence Gg, but
would be reflected in botR; and D;, and may thus lead to some distortions over tifite.
address this issué€;, may be adjusted over time with an index that o#$lepopulation
developments. This procedure then implies the agBamthat on average agents wish to
hold a constarper capitareal value stock of currency for legal transactidnring all periods
under consideration. In Pickhardt and Sarda (2@01,2) these changes are denoted as
auxiliary modifications onenfodl and two (hod2, respectively.

In addition, in both the German and the Spanisk dastortions caused by the introduction
of Euro coins and notes on January 1, 2002 have tagéen into account by an econometric
estimation, which in the German case was basedstigtgly modified version of the method
proposed by Seitz (1995). With respect to the Garozese the results of this estimation were
also used for estimating the amount of currency loeltside Germanyn{od3. Regarding
equation (1) both changes require an adjustme@t, @nd the latter also an adjustmenCegf
Then, by taking all adjustments into account, Pacllhand Sarda (2011) obtain the following

equation,

INFC; — INPICq _ Yt @)
INPICo; +D; Yt

whereINFC; denotes forecasted currency in circulation outbideks, inside Germany, and
INPICy: denotes the inflation and population adjusted arhaaf currency that was in
circulation outside banks, inside Germany, at the ef the base year or base period. In the

Spanish case, however, it is assumed that no sulastamounts of Pesetas were held outside



Spain, and, therefore, no such adjustment was s&gegsee Pickhardt and Sarda 2012).

Equation (2) then amounts to,

FCt —PICo _Yut )
PICot +Dt Yt

Application of (2) and (2’) yields a time series thie size of the cash using underground
economy in Germany and Spain, which are denote@3aand S2 in Pickhardt and Sarda
(2011, 2012), respectively.

Moreover, while the former work focuses primarilyn aleveloping the theoretical
background of the MCDR approach, the later expdkesS2 profile, as the dependent
variable, to an econometric estimation procedum@viBed that this procedure yields a
regression with reasonable diagnostic statisticd, anly the creditability of the relevant
MCDR underground economy profile is supported, ddab essential causes of the latter are
identified. To this extent, even policy conclusianay be derived with the MCDR approach.
For example, based on the results of the econamestimation procedure Pickhardt and
Sarda (2012) conclude that a growth and competiéiss enhancing macro policy, combined
with a fundamental labor market reform, and accaowgsh with less tax pressure and an
intensified fight against criminal activities, irgicular illicit drug related crimes, is best for

fighting the cash using underground economy inigpai

2.2  Discussion

The brief sketch of the MCDR approach in the prewgdubsection provides an introduction
to its essential elements. This subsection aines dgeper discussion of its assumptions and
implications with a view of going beyond earliesdissions of the approach. A good starting

point for the discussion are the auxiliary modificas four to seven mentioned by Pickhardt



and Sarda (2011, p. 153), which they did not addmge to a lack of data. These
modifications concern: cash hoarding by nationah-banks (od4, changing cash use
preferences of national non-banksody, the use of deposits for underground economy
transactionsriodq, and the benchmarking procedungo@?, i.e., the choice of the base year

or period, respectively.

2.2.1 Hoarded Currency

Non-banks may hold currency not only for transacturposes but also for hoarding
purposes. This notwithstanding, it is difficult éaplain cash hoarding in the legal economy
with behavior patterns aiomo economicudn addition, there is little empirical evidence
about actual motivations for keeping cash hoarde (gan Hove and Vuchelen 1994). Yet,
precautionary motives caused by a fundamentaludistin the banking system or safety
measures in case of a loss of debit and/or creddscmight be plausible motivations for
holding cash hoards in the legal economy. In arsechowever, there is ample anecdotal
evidence that cash hoards do exist in the legailcg.

In contrast, with respect to the cash using undergt economy, cash hoarding may well
be explained by rational behavior. For exampleh damrds may emerge from saving motives
because interest bearing demand deposits are inytidef not considered as a feasible option.
In addition, cash hoards may be build up with anie create larger amounts of cash, which
could then be easier handled by the money laungiénianch of the underground economy.
To this extent, agents engaged in the cash usidgrground economy may well have a much
stronger motivation for keeping cash hoards, wkwels already noted by Cagan (1958).

Bartzsch et al. (2011a,b) have recently conductea ¢omprehensive studies on the

foreign demand for Euro banknotes issued in Germesmch also generate cash hoarding



data for Germany. In section three we use them tiaturther refine the MCDR approach by

applying auxiliary modification four.

