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UNDERGROUND ECONOMY QUANTITATIVE MODELS.,
SOME APPLICATIONS TO ROMANIA’S CASE’

LUCIAN-LIVIL ALBU, DANIEL DAIANU, FLORIN-MARIUS PAVELESCU

1. Models based on direct approaches 2. Models based on indirect approach 3. A generalised
model for the allocation of time 4. A model based on May's logistic 5. Conclusions

1. MODELS BASED ON DIRECT APPROACHES

Many times, the estimations of underground economy are directly obtained
by extrapolation of data collected from a limited number of households by surveys
and samples. But, in recent years, the modern theoretical models on tax evasion,
which started with the work of Allingham and Sandmo (1972) and continued with
Cowell (1990) and other studies have been developed in a quantifying way. The
support is provided by some rigorously organised empirical studies.

The main impediment is the difficulty to collect information on the number
of hours worked by persons who illegally evade taxes, which makes it impossible
to measure the effect of taxes on the allocation of time. To remedy these
impediments, some studies analysed empirically labour-supply decisions in the
underground economy using microdata from rigorously organised surveys such as
that conducted in Québec by Fortin and Fréchette,!

Coming from surveys they identified some key empirical regularities about
the work in the untaxed sector and then they built adequate quantifying models.
However, their survey seems to be less accurate for tax evaders operating at the

margin of being detected. In this case data based on extensive audits® is more
revealing for this tax evades,?

* This article is a part of the paper presented at the MEET- IV Conference on the East European
Economies in Transition, University of Leicester — CEEES, Leicester, 20-21 June 1998,

| See Fortin and Frechétte (1987) for a full description of the data set (Fortin and Frechétte,
1986). Related surveys carried out in Europe reported in Pestieau (1985) and Ginsburg ef al. (1987)
for Norway: and van Eck and Kazemir (1988) for the Netherlands,

*Most empiric studies in North America based on data from the Compliance Measurement
Pragram (Witte and Woodbury, 1985; Feinstein, 1991; Smith, 1985; Portes ¢f al., 1989,

"The two measurement approaches, microsurveys and tax audits, should thus be viewed as
mmp‘tcm:mmg each other,

Rev, Roum, des Sciences Economiques, 47, /-2, p. 147-172, Bucarest, 2002
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The main conclusions deduced by Lemieux, Fortin and Fréchette from these
empirical findings are the following: 1 — labour earnings in the underground sector
are concentrated among workers with low earnings in the regular sector, while
expenditures on goods and services produced in the underground sector are
typically undertaken by people with high earnings in the regular sector, 2 — the
wage rate in the regular sector and the wage rate in the underground sector are
positively correlated with hours worked in the regular sector but negatively
correlated with hours worked in the underground sector; 3 — earnings in the regular
sector are a linear or slightly convex function of regular-sector hours, while
earnings in the underground sector are a concave function of underground-sector

hours (Lemieux ef al., 1994).
Then, they developed a model based on the idea that labour earnings in the

underground sector are a convex function of hours of work, while in the regular
sector labour earnings are a linear function of hours of work. The convexity of the
earning function in the underground sector implies that the marginal revenues of
the underground producers decrease as producers reach the limits of the informal
markets on which they operate. By contrast, the wage rate of a worker in the
regular sector does not vary with the number of hours worked. 4

The results of Lemieux, Fortin ‘and Fréchette's study suggest that the hours
worked in the underground sector are guite responsive to changes of the net wage
in the regular sector. Most important, relating to our interest in this paper, their
model also provides a natural link between the slope of the relationship between
tax revenues and tax rates (the “Laffer curve™) and a more conventional measure of
the marginal excess burden of taxes due to the misallocation of productive
resources from the regular to the underground sector.”

Lemieux’s model is based on a concave Cobb-Douglas earnings function in

the underground sector
Y, =A, hf (1

where 8 < 1,

4 A similar approach it used by Gronau (1977) to explain the allocation time among home
production, market work, and leisure. He postulates that the value of home production is a concave
function of hours worked at home, which explains why hours worked at home are negatively reluted
to the market wage, just as hours in the underground sector are negatively related to the regular-sector
wage in the Lemieux’s article. One explanation for the concavity of the carmning function in the
underground sector is based on the principle that the informal nature of the economic activities in that
sector imposes a limit on the scope of these activities. Because of these market limitations, the
underground-sector workers face a downward-sloping demand for its output. As hours of work and
output expand, the output price goes down, which tends to reduce the value of the marginal product
of labour when there are constant {or decreasing) returns to scale in production. Labour eamings in
the underground sector are thus typically a concave function of hours worked in that sector

ef al., 1994),
* An interesting review of the debates surrounding the Laffer curve in Fullerton (1982).
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and on a linear earnings function in the regular sector

PRy )

The variable hy represents hours of work in the regular sector; h; represents
hours of work in the underground sector; W, is the wage in the regular sector; A, is
a revenue-shifter in the underground sector.

