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SUMMARY. The monetary method is a widely used approach to measure the size of the shadow
economy. It is based on the assumption that cash is used to make transactions that agents want to
keep hidden from official records. This paper provides a formal aggregation framework which stylizes
the steps followed in the standard empirical application of the method and use this framework to
point out some pitfalls that are present in most estimations based on this approach. The paper also
suggests solutions for them. As an exercise, a corrected version of the method is applied to estimate
the size of the Bulgarian shadow economy.
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Introduction

No hay ejercicio intelectual que no sea finalmente inatil. Una
doctrina filosofica es al principio una descripcion verosimil del
universo; giran los afios y es un mero capitulo — cuando no u
parrafo o un nombre — de la historia de la filosofia.

Jorge Luis Borges, Pierre Menard, autor del Quijote’. Ficciones

National accounts do not register a whole set of economic transactions.
The size of such transactions and the causes and consequences of their exist-
ence are studied under different names: hidden, unrecorded, underground,
parallel, black or shadow economy. Undeclared, under-declared, non-mea-
sured and under-registered transactions made to avoid the burden of taxes or
to circumvent regulations, illegal transactions connected with crime and cor-
ruption and legal but non-market activities are included in the concept of
shadow economy.

Economists have been interested in this topic during the last twenty-five
years although the concepts analyzed are not uniform. A volume of The Eco-
nomic Journal (1999), a survey by Schneider and Enste (2000) and a recent
international seminar held at Marne la Vallée University (France, 2007) gath-
ering academic experts and government officials concerned with this subject,
thoroughly document such interest. In recent years the issue also attracted
the attention of the press. The reason is straightforward: underestimating the
GDP implies, for example, an overestimation of the public deficit/GDP and
debt/GDP ratios; therefore, any fiscal and monetary policy decision would be
based on biased official figures. Additionally, country unions (notably the Eu-
ropean Union) usually determine budget targets and member contribu-
tions with reference to the GDP and, consequently, any discrepancy in the
shadow economy rates across nations is at the center of the problem. On top
of that, estimated values for the size of the shadow economy in different
countries are important: averages vary from 11 per cent of registered GDP
for OECD members to 20 per cent for transition economies and 39 per cent
for developing countries.

The very nature of the shadow economy makes its measurement a diffi-
cult task. Furthermore, different estimation methods target different con-
cepts.' So, estimation methods have become an important theoretical and
empirical issue. There are four main methods used to measure the size of the
shadow economy:

! Authors do not seem to be always aware of this observation.
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1. Methods based on the estimation of discrepancies between registered
aggregate income and aggregated implied microeconomic expendi-
tures identified in "ad hoc" surveys.

2. Methods based on tax and regulatory surveys.

3. Methods based on observed discrepancies between inputs used (usu-
ally labor and electricity) and outputs declared by industrial firms.

4. Methods based on estimated discrepancies between money required
to finance observed GDP and total currency.

The monetary method is included in the fourth group and is the most
widely used in the literature. It has the broadest scope since it covers all
money transactions (not only industrial or consumption transactions), it does
not need costly surveys restricted to a sample and it allows performing yearly,
quarterly or even monthly estimations to trace the evolution of the size of the
shadow economy with easily available data.

The main purpose of this paper is to use the formal aggregation frame-
work presented in Ahumada, Alvaredo, and Canavese (2007a) which stylizes
the steps usually followed in empirical applications to point out some pitfalls
that are present in most estimations based on this approach and to apply it,
as a corrected version of the monetary method, for estimating the size of the
shadow economy in Bulgaria.

The paper has six sections. In the first section the evolution of the mon-
etary method used to compute the size of the shadow economy is reiewed.
We note that early efforts were based on the assumption that there was a pe-
riod in history in which no hidden transactions were concluded (known as
"initial condition"). In the second section a formal aggregation framework
which stylizes the steps followed in most empirical applications of the
method is built. This aggregation framework shows how the use of econo-
metrics allowed estimations to get rid of the need to know the "initial condi-
tion" and makes clear why the equality of circulation velocities for the regis-
tered and hidden sectors is a common assumption. It is also used to get the
requirements that the income elasticity of the demand for real money bal-
ances should meet to produce coherent estimates under that assumption and
to present a direct estimation method that avoids assuming equality of circu-
lation velocities for the registered and hidden sectors. In the third section we
point out that the use of short-run econometric estimates reintroduces the
problem of the ‘initial condition’ in the calculation of the size of the shadow
economy. In section fourth we analyze the introduction of threshold values
for the variable that induce agents to hide transactions. In section five a cor-
rected method in which the three mentioned pitfalls are solved, is applied for
measuring the size of the Bulgarian shadow economy. Some conclusions and



comparisons of results are presented in the last section. The two appendixes
present the data and several alternative specifications of the models used in
the main text.