2.2.2 Non-cash Payment

In this subsection we shall deal with auxiliary ni@dtions five and six jointly. To begin
with, recall that the MCDR approach implies by asption that any additional spending in
the legal economy that goes beydN®1C, (PICy) is carried out via demand or sight deposits
and, thus, fully handled via non-cash involving @yt methods such as checks, debit cards,
and credit cards. Put differently, new non-cashnpay methods pose a problem for the
MCDR approach only if they effectively lead to artd replacement ofNPIC, (PICy) or,
alternatively, if over time more currency is usext fegal transactions than indicated by
INPIC, (PICy).

Therefore, with respect to the applicability of ME€DR approach, the important question
iIs how to verify whether or not agents in the legabnomy use over time and on average a
stable real per capita amount of currency to cattythose legal transactions they wish to
handle in cash. Despite some anecdotal evideneee th, unfortunately, a fundamental lack
of useful time series data on this topic. This nthtstanding, over time economic growth,
technical progress, innovations, etc. may leaduttddmental changes of individual cash
payment preferences. It is important, however, écognize that these changes may have
opposite effects.

For example, economic growth may make many houdshmlch richer over time, which
in turn may prompt these households to source aut @f their household production to
market exchanges. Going out for lunch or dinndreiathan cooking at home, using a laundry
rather than doing all washing at home, taking & bati at a hair dresser rather than at home,

using market based leisure activities rather thagirsg at home, are just a few examples.



Even if some of these market exchanges are paidonacash payment methods, others are
paid in cash and, thus, might cause an increasastf used for legal transactions. In contrast,
however, technical progress, economies of scalesangde, etc. may, among other things,
make many products much cheaper, which would rethe@eed for cash. Hence, subject to
a lack of useful time series data on the cash @slmestic non-banks, with respect to the
MCDR approach it is assumed that all conceivableences orNPIC, (PICy) balance over
time.

Another issue is the use of demand deposits foengndund economy transactions, such
as fraud and the like. These cases amount to thkcitrassumption that the MCDR figures
no longer cover just the cash using section ofutiderground economy. Technically, in both

(2) and (2"), this notion implies, 3> Dt + Dy, and, therefore, we get,

INCyt + Dyt _ Yut
|NP|C0t + DLt YLt ,

3)

Cut +Dut _ Yut

, (3)
PICot +Drt Yt

respectively, wherd,; denotes demand deposits used for legal transactimpsdenotes
demand deposits used for, or generated by, underdreconomy transactions, both at the
end of the year. But again, there is currently intetseries data or estimation method that
allows for obtaining data on eithBy; or Dy.

Barter exchanges are another important issue wgpect to non-cash payment methods,
as they may be used in underground economy traosacinstead of cash. For example,
barter exchanges may have played an importantfoolanderground activities in Germany

after World War Il and until the 1950s, because ynararkets did not yet exist or were still
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underdeveloped. But even in more recent times barkehanges may play an import role in
some industries. The market for recorded music randies is a good example. To copy a
music CD or MP3 file for a friend in exchange fawogher copied CD or simply a favor may
be regarded by many people as some sort of peittyecrYet, if such beliefs are fairly
common within the population and even internet dgsdatforms are available, allowing for a
wide distribution of these barter exchanges, a e/hadustry might get into trouble.

Finally, money laundering is an important issud thay have a non-negligible impact on
(2) or (2'). In the present context, the moneynldering branch of the underground economy
essentially ensures that a large number of smalll reash proceeds from activities such as
illegal drug consumption or illegal prostitution ncdoe channeled into (allegedly) legal
investment projectsProvided that this sort of money laundering taiese domestically, in
(2) or (2') it would reduc&y; by dissolving hoards of cash held in the undengdoeconomy
and would increas®y, thereby reducing the size of the cash using wyrdend economy

according to the MCDR approach.

2.2.3 Benchmarking

Arguably the most important issue with respect tb raonetary approaches is the

benchmarking procedure, because it is this proeedbat inevitably introduces some

arbitrariness to the underground economy estim&egarding the MCDR approach the

benchmark assumption for both the German and Spaase has been ‘zero percent of cash
using underground economy in 1960’. As demonstrégdPickhardt and Sarda (2011, p.

155), choosing a different base year leads to réiffie values and choosing a different
(positive) initial percentage of the undergroundreamy would also lead to different values

with respect to the size of the underground econavgreover, contrary to conventional

® Note that money laundering for terrorist financingy work the other way round, i.e., either smaibants of
legal cash (e.g. donations) or even large sumstameneled into illegal terrorist projects.
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beliefs, Ahumada et al. (2008) have demonstratatidstimates using the Tanzi method also
require a benchmark value, if short-run models,cwhinclude the lagged dependent variable,
are used.

It is for this reason that any estimate of the sikéhe underground economy that rests on
the MCDR approach or another monetary method carsmme arbitrariness. Therefore,
interpretations of estimated underground econonguréis, in particular with respect to
economic policy recommendations, should take thesgects into account and special
attention should be given to the benchmark selegrocedure.

