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Abstract
We propose a consumer demand system approach to estimating the size of the
black economy where alternative hypotheses a®ecting the empirical results can be
tested in a nested framework. This approach allows for the estimation of the underreporting of household income from various sources, dispensing with the need to
use arbitrary criteria to classify households by their main source of income. It also
avoids potential bias in black economy estimates arising from mistaking preference
heterogeneity (substitution) as income e®ects. We illustrate these arguments by
estimating the extent to which self-employment income in the UK is under-reported
using parametric and nonparametric techniques.
JEL Classi¯cation: C14, D12
Keywords: Engel curves, consumer behavior, implicit separability, hidden/shadow
economy

1 Introduction
The black economy, broadly de¯ned as the economic activities that are hidden from
public authorities to avoid taxation, has recently received increased attention in the
¤
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We are solely responsible for the interpretation of the data and all errors.
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literature due to arguments that the rising tax burden and state regulation is driving
economic activity underground (Tanzi and Schuknecht 1997 and Enste and Schneider,
1998). The usefulness of attempts to estimate the size of the black economy, however,
is a controversial issue. The skeptics emphasize the di±culties associated with the
precise de¯nition of black economy activities and point to the widely di®erent estimates
of the size of these activities resulting from alternative methods (Dixon 1999, Tanzi
1999 and Thomas 1999). Authors approaching the subject in an optimistic frame of
mind emphasize positive aspects of estimating the size of the black economy such as the
correct measurement of GDP and other macroeconomic variables (e.g. employment)
and the design of policy and econometric models (Bhattacharyya 1999 and Giles 1999).
The controversy on estimation issues, however, does not subtract from the widespread
concern about the undesired consequences of the black economy. Undeclared economic
activities reduce the tax base, thereby undermining the ¯nancing of public goods and
social protection. A country trying to curtail the loss of tax revenue by raising tax
rates can create a vicious cycle, as this reinforces the incentive not to declare economic
activities to the public authorities. High tax rates also have a distorting e®ect resulting in ine±cient allocation of resources due to unequal opportunities and willingness to
evade in di®erent sectors of the economy and can undermine the ability of the country to compete internationally. Distortions in the labor market can also arise because
individuals working in the black economy may have di±culty in moving from one job
to another. Furthermore, in countries where health, pension and other social security
payments are not universal, individuals working in the black economy and their families
are outside the social protection net. In developing economies where the black economy
is controlled by the a²uent, e®ective taxation can become regressive.
Most empirical approaches to estimating the size of black economy activities in the
literature rely on macroeconomic relationships thought to contain information about
such activities. Included among these approaches are the `currency ratio' method pioneered by Cagan (1958) and further developed by Tanzi (1983) and Bhattacharyya
(1990), the `transactions' method (Feige 1979) and the `MIMIC' (Multiple Indicators
Multiple Causes) method ¯rst considered in the context of the black economy by Frey
and Weck-Hannemann (1984) and subsequently applied by Schneider (1997) and Giles
(1997). The macroeconomic approaches to estimating the size of the black economy are
criticized for not being based on theory and for employing °awed econometric techniques
(Thomas 1999).
Studies using microeconomic data for the estimation of the black economy include
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(i) `direct' methods employing tax audits and data collected from surveys designed to
measure the undeclared taxable income (used by the US Inland Revenue Service and
discussed in Feinstein and Dixon,1999) and (ii) an `expenditure-based' method proposed
by Pissarides and Weber (1989) where an Engel curve (demand for food) estimated from
individual household data is used for the calculation of the under-reporting of income
by households with a self-employed head.
This paper builds on the Pissarides and Weber (1989) expenditure-based approach
and proposes a complete demand system framework for the estimation of the size of the
black economy using cross-section individual household data. This framework is argued
to have two advantages over the Pissarides and Weber (1989) single equation method:
it (i) avoids potential bias from confusing preference heterogeneity (substitution) with
under-reporting (income) e®ects in consumer demand and (ii) dispenses with the need
to classify households according to their main source of income, i.e. self-employed, wage
earners etc. We believe that the latter advantage is important not only because the
classi¯cation of households by their main source of income is based on an arbitrary criterion (income share) but also because such classi¯cation can exclude from the analysis
income from black economy activities representing a substantial but not the main source
of household income (second jobs, fees etc).
Furthermore, the analysis in the paper goes some way towards meeting the criticism
expressed against other approaches to estimating the size of the black economy. On the
theory side, the proposed method is based on sound principles of consumer behavior
and by linking undeclared income to its sources takes account of the point made by
Cowell (1990) that tax evasion is tied to labor supply decisions (type of employment).
On the estimation side the analysis in the paper not only provides a framework in
which alternative hypotheses a®ecting the empirical results can be tested in a nested
framework but also proposes a nonparametric measure of the size of the black economy
that can be used as a benchmark for the evaluation of parametric results. This measure
is based on the distance between two nonparametric regression functions, as suggested
in Pinkse and Robinson (1995) and employed by Pendakur (1999) to compute equivalent
income scales.
The empirical analysis is based on UK data drawn from the 1993 Family Expenditure Survey (FES) and containing information about income from various sources,
expenditure on a detailed commodity breakdown and a large number of demographic
and other household characteristics found to be signi¯cant in Pissarides and Weber
(1989) and other empirical studies of consumer behavior based on individual household
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data (e.g. Blundell et. al. 1993). Separate estimations are performed for households
with blue and white collar heads using the parametric complete demand system and the
parametric and nonparametric single equation methods.
The structure of the paper is as follows. Section 2 models the under-reporting of
income from various sources in the context of a complete demand system and discusses
the empirical advantages of this modelling approach vis-a-vis the single equation approach. Section 3 reports the results obtained from application to the UK data and
considers their implications for the size of the black economy. Section 4 concludes the
paper.