1. A Review of the Monetary Approach Evolution

The monetary approach to measuring the size of the shadow economy is
based on the assumption that cash is used to make transactions that agents
want to keep hidden from official records. Transactions made using cash are
difficult to trace because they leave no tracks. Other assets are registered in
financial institutions and their uses are recorded in such a way that transac-
tions made with them can be easily inspected. If the amount of currency used
to make hidden transactions can be estimated, then this amount could be
multiplied by the income -velocity of money to get a measure of the size of
the shadow economy.

The monetary approach was first presented by Gutman (1977) and Feige
(1979) and it evolved to use econometric tools in estimates made by Tanzi
(1982, 1983), which are based on Cagan (1958). Conditions to get coherent
estimations have been presented by Ahumada, Alvaredo and Canavese
(2007a). Tanzi’s approach became the standard technique and was applied
to measure the size of the shadow economy in the US, Italy, Norway,
Canada, South Africa, Tanzania, Mexico, India, Australia, Austria, Belgium,
Denmark, France, Germany, Great Britain, Ireland, the Netherlands, New
Zealand, Spain, Sweden, Switzerland, Argentina, etc.’

Gutman’s method (1977) is based on four key assumptions: (a) high
taxes and government regulations are the main causes of the existence of a
shadow sector, (b) only cash is used to make transactions in the shadow
economy, (c) the ratio of currency to demand deposits, C/D, is only influ-
enced by changes in taxes and regulations, and (d) there was some point in
time, in the past, when no shadow economy existed. As the ratio C/D of that
period should have prevailed except for changes in the level of taxes and
regulations, increases in C/D are directly linked to the extra currency used in
the shadow economy. The method assumes that the income -velocity of cir-
culation, v, is equal for the registered and the hidden economies; hence the
size of the hidden sector is v times the extra currency.

Feige's method (1979) uses the standard version of the quantity theory of
money Mv = PT, where M is money including demand deposits. The value of
transactions is PT. Assuming that the ratio of the value of transactions to nomi-
nal income remains constant through time and that it was known for a period

“Tanzi (1999) gives a skeptical view based on the wide diversity of the obtained results.
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in which there were no hidden transactions then, total nominal income can be
estimated for any period. The difference between estimated total nominal in-
come and observed nominal income is the size of the shadow economy. Feige
assumes that hidden transactions are made using either cash or checks.

It is important to point out that both Gutman’s and Feige’s estimation
methods required assuming that there was a past period in which no hidden
transactions were made: this "initial condition" is necessary to get the size of
the shadow economy.

The works of Tanzi (1982, 1983) and all the papers following his ap-
proach, perform econometric estimates of the monetary aggregates used to
finance hidden transactions based on demand functions of the Cagan (1958)
type. The introduction of econometric tools recognizes that the income ve-
locity depends not only on variables that induce economic agents to make
hidden transactions but also on income and the opportunity cost of holding
cash. The estimated equation of the demand for currency is also useful to get
the extra cash held by economic agents to finance hidden transactions with-
out postulating that there was some point in time, in the past, when no
shadow economy existed. It is again assumed that the income velocity of cir-
culation for registered and hidden transactions is equal, and so the size of the
shadow economy is measured multiplying the extra cash by the economet-
rically obtained value of v.

2. An Aggregation Framework, the Assumption of Equal
Circulation Velocities and a Direct Estimation Technique

In most published papers, the dependent variable of the econometrically
estimated equation of the demand for currency is observed real cash hold-
ings. This variable is the aggregated value of real cash used to finance regis-
tered transactions plus real cash used for hidden transactions. Thus, the esti-
mated demand for currency function should result from the aggregation of
demands for real cash used for each type of transactions.

This section is devoted to building a formal aggregation framework to get
an aggregate currency demand function of the Cagan’ type and to show that
the size of the shadow economy can be directly estimated without assuming
equal circulation velocities for both hidden and registered sectors.

* Functions following Cagan’s tradition are not the only alternative. Bhattacharyya (1990) suggests
a different aggregation in which real cash demanded for hidden transactions depends only on the
value of these transactions and consequently, the observed real cash demand function is not a Cagan
type function. But most published papers use an aggregate Cagan type demand without performing
any explicit aggregation assumption.



A currency demand function in Cagan’s (1958) tradition can be written as:
C, =A(1+0,)" Y} exp(—yi,) (1)

where C, denotes observed real cash balances at time t, ©, is the vari-
able which induces agents to make hidden transactions (for example the ra-
tio of taxes or government expenditure to GDP), Y, is a scale variable (for
example registered real GDP), i, measures the opportunity cost of holding
cash (the interest rate or the rate of inflation); A, a, B and y are positive pa-
rameters. Observed real currency, C,, is equal to total real currency, C
which includes real cash used for recorded transactions, C

used for hidden transactions, Cp,,

CO[ :CTI :CR1+CHt (2)

Tt

v Plus real cash

Observed real GDP, Y

or

clude real hidden GDP, C,,, so
YTI = YOI +YHI :YRt + YHl (3)

is the registered real GDP, Y,,, which does not in-

Since observed currency includes C,, but observed GDP excludes Y,,, the
usual econometric regression of C, on CY, would result in biased and in-
consistent estimates.