For example, the MCDR benchmark ‘zero percent a&hcasing German underground
economy in 1960’ was chosen for the following remsdirst, in 1958 the Deutsche Mark
became convertible and the federal state of Sahtd@aname part of Germany again. Second,
the macroeconomic environment in 1960 was rathesréble, with full employment and a
booming economy. Third, many cash using undergraactvities such as illegal soft and
hard drug dealing, illegal prostitution, humanficking, etc. either did not exist or were on a
rather small scale. Fourth, as noted, during tfg49many underground economy activities
may have been based on barter exchanges, ratimeoth@ash involving market exchanges. In
this context it is worth emphasizing that the MCb&xchmark assumption does not imply
that there was no underground economy in 1960, tlmatt the cash using section of the
underground economy was negligibly small.

Also, regarding the Spanish case, all aspects orediabove apply as well, except for the
first one. In addition, in 1960 Spanish taxes italtevhere on rather low levels and potential
unemployment problems were solved via emigration.

Furthermore, the benchmarking problem also applieson-monetary approaches, notably
the popular MIMIC approach (e.g. see Pickhardt adda 2006). As the MIMIC approach

generates only an index, a benchmark obtained fodifferent source, often a monetary



12

method, is required to calibrate the index. Obuud there are alternative potential
benchmarks to choose from, the actual size of théernground economy is essentially
determined by the benchmark choice of the researahd only the development of the
underground economy over time is determined byMiIC estimation procedure. This may
have important implications for the policy recomrmations that are given based on results

obtained from a MIMIC approach.

2.2.4 MCDR and other Monetary Approaches

Recently, Cebula and Feige (2011, 2012) have dpedl@n alternative modification of the
Gutmann (1977) approach, which they apply to Ugba.dTheir first modification consists of
taking into account that U.S. currency may be raddoad. The second modification they
suggest consists of taking into account “technalalginnovations in the financial industry

"® which effectively modifies

that significantly reduce the volume of ‘checkabtéposits’ (D)
Gutmann’s original assumption that the ratio ofrency to deposits remains constant over
time (see section 2.1).

The third modification deals with the benchmarkgaaure. Their original benchmark is
‘zero unreported income in 1940’ and they introdtwe alternative benchmark values that
come from independent audit based estimates ofparter income for the years 1988 and
2001, conducted by the Internal Revenue Servic8)(IRhe fourth modification they propose
Is a relaxation of Gutmann’s assumption that cuayas the exclusive medium of exchange in
the underground economy. As an alternative theyrmass based on IRS audit data, that 20
percent of all unreported income transactions ard py check and just 80 percent by cash.

Finally, the fifth modification is a relaxation @utmann’s assumption of equal velocities in

the legal and underground sector of the economgyTduggest instead that the income

® According to Cebula and Feige (2011, p. 7), thenteheckable deposits’ refers to demand depodiis @ther
checkable deposits.
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velocity in the underground economy is higher tharthe legal economy, which would
ceteris paribudead to a larger size of the underground econdmaythey do not apply this
last modification to the actual calculation procedu

Hence, in comparison with the MCDR approach, thenrd#ference occurs with respect
to Gutmann’s assumption that the currency to dépaatio stays constant over time. In the
MCDR approach Gutmann’s assumption is replaced Hey dlternative assumption of a
constant average (per capitapd? amount of (realmod] currency that is held for legal
transactions, whereas Cebula and Feige (2011, 28485t the amount of deposis, but
otherwise maintain Gutmann’s assumption. Matherabyicthis difference is shown in the
appendix. It follows from this mathematical difface thatceteris paribus(i) the Cebula and
Feige approach leads to lower (higher) valuesHerdash using underground economy than
the MCDR approach, if deposits are increased (dsed, (ii) the Cebula and Feige approach
cannot handle the case where cash hoards areemausinto demand deposits, because this
would lead to an unwarranted increase of cashfoel@gal transactions.

With respect to the popular monetary approachedasizi (1980, 1982, 1983) and
Klovland (1980, 1984) the main difference with tM€DR approach is that the amount of
currency held for underground economy transacti@gs,s simply calculated in the MCDR
approach (i.e. the nominator of (2) or (27)), babeometrically estimated with a currency
demand function in both the Tanzi and Klovland apphes. This difference shows another
advantage of the MCDR approach. In comparison witturrency demand estimation, more
variables that directly explain the undergroundnecoy development may be included, if the
MCDR underground economy profile is directly expbse an econometric estimation. This

in turn may allow for deriving more refined poliogcommendations.

