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Abstract

The article studies the optimal redistribution system, achieved by direct tax-
ation, indirect taxation and public provision of the pseudo-necessary good,
when individuals, who differ in productivity, can take hidden actions (tax eva-
sion by moral hazard) and have hidden information (tax evasion by adverse
selection). It proves that any Government willing to effectively reallocate
resources among individuals has to undertake measures against tax evasion,
i.e. to establish tax evasion fines.
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1. Introduction

Atkinson (1977) argues that the choice between direct and indirect taxes is
one of the crucial issues of taxation policy due to the challenging theoretical
questions arising and its significant policy relevance (see, among others, Cre-
mer et al., 2001). Since taxation is a key instrument to redistribute among
individuals, assessing the re-distributional power of differential commodity
taxation versus nonlinear income taxation is of great interest in the literature
on optimal taxation (Saez, 2002).

The role of differential commodity taxation has been seriously under-
mined by the seminal paper of Atkinson and Stiglitz (1976); they study the
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optimal direct and indirect tax mix problem in presence of individuals dif-
fering for the sole earning ability and show that nonlinear income taxation
does not need to be supplemented by commodity taxation when preferences
are weakly separable in labour supply and produced goods.

As Boadway and Pestieau (2002) have pointed out, a number of stud-
ies have tried to further investigate the “Atkinson-Stiglitz” theorem. In a
framework of strong homogeneity of preferences for consumption goods, while
Mirrlees (1976) shows that commodity taxation is desirable on goods that
are relatively more preferred by the high skilled individuals, Christiansen
(1984) proves that goods that are complementary with leisure should be
taxed. Boadway and Pestieau (2002) consider how robust the “Atkinson-
Stiglitz” theorem is with respect to differences in needs or endowments of
goods, more than one type of labour supply, differences in preference for
leisure, and restrictions on policy instruments; they conclude that in devel-
oping countries the compliance and administration costs of income taxation
are so high that tax authorities have to rely on indirect taxation.

The recent literature focuses on the role of indirect taxes when individuals
are heterogeneous in one or more characteristics. Cremer et al. (2001) assume
individuals differ in several unobservable characteristics (i.e. productivity
and endowment) and prove that differential commodity taxation is a useful
instrument of tax policy even if preferences are separable between labour
and produced goods. Saez (2002) assumes individuals are heterogeneous
in earnings and tastes and shows that a small tax on a given commodity
is desirable if high income earners have a relatively higher taste for this
commodity or if consumption of this commodity increases with leisure.

There is also a large literature on the economics of tax evasion: while
some authors are interested in tax evasion on the indirect taxes (see, among
others, Cremer and Gahavari, 1993), others are interested in tax evasion on
the direct taxes (see, among others, Cremer and Gahavari, 1996).

Most of these articles follow the standard approach originated in Alling-
ham and Sandmo (1972) and treat the decision of how much tax to evade as
one of choosing a consumption stream under uncertainty: taxpayers, faced
with a given probability of penalty, will choose the amount of evasion which
maximizes their expected utilities (see Boadway and Sato, 2000).

This article investigates the tax evasion problem from an innovative per-
spective, which is relying on the analytical categories proper of the asymmet-
ric information setting: individuals can take hidden actions to affect their
labour supply and commodity demands (tax evasion by moral hazard) and



hide information about their productivity (tax evasion by adverse selection).

If individuals only take hidden actions, the Government can implement
the redistribution system without auditing them but imposing the incentive
constraints; on the contrary, if individuals also hide information, to imple-
ment the redistribution system the Government has to audit and to punish
them.

The remainder of the article proceeds as follows. Section 2 describes the
setup of the model, Section 3 considers a public information environment
without and with the redistribution system, in Section 4 the individuals can
take hidden actions and in Section 5 the individuals can take hidden actions
and also have hidden information. Finally, Section 6 concludes.

2. The Model

In the economy there are two commodities i = 1,2 (the pseudo-necessity and
the pseudo-luzury) and two individual types h = A, B (the more efficient or
high income workers and the less efficient or low income workers).

The population n is partitioned into the two groups A, B with n = n? +
nB. Assuming the population size is large, the probabilities 7" = 74, 78,
with 74 + 78 = 1, are also the population share between the two individual
types.

Both the individual types A, B are constrained by the same time endow-
ment 7' and the same unearned lump-sum income I = 0!. With L" labour
and (" leisure, the time endowment is L" +¢" = T, and hence the full income
y" of the individual type h = A, B is:

y'=(w"=7") T=m"-T,h=ADB (1)

(see De Bartolome, 1990; Kaiser, 1993), where w" is the gross wage rate, 7"
the labour income tax and m” the net wage rate. The consumer price ¢; for
the good 1 = 1,2 is:

where p; is the producer price and t; the commodity tax.

!The assumption of constant returns to scale, together with competitive behaviour,
implies that the firms earn zero profits. Therefore, the households receive no profit income
and the lump-sum income is zero (Myles, 1995).



The redistribution systems will be illustrated presenting a computational
model where the parametrisation is chosen mainly for numerical convenience
and considering a Klein-Rubin (Klein and Rubin, 1948) or Stone-Geary
(Stone, 1954; Geary, 1950) utility function (KR-SG) and Cobb-Douglas pro-
duction functions (CD)2.

3. Public Information

The household’s problem (Utility Mazimization Problem - UMP) is:

U = max U (Xh,éh)
xh ¢h
st. > pi-al+wh - <wh T (A, (3)
i=1,2

with x* = (2%, 2) (see, among others, Deaton and Muellbauer, 1981; Kaiser,

1993). The FOCs of the UMP (3) entail:

_ 1 . ouk
Di T M 9gh 4
wh o= L. oUt (4)
=3 o

Therefore, the marginal rate of substitution is:

auh
D1 h
MRSLQ - — = ;Ulh 5 <5>
P2 B
2

and with \* = %%: - L+ it is also possible to write:

ozl oh wh’
The demand of good i by individual h is 2! = z;(p, w") and the leisure
demand by individual h is ¢ = {(p,w"), with p = (p1,p2). The properties
of the Walrasian demand functions are analysed in Appendix A.

2The parameter values are 74 = 78 = 0.5 and T = 100, A; = 1.1, A5 = 1 and
af! = 0.55, a4 = 0.6 (and then of = 0.45, of = 0.4), a = 0.33, 3 = 0.33, v = 0.33 and
by =13, by = —13, by = 0.



The dual problem (Expenditure Minimization Problem - EMP) is:
eh = min pi - xl +wh -
xh eh Z':ZLQ (7)
st. UM >0 (V).

The FOCs of the EMP (7) entail:

o n_ouh

Di =V ozh (8)
ho_ . h aU"

wh = vt s

and therefore with - = %T[{: - L+ it is possible to obtain equation (6).

The set of optimal commodities and leisure quantities in the EMP (7)
are denoted by h;(p,w", U) for i = 1,2 and by hr(p,w", U).

Considering the Walrasian demand functions x;(p, w", I) and ¢(p,w", I)
allows to relate the Hicksian and Walrasian demands as in (C.1). Since I = 0,
the equations in (B.6) and in (C.2) can be rewritten as:

Oa:i(p7wh) . 8h¢(p,wh,U) . Sh d OL(p,wh) i 8hL(p,wh,U) B Sh

op; Ipj e op; Ipj — YLy (9)
awi(p,wh) 8hi(p,wh,U) h BL(p,wh) BhL(p,wh,U) h

Swh = wh - [iL d ok == owh = [LL7

with 7,5 = 1,2, where Sfj and Sfj are the substitution effects and I% and
I, are the pseudo-income effects.
Multiplying the first equation in (9) by %, the second equation by 7,

wh
o
direct and cross elasticities:

the third equation by

and the fourth equation by ’2’—: allows to obtain the

=

h — gh . Pi h o — Gh . P
ey = Sij g, andep; =Sp; - oF, (10)
ho_ Th wh h o _ 1h | wh
52‘L—I¢L‘xh and ey, = I7 - 77

k3

with 4,5 = 1,2. If the good 7 = 1 is a pseudo-necessity, then the pseudo-
out

income elasticity is between 0 and 1, that is 0 < e, <1 =0< oL . ¥ <
1L ow x]

h h
1= 91 o (the good 1 is substitute to leisure and his demand is inelastic
ow w

to wage rate) and if the good ¢ = 2 is a pseudo-luzury then the pseudo-income
h h h
elasticity is greater than 1, that is e, > 1 = ;CZ—%L . Z—g >1= % > 22 (the

good 2 is substitute to leisure and his demand is elastic to wage rate).