The empirical applications based on the monetary approach follow four
steps. First, a demand for currency is estimated as in (1).* Second, under the
assumption that the demands for C, and C,, have the same functional form
with equal parameters, © is set equal to zero to get an estimate of the
amount of cash demanded under no incentives to hide transactions, Cy,,

Cp = AV exp(7i,) (4)

Third, since éRtis known from (4) and C,, is observed currency, C,, then

C, can be obtained by difference,’
éHt :CTt_éRt (5)

Fourth, to get the size of the shadow economy it is assumed that the circu-
lation velocity for both registered and hidden transactions is the same, so

Y Yu (6)
Cr  Cu

VRt

“To take into account that the time series are integrated, some works consider equation (1) as a long-
run relation. Other papers estimate first difference equations, partial adjustment models or hybrids.
®Tanzi (1982) uses C, instead of C,in (5).
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Then,
);Ht = ‘;Rtém (7)
\?HtisAthe estimation of the size of the shadow economy and it is obtained
using C,, from (5) and Vg, from (6).
So far we have described the standard steps followed in the literature.
The key assumption made explicit in (6) requires B = 1, which is evident if we
recall that the income velocity for registered money is

Ya A I

=R = — = : 8
" C AL exp(i) | AexpEy) )
while the velocity for the hidden economy is
VI PR P
t . .
Cu  AY, exp(yi)  Aexp(yi) ©)

The velocity is the same in both sectors if § = 1.° Those studies that find
B #1 but follow the steps described above are therefore incorrect.”
Equations (8) and (9) show the precise relationship between v,, and v,

since g
Vi _| Yur
Ve Yy (10)

and so, for the usual case in which B < 1 and Y, <Y, itis v, <v, as empiri-
cally expected.

The assumption that the demands for C, and C,, follow Cagan’s type
forms with equal parameters allows for an explicit aggregation of (2) as:

B
Cy, = AVfexp(-yi, J+ AYfexp(-vi, )= AYfexp(-yi, )| 1+ (YHJ (1)

Rt

This formulation does not need to be restricted to currency. It is also valid
for any wider aggregate (e.g. M,) as long as the interest rate or the inflation
rate is the opportunity cost of holding it. However 3 obtained from (1) only
matches (3 in (11) if the ratio Yo

that all papers using this approach implicitly make this assumption.

is independent of YRI.8 It must be stressed

®The velocity is also the same for the improbable case in which Y=Y, foranyB.

7 It should be stressed that currency is the money aggregate whose demand should have income
elasticity equal to one. While this value may appear reasonable and theory-based in the case of the
demand for the aggregate used to finance all transactions (e.g. the demand for M:)’ it may not neces-
sarily be correct for narrower definitions of money. For instance, in Baumol-Tobin’s model, the value
of transactions elasticity is 1/2.

% For this reason it is convenient to measure © normalized by registered GDP.



Equation (11) summarizes the aggregation process and we use it to show
that there is no need to impose ad hoc restrictions on the circulation veloc-
ity when the currency demand approach is followed to compute the size of
the hidden economy.

Equation (11) can be written as:
CTt = AYRL: exp(_yit)(l+ et)a (1 2)

which is equal to (1).

Recalling that Y, =Y,, C, = C, and that C, and Y, are observed variables,
(12) can be econometrically estimated as in (1)’, and so, from (11) and (12),
we can write:

i
¢y artesncrs) 13| |- artestr)ise) 03

Rt

which implies that:

p
1+[§”’] =(1+6,)’ (14)

Rt

Equation (14) provides an expression forYHt given Y, Q, ,a andf. So
there is no need to make the usual ad hoc assumption on the equality of in-
come velocities for both sectors to get an estimation of the size of the
shadow economy.'”

It should be mentioned that when the ratio of two monetary aggregates
is econometrically estimated instead of a money demand equation, the same
objection discussed above remains unsolved. Once money used to finance
non-registered transactions is calculated, the assumption of equal velocities
of circulation for registered and hidden currencies is again made in the litera-
ture to get the size of the shadow economy. In fact, velocity should be
"known'" to get transactions. The critical point is that velocity depends on the
income elasticity of money demand which is an empirical issue. Indeed, this
case is even worse since no estimations of such elasticity are obtained by
modeling ratios."’

?The variable (1+©)%is sensitive to changes in the units in which © is measured, as pointed out in
Breusch (2005a) and (2005b). We keep the notation to maintain Tanzi’s original functional form.
Nevertheless, changing (1+0)®for (exp(a®)—1) could solve this problem.