" Among other things, Tanzi considers a relative sneaC/M2, as the dependent variable, whereas Klovland
considers an absolute measure, real curr@ieyas the dependent variable, in their respectiveengy demand
estimations, wher€ denotes nominal currendyl2 is the conventional monetary aggregate Rmttnotes the
price level.
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In this section we provide up-dated figures for $iee of the cash using German underground

economy and further refine the MCDR approach byntakecent estimates on the extent of

cash hording in Germany into account.

3.1

The German underground economy profile G3, providgedPickhardt and Sarda (2011, p.
151-152), covers the period 1960 to 2008 and byyayp(2) with data for 2009 and 2010 we
can extend the G3 profile to the period 1960 toG2FAgure 1 shows the G3 profile for this
latter period and Table 1 shows relevant calcutatiata for the post reunification period
1992 to 2010. Note, however, that during the pefdi®87 to 1991 the G3 profile may not
fully reflect the development of the cash using r@am underground economy due to

withholding tax effects and the German reunificat{see Pickhardt and Sarda 2011, 155-

156).

Evidence for 2009 and 2010

Figure 1: G3 profile (1960 — 2010)

New MCDR Estimates for the German Underground Ecoomy
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Inspection of Figure 1 and Table 1 shawat the size of the cash using German underground
economy slightly decreased since 2008. Moreovesg, pieovided in Table 1 suggests that this
decline is due to the comparatively strong increasteposits. But, of course, the years 2008
to 2010 are also affected by the world wide ecorarisis.

Moreover, by dividing column twolINPIC,) of Table 1 with the relevant annual
population data, we obtain the amount of currerasheagent would hold on average at the

end of the year for transactions in the legal eaond-or example, at the end of 2010 (2009,

2008) this amounts to 742.6 (730.3; 722.6) Euro.

Table 1: Relevant data for calculating G3 (1992 t€010)

INFC; INPICq

Dt CUt

Mt Year

G3

82,846,343,84444,278,218,606

87,773,897,34946,449,261,498

93,260,561,97847,842,037,505

97,439,675,25548,832,566,672
100,351,926,36549,656,819,360
102,819,687,12250,618,187,010
106,170,377,32451,079,364,224
109,381,786,13351,449,284,263
111,805,128,77452,267,908,942
115,230,631,80053,416,830,779
118,058,779,53754,213,896,534
121,063,748,10354,778,545,502
123,425,252,31955,671,144,548
126,266,811,76456,728,633,761
130,270,017,85057,598,520,036
137,241,491,63158,745,111,452
153,340,722,35059,257,851,951

239,000,000,000 38,568,125,238
263,000,000,000 41,324,635,851
276,000,000,000 45,418,524,472
297,000,000,000 48,607,108,583
345,000,000,000 50,695,107,005
353,000,000,000 52,201,500,111
409,000,000,000 55,091,013,100
420,000,000,000 57,932,501,870
443,000,000,000 59,537,219,832
526,000,000,000 61,813,801,021
576,000,000,000 63,844,883,004
624,000,000,000 66,285,202,601
647,000,000,000 67,754,107,772
717,000,000,000 69,538,178,003
748,000,000,000 72,671,497,814
780,000,000,000 78,496,380,179
835,000,000,000 94,082,870,399

283,278,218,6061992
309,449,261,4981993
323,842,037,5051994
345,832,566,6721995
394,656,819,3601996
403,618,187,0101997
460,079,364,2241998
471,449,284,2631999
495,267,908,9422000
579,416,830,7792001
630,213,896,5342002
678,778,545,5022003
702,671,144,5482004
773,728,633,7612005
805,598,520,0362006
838,745,111,4522007
894,257,851,9512008

151,753,268,60059,738,889,7651,029,489,000,000 92,014,378,8351,089,227,889,7652009
161,087,038,30060,710,276,2691,104,387,000,000100,376,762,0311,165,097,276,2692010 8.62

13.61
13.35
14.02
14.06
12.85
12.93
11.97
12.29
12.02
10.67
10.13
9.77
9.64
8.99
9.02
9.36
10.52
8.45

Note: Own calculations. All variables are denotadsiuro, except columns year and G3, with the ldtroted
in percent of official GDP.

Data in column onelllFC) of Table 1 also allows for a comparison with tdemestic
circulation’ values obtained by Bartzsch et al.1(28b). For example, in 2009 these values

range from 40 to 205 billion Euros, subject to thederlying approach. But half of the
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estimates range between 130 and 180 billion Euxéch compares fairly well with the
independently obtained MCDR amount of 151.75 hillEeuro according to Table 1.

Moreover, Table 2 provides some additional timeesedata obtained from the seasonal
methods for estimating the demand for Euro banlensigued in Germany (see section 2.2.2
of Bartzsch et al. 2011b). This method is of ingéEs it allows for distinguishing cash held

for domestic transactions and cash held for hogrdurposes.