Considering a log transformation of the KR-SG utility function, the
household choices are determined by the UMP:
Uh_)r(rhlaLXh - ln(l’l—bl)—}-ﬁ ln( —bg)—i-
i (T = 17 = by )

st. > pioalh—wh LM <0 ()\h)a
i=1,2

with o+ 84+ = 1 and b; > 0 (the good 1 ia a pseudo-necessity), by < 0
(the good 2 ia a pseudo-luzury), and b, = 0; the demand system of individual
h = A, B for the goods ¢ = 1,2 and leisure /¢ is:

wh'(T—bZ) > pichs

" =b +a- pli:u ,
Wh(T—be) 3 pich
‘IJZL - b2 + /8 p27-:172 ’ (12)
h (T b[) Z pz 7
T—L" = b+ - w,:_

whose elasticities ef;, e}, and ¢}, (with j = 1,2, L) in (10) are provided in

Appendix D (see equations in (D.1), (D.2) and (D.3)).

Considering the production side of the economy and assuming the pro-
duction function is f(L;;n), where L; = (L#, LF) and n = (n?,n?), the
Profit Mazimization Problem (PMP) of the good i = 1,2 is:

= nh. Lk
I1; max p; - f(Lin) — Z w” L. (13)

: h=A,B

Therefore, the marginal rate of transformation is:

0f2
a7 h

MRTi, =" =524 h=AB (14)
D2 6_[/11

and the marginal rate of technical substitution is:

Of;
w A
MRTSAB == = %2 i1 9. (15)
wE oL
oLE
Assuming gﬁ > g}jﬁ yields to p; < py and assuming ;g;, > 835}3 yields to

w>w



The clearing conditions are ensured since prices p; and ps guarantee the
goods markets are in equilibrium:

p1: f(Lyn) =nt ot +nB . af

p2: f (Lpim) = n? - af + 0¥ 2f; (16)

and wage rates w? and w®” guarantee the labour market is in equilibrium:

wh L 4 L = LA,

17
wB LB 4 LB = LB, (17)

A CD production function f(L;; A;, a;,n) is adopted for both commodi-
ties i = 1,2, where a; = (o, a?). Therefore, the PMP of the good i = 1,2
is:

ad aB
Hi:H}_‘E}XPi‘(Ai'(TZA'L?) “o(n”-LP) Z>—h§Bwh'”h'L§L» (18)

and the production functions in (18) are characterized by A; > A, which
signifies the assumption that the rate of labour-augmenting technological
progress A; is higher in the production of good 1 than in the production of
good 23, and by constant returns to scale o' + o = 1.

Moreover, it is assumed that the production functions in (18) are charac-
terized not only by o' > a? (type A individuals are more efficient than type
B individuals), but also by a4 > o' (type A individuals are more efficient in
the production of good 2, that is the production of good 2 is A-labour inten-
sive with respect to the production of good 1) and then, with o = 1 — o,
by aP > af (type B individuals are more efficient in the production of good
1, that is the production of good 1 is B-labour intensive with respect to the
production of good 2).

Therefore, the marginal rate of transformation is:

A - o <nB-LQB>%B Ay - o <L>
-a . —— -a .
2 2 2 2 LE

D1 nA. L4 nB.LD
MRTI,Q = — = oB QA (19>
P2 A oA nB.LB\ ™ A - aB nA LA\ M
1 1 nA LA 1 1 nB.LB

3In other words, the production of commodity 1 benefits more from technological
progress and/or is more capital intensive than the production of commodity 2. In fact,
luxuries are often produced in small batches, using labour intensive methods, in contrast
to necessities, which tend to be produced on a larger scale, using capital intensive methods
(Burkett, 2006).



and the marginal rate of technical substitution is:

B
B.1B\ “1 B.rB\ Q3
A n=-L A n®-L
wA  Aiar <—fan~L1) A - ad - (W‘LZ)
MRTSM = — = L = L
5 .
w A A\ % A AN *2
Al‘O[lB'<n 1> A2Q2B<n 2

nB.LB nB.LJ

(20)

Assuming A; > A, entails % (Llé’il;;al’n) > U (LQ;a’zlh’a"”n) and then p; < ps and
1 2
assuming a > af entails 2 Lidiain) 97 (Lgfga“n) and then w? > w?.

oL i

The results of the simulation in case of public information are presented in
table 1, which displays (i) quantities and utilities, (ii) prices and expenditures
and (iii) elasticities.

Table 1: Public Information

zh zh Lh Lk Lr uh
A 33.5711 5.7761 56.8262  8.4821 65.3084  3.1714
B 29.5513 2.1071 58.0731 7.0630 65.1361  3.0296
P1 p2 wh yh =eh
A 0.6109 39.8994
1 1.0956
B 0.4891 31.8598
e elly el e £% 31 el efts clL

A -0.7406 0.1400 0.6005 -0.6779 -2.5079 3.1858 0.1108 -0.1214  0.0106
B -0.7053 0.1590 0.5462 -1.8584 -5.1337 6.9921  0.1387 -0.1520 0.0133

From table 1 it is possible to verify that good 1 is a pseudo-necessity since
el = 0.6005 < 1 and e, = 0.5462 < 1 and the good 2 is a pseudo-luzury
since ey = 3.1854 > 1 and e, = 6.9921 > 1%. From table 1 it is also possible
to verify that w? > w?” and p, > p; (with p; as numeraire).

Moreover—given the utility and the production functions—the following
results have been obtained: (i) the labour supply of more efficient individuals
A is higher than the labour supply of less efficient individuals B (L# > L?),
(i) both the more efficient individuals A and the less efficient individuals B
contribute more to the production of the pseudo-necessary good 1 (L > L%),
but (iii) the less efficient individuals B contribute more than the more efficient

4Both intuitively and empirically (see, among others, Kokoski, 2003) necessities are less
price sensitive (i.e. they have an inelastic demand) and luxuries are more price sensitive
(i.e. they have an elastic demand); in fact, table 1 shows also that |ef;| < 1 and |el,| > 1
(h= A, B).



individuals A to the production of the pseudo-necessary good 1 (L¥ > L{)
and (iv) the more efficient individuals A contribute more than the less efficient
individuals B to the production of the pseudo-lurury good 2 (L{ > LP).