' Ahumada et al. (2007a) suggest a way to correct the estimated size of the shadow economy
when the income elasticity of the demand for money is not one and apply the correction to some
published results available for different countries.

"t should be noted that a significant effect of transactions (as in Tanzi’s econometric equation) in-
dicates different elasticities for the aggregates entering the ratio and thus different velocities.
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3. Short-run vs. Long-run Estimates

The direct method to get the size of the shadow economy suggested in
the previous section is based on an aggregate Cagan type money demand
with no dynamic structure. During the last twenty years more accurate repre-
sentations of money demand have been developed to take into account the
time series properties of the data involved (cash holdings, income, interest
rates, inflation), which are either integrated or highly persistent. From ‘partial
adjustment’ to ‘equilibrium correction’ these dynamic models admit two
types of estimates: one for the short-run and another for the long-run. Thus,
long-run estimates (as those performed using equation (1)) were replaced by
short-run estimates as a central input to the method. When the short-run
models that include the lagged dependent variable are used to get the size of
the shadow economy the problem of the ‘initial condition’ reappears: previ-
ous values of the size of the shadow economy (and eventually a period with-
out hidden transactions) must be identified to perform an accurate measure-
ment. It must be stressed that no need of such ‘knowledge’ appeared to be
a remarkable advantage of the econometric approaches, when compared
with previous methods.

To analyze this issue, we consider a usually estimated log form of regres-
sion that includes the lagged dependent variable,

¢y, =b +b,c,,  +byy, +bi, +bsIn(1+0),) (15)

where lower case letters stand for logarithms. Equation (15) can be seen as a
model of partial adjustment to reach

Cy, =AY}, exp(_yit)(l + G)t)a
which is the same as equation (12), or in logs:
¢y =In(A) + By —vi, +a ln(l +0) (16)
as the equilibrium value for the desired level of real cash holdings. Equation
(15) has the following long-run solution:

C:I =Criy
L B Vi + by i+ s
" 1ob, 1-b, 2% b, 1,

In(1+0,) (17)
It can be readily seen from (16) and (17) that:

D _in(ay; vy
1-b, 1-b, 1-b, 1-b,




In this case it is straightforward to show that when © = Q C,, can be di-
rectly obtained. However, to get C, for the short run from equation (15) is a
quite different issue since C, ,, or a previous value of it, should be known. To
further analyze this issue it is convenient to show the aggregation assumed
for C, in the partial adjustment model. To get equation (15) taking logs'” it

should be
G = C;”H C ;t( M= (CRI—] + CHH)L (C,:, + C:n)(m) (18)
where
. Y ) .
Cp, =AY exp(—yi,) 1+ [mJ =AYy, exp(—yi,)(l + ®t)
Yy, (19)
When © = Q only that part of C*,, (target or desired) due to registered
transactions can be obtained but not C,, as a whole since C, , should also be
known. In most applied work C,,, is used instead of C,, ,, and so C,, is over-
estimated as X estimates are positive. If C, , were substituted by C, , and
Cg, by its previous value and so on, the required knowledge about regis-
tered currency would be moved back to an initial value C, (the initial condi-
tion of the solution of the pertinent first order difference equation for the log
of currency demand). But C, is registered real cash for t = 0 which can only
be identified if there were no hidden transactions at t = 0 so that C,,= C,.
To sum up, the only way to avoid ad hoc assumptions about previous values
of registered currency is to restrict the measures of the size of the shadow
economy to those based on the long-run estimates of the money demand."?

4, The Use of Thresholds

In the standard monetary approach, the amount of currency held by eco-
nomic agents in excess of the amount they need to finance registered trans-
actions is obtained by making zero the value of the variable which induces to
hide transactions, ©, in the econometric estimation of a Cagan type demand
for cash function. Some published papers assume that no hidden transactions
are induced for small values of ®% economic agents want to avoid an exces-
sive burden of government taxes and regulations, not all taxes and regulations.

There is a threshold for the value of ® such that no hidden transactions
are done for ® < &; hidden transactions are done only when @ > & It is a
plausible idea. There are sizes of taxes and regulation that are tolerated (or

'2|f partial adjustments were assumed for each component (CR and CH) in equation (17), this equa-
Y.C,

. . Y, . .
tion would not allow us to estimate the share Y—*, as it cannot be isolated from —&=%L unless CRL = CHl -
f 4Crr

% An alternative presentation of this issue appears in Ahumada et al (2007b).
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even welcomed). For such cases equation (1) should become either

ol (©,>60")

c, =4(1+0,-0") Y exp(-yi,) (20)

or C, = A(1+0,)" Y8 exp(—yi,)

it

and so equation (14) should be written either as

p
[l+{§m] J: (1+0,-0")"1(0, >0 (22)

Rt

or as

y B
[H[;'J ]=<1+@,>w<®z >0) 23

Rt

Equations (20) and (21) represent two different ways of thinking about
the existence of a threshold. In equation (20) only the burden of taxes and
regulations in excess of the value of the threshold induces agents to hide
transactions while in equation (21) the whole burden of taxes and regulations
induce agents to hide transactions whenever that burden exceeds the thresh-
old.