Table 2: Currency in Circulation in Germany (2002 © 2009)

Year Transaction Hoarding Domestic G4yy G4y

Circulation
2002 45.9 9.1 55 8.69 10.28
2003 45.9 12.2 58 7.97 9.94
2004 49.3 15.7 65 7.41 9.86
2005 47.3 22.7 70 6.05 9.26
2006 51.1 23.9 75 6.05 9.30
2007 56.4 28.6 85 6.95 9.69
2008 72.4 32.6 105 6.88 10.92
2009 58.2 36.8 95 5.07 8.74

Note: Transaction denotes currency held for tramisscpurposes, Hoarding denotes currency
held for hoarding purposes and Domestic Circulatitamotes currency in circulation inside
Germany, with all three in billions of Euros. Datfers to the end of the year, was kindly provided
by Franz Seitz in March 2012, and is based on ¢assnal methods of Bartzsch et al. (2011b, pp.
9-21). G4, denotes the hoarding adjusted size of the castyuserman underground economy in
percent of GDP, if all hoarded cash (column thris)eld in the underground economy and &4
denotes the same, if all hoarded cash is helderléhal economy (own calculations).

Inspection of Tables 1 and 2 reveals that the déteurrency held for legal transactions
(columns two in both tables) is surprisingly similgiven that the data has been generated
with two entirely different methods. Differences 2005 and 2008 are obviously due to the
fact that the results shown in Table 2 are morsib&nto specific influences in each yé&ar.
For matters of convenience, results presented mnmots G4y and G4y of Table 2 are

discussed in the following section.

8 Data for 2009 in Table 2 should be identical withevant data in Table 2 of Bartzsch et al. (20p1187) and,
therefore, with Table 3, column 3. Existing diffeces are entirely due to rounding effects.
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3.2  Hoarding

As noted, recent estimates of cash hoarding in @eyrby Bartzsch et al. (2011a,b) allow for

addressing auxiliary modification four of the MCIRproach. Table 3 shows relevant results
of the two studies for 2008 and 2009. Subject ® dpproach that is used, the stock of
hoarded cash ranges from 40 to 110 billion Eur20@9.

The incorporation of hoarded cash into the MCDRraggh requires a correction of some
variables used in (2) or (2'). The actual corrattiprocedure depends on whether the
calculated amount of hoarded cash is held: (i)regtiin the underground economy, (ii)
entirely in the legal economy, or (iii) to someeantin both sections of the economy. Subject
to the discussion in the preceding section it istliely that option (iii) is true. But since we
do not know the exact proportions, for illustratimerposes alone, we assume that two thirds
of the hoarded cash amount is held in the undengr@conomy and one third in the legal
economy.

Technically, option (i) amounts to correcting Bevalue in (1), or théNFC; value in (2)
or the FC; value in (2). Regarding the German case, we havadjustINFC; in (2) by
deducting the hoarded cash amount, which yielddHiiN&-C; figures shown in Table 3 (see
appendix for mathematical details). Application®f, with theHINFC; figures rather than the
INFC; ones, yields the Gg underground economy sizes provided in Table 3cdntrast,
option (ii) essentially amounts to a correctiontbé denominator in (1), (2) or (2'), by
deducting the hoarded cash amount (see appendmmdtirematical details), which yields the
G4 underground economy sizes shown in Table 3. Otipnis a mix of the former two
procedures, subject to the assumed distributioth@fhoarded cash amount, and yields the

G4,y underground economy sizes shown in Table 3.
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Table 3: G4 Estimates

2008 2009
Hoarding 20 40 70 110
HINFC, 133.34 111.75 81.75 41.75
G4un 8.28 478 2.02 [-1.65]
Cir 39.3 19.7
G4y 10.76  8.77
G4 un 9.1 6.07 4.3 1.78

Note: Hoarding is denoted in billion Euro (end b&tyear) and taken from Bartzsch et al. (2011abhples 11
and 2, respectively. HINFC denotes hoarding adplsteside Germany forecasted currency held outbateks

at the end of the year in billion Euro (own caldiga). G4, denotes the hoarding adjusted size of the cash
using German underground economy in percent ofiaffGDP, if all hoarded cash is held in the undengnd
economy (own calculation). €denotes cash held in the legal economy for tramsapurposes, in billion Euro
(own calculation). G4, denotes the hoarding adjusted size of the caslgusarman underground economy in
percent of official GDP, if all hoarded cash is tiéh the legal economy (own calculation). | G4denotes the
hoarding adjusted size of the cash using Germarergrdund economy in percent of official GDP, if tthads

of hoarded cash are held in the underground econamy one third is held in the legal economy (own
calculations). “---“ denotes that a calculation it possible.