2 Under-reporting of income and consumer demand
We consider households to have the implicitly separable preference structure (Gorman 1976, Deaton and Muellbauer 1980) de¯ned by the cost function
C (p; U) = F [c (p; U) ; d (r; U) ; U] ;

(1)

where U is the household utility level, p the price vector of nondurables and r the vector
of prices (user costs) for durable goods. The subcost functions c (:) and d (:) re°ect the
prices (unit cost) of nondurable and durable goods paid by the household, respectively.
These are increasing in U and linearly homogeneous in prices.
Household demands obtained in the context of (1) can be thought to result from
a standard two-stage budgeting process: ¯rst total household expenditure is allocated
between nondurable and durable goods according to the e±cient (cost minimizing) rule,
@F [:] =@c (:) and @F=@d (:). Demand for the ith good in the nondurable category is given
by
qi =

@F [:] @c (:)
@c (:) @pi

(2)

and household expenditure on nondurables by
y ´ §i qi pi =

@F [:] @c (:)
@F [:]
§i
pi =
c (:) :
@c (:)
@pi
@c (:)

(3)

Household expenditure on the ith good is given by
pi qi ´ pi

@F [:] @c (:)
@c (:)
= pi y
@c (:) @pi
c (:) @pi

and as share in the expenditure on nondurable goods wi = @lnc (:) =@lnpi :
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(4)

We assume that the unit cost of nondurables c (:), has the Quadratic Logarithmic
form (Lewbel 1990)
·

¸
U
lnc (p; U) = a(p) + b(p)
;
1 ¡ g(p)U

(5)

where a(p), b(p) and g(p) are some functions homogeneous in p: This yields Hicksian
shares
·

¸
·
¸2
U
U
wi = ai (p) + bi (p)
+ ¸i (p)
;
1 ¡ g(p)U
1 ¡ g(p)U

(6)

where ai (p) = @lna(p)=@lnpi ; bi (p) = @lnb(p)=@lnpi and ¸i (p) = b(p)@lng(p)=@lnpi .
Note that U here is the household utility level obtained from expenditure on nondurable
and durable goods: Therefore, to obtain the Marshallian demands for nondurable goods
we substitute U in (6) for the indirect utility function V (p; r; Y ), where Y is household
income. In the present context this is convenient because demand for non-durable goods,
assumed to be accurately reported, can be used as a benchmark for the investigation of
the degree to which observed income is understated.
At base period prices pi = 1 and ri = 1, all i; utility can be rede¯ned as u =
U= [1 ¡ go U] where go is some constant such that @u=@U > 0: Introducing the h sub-

script to denote the individual household, the budget shares (6) can then be written as
a system of Engel curves,
wih = ai + ¯ i [lnYh¤ ] + ¸i [lnYh¤ ]2 ;