The difficult point in performing estimations is to find out the empirical
value of the threshold. In all published papers the value of @°is either chosen
arbitrarily or fixed equal to the minimum value of ©, in the data series used.
Both ways of selecting the value of the threshold make an exogenous param-
eter. We suggest that @° should be selected as an endogenous variable.

The following algorithm is adopted to find out the value of the threshold
endogenously. Define

y =(n4,B,y,a)
Z©")=In(1+©-0°)1(®>06")"
x(©") =[1,In7,,i,2(0"]

where variables without subscript indicate vectors containing all the observa-

tions for that variable - that is, X is a Tx5 matrix. Consider a discretization of

the interval (min ©, max @) : pick dN and € small enough and build the grid
G=[min ®+¢& min © +¢& +dN, min © + € +2dN, ...,max O - €]

" This is the case for the model specified in (20). We could alternatively consider
Z(©")=In(1+©)1(® > ©") for the model specified in (21).



Foreach ®° G , estimate
§(©") = (x(©°)x(©")) X(©")InC,
and compute

RSS(©") = (InC, - X(©°)§ ©")(InC, - X(©" ) (©"))
Then,
©° e argmin RSS(®")
¥ =y (0

Notice that using this algorithm allows us to transform a non-linear prob-
lem into two standard OLS procedures.

5. Application to Bulgaria

In this section the corrected monetary technique suggested to solve the
methodological pitfalls of the standard monetary approach is applied to mea-
sure the size of the shadow economy for Bulgaria. The application illustrates
the use of the corrected method.

Several versions of equations (20) and (21) were econometrically esti-
mated in its logarithmic form. Estimations were performed using quarterly
data for a period beginning in the first quarter of 1998 and ending in the
fourth quarter of 2007. Quarterly observations start after the introduction of
a currency board arrangement in Bulgaria in July 1997 and include a period
of ‘financial deepening’."” The best econometric results were obtained for the
following two functions:'®

InC), =InA+BInY, +vi +aln(1+0, -0") (O, >O°) +5 %+8

ot

0t t (24)

and
InC,, =InA+BInY, +vi, +aIn(1+®,)I(®, >O°) +5 %+s, (25)

ot

where C, is quarterly average real cash balances hold by economic agents
(cash outside banks), Y, is quarterly real registered (observed) GDP, i is the
quarterly average annual nominal interest rate on time deposits in euro, @ is
total government expenditures as a share of registered GDP and D/Y,, is the
quarterly average of total nominal overnight deposits as a share of registered
GDP. This last variable is included to approximate the ‘financial deepening’
process experienced by the Bulgarian economy after the introduction of the

!> A description of the data that were used is included in Appendix 1.
1° Other versions based also in (20) and (21) are included in Appendix 2.
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currency board. In this period all monetary aggregates grew as an answer to
the introduction of a more developed payments system.

Results for the econometric estimation of equation (24) for an arbitrarily
chosen threshold @°= 0 (the standard application of the method) are the fol-
lowing:

Coefficient Value Newey-West S.E. t
In A -0. 42817 0.9445335 -0.45
B 0.99422 0.1508683 6.59
y -8.46718 4.737177 -1.79
o 0.55375 0.387145 1.43
e] 0.64348 0.0621462 10.35

and the solution of (22) yields the size of the shadow economy (hidden GDP)
as a share of total (registered plus hidden) GDP for each quarter as:

1998 1999 2000 2001 2002
| 0.16 | 0.18 | 0.18 | 0.19 | 0.17
1l 0.19 1 0.18 1l 0.16 Il 0.18 1l 0.17
1 0.13 1 0.17 I} 0.17 1 0.15 1 0.14
IV 0.18 vV 0.17 \% 0.19 vV 0.17 A% 0.19
2003 2004 2005 2006 2007
| 0.18 | 0.17 | 0.17 | 0.17 | 0.17
Il 0.16 Il 0.16 1 0.17 Il 0.16 1 0.15
I} 0.15 1 0.14 I} 0.15 1 0.14 I} 0.14
\% 0.19 \% 0.19 v 0.17 \% 0.18 IV 0.20

The econometric estimation of equation (25) was done for an endog-
enous threshold ©°=0.3104 The residual sum of squares depending on differ-
ent discrete values of @ is shown in the following graph:

0.41

T

L Residual Sum of Squares
0 005 01 015 02 025 032 035 04 045 05 depending on ©°




Results for the econometric estimation are the following:

Coefficient

In A

Q<™

Value

-0. 61887
1.036205
-7.83730
0.39420
0.63872

Newey-West S.E.