Inspection of the G4 results in Table 3 makesaarcthat taking domestic cash hoarding into
account may either reduce or increase the sizenefcash using German underground
economy. Also, the 2009 cash hoarding estimates sh@ather wide range and for this reason
alone it is hard to assess which of the G4 valuag best reflect the true size of the cash
using German underground economy in 20009.

This notwithstanding, and provided that the MCD&ufes are otherwise close to the true
values, it seems to be fairly evident that the killdon Euro hoarding estimate is compatible
with the MCDR approach, only if option (iii) appsieand a substantial amount of hoarded
cash is held in the underground economy. Regartthaegther two options, the 110 billion
estimate leads either to a negative size of thie uamg German underground economy or to
a negative amount for cash transactions in thel legagnomyC, 1, so that the size of the
underground economy cannot be calculated (see BablEhe same is true for the 70 billion
Euro estimate, if it is assumed that all or a ldrgetion of the estimated amount of hoarded
cash is held in the legal economy.

Alternatively, one might take a second look at tesults of a representative household

survey on banknotes hoarded by adults (i.e. peagdel over 14) in Germany, conducted in
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2008 on behalf of the European Central Bank (sedz8zh et al. 2011a, p. 23; Table 3,
column 2008). As noted by Bartzsch et al. (201tted results may underestimate the true size
of cash hoarding in Germany. However, the resully be regarded as a rough indicator for
the amount of cash hoarded in the legal economy, iasparticularly unlikely that people
report cash hoards held for, or stemming from, ugrdeind economy activities. Hence, if we
assume that cash hoarded in the legal econ@ny, amounts to about 20 billion Euro in
2009, then the estimates of 40 and 70 billion im#&ofCy seem to be the most plausible in
terms of section 2.2.1 and the comments on the HilliOn Euro estimate made above.
Moreover, based on the assumpti@yy = 20 billion Euro, cash hoards held in the
underground economyyn, amount to 20 or 50 billion Euro, respectively.srdistribution

of the total amount of hoarded ca€ly, would generate a size of the cash using German
underground economy in the range of 3.93 to 6.7degm of GDP for 2009, according to the
MCDR approach.

Finally, Table 2, columns G4 and G4y, provide some time series data on the hoarding
adjusted size of the cash using German undergreaadomy for the period 2002 to 2009,
which is based on cash hoarding data obtained fr@enseasonal methods (see Bartzsch et al.
2011b and column three of Table 3) and the appbicatf options (i) and (ii), respectively.
The results are by and large in line with the obstons already made above.

In summarizing, the G3 values for 2002 to 2009 (&4l do not require any correction, if
it is assumed that almost all of the hoarded casteid in the legal economy. In contrast, if it
Is assumed that almost all of the hoarded cashldsih the underground economy, the size of
the latter is much lower than the G3 values sugdeshis context, it is worth noting that any
estimate of cash hoards held in the undergroundagoy essentially amounts to an estimate
of accumulated past profits from underground econaantivities. Most likely, however, cash

hoards are held in both the legal and undergrowation of the economy and anecdotal
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evidence suggests that the hoarding correctedddizke cash using German underground
economy has ranged between four and seven per€e@DB in 2009, according to the

MCDR approach.

4 Concluding Remarks

Recent estimates concerning currency hoarding im&ey allow for further refinements of
the MCDR approach for calculating the size of thshcusing German underground economy.
In a first step, we have up-dated existing estisiatel have obtained values for the size of the
cash using German underground economy in 2009 ahd. 2Next, we have used available
estimates of currency hoarding in Germany for 2808 2009 and demonstrated how these
data would affect the size of the German undergtoeconomy according to the MCDR
approach. In particular, in the most extreme sgttive showed that the size of the cash using
German underground economy may have ranged in 220@) between 8.28 (2.02) and
10.76 (8.77) percent, with 10.52 (8.45) percenoftitial GDP as the previously calculated
size.

In addition, we have discussed the assumptionsnaplications of the MCDR approach in
more detail than in previous work. However, it mbst emphasized that the criticism put
forward by Thomas (1999) and various other autlagainst the original Gutmann (1977)
approach are by and large still valid with resgecthe MCDR approach. Yet, the hoarding
adjustment which we did here and previous work len éxtent of the cash using Spanish
underground economy shows two fundamental advastafjghe MCDR approach. First, it
can accommodate practically any number of additiomadifications, while maintaining its
transparency, provided that relevant data is av@laSecond, exposing the obtained
underground economy profiles to econometric estonaprocedures may not only add to

their creditability. In fact, it may also allow thresearcher to investigate the causes of the
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underground economy in a more comprehensive way ttha is would be possible with the

Tanzi, Klovland or MIMIC method.
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Appendix
Part A of the appendix deals with the technicabrporation of hoarding into the MCDR
approach and part B deals with the technical diffiees between the MCDR approach and the

approach of Cebula and Feige (2011, 2012).