(7)

where Yh¤ is the true level of income consisting of K components distinguished by their
source, such as income from employment in the private or public sector, self-employment,
fees, second job etc. We assume that each true component of income is proportional to
its observed counterpart,
¤
Ykh
= µk Ykh ; k = 1; :::; K;

(8)

where Ykh is the observed level of the kth component of income of the hth household
and µk ¸ 1 shows the factor by which the observed income must be multiplied in order
to become equal to the true income. Replacing (8) in (7) we obtain

wih = ai + ¯ i [lnYh + ln (§k µ k ykh )] + ¸i [lnYh + ln (§k µk ykh )]2 ;
where Yh = §k Ykh and ykh = Ykh =Yh :
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(9)

The intuition behind the above modelling of under-reporting is as follows. Suppose
that for a given kth income component µk > 1:1 Then lnYh < lnYh¤ so that the household
in question will behave as if it is on a higher utility level, i.e. allocate more expenditure
to luxuries and less expenditure to necessities than otherwise. The parameter µ k shows
the extent to which the observed kth component of income will have to increase in order
to compensate for the understatement of the observed household income, i.e. make the
¤ .
allocation of expenditure on nondurable luxuries and necessities as if lnYkh = lnYkh

This is illustrated by Figure 1 where we initially assume that all households have
identical preferences and current income is allocated between two goods, food (necessity)
and non-food (luxury) according to the continuous Engel curve OM in the diagram.
Point A corresponds to the case of a household that reports income OC and has budget
shares AC for food and AG for non-food. Under the preferences given by the Engel
curve OM in the diagram, however, these budget shares are consistent with the higher
level of income OD. In other words the reported level of income must be raised from
OC to OD for the budget shares to be as implied by the Engel curve. The µ-parameter
in this case is equal to ratio OD/OC.
In the context of the budget share system (9) the Pissarides and Weber (1989)
approach can be shown to correspond to the case where (i) ykh is replaced by a dummy
variable Dkh = 1 if ykh > yekh and Dkh = 0 otherwise, where yekh is some ad hoc value
of ykh and (ii) ¸i = 0 all i: Then (9) is written as

wih = ai + ¯ i lnYh + §k µ¤ik Dkh ;

(10)

where µ¤ik = ¯ i lnµk : Pissarides and Weber (1989) assume that lnµk = ¹k + Àh and by
the log-normality assumption the logarithm of mean µk is lnµk = ¹k + 21 ¾2À :
An important limitation of the single, linear equation approach is that it imposes
separability in the components of income de¯ned as
@wih =@lnYh
@wih =@Dh
=
;
@wjh =@Dh
@wjh =@lnYh

(11)

i.e. income components change the relative demand for two goods in the same way as
an income change would a®ect this relative demand. This implies absence of preference
heterogeneity associated with the sources of income: all di®erences in consumer demand
1
It should be noted here that the restriction §k xkh = 1 implies that µk must be ¯xed for at least
one income component. In other words the understatement of the various income components can only
be estimated relative to the rest. The obvious solution to this problem is to set µk = 1 for the kth
component of income for which we have reasons to believe that it is accurately reported, e.g. income
from salary-paid employment.
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are attributed to di®erences in (mis)reported income. Yet, at any given level of income
the pattern of demand can vary between consumers due to di®erences in demographic
and other characteristics such as the number of children in various age groups, housing
tenure and location, economic status, age and other characteristics of head etc. To the
extent that the employment position of head, as de¯ned by Dkh , is among the household characteristics responsible for this preference heterogeneity, then the estimated
µ¤ik in (10) will pick up the e®ects of both, the heterogeneity of preferences due to the
employment position of head and the understatement of the kth component of income.
The distinction between the preference heterogeneity (substitution) and under-reporting
(income) e®ects requires a system approach to be determined.2

Figure 1: Income understatement in a system of Engel curves
Expenditure
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Non Food
K

G

M

B
H
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Food
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Current income