0.8909873
0.1502917

4.313162

0.1482395
0.0568126

t

-0.69
6.89
-1.82
2.66
11.24

and the value of the threshold is significatively different from 0 with F=2.8538
and Pr > F 0.1003. The solution of (23) yields the size of the shadow
economy (hidden GDP) as a share of total (registered plus hidden) GDP for

each quarter as:

1998

| 0.13
1l 0.15
1 0.00
\% 0.14

2003

| 0.14
1l 0.13
1 0.12
\Y 0.15

1999

| 0.14
Il 0.14
I} 0.13
\Y 0.13

2004

| 0.14
I 0.12
1 0.11
\% 0.14

2000

| 0.14
Il 0.13
I} 0.13
\Y 0.15

2005

| 0.13
I 0.13
1 0.11
\% 0.14

2001

| 0.14
Il 0.14
I} 0.12
\Y 0.13

2006

| 0.13
Il 0.12
I} 0.00
\% 0.14

2002

| 0.13
Il 0.13
I} 0.11
v 0.14

2007

| 0.13
1 0.12
I} 0.00
IV 0.15

Equations (24) and (25) were also estimated considering that the oppor-
tunity cost of holding cash is the rate of interest on deposits in levs. So, in
these estimations i is the quarterly average annual nominal interest rate on
time deposits in levs.

Results for the econometric estimation of equation (24) for an arbitrarily
chosen threshold ©°=0 (the standard application of the method) are the fol-

lowing:
Coefficient

A

oa<®s3

Value

-0. 49325
1.12824
-23.8972
0.47962
0.73255

Newey-West S.E.

0.9877559
0.1558927

4.900601

0.3207098
0.0519624

t

-0.5
7.24
-4.88
1.5
14.10

and the solution of (22) yields the size of the shadow economy (hidden GDP)
as a share of total (registered plus hidden) GDP for each quarter as:
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1998 1999 2000 2001 2002

| 0.17 | 0.19 | 0.19 | 0.19 | 0.18
Il 0.19 Il 0.19 Il 0.17 Il 0.19 1 0.17
I} 0.14 1 0.17 1 0.18 1 0.16 1 0.15
\Y 0.19 \% 0.18 \% 0.19 \% 0.17 vV 0.19
2003 2004 2005 2006 2007
| 0.18 | 0.18 | 0.18 | 0.18 | 0.18
Il 0.17 Il 0.17 Il 0.18 Il 0.16 1 0.16
I} 0.16 1 0.15 1 0.16 1 0.15 1 0.15
\% 0.20 \% 0.19 \% 0.18 \% 0.18 IV 0.20

The econometric estimation of equation (25) was done for an endog-
enous threshold ©°=0.3104 The residual sum of squares depending on differ-
ent discrete values of @ is shown in the following graph:

034

0335} . ‘,l_. _
.33t B

naf 1 Residual Sum of Squares
depending on e°

0,795 1 1 1 1 L 1 1 1 1
0 0os o1 015 02 025 02 035 04 045 05

Results for the econometric estimation are the following:

Coefficient Value Newey-West S.E. t
In A -0. 67821 0.9221515 -0.74
B 1.16197 0.1452246 8.0
Y -22.70688 4.950818 -4.59
a 0.35682 1169637 3.05
) 0.72398 0.0520827 13.9

and the value of the threshold is significatively different from 0 with
F=2.9107 and Pr > F 0.0971. The solution of (23) yields the size of the
shadow economy (hidden GDP) as a share of total (registered plus hidden)
GDP for each quarter as:



1998 1999 2000 2001 2002

| 0.14 | 0.15 | 0.16 | 0.16 | 0.15
1l 0.16 Il 0.16 Il 0.14 Il 0.16 Il 0.14
1 0.00 I} 0.14 I} 0.15 I} 0.13 I} 0.12
\% 0.16 \Y 0.15 \Y 0.16 \Y 0.14 IV 0.16
2003 2004 2005 2006 2007
| 0.15 | 0.15 | 0.15 | 0.15 | 0.15
1l 0.14 1 0.14 1 0.15 1 0.14 1 0.13
1 0.13 i} 0.13 1 0.13 1 0.00 1 0.00
\Y 0.16 \% 0.16 \% 0.15 \% 0.15 v 017

6. Conclusions and Comparisons

The monetary method to measure the size of the shadow economy is
based on econometric estimates of the demand for money. These estimates
are used to get the currency held by economic agents in excess of the
amount they need to finance registered transactions. The standard monetary
approach uses the excess of currency multiplied by the velocity of circulation
(assumed to be equal in the registered and the shadow economies) to mea-
sure hidden GDP but there are some pitfalls that appear in most publications
on the applications of the method.