3.1. Redistribution System & Public Provision of the Pseudo-necessity

Out of the taxation revenues, the Government publicly provides the good
i = 1 (the pseudo-necessity) and each individual h = A, B receives the
quantity xg. Therefore the ex-post household’s problem (UMP) is

Uh = = max U (2 + zg, b, ()
xh gh
st Yoq-al+mh 0 <mh.T (N (21)
i=1,2

(see, among others, Deaton and Muellbauer, 1981; Kaiser, 1993). The FOCs
of the UMP (21) yield:

G =L felokd

t — X b

ho_ 1 aUn (22)
me = 3FC e

Therefore, the marginal rate of substitution is:

MRSLQ - 2 - ;;th 5 (23)
q2 E

and with \» = %%: . # it is also possible to write:

aUh 8Uh q;
Il T (24)

)

The demand of good i by individual h is 2 = z;(q, m", x5) and the leisure
demand by individual h is " = ¢(q,m", z¢), with q = (q1,¢2). Moreover,
the elasticities in (10) can be rewritten as:

ho Bxi(q,mh,a;(;) )

h
ch — G o gh. U ch _ dL(amtac) g — 5l
] 6(]]‘ CC?‘ L.] an' Lh Lh ) (25)
h h
gh o 8:p¢(q,m ,mg) ] mh —Jh . mh €h . 8L(q,m ,:rg) mh ]h mh
iL omh zh iL " gh SLL — omh LR — YLL TR

(3 k3

with 4,7 = 1,2. If the good i = 1 is a pseudo- necessity then the pseudo-

8961 mh

income elasticity is between 0 and 1, that is 0 < &f, <1 =0 < Gmi o <
1




Bxl

1= < m—{; and if the good i = 2 is a pseudo-lurury then the pseudo-

h
income elastlclty is greater than 1, that is ef;, > 1 = ‘%2 : ’;‘—: >1= g%h >
_}21 2
mh*

The Government redistribute resources among individuals through indi-

rect taxes t = (t1,t,), direct taxes 7 = (7%, 7%) and the publicly provided
good G. Denoting V" = V(t,7" zg;p,w"), 2l = x;(t, 7", 2¢; p,w") and
LM = L(t, 7™ zq;p,w"), the Government Problem (GP) is

W = max W(?TA'VA,TFB'VB)

t,72c

(26)
st Soowh L ST tal ) >pcre (M) -
h=A,B i=1,2
Considering the elasticities in (25) the FOCs of the GP (26) are:
2 7rh'(Th'E}LLl'LhJF Z ti'sﬁ'm?) > whpp
h=A,B i _ 1  h=AB
=—1-3%. =2
Z h(h h Lh+ztz €i2° z) Z Wh'g
h=A,B i=1,2 - 1  h=A,B
=—1-4%. =
i=1, 2 -1 1. B_L (27>
mA.LA - o | LA
B B LB+ z t; 8 B 5
=2 S S
mbB.LB e LB
h h, OL" 1 h . gh
Zﬂ_( 8$G+Zt axc) :pl_z ZW'/BG’
h=A,B h=A,B

where g = 2 BL_ is the (gross) marginal social evaluation of individual

aVEk "~ Bq
h’s utility with respect to good i, 8 = gTWh : gv (gross) marginal social
ow . avh

evaluation of the h’s utility with respect to labour L and % = SV Bag 18
the (gross) marginal social evaluation of the h’s utility with respect to the
publicly provided good G.

Considering a log transformation of the KR-SG utility function, the UMP

(21) is

U" =max a- ln(w1+xg—bl)+ﬁ ln( —b2>+

xh,Lh

+ - ln((T Lh)—bg) (28)
s.t. qu af <mh- LM (\")
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and with ¢ (t, 7", z¢; p,w") =m" - (T — by) + ¢1 -z — Y. ¢i - b; the demand
i=1,2
system of individual h = A, B for the goods i = 1,2 and leisure / is:

(4 t77h7$G5P7wh
dbng b i)

h . h
of = by g LT reR) (29)
t,‘rh,m(;;p,wh)

T—L" :bﬁyﬁ"(

mh

Hence with ¢ = ¢ (t, ™ zap, wh) the indirect utility of individual A is:

D o oh oh
V(t, 7" 2 p,w") = a-ln|{a-—)+B:-In |- — |+v-In(v -] (30)
41 q2 m

and, with V" = V(t,Th,xG;p,wh), o = x;(t, 7" g p,w") and LM =
L(t, 7" xg; p,w"), the GP (26) is

W =mazx >, ph-xh

t,T,x¢ h:A,B
(31)
st Yoot Lh 4 S teal ) >pcrg (M),
h=A,B i=1,2

where 5" is the weight assigned by the Government to individual k. There-
fore, the FOCs (27) are obtained, where the elasticities e}, €3, and £}, (with
j=1,2,L) in (25) and the (gross) marginal social evaluations of h’s utility
of good i = 1,2, labour L and the publicly provided good G are provided in
Appendix D (see equations in (D.4), (D.5), (D.6) and (D.7)).

Moreover, the FOC with respect to xg implies:

h
Zﬂ_h.(hgig—i_zt Bzg>

h=A,B i=1,2 (32>
h t t h
h:ZAB7T 'q1'<04‘q_11+/8'q—2— 'mh)_tl

Therefore, the public provision x¢ is function of the ratios between indirect
taxes and consumer prices 2— (1 = 1,2) and between direct taxes and net

wage rates =y (h = A, B).

The s1mulat10n is implemented considering both the Utilitarian social
welfare function 84 = 8% = 1 (see tables 2 and 3) and the Rawlsian social
welfare function 4 < 5% (see tables 4 and 5).

11



There exists a set of possible redistribution systems (t, T, x¢) which max-
imize the social welfare function W in (31): while tables 2 and 4 show the
redistribution system characterized by t1,t, > 0 and 74,72 < 0 (i.e. while
the goods ¢ = 1,2 are taxed, the wage rates of both individuals h = A, B
are subsidized), tables 3 and 5 show the redistribution system characterized
by ti,t2, 7% < 0 and 74 > 0 (i.e. while the wage rate of individual h = A
is taxed, both the goods 7« = 1,2 and the wage rate of individual h = B are
subsidized).

Tables 2, 3, 4 and 5 display (i) quantities and utilities, (ii) prices, taxa-
tion levels and expenditures, (iii) elasticities and (iv) (gross) marginal social
evaluations.

Table 2: Redistribution System with Public Information: the Utilitarian case (84 = g% =
1) with t;,t5 > 0 and 74,78 < 0

TG x{” acé” L’l’“ Lg Lh Uh w
31.5799 3.9615 56.7597 8.4685 65.2281 3.1052
0.0056 3.1043
31.5312 3.9171 58.1561 7.0700 65.2260 3.1035
p1 t1 q p2 t2 q2 wh T mh yh = el
A 611 -0.071 . 44.
1 0.2413 1.2413 1.0957 0.2644 1.3601 0-6117 0.0719 " 0.6836 o817
B 0.4884 -0.1933 0.6817 44.4668
el el €?L by eby EgL 8}131 5}LL2 5%L

A -0.7243 0.1489 0.5755 -0.9879 -3.1986 4.1865 0.1230 -0.1348 0.0118
B -0.7239 0.1491 0.5748 -0.9991 -3.2236 4.2227 0.1233 -0.1352 0.0119

B By By B
A 0.01776 -0.4517 -0.0567 0.9331
B 0.01780 -0.4522 -0.0562 0.9355

Tables 2 and 3 allow to appreciate that in the Utilitarian case both the
redistribution systems (¢, > 0; 74, 78 < 0) and (t1,t5, 78 < 0;74 > 0) lead
to the same outcome (i.e., same utilities). Moreover, the public provision zg
is positive, yet very low.

Tables 4 and 5 allow to appreciate that also in the Rawlsian case both
the redistribution systems (t1,t, > 0; 74,78 < 0) and (t1,t5, 7% < 0;74 > 0)
lead to the same outcome (i.e., same utilities), while the public provision xg
is zero.

Obviously both in the Utilitarian case and in the Rawlsian case the re-
distribution systems make type A individuals worse off (tables 2 and 3 show
that 3.1052 < 3.1714 and tables 4 and 5 that 3.1043 < 3.1714) and type B
individuals better off (tables 2 and 3 show that 3.1035 > 3.0296 and tables

12



Table 3: Redistribution System with Public Information: the Utilitarian case (84 = g% =
1) with 1,29, 7% < 0 and 74 > 0

e zh zh Lh Lh Lh uh w
31.5799 3.9615 56.7597 8.4685 65.2281 3.1052
0.0056 3.1043
31.5312 3.9171 58.1561 7.0700 65.2260 3.1035
p1 t1 q D2 to q2 wh rh mh yh =eh
A 0.6116  0.1201 0.4915 32.0615
1 -0.1074 0.8926 1.0957 -0.1177 0.9780
B 0.4884 -0.0018 0.4902 31.9746
el el 5?1‘ b eby 5§LL 5%1 522 5%L
A -0.7243 0.1489 0.5755 -0.9879 -3.1986 4.1865 0.1230 -0.1348 0.0118
B -0.7239 0.1491 0.5748 -0.9991 -3.2236 4.2227 0.1233 -0.1352 0.0119
Bl By By BL
A 0.01776 -0.6282 -0.0788 1.2976
B 0.01780 -0.6289 -0.0781 1.3010

4 and 5 that 3.1043 > 3.0296).