This point is illustrated in the diagram of Figure 1 using the discontinuous Engel
curve HK, assumed to correspond to households with income from black economy activities. In this case the size of the black economy corresponds to the ratio OD¤ /OC
2
Note that this problem can also arise in systems of linear Engel curves, e.g. for a given employment
dummy D1h the system wih = ai + ai1 D1h + ¯ i [lnYh + µ1 D1h ] is observationally equivalent to wih =
ai + a¤i1 D1h + ¯ i lnYh where a¤i1 = ai1 + ¯ i µ1 captures both the preference heterogeneity (ai1 ) and
under-reporting (µ1 ) e®ects of D1h .
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rather than OD/OC, i.e. ignoring the fact that those under-reporting have a di®erent
Engel curve (consume more food at any level of income) than other households results
in a downward biased black economy estimate.3

3 Empirical analysis
This section reports the parameter estimates obtained from a single Engel curve for
food (10) and the quadratic system of budget share equations (9), where the preference
heterogeneity and under-reporting e®ects discussed above can be estimated separately.
Furthermore, given that both the system and single equation approaches are subject to a
potential speci¯cation error arising from the choice of functional form, we also estimate
the size of the black economy using a nonparametric distance measure. By comparing
the results obtained from these alternative approaches we assess the implications of (i)
the choice of functional form and (ii) preference heterogeneity on the estimated size of
the black economy. The data used are drawn from the 1993 UK Family Expenditure
Survey (FES) and consist of 1750 households whose head is in employment and their
main source of income (as de¯ned by the FES) is from wages or self-employment.

3.1 Single equation approaches
First we consider the results obtained from the single equation approach. We estimate
the quadratic Engel curve for food
lnYF h = aF + ± F Sh + ¯ F lnYh + ¸F (lnYh )2 + §j aF j zjh + uF h ;

(12)

where Sh = 1 if the main source of household income comes from self-employment and
Sh = 0 otherwise; zjh ; j = 1; :::; J are household characteristics and À F h an error term.
The vector of household characteristics, zh ; includes: the number of children in various
age categories; the age, occupation, economic position, profession etc of the household
head and spouse; housing tenure and geographical location; numbers of rooms in the
house, cars and ownership of other durable goods; and a large number of other variables
found to be signi¯cant in Pissarides and Weber (1989) and in other empirical studies of
consumer behavior based on individual household data (e.g. Blundell et. al. 1993).
3

The problem here is analogous to the substitution bias in the construction of price indices, except
for the fact that here the direction of the bias cannot be a priori determined because the substitution
is due to the change in the sources of income, not the relative prices.
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The Engel curve for food (12) is estimated separately for households with a head
in blue and white collar occupation by 2SLS.4 The top part of Table 1 reports the
parameter estimates corresponding to the self-employed dummy and log income for the
two household types, white and blue collar. Under the heading `Quadratic model' are
the results obtained from the unrestricted estimation of (12); whereas under the heading
`Linear model' are the results obtained subject to the restriction ¸F = 0. Using the
empirical results obtained from the linear model and the method proposed by Pissarides
and Weber (1989) we have calculated the upper and lower bounds of the under-reporting
parameter for blue and white collar households. These bounds are shown in section (a)
in the bottom part of Table 1 and, on average, imply an under-reporting coe±cient of
1.39 for blue collar and 1.18 for white collar households. The estimates obtained here
are comparable to those reported in Pissarides and Weber (1989).
The parameter corresponding to the log income squared in Table 1 is signi¯cant
for both blue and white collar households. It then follows that the estimates of underreporting based on the linear model may su®er from misspeci¯cation bias. Given that
the quadratic model is also subject to a speci¯cation error, the implications of using a
linear model to estimate the black economy coe±cient are assessed through comparison to nonparametric results, where the black economy parameter is measured as the
distance between two nonparametric regression functions described as follows.5
Suppose we are concerned with the estimation of the following regressions:
w
w
YFwh = cw
i zh + m(Yh ) + uh ;

YFsh = csi zh + m(Yhs ) + ush ;

h = 1; :::; H w
h = 1; :::; H s ;

(13)
(14)

where zh is the vector of household characteristics de¯ned earlier; the superscripts w and
s denote households whose main source of income is from wages and self-employment,
respectively.
To remove heterogeneity (in°uence of zh ; excluding the main source of income)
4
More precisely, lnYh and Sh are instrumented with age and years of schooling of husband and wife
and their squares, number of children in di®erent age groups and their squares, number of rooms in the
house and a large number of dummies (head self-employed, car, season, housing tenure, washing machine,
central heating, wife self-employed, wife working full time, wife working part time,wife unemployed etc.)
and interactions of the dummy for self employed head with the variables above and dummies for head
in subsidiary job as self-employed, dummy for head in subsidiary job as employee, dummy for wife in
subsidiary job as self employed and wife in subsidiary job as employee. In Pissarides and Weber (1989),
households are classi¯ed as self-employed if more than 25% of their income is from self-employment.
We have found that using this de¯nition (rather than the FES one) does not a®ect the results.
5