To simplify the representation, the following quasi-linear utility function is
considered:

U, C)=+C +v(l) (3)

where the function v(,) is a strictly concave utility function (v' >0, v" <0). C
represents a composite consumption good (the numeraire), while 1 is the number of
hours of leisure that satisfies the time constraint

T w by 4 hy 41 (4)
The budget constraint is given by
C=1+Wyhy+A;-h© (5)

where I represents nonlabour income, including any lump-sum transfer.
Under these conditions, the worker's problem is

max[y-C + v-(T — hy — hy)] {6)

(C, hg, by )

subject to eguation (3-5), hy> 0, and h; > 0. For workers who supply positive
hours in both sectors (interior solution), the first order conditions for hours yield:

oU/bhy = ~v'-(T = hg—h)) = —y- Wy (7)
§U/Bh; = —v'(T —hg—hy) = —y-0-A,- h{™! (8)

These two conditions imply the following equality for the marginal revenue
of an hour of work in the two sectors:

W= 8-A, - h9- (9)

Hours of work in the underground sector are thus determinated by setting the
marginal revenue in the underground sector equal to the regular-sector wage. This
i5 a very important result, which implies that, conditional on the regular-sector
wage, underground-sector hours do not depend on preferences.

As Lemieux affirms, this “separation” between the determination of hours in
the underground sector and preferences is similar to the separation result in the
development literature on farm households which states that the labour demand of
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a farm is determined independently of the preferences of the household members.
This separation result has several implications that are consistent with the empirical

regularities. The main one considers the average wage rate in the underground

sectornr:
W, =¥ /h; = Ay hi? (1o

It can be demonstrated that Wy=8-A,;. Since 8< 1, it follows that the
regular-sector wage, Wy, is smaller than the underground-sector wage W This
prediction holds, on average, when the measure of W, used is the regular wage net
of the tax rate. This result will be also incorporated within the hypothesis of our
global model used to evaluate the dimension of underground economy in Romania.

Following the basic model of tax evasion and considering that net earnings in
the regular sector, WN, are given by

WNg = (1 — 1) Wy-hy (11)

where t is flat tax rate, Lemieux postulates that workers who supply positive hours
to the underground sector face a probability p of being detected by the authorities.
Getting caught entails a penalty proportional to the amount of tax evaded. The
penalty rate (tp) on underground income can be written as:

tp =n-t (12)

n being the penalty rate on evaded tax (n > 1). The expected rate of tax penalty on
evaded income is thus given by p-n-t.

Again, in case of this model of tax evasion the result was that underground-
sector hours do not depend on preferences conditional on Wy, and t. This is because of
the fact that the utility function is linear in consumption, which implies risk-neutrality
in consumption. The case in which workers are risk-averse but face a parametric
wage in both the regular and the underground sector has been analysed by several
authors (Sandmo, 1981; Cowell, 1985; Fluet, 1987). This case leads to a few
interesting comparative-static results, however, even with strong restrictions on
preferences for consumption and leisure. As noted by Cowell (1984), the basic
reason for these ambiguities is that “in reaction to any perturbation, the individual
can substitute across two margins (risk/no-risk and labour/leisure), so that in
principle all sorts of behaviour could be consistent with rational expected utility
maximisation”. One main result of Lemieux’s model developed in this way is that
an increase in tax rates has a positive effect on the hours of work in the
underground sector, but a negative effect on the hours of work in the regular sector.