The first pitfall appears when it is assumed that circulation velocities are
equal for registered and hidden sectors. This assumption is accurate only
when the income elasticity of the demand for money is one. An explicit rec-
ognition that circulation velocities depend on the value of the income elastic-
ity of the demand for money allows a direct econometric estimation of the
size of the shadow economy.

The second pitfall appears when short-run representations of the money
demand that include the lagged dependent variable are used to estimate the
size of the shadow economy. In this case, a past value of the demand for
cash used for hidden transactions should be known and this implies assuming
that there is a point in time in which no shadow economy existed. So, the
only way to avoid ad hoc assumptions about previous values of registered
currency is to restrict the measures of the shadow economy size to those
based on the long run estimates of the money demand.

The third pitfall appears in papers assuming that only values of the burden
of taxes and government regulations exceeding a minimum threshold induce
economic agents to hide transactions. The value of the threshold is usually
chosen arbitrarily as an exogenous parameter. The idea of the existence of
such threshold is a plausible one but its value should be selected endog-
enously.
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The corrected method was applied for measuring the size of the shadow
economy for Bulgaria. Quarterly estimates were obtained for a period begin-
ning in the first quarter of 1998 and ending in the fourth quarter of 2007. Ob-
servations start after the introduction of a currency board arrangement in Bul-
garia in July 1997.

Results show that the size of the Bulgarian shadow economy is between
12.2 per cent and 17.5 per cent of its registered or observed GDP as an av-
erage for the whole review period depending on the model specification and
the definition of variables.'” These results are lower than previous published
estimations. Schneider and Enste (2002) report the average size of the Bulgar-
ian shadow economy as 24.0 per cent of GDP for the period 1989-1990,
26.3 per cent for the period 1990-1993 and 32.7 per cent for the period
1994-1995."® The method applied to get these estimations is based on ob-
served discrepancies between the quantity of electricity used as an input and
the level of the outputs declared by industrial firms. Nenovsky and Hristov
(2000) applied the standard monetary approach for measuring the size of the
shadow economy in Bulgaria using quarterly data for the period 1997-1999
and concluded that its average value'® was 26.78 per cent of registered GDP.
They also noted that “...the method applied by us for measuring the shadow
economy encompasses only that part which is serviced with levs, i.e. our
method does not provide an estimate of the shadow economy that is ser-
viced with foreign currencies...” Based on this logic, the obtained estimates
are considerable lower than the actual ones. In other words, our estimates
can be regarded as a shadow economy minimum.”® This caveat also applies
to the results presented in this paper.

The average size of its shadow economy (between 12.2 per cent and
17.5 per cent of the registered or observed GDP) puts Bulgaria in a set of Eu-
ropean countries including Spain (between 16.1 per cent and 17.3 per cent),
Sweden (between 15.8 per cent and 17.0 per cent) and Norway (between

7 Several models were tried. Average shares of the shadow economy in registered GDP were
12.2 per cent for a model including a threshold for the variable inducing agents to perform hidden
transactions and in which the opportunity cost of holding cash was measured as an interest rate in
euro, 13.6 per cent for a model including a threshold for the variable inducing agents to perform hid-
den transactions and in which the opportunity cost of holding cash was measured as an interest rate
in levs, 16.8 per cent for a model with no threshold for the variable inducing agents to perform hid-
den transactions and in which the opportunity cost of holding cash was measured as an interest rate
in euro and 17.5 per cent for a model with no threshold for the variable inducing agents to perform
hidden transactions and in which the opportunity cost of holding cash was measured as an interest
rate in levs.

'®Schneider and Enste (2002), Table 4.2, p. 34.

' Nenovsky and Hristov (2000), p. 28.

*Nenovsky and Hristov (2000), p. 28.



14.8 per cent and 16.7 per cent) which are below ltaly (between 22.8 per
cent and 24.0 per cent) and Belgium (between 19.3 per cent and 20.8 per
cent) and above the Netherlands (between 11.9 per cent and 12.7 per cent),
Germany (between 11.8 per cent and 12.5 per cent), France (between 9.0
per cent and 13.8 per cent), Denmark (between 10.8 per cent and 15.0 per
cent), Ireland (between 11.0 per cent and 14.2 per cent), Great Britain (be-
tween 9.6 per cent and 11.2 per cent), Switzerland (between 6.7 per cent
and 6.9 per cent) and Austria (between 5.1 per cent and 6.1 per cent).”'

S¥3dvd NOISSNDSIA

' Data for European countries (except Bulgaria) are taken from Schneider and Enste (2002), Table
4.3, p. 35. It has been obtained using the standard monetary method for1989-1990 and 1990-1993.
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APPENDICES

Appendix 1
1. Definition of variables
C, is real cash balances (the real value of bills and coins) hold by eco-
nomic agents. It is nominal currency outside banks deflated by the CPI. A real
cash balance is a stock variable and it has been calculated as the average of
the real stock at the beginning of the quarter (end of previous quarter) and
the real stock at the end of the quarter to centre the value of the variable in
the middle of the quarter.