Finally, it is appropriate to stress the difference between the Utilitarian
case and the Rawlsian case: tables 2 and 3 show that U4 > U® and tables 4
and 5 that U4 = UP” = W. However, the Utilitarian social welfare function
and the Rawlsian social welfare function lead to the same welfare level: W =
3.1043.

4. Moral Hazard

In what follows it is analysed the redistribution problem when the individual
types h = A, B are observable, but the labour choice L" and the consumption
choices " made by the individuals belonging to both groups h = A, B are
not observable. The moral hazard equilibrium is analysed applying the first-
order condition approach (see Mas-Colell et al., 1995).

Fx-post the individuals maximize their utility given the direct and indirect
taxation levels and the public provision of the pseudo-necessity:

U = max U <§’f+xg,5§,T— Zh>

%" Lh -
s.t. szfﬁ‘i‘ Zti'l‘?gwh.zh_Th.Lh<Xh>
i=1,2 T2
with 2% > P and L' > L" where 2" and L" are the solution of the UMP
(21).
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Table 4: Redistribution System with Public Information: the Rawlsian case (84 = 0.9987

and B8 = 1.0013) with ¢;,t; > 0 and 74,75 <0

e zh zh Lh Lh Lh uh w
A 0 31.5621 3.9402 56.7604 8.4702 65.2306 3.1043 3.1043
B 31.5621 3.9402 58.1590 7.0716 65.2306  3.1043 '
p1 t1 q1 P2 t2 q2 wh T mh yh =eh
A 0.6117 -0.3987 1.0104 65.9076
1 0.8369 1.8369 1.0957 0.9170 2.0127
B 0.4884 -0.5220 1.0104 65.9076
el ety el % eh €4 ety el ehr
A -0.7240 0.1489 0.5751 -0.9936 -3.2106 4.2042 0.1232 -0.1350 0.0118
B -0.7240 0.1489 0.5751 -0.9936 -3.2106 4.2042 0.1232 -0.1350 0.0118
B Br Bz BL
A 0.01778 -0.3055 -0.0381 0.6313
B 0.01778 -0.3055 -0.0381 0.6313

The Government implements the redistribution system (taxation levels ¢;
and 7" and public provision z¢) given that both type A and type B individ-
uals choose the optimal demand systems for the goods ¢ = 1,2 and leisure
¢ in response to the redistribution system itself, i.e. subject to the incen-
tive constraints (see Platoni, 2010). Therefore, the Government considers
the commodity demands Z! = Z%(t, 7" z¢;p,w"), the labour supply Lh =
Eh(t, 7. 26; p,w") and hence the indirect utility Vh=y (t, ™ xaip, wh).

Using a log transformation of the KR-SG utility function, the UMP (33)

is: _
Ur =max a-ln () +zc—b) + 8- In(Th —b) +
xh Lh
+v-In ((T — Lh> — bg) (34)
st Sp-dh 4+ Steah <wh. Lh—7h. L <Xh)
=12 i=1,2
Imposing z = # and L" = L" and considering @ (t, 7", zq;p,w") =
mh'(T_bZ)+Q1'xG—_§2(Ii'bi

, the demand system of individual h = A, B for the

915,92 4. mh
ap1+ﬁ ;02+’Y wh

goods 7 = 1,2 and leisure ¢ is:

o+ xg :bl+a«—( )

p1 ’
7 Th@’ 5 th
# =ty + g FLrem) (35)
1 o(t,m" xapw"
T—L" :bf+7'w?
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Table 5: Redistribution System with Public Information: the Rawlsian case (54 = 0.9987
and % = 1.0013) with t1,t2, 78 < 0and 74 > 0

e zh zh Lh Lh Lh uh w
A 0 31.5621 3.9402 56.7604 8.4702 65.2306 3.1043 3.1043
B 31.5621 3.9402 58.1590 7.0716 65.2306 3.1043 '

p1 t1 q D2 to q2 wh rh mh yh =eh
A 0.6117 0.1200 0.4917 32.0729

1 -0.1061 0.8939 1.0957 -0.1162 0.9795

B 0.4884 -0.0033 0.4917 32.0729

el el 5?1‘ b eby 5§LL 5%1 522 5%L

A -0.7240 0.1489 0.5751 -0.9936 -3.2106 4.2042 0.1232 -0.1350 0.0118
B -0.7240 0.1489 0.5751 -0.9936 -3.2106 4.2042 0.1232 -0.1350 0.0118

Bl B By Bt
A 0.01778 -0.6277 -0.0784 1.2973
B 0.01778 -0.6277 -0.0784 1.2973

then the demand system of individual h = A, B (35) is function of the ratios
between consumer and producer prices % (1 = 1,2) and between net and gross
wage rates g—: Hence, with ¢" = ¢ (t, ™ za p,wh) the indirect utility of
type h individuals is:

_ ~h ~h ~h
Y (t,Th,xG;p,wh) =a-ln <a . ¢—) +3-In <6 . SO—) +v-In <7 . (’D—h> . (36)
P1 P2 w
Therefore, from the GP (31) the FOCs (27) are obtained, where the
elasticities §11‘j, égj and e?L‘j (with j = 1,2, L) in (25) are provided in Appendix
D (see equations in (D.8), (D.9) and (D.10)).
Moreover, the FOC with respect to xg implies:

Zﬂ'h. Th'M—i_ Ztl 81‘? =

oxg ) oxg

h=A,B 1=1,2
ty to h (37>
h @y TPy TR
Z S a2 mh t
h:A,B Ola‘f’ﬁa‘i”}/m

and then the public provision z¢ is function not only of the ratios between

indirect taxes and producer prices zt)_ (1 =1,2) and between direct taxes and
gross wage rates ;—}; (h = A, B), but also of the ratios between consumer
and producer prices £ (i = 1,2) and between net and gross wage rates m?
Di w

(h= A, B).
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Both in the Utilitarian and in the Rawlsian case the only redistribution
system which maximizes the social welfare function W in (31) is the “corner”
solution characterized by t; = —p; and then ¢, = 0° (see tables 6 and 7).
This means that the residual demand of the pseudo-necessity is completely
subsidized®.

Tables 6 and 7 display (i) quantities and utilities, (ii) prices, taxation
levels and expenditures, (iii) elasticities and (iv) (gross) marginal social eval-
uations.

Table 6: Redistribution System with Moral Hazard: the Utilitarian case (84 = % = 1)
with —tl = P1

TG $§L $£L L? L;” Lh Uh w

A 4.9348 3.6880 59.1196 8.9326 68.0522 3.0642
26.2676 3.1056
5.6288 4.3243 55.2860 6.8065 62.0925 3.1470

p1 t1 q1 p2 t2 q2 wh Th mh yh =eh
A 0.5870 0.4522 0.1348 9.1759

1 -1 0 1.0907 1.3973 2.4880
B 0.5136 0.3403 0.1733 10.7589

el el E}llL b eby ESL 6}11,1 5%2 agL
A 0 -0.6771 1.2581 0 -0.9060 1.6835 0 0.0506 -0.0940
B 0 -0.6667 1.4158 0 -0.8678 1.8429 0 0.0623 -0.1322

Bl B By Bt
A 0 -0.1077 -0.0805 1.4849
B 0 -0.1133 -0.0871 1.2501

In presence of moral hazard the maximization of the Utilitarian social
welfare function leads to U4 < U®, that is the more efficient individuals (type
A individuals) are worse off than the less efficient ones (type B individuals),
while with public information the more efficient individuals were better off
(see tables 2 and 3).