Also see Pinkse and Robinson (1995). A similar distance measure was proposed by HÄ
ardle and
Marron (1990) for the ¯xed design case.
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from YF` h ; for ` = w; s; we consistently estimate ci using a nearest neighbor estimator
proposed by Estes and Honore (1995) and Yatchew (1997) and used in Lyssiotou et al
(1999)6 : given that Yh` is a continuous variable we ¯rst sort the data by Yh` and compute
the ¯rst di®erences 4YF` h = YF` h ¡ YF` h¡1 and 4zh = zh ¡ zh¡1 on the sorted data; we

then run the regressions 4YF` h = c`i 4zh + errors, to obtain a consistent estimate of c`i ,
say c^`i and compute Y~F` h = YF` h ¡ c^`i zh .
The regression function m(Y~j` ) is estimated for ` = w; s at a given point Y~o` using
kernel methods as
m(
b Y~j`

=

Y~o` )

=

PH

Y~h` ¡Y~j`
)YF` h
b
PH
Y~h` ¡Y~j`
)
h=1 K(
b
h=1 K(

=

r(Y~j` = Y~o` )
;
f(Y~ ` = Y~o` )

(15)

j

where K(:) and b are the kernel and the bandwidth respectively. The choice of the
kernel function is the Gaussian kernel and the bandwidth is chosen by cross-validation,
see Hardle and Marron (1990).
Table 1: Empirical results based on demand for food
Effect on logarithmic food
expenditure
Self-employment dummy
Self-employment x white collar
Log income
Log income x white collar
Log income square
Log income square x white collar

Quadratic model
Parameter
t-ratio
0.16463
-0.09055
0.28814
0.13841
0.02355
-0.01935

Root Mean Square Error
R-square

4.37
-1.71
5.99
0.51
9.22
-0.90

0.39596
0.25780

Linear model
Parameter
t-ratio
0.11360
-0.02758
0.37503
0.15922
-

3.05
-0.53
7.94
6.48
-

0.39624
0.23460

Undereporting parameters
(a) Linear model:
Blue collar households
White collar households

Lower bound
1.37
1.09

(b) Nonparametric model (t-ratio):
Blue collar households
White collar households

Upper bound
1.41
1.26

1.64 (13.8)
1.35 (14.3)

6

An alternative way of obtaining consistent estimates of ci is to use Robinson's (1988) semiparametric
estimator. The nearest neighbor estimator proposed by Estes and Honore (1995) produces less e±cient
estimates of ci than Robinson's (1988) estimator, but has computational advantages and is easier to
implement.
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Following Pendakur (1999), we ¯t the estimated nonparametric expenditure equation of each household type, the reference w and the non-reference s type. Then the
distance between the estimated expenditure function of the two household types is found
by minimizing a Loss Function that was suggested in this context by Pinkse and Robinson (1995). The distance measure is based on the following relationship between the
expenditures of the w and s household types:
m(Y~hs ) = m(Y~hw ¡ µ s ) + ± s :

(16)

Then using the result that m(Y~hl ) = r(Y~hl )=f (Y~hl ) for l = s; w we obtain
f(Y~hw ¡ µs )r(Y~hs ) = f(Y~hs )r(Y~hw ¡ µs ) + ±s f(Y~hs )f(Y~hw ¡ µs ):

(17)

Pinkse and Robinson (1995) suggest the minimization of the integrated squared di®erence between the two sides of equation (17) with respect to the parameters µs and ± s
using a simple gridsearch over a wide span of values.
The nonparametric estimate of the black economy coe±cient obtained from the
model above is 1.64 for blue and 1.35 for white collar households (section b in the lower
part of Table 1). On the basis of these results one can argue that the choice of a linear
functional form for the food expenditure equation causes a downward bias to the black
economy coe±cient, especially for households with head in blue collar occupation.