Y, is the scale variable. It is real GDP. It has been calculated as quarterly
nominal GDP (from national accounts) deflated by the CPL.

i is the opportunity cost of holding cash. Two alternative rates were tried:
the quarterly average annual nominal interest rate on time deposits in euro
and the quarterly average annual nominal interest rate on time deposits in
levs,

O is the burden of government (taxes and regulations) on the economy.
It is the share of nominal government expenditures in GDP. It has been cal-
culated as the ratio between Nominal Government Expenditures from the
Consolidated Government Budget and Nominal GDP from the National Ac-
counts.

D/Y, is the quarterly average of total nominal overnight deposits as a
share of registered GDP. D/Y, has been calculated as the monthly average
of total nominal overnight deposits for each quarter.

2. Data

Data used in estimations appear in sheets 1 (raw) and 2 (elaborated) of
the file BGdataQ.xls.

Appendix 2

This appendix presents some alternative estimations performed with
equations (24) and (25).

When the process of financial deepening is ignored (i.e. making D,/ Y, =0)
and the threshold is arbitrarily chosen as zero (©°=0), equation (24) becomes
a classic Tanzi cash demand function. The results of the econometric estima-
tion of this equation version (24) are the following:



Coefficient Value Newey-West S.E. t

In A -3.96286 1.20955 -3.28
B 1.40135 0.1995103 7.02
\ 13.00696 10.07739 1.29
a 0.91266 0.7099509 1.29

In this estimation the opportunity cost of holding cash is the quarterly av-
erage annual nominal interest rate on time deposits in levs

This estimation presents a high 3 and a positive y and inspection of the be-
havior of residuals shows positive autocorrelation.

When the process of financial deepening is lgnored (i.e. making D,/ Y,=0)
and the threshold is endogenously chosen as ©° = 0.28, the results obtalned
for the econometric estimation of equation (25) are the following:

Coefficient Value Newey-West S.E. t
In A -4.07965 0.9475351 -4.31
B 1.42039 0.1759333 8.07
y 12.11763 9.823528 1.23
a 1.05278 0.2523002 4.17

and the value of the threshold is significatively different from 0 with F=2.6881
and Pr>F0.1101.

In this estimation the opportunity cost of holding cash is the quarterly av-
erage annual nominal interest rate on time deposits in levs.

This estimation presents a high 3 and a positive y and inspection of the be-
havior of residuals shows positive autocorrelation.

To avoid the high values of 3 shown in the two previous essays, an esti-
mation of equation (25) with D,/ Y, =0 and B = 1was performed. The endog-
enous value of the threshold was O = 0.28 and the results of the economet-
ric estimation of this version of equation (25) are:

Coefficient Value Newey-West S.E. t
InA -2.09386 0.3453554 -6.06
B 1.0 - -
y 24.66982 9.136332 2.70
a 0.8453185 0.3173508 2.66

and the value of the threshold is significatively different from 0 with F=2.0968
and Pr>F0.1565.

In this estimation the opportunity cost of holding cash is the quarterly av-
erage annual nominal interest rate on time deposits in levs.
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This estimation presents a positive y and inspection of the behavior of re-
siduals shows positive autocorrelation.

Two estimations were done introducing the annual nominal interest rate
on time deposits in euro.

When the process of financial deepening is |gnored (i.e. making D,/ Y, =0)
and the threshold is arbitrarily chosen as zero (©°=0), equation (24) becomes
a classic Tanzi cash demand function. The results of the econometric estima-
tion of this equation version (24) are the following:

Coefficient Value Newey-West S.E. t
In A -4.62074 1.036541 -4.46
B 1.59209 0.16112 9.82
% -1.7202 8.337473 -0.21
a 1.12187 0.6567903 1.71

This estimation has the expected sign for ybut it still presents a high value
for B and inspection of the behavior of residuals shows positive
autocorrelation.

When the process of financial deepening is |gn0red (i.e. making D,/ Y, =0)
and the threshold is endogenously chosen as ©°=0.28, the results obtalned
for the econometric estimation of equation (25) are the following:

Coefficient Value Newey-West S.E. t
In A -4.63530 0.8455477 -5.48
B 1.59794 0.1471279 10.86
Y -2.50514 8.104781 -0.31
a 1.14647 0.2189041 5.24

and the value of the threshold is significatively different from 0 with F=2.8025
and Pr>F0.1030.

This estimation has the expected sign for y but it still presents a high value
for B and inspection of the behavior of residuals shows positive
autocorrelation.

The positive autocorrelation of the residuals suggests that a variable is
missing in the estimated equations.

The estimations presented in the main text include a variable taking ac-
count of the process of financial deepening that took place in Bulgaria during
the period under analysis.
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