To analyse the 1mp11::at1uns of tax policy, Lemieux considered an axpurlnmt'
in which the total hours worked in the two sectors does not depend on the marginal
tax rate. In response to a change in the tax rate, people therefore reallocate a given
hour of work from the regular to the underground sector, so that:




5 Underground economy quantitative models 151

dhy/dt = —dh/dt (13)

The excess burden (EB) caused by the misallocation of hours between the
two sectors is given by:

EB = Wq- [h(t) — hi(0)] — A, - {[hy(D)]8 — [h,(0)]6]} (14)

where h;(t) and h;(0) are the hours worked in the underground sector with and

without a tax rate t, respectively. The marginal excess burden (MEB) measures
how much the excess burden has to increase in order to raise an additional currency
unit (dollar) of taxes:

MEB = SEB/ST = (8EB/dt)x(S/6T) = [W, — 6- A, - h®!]-(dh,/d0)- (BU/ET)  (15)

where T represents total tax revenues (T = t-Wj-hy) and §T/8t is the slope of the

Laffer curve. This slope depends on how hours of work respond to a change in the
tax rate.
After some transformations, and supposing

0-Ay-hf! = (1 -t)-W, (16)
MEB can be written as:
MEB = t- W0 (dh1/dt)- (8t/8T) = (1 — )/ {17)

where 1 represents the elasticity of the Laffer curve, or 8In{T¥/5).
Some results of the application of the model to empirical data collected in
Québec City, Canada, by samples reported by the Lemieux’s study are:

® the estimate value of 8 is 0.67:;

*= since both  and MEB depend on the ratio of underground to regular income
Y /¥y and on the marginal tax rate t, their respective walues wvary
considerably across the different groups of the population;

e the estimates of the elasticity of the Laffer curve (n) range from 0.407 for
workers who received some welfare payments during the yvear to 0.994 for
workers aged 40 and more;

* these two extreme values of 1 yield values of the marginal excess burden in
production (MEB) of 1.457 and 0.006, respectively;

» on the average, an increase in the tax rate does not substantially distort
labour-market activities from the regular sector to the underground sector;

* on the other hand, the same increase in the tax rate, or in the tax-back rate
embodied in social-welfare programs, has a very substantial effect on the
allocation of time of the social-welfare claimants.

These conclusions only hold, however, when the probabilities of detection by
the authorities and penalty rate are negligible (p:n = 0). Although this might be true
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for some underground activities, the results of Lemieux’s study suggest that it is
not true in general. Government enforcement policies might thus be offsetting
some of the distortion due to the presence of the tax and transfer system (Lemieux
et al., 1994),

Another model, which was calibrated so as to replicate observed labour
supply in a random sample conducted in the metropolitan area of Québec City for
1985, is that of Fortin and Lacroix (1994). They used a simultaneous model of
labour supply in the regular and irregular sectors which allows for the computation
of the marginal cost of public funds associated with tax and enforcement
instruments.

Also, there are some other interesting guantitative models in the existing
literature which treat the behaviour of houscholds relaying to the work in the
underground sector and that are based on microdata samples, especially in the case
of Northern European couritries (Isachsen and Strom, 1981 and 1985), but they are
beyond the goal of our study which focuses on the macro-data approach to the
underground sector.

2. MODELS BASED ON INDIRECT APPROACH

2.1. MODELS BASED ON MONETARY APPROACH

As a rule, there are two categories of models, depending uvpon the methods of
approach: the transaction approach and the currency demand approach, respectively,

The first category of models, developed first by Feige, comes from Fisher's
guantity equation: 2
M/v = p/Tr (18)

where M represents money; v — velogity; p — prices; Tr — total transactions.

This approach assumes that there is a constant relation over time between the
volume of transactions and the official GDP. Assumptions have to be made about
the wvelocity of money and about the relationship between the value of total
transactions (p/Ir}) and nominal GDP. Relating total nominal GDP to total
transactions, GDP in the shadow economy can be derived by subtracting the
official GDP from the total nominal GDP., To derive figures for the shadow
economy, Feige had 1o assume a base year in which there was no shadow economy,
and therefore the ratio of p/Tr to total nominal {official = total) GDP was “normal”
and would have been constant pver time if there had been no underground
economy. This method has also several weaknesses: for instance, the assumption of
a base year with no shadow economy, and the assumption of a “normal” ratio of
transactions, constant over time. Moreover, to obtain reliable estimates, accurate
figures for the total volume of transactions should be available. This availability
might be especially difficult to achieve for cash transactions, because they depend,
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among other factors, on the quality of the paper used in the currency. Generally,
although this approach is theoretically attractive, the empirical requirements,
necessary to obtain reliable estimates, are so difficult to fulfil that its application
may lead to doubtful results.