Therefore, the Rawlsian social welfare function does not benefit the less
efficient individuals (type B individuals), but the more efficient ones (type
A individuals): 4 > 1 and 8P < 1.

Indeed with moral hazard while in the Utilitarian case type A individuals
are worse off and type B individuals are better off (from table 6 U4 < U4

with 3.0642 < 3.1052 < 3.1714 and UB > UP with 3.1470 > 3.1035 >

5The only solutions considered are those characterized by ¢; > 0.
6Tables 6 and 7 show that the demand of the pseudo-necessity is perfectly inelastic, i.e.
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Table 7: Redistribution System with Moral Hazard: the Rawlsian case (34 = 1.0523 and
BB =0.9477) with —t; = p;

e zh zh Lh Lk Lh uh w
A 4.3297 4.4585 58.2559 8.7557 67.0116 3.1054
27.7443 3.1054
B 3.2809 3.4985 56.2901 6.8935 63.1837 3.1054
p1 t1 q1 p2 t2 q2 wh Th mh yh =eh
A 0.5957 0.4293 0.1664 11.1494
1 -1 0 1.0925 1.4082 2.5007
B 0.5044 0.3660 0.1384 8.7488
el el STL eh eby 5SLL 5%1 522 5%L
A 0 -0.9148 1.6776 0 -0.8883 1.6291 0 0.0609 -0.1117
B 0 -0.9491 2.0556 0 -0.8900 1.9277 0 0.0508 -0.1100
Bl B By Bt
A 0 -0.0927 -0.0955 1.4349
B 0 -0.0671 -0.0715 1.2917

3.0296), in the Rawlsian case both type A and type B individuals are better
off (from table 7 U4 > UA with 3.1054 > 3.1043 < 3.1714 and UB > UB
with 3.1054 > 3.1043 > 3.0296).

Finally, while in presence of public information the Utilitarian and Rawl-
sian social welfare functions have the same level (W = 3.1043), in case of
moral hazard the level of the Utilitarian social welfare function (W = 3.1056
with U4 < U4 and UB > UPB) is higher than the one of the Rawlsian
(W — 3.1054 with U4 > U4 and UB > UB). However, the most appealing
result is that the social welfare function is higher with moral hazard (3.1056
and 3.1054) than with pubic information (3.1043).

5. Moral Hazard and Adverse Selection

In what follows both the labour choice L" and the consumption choice z!

made by the individuals belonging to both groups h = A, B and the individ-
ual types h = A, B are not observable.

Therefore, ex-post while type B individuals decide to maximize their util-
ity given the direct and indirect taxation levels and the public provision of
the pseudo-necessity as in (33), type A individuals decide to maximize their
utility (i) given the direct and indirect taxation levels and the public pro-
vision of the pseudo-necessity and (ii) mimicking type B individuals since

17



B < 74 and then U4 > UA:

U = max U(a:l + xg, 44, T — LA)

xLA

. . 38
st Sopi-aft+ Zti-fowA-LA—TB-LB<)\A>, (38)

i=1,2 i=1,2

where x? and L? are the solution of the UMP (21).

The Government implements the redistribution system (taxation levels
t; and 7" and public provision z¢) given that type A and B individuals
choose the optimal demand systems for the goods i = 1,2 and leisure ¢
in response to the redistribution system itself (incentive constraints) and
subject to the constraint (incentive-compatible or self-selection constraint)
that type A individuals should not mimic type B individuals (see Platoni,
2010). Therefore the GP is:

W = max W(WA'Y)A,WB~T/B)

t,7.2q
st S oah D S a2 (o) (39)
h=A,B i=1,2

VA > V4 (M),
where 7! :Afi(f ke p,wh), L = (’E JZap,wh), VP = ﬁ(f,%h,ig;
p,w") and VA = V(t,78, iq;p, w), with w = (w?, w?). From the GP (39)
it is possible to obtain the FOCs:

S ogh(#h h Lh+ Z t; 521 4 > ﬂh-B{l+AA5-01
h=A,B — _]_ L h=An
q1-@1 o A %1 ’
> ﬂh-(f'h-éliz-Lh+ Z t; 512 A ﬂh-ﬁg+)\A5-02
h=A,B — _]_ L h=An
A, Aq2 A A B A T2 ’
LAY 35 dief) % BAL >‘AS oA
i=1,2 — 1_ L. Lt 4 o
mA.LA - py A
AAS )\ . pA
- 1 L. M (40)
7B.£B LB B AG LA 7
LB+ 3 ief af 3B2AS 54
i=1,2 - 1-— L. PLT5B 9
mB. LB )\G LB )
h <h QLM RO N 1 h Ak
O N o A ) I e .
e . Ta Ag
h=A,B i=1,2 h=A,B
_ s,
5\6‘ el
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oW VA ~A aw,af) o ov- _ oW GV
A e 00 = — i 54 andag—aA

Con81der1ng a log transformatlon of the KR e utlhty functlon the UMP
(38) is

A~

U4 = max - In (& +2zg —by) + B In (&4 — bo) +
®4 LA
+-In ((T - ﬁA> - bg) (41)
st Spdt+ S t-dB<wA LA—1B. LB <5\A),
i=1,2 =12

mB(T—bp)+q1-z6— Y aibi

and with ¢ (t, 75, z¢;p, w) = (w* —w?) - (T —by) + KT ;;
@b pa T WB

the demand system of the mimicking type A individuals for the goods i = 1,2
and leisure / is:

gﬁ(t,‘rB,xg;p,w)

~A _
T +rg=b+a- o ,

i = by 4 g ATl mem) (42)
T_FA b+ w

Therefore, the demand system of the mimicking type A individuals (42) is
function of the gap between type A and type B gross wage rates w? —w? and
of the ratios between consumer and producer prices Z_i (1 =1,2) and between

net and gross wage rates of type B individuals Z—E Hence, with ¢4 =
% (t, ™8 2a:p, W) the indirect utility of the mimicking type A individuals is:

V(6,75 veipow) = a-ln <a~5§) +B-1In (ﬁ.%)—i—

. (43)
+v-ln (fy : i—i
and with VA =V (t, 8, 2¢; p,w) the GP is:
W =max Y g ot
t.7.3¢ h—A,B
st Y. ah [ # Lh 4+ t - !f? > p1-Ia (5\(;) (44)
h=A,B i=1,2

VA > VA (A ag)

which yields the FOCs in (40), where the elasticities é}fj, the elasticities égj
and the elasticities £} ;, with j = 1,2, L, are the same as in (D.8), (D.9) and
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(D.10), where the (gross) marginal social evaluations of the h’s utility with
respect to good i = 1,2 (8F), to labour L (3%) and to publicly provided
good G (%) are the same as in (D.7), and where o1, 05, 04, 64 and o¢ are
provided in Appendix D (see equations in (D.11)).

Since the value of \4g withdraws the effects of different values of the
weights 44 and %, the results of the Rawlsian case are equal to the results
of the Utilitarian case V/3". Moreover, the only redistribution system which
maximizes the social welfare function W in (44) is the “corner” solution
characterized by t; = —p; and then by ¢; = 0 (see table 8), i.e. the residual
demand of the pseudo-necessity is completely subsidized”.

(i) Quantities and utilities, (ii) prices, taxation levels and expenditures,
(iii) elasticities and (iv) (gross) marginal social evaluations are displayed in
table 8. In addition the simulation yields o; = —0.0703, 0o = —0.0639,

o = U&= 1.1939, 6" = 12801 and o = 0.