3.2 Demand system approach
In the context of the demand system approach we consider six categories of non-durable
goods: food, alcohol, fuel, clothing, personal goods/services and leisure goods/services.7
For comparability with the results obtained from the single equation approach, here we
also consider two sources of income: wages and self employment income. Thus, the
estimated system of budget shares is
wih = ai + §j aij zjhi + ±i yhs + ¯ i [lnYh + ln (µo yh! + µ1 yhs )]
+¸i [lnYh + ln (µ o yh! + µ1 yhs )]2 + À ih;

(18)

where yh! ; and yhs are the wage and self-employment proportions of Yh , respectively,
zjh ; j = 1; :::; J is the vector of households characteristics described earlier and À ih an
error term. The parameter µo is set equal to unity on the assumption that wage income
7

The assumption concerning durable goods is that they act as conditioning variables and this is
modelled by including dummies for housing tenure, the size and value of the house, car ownership, the
presence of smokers in the household etc in the vector of household characteristics.

11

is correctly reported. Therefore the parameter µ1 is interpreted as the black economy
coe±cient, i.e. the proportion by which reported self-employment income needs to be
raised to reach its correct level, in the sense explained in section 2.
The system of equations (18) is estimated by nonlinear three-stage least squares,
where the components of income are instrumented to avoid measurement error due to
transitory elements. In addition to all the exogenous variables, their squares and crossproducts, the years of schooling (including their squares and cross-products) of both
adults in the household are used as instruments. The estimation is performed using all
the observations in the sample allowing for di®erences in the parameters corresponding
to blue and white collar households through dummies.
Table 2 reports results of interest obtained from the estimation of (18): the parameters and t-ratios re°ecting under-reporting (µ1 ), preference heterogeneity (± i ), log
income (¯ i ) and log income square (¸i ) e®ects. Under the heading `blue collar households' are estimates corresponding to households with head in blue collar occupation
and under the heading `white collar dummies' the estimated di®erences between these
households and households with head in white collar occupation. Only the parameters
estimates of ¯ve budget share equations are reported in the table since the parameters
of the sixth equation (leisure goods/services) are redundant due to adding up.8
The under-reporting parameters for self-employment income is 1.96 for blue collar
and 1.61 (i.e. 1.96-0.35) for white collar households. These estimates are well above
those obtained from the single equation approach above. Regarding the preference
heterogeneity e®ects, the results in Table 2 suggest that households at a given level
of income with a higher proportion from self-employment tend to have a higher share
of necessities (food and fuel) in consumer expenditure at the expense of other goods.
Possibly this is because these households tend to use their home as workplace, thereby
spending relatively more on food (rather than, for example, eating out) and fuel for
heating.
As we have argued using the diagram of Figure 1, a positive correlation between
the income elasticity and the preferences of the self-employed can result in the a downward biased under-reporting parameter. To test this hypothesis we re-estimate the
system of budget share equations (18) imposing no preference heterogeneity (± i = 0;
all i). As seen in Table 2, section b, this hypothesis is rejected and causes the under8

Following the acceptance of a hypothesis test (based on the Â2 distribution) the substitution parameters ± i are set to be the same for blue and white collar households to obtain better determined
under-reporting parameters.
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reporting parameters to be reduced to 1.70 for blue collar and 1.29 for white collar
households. Notably, these estimates are close to those obtained from the nonparametric single-equation method which also imposes the same restriction on the demand
for food equation. This is not surprising, given that (i) the most sizeable preference
heterogeneity e®ect comes from the food equation and (ii) the quadratic logarithmic
model is generally found to be an adequate speci¯cation for individual household data
when tested against nonparametric alternatives (e.g. Banks et al 1997 and Lyssiotou et
al 1999). Given (ii) and the fact that preference heterogeneity cannot be rejected, we
conclude that the demand system approach yields more reliable estimates of the black
economy than the single-equation (parametric and nonparametric) approach.
Table 2: Empirical results based on the complete demand system
a. Budget share effects:

Under-reporting

Blue collar
Parameter t-ratio

White collar dummies
Parameter t-ratio

1.96041

7.66

-0.35439

-1.38

Self-employment:

Food
Alcohol
Fuel
Clothing
Personal

0.03809
-0.00179
0.01266
-0.01026
-0.01178

4.08
-0.30
2.26
-1.16
-2.07

0.03809
-0.00179
0.01266
-0.01026
-0.01178

4.08
-0.30
2.26
-1.16
-2.07

Log income:

Food
Alcohol
Fuel
Clothing
Personal

-0.18525
0.08830
-0.19090
0.21547
0.02057

-2.68
2.01
-4.84
3.24
0.48

0.27926
-0.09185
0.12719
-0.16398
0.02305

2.95
-1.76
2.47
-2.00
0.43

Log income square:

Food
Alcohol
Fuel
Clothing
Personal

0.04476
-0.01855
0.04750
-0.05743
-0.00478

1.97
-1.28
3.58
-2.59
-0.34

-0.06286
0.01995
-0.04227
0.05397
-0.00175

-2.61
1.35
-3.12
2.38
-0.12

b. Functional form effects:
Separability
Chi-square value (d.o.f.)
Linearity
Chi-square value (d.o.f.)

Blue collar
Parameter t-ratio

White collar dummies
Parameter t-ratio

1.69569
10.5
-0.48602
2.60
24(5), rejected at 5% signifjcance level
1.43273
7.2
0.10784
0.45
54(15), rejected at 5% signifjcance level

The second hypothesis tested is linearity (¸i = 0; all i): This involves ¯fteen parameter restrictions: ¯ve for blue collar households, ¯ve for white collar households and
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¯ve for the interaction terms between the log income squared and the dummy for the
presence of children in the household. The interesting result here is that, imposing linearity reduces the under-reporting parameter from 1.96 to 1.43 for the blue households
whereas for the white collar households the reduction of the same parameter is much
smaller, from 1.61 to 1.54 (or to 1.43, if we consider that in this case the white collar
dummy in insigni¯cant). Therefore, the linearity restriction (i) has a more profound
downward e®ect on the under-reporting parameter estimate than the separability restriction and (ii) this is particularly so in the case of blue collar households. The latter
result re-iterates the conclusion reached from the comparison between the parametric
and nonparametric estimates of the demand for food equation above.

4 Conclusions
This paper considers the problem of black economy in the context of consumer theory
and proposes a method of estimating the under-reporting of income using parameters
of a complete demand system. It compares the results obtained from this method with
those obtained from two single equation approaches: a log linear Engel curve and a
measure of distance between two nonparametric Engel curves.
The log linear Engel curve approach is argued to rely on restrictive functional form
assumptions and cannot distinguish between the preference heterogeneity (substitution)
and under-reporting (income) e®ects attributed to the sources of income. Furthermore,
it requires households to be classi¯ed by their main source of income, thereby introducing an element of arbitrariness in empirical application. The nonparametric approach
improves on the log linear Engel approach insofar as it makes no assumptions about the
functional form of the Engel curve and the distribution of errors, including measurement
errors in observed right hand side variables (transitory income).
The complete demand system approach needs no functional form assumptions other
than those required by fundamental principles of consumer theory and generally found to
hold for the quadratic logarithmic demand system used for the empirical analysis in the
paper. Furthermore, this approach not only allows for separate preference heterogeneity
and under-reporting e®ects, but also allows for all income sources to be included in the
analysis (i) regardless of their relative contribution to total household income and (ii)
without the need to classify households by their main source of income.
The empirical analysis, based on individual household data drawn from the UK
Family Expenditure Survey (1993), suggests that the log linear Engel curve approach
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is statistically inferior to the nonparametric approach and results in lower estimates
of the black economy coe±cients. The estimates obtained from the complete demand
system approach con¯rm that restricting the functional form of Engel curves to be log
linear result in lower black economy estimates. Furthermore, the complete demand
system results suggest that failing to allow for preference heterogeneity also leads to
understated black economy parameters, i.e. we ¯nd that households with higher income
from self-employment tend to have higher budget shares of necessities (food and fuel).
The hypothesis of preference homogeneity is rejected by the data.
According to the results obtained from the complete demand system, self-employment
income reported by households with head in blue collar occupation needs to be scaled
up by a factor of 1.96 to correct for under-reporting, whereas the corresponding ¯gure
for self-employment income reported by households with head in white collar occupation
is 1.61. Considering that households with head in blue collar occupation account for
45.6% and households with head in white collar occupation for 54.4% of the reported
self-employment income, our estimates suggest that self-employment related black economy activities in the UK amount to 9.24% of GDP.
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