The second category of models based on currency demand approach was
developed firstly by Cagan (1958) and Gutmann (1977). Then, important
contributions based on econometric applications were made by Klovland (1980,
1984), Tanzi (1982) and Isachsen and Strom (1985).

In Klovland's approach, for instance, to model the behavior of the economic
system the following variables are needed: C =currency held by the public;
P = price index; Y =real GDP; i=rate of return on time deposits; m =rate of
inflation; ¢ = private consumption as a share of GDP; t = total taxes as a share of
GDP; 0 = stock adjustment parameter (0 <6 < 1).

Klovland specified his model by the following two relations:

INC —InC -1 =0:(InC* - InC - 1) (19)
In(C*P)=ctng+ oy InY + Clyri + 0= T + Oy -C + gt (20)
+ - - + +
where C” is the long run demand for currency and ay, ..., tts are coefficients.

The signs below the last equation give the expected signs of the coefficients.
Isachsen and Strom (1985) used this model to estimate the size of the underground
economy in Norway. Annual data were used, covering the period 1952-78.

The estimation produced result for In(C/P). All the estimated coefficients,
except the coefficient attached to the inflation rate, have the expected signs. Then,

to proceed with the estimation of the size of the underground economy they rewrite
(20) as

InC = InP + Za* + ast (21)

where the term Za* includes the a's variables except for the tax rate. a® and ast
are estimated values, Then predicted currency holdings at time t 15

Ct* = exp(InPt + Zto* + ost,) (22)

In order to obtain an estimate of the size of the underground economy they
selected 1952 as a base year. Thus, if the tax rate had remained at the 1952 level,
the predicted value of currency holdings would have been

' Csa, o = exp(InPt + Zta* + 05 tsa ) (23)

The difference, AC, = C; — C5, ., would then give the increase in the amount
of currency needed to fuel the tax evasion part of the economy compared to the
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currency needs if tax rates remained at the 1952 levels. They next assume that no
tax evasion took place in the base year or in years before that. Under these
conditions, AC, would yield an estimate of all currency circulating in the

underground economy at time t. Then, according to Tanzi (1983) and others they
assume that the income velocity of currency in the underground economy equals
the velocity of M1 money in the official parts of the economy. Under such a
hypothesis, for each year of the anmalyzed period the velocity rate, V., and
respectively the GDP contribution from the underground economy, yu,, is given by

the following relations:
V=Y. (M1, - AC)) (24}

yu, = (Yu/Y,) = AC/ (M1, ~AC,) (25)

where Yu, (Yu, =V, x AC,) and Yt are the GDP in the underground sector and the
official GDP, respectively.

Using this model, Isachsen and Strom obtained the following wvalues of the
share of underground economy in Norway: 1.3% in 1971; 0.6% in 1973; 4.3% in
1976, 6.3% in 1978. Also, Klovland (1980) employed a narrow definition of the
money stock and arrived at a higher velocity for the year 1978, that is 6.7. As part
of the observed GDP, the underground economy then becomes 9.2%.

The first objection relates to the fact that not all transactions in the
underground economy are paid in cash. Also, Isachsen and Strom (1981) used the
survey method to discover that in Norway in 1980 roughly 80% of all transactions
in the underground sector were paid in cash. The size of the total underground
economy (including barter) may thus be even larger than previously estimated.
Most studies consider only one particular factor, the tax burden, as a cause of the
underground economy. Other reasons such as the impact of regulation, the
complexity or visibility of the tax system, taxpayers’ attitudes to the state, “tax
morality”, and so on are not considered because data for most countries are not
available. If, as is most likely to happen, these other factors also have an impact on
the extent of the underground economy, it might be larger than reported in most
studies.”

A further weakness of this approach, at least when applied to the United
States by Tanzi (1983), is discussed by Garcia (1978). They point out that increases
in currency demand deposits are largely due to a slow-down in demand deposits

- A

® One justification for the use of the tax variable only is that this variable has by far the strongest
impact on the size of the underground economy in all studies known to us. An exception is the study
by Frey and Weck-Hannemann (1984), where the variable “tax immorality” has a quantitatively
larger and statistically higher influence in the model than the direct tax share. In a study, on the U8,
underground economy, Pommerchne and Schneider (1985), showed that the tax variable has '.l"'L 4
daminating influence and contributes roughly 70-78% to the size of the underground economy, 2N
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