Table 8: Redistribution System with Moral Hazard and Adverse Selection with —t; = py

TG a;ib J?SL L’f Lg Lh uh w

A 6.1619 5.7761 56.8262 8.4821 65.3084 3.1714
27.4092 3.1005
2.1421 2.1071 58.0731 7.0630 65.1361 3.0296

p1 t1 q1 p2 t2 q2 wh T mh yh =eh

A 0.6109 0.3894 0.2215 14.4645
1 -1 0 1.0956 1.4086 2.5042

B 0.4891 0.4081 0.0810 5.2765

el el E}fL by eby 5§LL E}LLJ 5}LL2 E%L
A 0 -0.8057 1.4449 0 -0.8595 1.5414 0 0.0783 -0.1405
B 0 -0.9153 2.0503 0 -0.9305 2.0843 0 0.0310 -0.0695

Bl Bl By Bt
A 0 -0.1126 -0.1056 1.1939
B 0 -0.0527 -0.0518 1.6022

In absence of a tax evasion fine the utilities obtained under both moral
hazard and adverse selection are the same as those obtained without Gov-
ernment intervention (compare tables 1 and 8): U4 = U4 = 3.1714 and
UP =UP = 3.0296.

"Table 8 shows that the demand of the pseudo-necessity is perfectly inelastic, i.e. 5}1L1:0
(h = A, B).
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5.1. Taxr Evasion Fine

This section assumes the Government may audit the individuals who
have hidden information (tax evasion by adverse selection) such that the
Government intervenes to punish only tax evasion by adverse selection.

If type A individuals have hidden information, their expected indirect
utility is:

E(]}A> =(1-m) -)A/(t,TB,xG;p,w) +7r-f/<t,7'B,x(;,FA;p,W> (45)

with 7 the probability of being audited and F4 the fine applied in case of
tax evasion by adverse selection.
The Government decides both the optimal redistribution system (t, T, fg)

and the amount of the fine F'4. Therefore, the GP is:

W = max W(?TA')}A,FB'Y}B)
{72, FA
st S oAt L S E i | >y dg (5\@> (46)
h=A,B i=1,2

VA>E <)>A> (Aas)

h

where Vh = ﬁ(f,%h,i’g;p,wh) and with & = Z;(t, 7", #¢; p,w") and [t =

z(iu:,ﬁ‘h,i‘g; p,w"). Since

oF (V)

the problem reverts to the FOCs in (27), where the elasticities are the ones
in (D.8), (D.9) and (D.10) and where the (gross) marginal social evaluations
of the h’s utility are the ones in (D.7). Therefore F4 is determined from
Vi = B (1),

As in the previous sections, a log transformation of the KR-SG utility
function is considered. If type A individuals have hidden information their
demand system for the goods ¢ = 1,2 and leisure ¢ is the one in (42) when
not audited, while when audited is:

_)\AS'

gb(t,TB,:EG,I:"A;p,w)

it =b+a- >

Y

5(t, 7B .xc, F A p,w

2f =bytp. Ao llow), (48)
T p »TB7x 7FA; YW
T— A =+ Srelle)
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with ¢ <t,TB,:cg,ﬁA;p,W> = ¢ (t, 75, 2¢;p, W) — A,

Considering an audit probability # = 0.5, in the Utilitarian case the
results obtained are equal to those displayed in table 6 with FA = 17.5105
and in the Rawlsian case the results are equal to those displayed in table 7
with F4 = 11.3464 (i.e., reversion to the moral hazard outcomes).

In Appendix E it is assumed the Government may audit both the indi-
viduals having hidden information (tax evasion by adverse selection) and the
individuals taking hidden actions (tax evasion by moral hazard); obviously
there is a reversion to the public information outcomes (see tables 2, 3, 4 and

5).

6. Conclusions

The article considers an economy characterized by two commodities (the
pseudo-necessity and the pseudo-luzury) and by two individual types (the
more efficient and the less efficient workers) and analyses a redistribution
system implemented through direct and indirect taxation and the public
provision of the pseudo-necessity.

When the economy is characterized by moral hazard only, (i) the level of
social welfare is higher than the level achieved in case of public information
and (ii) if the Government maximizes an Utilitarian social welfare function
the more efficient individuals are worse off than the less efficient ones.

Hence to face the tax evasion by moral hazard the Government can im-
pose the incentive constraints® without limiting, but rather strengthening,
the redistributive purposes of the taxation system (with the public provi-
sion of the pseudo-necessity). On the contrary, if the Government faced the
tax evasion both by moral hazard and adverse selection imposing not only
the incentive constraints, but also the incentive-compatible (or self-selection)
constraints, then the Government would not reach the redistributive aim of
the public intervention.

Therefore, if individuals not only take hidden actions (tax evasion by
moral hazard), but they also exploit hidden information (tax evasion by
adverse selection), the Government succeeds in redistributing resources only
if a tax evasion fine is established. Hence, as suggested by Cremer and

8In Italy the policy tools representing the incentive constraints are the “studi di set-
tore”and the “redditometro”.
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Gahavari (1993), the set of Government policy tools should include the audit
strategy as well as the tax rates.

Appendices
A. Properties of the Walrasian Demand Functions

The implications of homogeneity of degree zero come from z;(p,w", I) =
zi(a-p,a-w" a-I)and {(p,w", I) = {(a-p,a-w" a-I). Differentiating
these expressions with respect to o and evaluating the derivative at o = 1
allows to get the results (A.1).

Proposition A.1. (see Mas-Colell et al., 1995) If the Walrasian demand
functions x;(p,w", I) and {(p,w", I) are homogeneous of degree zero in p,
wh and I, then for all p, w" and I:

Ox; (pwh, I Oxz; (pwh,I Ox; (pwh, I
(ICZ)I ) I + Z (gpj ) " Dj + ((;]wh ) : wh = 07
aé(p wh I) ]:L?%(p wh I) 8€(p wh I) (A1>
ar Lt .21:2 ap;  Pi g W' =0.
.]: b
By the Walras’ law, it is known that:
sz"l"i (p,wh,1)+wh-€(p,wh,1):wh~T—i—[ (A.2)
i=1,2
and then:
Zplxz(p7wh7])+wh(‘e(pawh71)_T) =
L (A.3)
= Zpi"xi(p)whvj)_wh'L(pvwh7[) =1
i=1,2

for all p, w" and 1.

Proposition A.2. (see Mas-Colell et al., 1995) If the Walrasian demand
functions z;(p,w", I) and £(p,w", I) satisfy the Walras’ law, then for all p

and w":
Z ;- 8xi(p,wh,l> 4 h 8Z(p,wh,l> .
(A

= oI w B =
1= 5
3xi(p,wh,1) h BL(p,wh,I) (1&‘4)
= Ypi—gr o —wh—g— =1

i=1,2
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Proposition A.3. (see Mas-Colell et al., 1995) If the Walrasian demand
functions z;(p,w", I) and £(p,w", I) satisfy the Walras’ law, then for all p
and w":

8xi(p7wh,l) 8€(p wh, I )

i:z];Qpi'Th’—i_wh.T—i_x](p’w [) —

- i;;zpi.%w_wh'%(g:h )+wj(p,w 1) =0,
S 8a:i(;)1;]u;h,l) Lt 8((2;:11:71) F(C(put ) —T) = (A.5)
i=1,2

B. Hicksian Demands, Slutsky Equations and Roy’s Identities

Proposition B.1. (see Mas-Colell et al., 1995) Suppose that U(-) is a con-
tinuous utility function representing a locally nonsatiated and strictly convex
preference relation = defined on the consumption set (@, @z, L) = Ri. For all
p, w" and U, the Hicksian demands h;(p,w", U) fori = 1,2 and hy(p,w",U)

are.

e p,wh U
h(pt0) = el 1)
hL (pv wh7U) = _ae I;;Uh,U)-

Proof B.1. (see Mas-Colell et al., 1995) Using the chain rule, the change

i expenditure:

p,w U sz p,w U)—w hL(p,w U) (B.2)

i=1,2
can be written as:
w =h; (p7wh7U)+
: " h
+j§2pj~%w_wh,w’ B
% =—hy (p’wh7U)+ (B.3)
+ > pi %_wh.%.
7=12
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From equation (8) of the EMP (7) it is possible to write:

8e(p,wh,U) h h ouh  Oh! ouh  Ohh
N = h. . ov 3 _ oY _ | L
op; - hl (p7 w, U) +v ‘21:2 ax? Ip; OLh Op; ’
j: b
owh )
7=1,2

(B.4)
oe(pa ) :_hL(p,qu)ﬂh.<ZM.%_6_W.%>,

Since the constraint U(x", T — L") = U(hi(p,w",U), hy(p,w",U), T —
hy(p,wh, U)) = U holds for all p and w", it is known that:

Zamﬁ_’#_auh,ah’i —0

. 128r? Op; oLM  Op; e

J=1 B.5
S oauh ok our oM _ (B.5)
. 128m? Owh oLh  owh T

]:7

and then the (B.1) is obtained.