A)

Let Cy be the observed or estimated total amount of casinding by domestic non-banks
and letCy be the total amount of cash used for domestic acire1s, where here and in the
following all variables refer to the end of the geaut for simplicity alone we suppress the
time indext. Then, the total amount of cash held outside habknay be defined as,

C=Cr+Cy. (A1)
Note that (Al) implies that cash may now be held two purposes, transactions and
hoarding. Further, since cash may be used bothendgal and undergroursgctor of the
economy, we may restate (Al) as,

C=CL+Cy=Cir+CLy + Cyr+ Cuyn, (A2)
with Cy = C v + Cyr andCy = Cy + Cyy and whereC, denotes cash held in the legal
economy,Cy denotes cash held in the underground econdfpy,denotes cash used for
transactions in the legal econom@,y denotes hoarded cash in the legal econo@y,
denotes cash used for transactions in the undardreaonomy, an€yy denotes hoarded
cash in the underground economy.

Based on (A2), option (i), i.e. all hoarded cashh&d in the underground economy,
amounts taC 4 = 0 and, thus, we g&, 1+ = C. = Co. Moreover, regarding the nominator of
(1) we are interested in obtaini@yr, which according to (A2) and option (i) is how ithefd
as,Cyr = C — G — Guy. However, option (i) does not affect the denononaif (1) and,

therefore, with respect to option (i) equationi§linodified to,
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C-Co-Cun _Yu
C0+D Y|_ .

(A3)

In contrast, if option (ii) holds, i.e. all hoardedsh is held in the legal economy, we Qg

= 0 and, thusCy = Cyr, andC.t + C .y = C_ = Co. Hence, the nominator of (1) is now
unaffected, withC — G = Cr + Cyr andCy — Gy = Cpt, or simplyC — G. However, option
(i) now affects the denominator of (1) due@p— G = C.r and, therefore, with respect to

option (ii) equation (1) is modified to,

(C=Cin)=(Co-Cin) _Yu_ (Ad)
(Co-Cu)+D YL
As option (iii) is just a mix of options (i) and)({iwe can use a simplified version of (1),

C_CO_CU _ Y (A5)

and incorporate hoarding by stating,

ﬂ:ﬁ_ (A6)
ML-CH WL

B)
As noted in Pickhardt and Sarda (2011, p. 149)ptiggnal Gutmann (1977) approach can be

restated as,

C-Cod>
C-AD _ Do _ YU (A7)
AD+D CLOE[)Q+D Y.
0

where A denotes the fixed cash to deposits r&igD, of the base year or period. Then, the
main modification on which the MCDR approach restgsists of replacing Gutmann’s

assumption that agents wish to hold a fixed ratioash to deposits over time by an equally
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strong alternative assumption, as noted in the ntext. Technically, this amounts to

removing the rati®/D, from equation (A7), so that equation (1) of thamrtext emerges,

C-Co Yy ’8)
C0+D Y|_

In contrast, Cebula and Feige (2011, 2012) main@&immann’s original cash to deposits
assumption, but adjust demand depdBitsy taking into account that in the U.S. “checkable
deposits were swept into money market depositshcdgin the U.S. the cash to deposits
ratio was raised due to innovations in the finanitidustry, which caused a downsizing of
checkable deposits essentially unrelated to undengt economy activities. Technically, the
main modification of Cebula and Feige (2011, 201B¢refore, is to replacP in (A7) by
Dagj, With Dagj, > D. This procedure yields,

C-Cio B[%

Y
0__-U (A9)
Dadj. YL
CLo EliDO + Dag.

and a comparison of (A8) with (A9) shows the madifedence of the two approaches.

Also, to illustrate the first claim made in the maext of section 2.2.4, assume the
following numerical valuesC = 150,Cy = 60,D = Dagj. = 1000,Cyo = 15,D¢ = 250, for (A8)
and (A9), which should yield a size of the casimgsinderground economy of 8.49 percent in
both cases. TheD = AD,q;. = 100 (-100) yields 7.76 (9.38) percent in cas¢hefMCDR
approach, but 7.20 (10.06) percent in case of #tau@ and Feige approach.

With respect to the second claim (see section Pi2ofe that in (A9) any increase in
deposits 4ID,q; > 0) inevitably leads to an increase in cash ueetkfal transactions, i.e., the

termCyo * (Dadj/Do), which is unwarranted if cash hoards are tramséar into deposits.



25

References

Ahumada, H., Alvaredo, F. and Canavese, A. (200 Monetary Method and the Size of
the Shadow Economy: A Critical Assessmdyview of Income and Weal3 (2), pp.
363-71.

Ahumada, H., Alvaredo, F. and Canavese, A. (200B& monetary method to measure the
shadow economy: The forgotten problem of the irgtaiditions,Economics LetterslO1,
pp. 97-99.

Bartzsch, N., Rosl G., and Seitz F. (2011a). Foréd@mand for Euro banknotes issues in
Germany: estimation using direct approaches, D&onsPaper Series 1, Economic
Studies No 20/2011, Deutsche Bundesbank, Fran{@®atmany).

Bartzsch, N., Rosl G., and Seitz F. (2011b). Fordigmand for Euro banknotes issues in
Germany: estimation using indirect approaches, Wision Paper Series 1, Economic
Studies No 21/2011, Deutsche Bundesbank, Fran{@atmany).

Berger, W., Pickhardt, M., Pitsoulis, A. and Sardla(2012). The Greek Debt Crisis and the
Role of the Underground Economy, Discussion Pdpettbus.

Bhattacharyya, D. K. (1990). An econometric metluddestimating the hidden economy,
U.K. (1960-1984): estimates and te&spnomic Journal100, pp. 703-717.

Breusch, T. (2005a). ‘The Canadian Underground &enn An Examination of Giles and
Tedds’,Canadian Tax Journab3 (2), pp. 367-91.

Breusch, T. (2005b). Australia’'s Cash Economy: the Estimates Credible?he Economic
Record 81, pp. 394-403.

Cagan, P. (1958). The Demand for Currency Reldtuwhe Total Money Supplylournal of
Political Economy66, pp. 303-28.

Cebula, R. J. and Feige, E. L. (2011). America’'separted economy: measuring the size,
growth and determinants of income tax evasion & thS.,MPRA Paper No. 34781
posted 16. November 2011.

Cebula, R. J. and Feige, E. L. (2012). Americaiseported economy: measuring the size,
growth and determinants of income tax evasion m thS.,Crime, Law and Social
Change 57, pp. 265-285.

Escobedo, M. I. and Mauleon, 1. (1991). Demandaddero y economia sumergida,
Hacienda Publica Espafiold 19, pp. 105-25.

Feige, E. L. (1979). How Big is the Irregular Ecan® Challenge 22, November-December,
pp. 5-13.



26

Feige, E. L. (1989)The Underground EconomieSambridge: Cambridge University Press.

Gutmann, P. M. (1977). The Subterranean Econdiimancial Analysts Journal35, pp. 26—
34.

Kazemier, B. (2006). Monitoring the Underground &@my — A Survey of Methods and
Estimates, in: Enste, D. and Schneider, F. (edahbuch Schattenwirtschaft 2006/2007
Vienna: LIT, pp. 11-53.

Klovland, J. T. (1980)In search of the hidden economy: Tax evasion arddémand for
currency in Norway and Sweddbiscussion Paper 18/80, Norwegian School of Enoo®
and Business Administration, 1980.

Klovland, J. T. (1984). Tax Evasion and the Dem@mdCurrency in Norway and Sweden. Is
there a Hidden Relationshifgzandinavian Journal of Economj&S (4), pp. 423-439.

Pickhardt, M. and Sarda, J. (2006). Size and sobplee underground economy in Germany.
Applied Economics38(14), 1707-1713.

Pickhardt, M. and Sarda, J. (2011). The size ofuhderground economy in Germany: a
correction of the record and new evidence fromntioelified-cash-deposit-ratio approach,
European Journal of Law and EconomiB2(1), pp. 143-163.

Pickhardt, M. and Sarda, J. (2012). Size and canfstee underground economy in Spain: a
correction of the record and new evidence fromMi&DR approachCAWM Discussion
Paper No. 54University of Munster[downloadable via econpapers.repec.org]

Seitz, F. (1995)The Circulation of Deutsche Mark Abraddiscussion Paper 1/95, Economic
Research Group of the Deutsche Bundesbank.

Tanzi, V. (1980). The underground economy in thé&e&dhStates: Estimates and Implications,
Banca Nazionale del LavorQuarterly ReviewNo. 135, (December 1980), pp. 427-53.

Tanzi, V. (1982).The Underground Economy in the United States anaakh Lexington
(MA): Lexington Books.

Tanzi, V. (1983). The underground economy in thétédhStates: Annual Estimates, 1930-
80, IMF Staff Papers30 (2), June, pp. 283-305.

Thomas, J. (1999). Quantifying the Black Economyeasurement without Theory' Yet
Again? Economic Journall09, pp. F381-F389.

van Hove, L. and Vuchelen, J. (1994). Oppotting d&n omvang van de ondergrounds
economie [Hoarding and the size of the undergro@ednomy], Tijdschrift voor
Economie en ManagemeR9(3), 233-260.