Proposition B.2. Slutsky Equations (see Mas-Colell et al., 1995) Sup-
pose that U(-) is a continuous utility function representing a locally non-
satiated and strictly convex preference relation = defined on the consumption
set (@1, s, L) = R3. Then, for all (p,w") and U = V(p,w",I) it is possible
to write:

sy =l <o)y G (),

sy, = 2ulewtt) _ obpatt) | OHent) o (p,ut, 1) B
s, -2l _onlt) onlont) g gy, 0
sy, = Lalpett) _ otlpetd) M) (ot )

(see Hicks, 1946). Therefore, the overall effect of a price change or of a wage
change can be decomposed into a substitution effect and an income effect (see
Abbott and Ashenfelter, 1976):

oz ( p,w™, I Oz; (pwh,I

o = sy = 2D (ot 1),
oL(pw".I) oL(pw".I) L

Op; SLj oI . " Ly (p’w ’I) ) (B?)
Bxi(g,w ,I) - ShL 4 8:52(;;,;; ,I) L (p wh I)

D, 7 ) ) )

BL(p,w ,I) h BL(p,wh,I) h

dp; St + ol ‘L(Paw 7])



Proof B.2. (see Mas-Colell et al., 1995) Since e(p,w", U) = > p;-alt—ah—

i=1,2
wh-L", differentiating h;(p,w", U) = x;(p,w", e(p,w",U)) and hy(p,w", U) =
L(p,w", e(p,w",U)) with respect to p; and w" and evaluating at (p,w",U),
allows to get:

ohi(puU) _ owi(pawte(puU)) N da: (pwhe(pU))  de(pah,U)
ahL(alfi)h,U) B 8L(p,wh,2]€;,wh,U)) . oL (puw" ea(;,w nU)) ae(p,ipJU) 7
(o) _ onlputelpat) | omlpwtelput) oelpore) PP
omlpwn) ol elpwr)) | onlput lput ) oe(pie)

Owh - dwh + o1 8wh .

Using equation (B.3) yields

8hi(g;u U) 811(;0,10 aep(]p, whU)) N oz; (pwh ggp,wh,U)) h (p7 wh,U) |
ahL(S;U U) _ or(pat e(p, ) N OL(paw", agp,wh,U)) -y (p,w”,U) (B9)
Ohi (gwih V) _ owi(pwh awh wh,U)) n oz (puw" ,e(p,wh,U)) s (po?, V) :
8hL(;:Uh U) 8L(pw ;ugg whU)) n oL(pw ng, whU)) by (p, wh,U) '

Finally since e(p,w",U) = I, hi(p,w",U) = z;(p,w", I) and hy(p,w", U) =
L(p,w", I) the equations in (B.6) are obtained.

Proposition B.3. Roy’s Identities (see Mas-Colell et al., 1995) Suppose
that U() is a continuous utility function representing a locally non-satiated
and strictly convexr preference relation %= defined on the consumption set
(@1, 22, L) = RY. Suppose also that the indirect utility function is differ-
entiable at (p, ) > 0. Then

ov(pwh, 1)  av(pwhI)

Op; - oI " Ly (p’ wh’ I) ’ (B 10)
oV (pwh I oV (pwh,I )
petl) — M) g (p,uh, 1)

Proof B.3. First Proof (see Mas-Colell et al., 1995) Assume that x;(p, wh, T)
and L(p,w", I) are differentiable and x;(p,w", I) > 0 and L(p,w",I) > 0.
By the chain rule it is possible to write:

ov(pwh.I) ouh  Omi(pwh 1) ayn  OL(pwh.I)
T T X am oy o an
J i=1,2 " 7 J (B 11)
8V(p,wh,1) oUh Bxi(p,wh,l) ok BL(p,wh,I) :
dwh - 212 ozF T owh T afF 1T owh
=1,



Substituting % =\ p; and % = M. wh and using the FOCs in (4) of
the UMP in (3) yields:

Bv(g@h,z) VS S s 8:61-(2)711.)%[) —wh aL(g@hJ) 7
P i=1,2 P P (B 12)
BV(p,wh,I) h Bmi(p,wh,l) h 8L(p,wh,l) '
 wh A" 421:2}% A
=1,

If the Walrasian demand functions x;(p,w", I) and ((p,w", I) satisfy the
Walras’ law, i.e. the equations in (A.5), then

oV(pwh. I

W) Xy (p D).

oy : (B.13)
—qr— =N L(pw” ).

By the chain rule, the change in utility from a marginal increase in I is given
by

W (pw 1) §~0U" Owi(pw' 1) oU" OL(puw" 1) —
ol T L ggh ol o or - (B

i=1,2

From the FOCs (4) of the UMP (3) it is possible to write:

oV (p,wh,I) _ ox; (p,wh,f) n OL (p,wh,f)

i=1,2
and the (A.4) allows to obtain the marginal utility of income:

oV (p,w", 1)
ol
Therefore the (B.10) is obtained.
Second Proof (see Mas-Colell et al., 1995) Assume U = V(p,w", I).
Since V(p,w", e(p,w", U)) = U holds for all p and w", differentiating with
respect to p; and evaluating at p; = p; yields to:

= A" (B.16)

8V(p,wh,e(p7wh,U)) i 8V(p,wh,e(p7wh,U)) 8e<p,wh,U)

- =0
Opj oI op; )
8V(p,wh,e Pﬂuh,U)) BV(p,wh,e(p,wh,U)) 86(p,w]h7U) (Bl7>
Owh + o1 : EI 0.
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Substituting the (B.1) into the (B.17) allows to get:

ot lpt ) | et el ) (o 1)

p; o1 (B.18)
OV (p,wh e pwh,U OV (p,wh e pwh,U
(putelput V) | Vputelont V) (o wh 1) =0

Finally, since e(p,w",U) = I, the (B.10) is obtained.

C. Substitution and Income Effects

Consider the Walrasian demand functions z;(p, w", I) and £(p,w", I) allows
to relate the Hicksian and Walrasian demands as follows:

hi (p7wh7 U) = T (pa wh7 € (pa wh7 U)) )
hL (pawha U) = L (p7wh7€ (pvwha U)) )

i (pu 1) = By (powh,V (p,wh, 1)), (C-1)
L(p,w",I) = hy(p,w",V(p,w"I)).
The equations (B.6) can be rewritten as:
8%(;;;”) _ Bhi(g:;(f() - iﬂ;i(r;;v“) cz; (pwh I) =
h Ti\PW, h
TR T il N -
dp; - apjaL(p’u; ) oI -xhj (P,w ) ) =
ori(pats) g}%(p_,wh,U)aI axi(p:,vih(,g’w 4 \ (C2)
a; = h 8whaxi(p:; ) Ak .f(p,w ) =
orlpts) _ oo M('pfvﬁ}?)’f”L’(”’ 1) =
o - aWhaL(p,w 7) o P

If the first equation in (C.2) is multiplied by 2%, the second by 7%, the third

by 1;’—:, the fourth by ZJ—Z and the last terms (income effects) by %, then it is
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possible to write:

ozi(pwI) p Gh . B _ pjzj(pwhI)  Oxi(paw 1)
Op; o TN gh 1 ol zh
N h n
E?J' azhj % U
6L(p,wh,l> P Sh P pj-xj(p,wh,l) ) 6L(p,wh,l> I
Op; Lh T MLj LR I oI Lh>
=h h h
€L "L % e (C.3)
al‘i(P,th) wh_ ah | wh wh~L(p,wh,I) Bzi(p,wh,I) I
7 5 K2 h 7
el &l L n;
6L(p,wh,l> Cwh gh . wh wh~L(p,wh,I) . BL(p,wh,I) a
' LF T PLLT LR T oI v
i & st g
If the good ¢+ = 1 is a necessity then the income elasticity is between 0

Bx’f T 890?

h
and 1, that is 0 < nf <1 =0 < 5 o < 1= % < Zt, and if the
good 7 = 2 is a luxury then the income elasticity is greater than 1, that is
h 813 I 8:133 mg
ez l= 5t g 2l=5 27

D. KR-SG Utility Function: Elasticities, (Gross) Marginal Social
Evaluations and Adverse Selection Terms

With public information (section 3) and considering a log transformation of
the KR-SG utility function, the elasticities 5?]., with j = 1,2, L, in (10) are:

- wh(T—bg)—pa-b2  p

N @l
h . b2, P2

€l = —Q- 72 = (D.1)
ho g Tz w?

i =« p1 $§”

with ey < 0, efy > 0 and €7, > 0; the elasticities 5% are:

h b1 P

521 - _5 : 17_2 : @7
ho g, w(T=b)—pib  ps

522 - 6 (p2)2 5”}21 ) (DQ)
ho T—b, wh

g, =00 ur

with ey < 0, eb, < 0 and €8, > 0; the elasticities s’ij are:

h _ b P1
€1 =7 i h>
ch —n. b B
L2 =0k Ik (D.3)
> pithi
h o i=1,2 wh
€L = 7 T(wh)? IR



with ?, > 0 and &%, < 0.

If the Government redistribute resources among individuals (subsection
3.1), in case of a log transformation of the KR-SG utility function the elas-
ticities e};, with j = 1,2, L, in (25) and considered in the FOCs (27) are:

h _ . mh-(beg)qu-bQ . q_1
fn T @ (q1)? af
h b2 . @2
612 = —Q - q_l N ﬁ, (D4>
h_ T—by  mh.
€ =« @ P
the elasticities 5}22 are:
Eh — _/B . —blixc .4
21 q2 zh”
ho _ _p.m"(T=b)tqizc—aib  go
€99 = ﬁ . (q2)? Ig, (D5)
h _ T—by, m".
Eor, = ﬁ ' P : Ev
and the elasticities 6% are:
h bi—z¢ @
5%1 =7 bmh TR
— . b2 a2
€L2 =7 mh _ Lh>» (D6>
> @itbi—qrzg
h o i=1,2 mh
€L = 0 T mhyeE IR

Moreover, the (gross) marginal social evaluations of A’s utility of good i =
1,2, labour L and the publicly provided good G considered in the FOCs (27)

are: h h 1 L
g =-p" mP(T—b) T a1 ao— o @b Li7
i=1,2

h _ h 1 h
5[/ - B ) mh.(T—bg)+q1'$G—.§2qi-bi ’ L ) (D7>

Bh — Bh . 1 .
G mh-(T—bg)+q1-xg— >, qi-bi a-
) 2

=1,
With moral hazard (section 4), in case of a log transformation of the KR-
SG utility function the elasticities £}, with j = 1,2, L, in (25) and considered
in the FOCs (27) are:

~ ~ ~h ~
~h _ Qh .31 __ Ty q1
& =S FH=—a 7 7 RN =
T NP .92 .m T
1 p1 (a o1 +Bhp2 +y wh) 1
~h  _ Qh @ __ T P
gly =85h & =—a- -2 . A& D.8
12 12 a4 p2~<a~§—}+ﬂ~%+’y~%) zy’ ( )
~h Th Lh mh
ey =S =o T AN
1 w (oz p1+ﬁ p2+7 wh) 1
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the elasticities E?;j are:

g = 531 L= 3. | SiE
= a‘ E]“ =~ o
7 p(a b i) 7
~h  _ Ch & _ 5 77
Ep =Sy 5 =—0" TP AN (D.9)
T a1 4 3.92 . m? T .
B 2h P2 (a 1 —tf p2+7 wh) ;
~h ho L n
3 =1} I = 5 . = = — =
2L 2L zh hofo.dL .2 . WP zh
: wh (o B ety ) 7
and the elasticities é”%j are:
ch — gh QL — zt Q@
L = PL e T N T g wmh) o
p1 (Oé P1 +Bhp2 +v wh )
~h _ Ch .G __ Ty [ip)
€2 =Sl Fn =7 TP N AN (D.10)
Lh (@4 p. 02 @ " Th? :
B . D2 (oc T pz:W wh> X
~h hom L oL
c = Jr . — — - - - - .
LL LL R
Lh wh_<a_%+ﬁ.%+7.%> Lh

With moral hazard and adverse selection (section 5), in case of a log

transformation of the KR-SG utility function the terms oy, 09, 0, 64 and
o¢ in the FOCs (40) are:
1 2 A 1 B
o = ; : —y L]+ ; BY L1
A (.91 1 5.92 L A (@I g2 m
® (a P1 +’6i P2+’Y wA> M ® ( P1 +61 P2 Rt wB> B
O = — 7 7 —5 - T 7 7 AR
A (00 .02 A (. 4502
A V: <a”1+ﬁpz+7zf‘> vj (QP1+BP2+7 TwHB)
a = ﬁL = G G SAN L )
) ¢ (af'l +B- 224y I 5 (D.11)
ot = — = = —— - L
A (- 9L 4 3.92 4 TR ?
¢ (a pr TP B Y wB>
o = ( ! - - ) G
T\ pA(adLyg 2 mA 5A (.0 5.2 1 mB )
® (a P1 +8 P2 v wA) ® (a P1 +6 P2 aatd wB>

E. Tax Evasion Fines

In what follows it is assumed the Government may audit both the individuals
taking hidden actions (tax evasion by moral hazard) and the individuals
having hidden information (tax evasion by adverse selection). Therefore, the
Government intervenes to punish tax evasion both by moral hazard and by

adverse selection.
The expected indirect utility of individuals taking hidden actions is:

E (17h) =(1—m)-V(t, ™" 2 pw") +7-V (t,Th,xG,ﬁh;p,wh> (E.1)
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with F" the tax evasion by moral hazard fines.
If type A individuals do not take hidden actions, but have hidden infor-
mation, their expected indirect utility is:

E(VA> =(1-mn) -fi(t,TB,xg;p,w) +7r-1>(t,TB,xg,FA;p,w) (E.2)

with 4 being the fine for tax evasion by adverse selection.
The Government decides not only the optimal redistribution system, but
also the amount of fines F'* and F4. Therefore, the GP is:

W = max W <7rA YA B ]>B>
t,7.2q,F,FA
s.t. Z?Th' %h-f/h—l— Z{zi’? —pl'fgz0<5\g>
h=A.B i=1.2 (E.3)
Vi > E (V') (M)
VA > B (V1) (as).
where Vh = V(t, 7", Z¢; p, w") and with & = z;(t, 7", iq; p,w") and [h =
L(t, 7", ¥g; p,w"). Since
AE(Vh
oE(V4) ‘
—A4s 9pA =0 —>)\A5:O

the problem entails the FOCs (27), where the elasticities are the ones in
(D.4), (D.5) and (D.6) and where the (gross) marginal social evaluations
of the A’s utility are the ones in (D.7); therefore F" are determined from
Vh=F (17’1) and F4 is determined from V4 = E <)>A>.

Considering a log transformation of the KR-SG utility function, the de-
mand system for the goods ¢ = 1,2 and leisure ¢ of individuals taking hidden
actions and not audited is:

{/:(t,'rh,xg;p,wh)

htrg =b+a- - :
o ’ThiL" ,wh
B =y Srtronet) =9
~ o 7_ha,: . ,wh
T — Ik :b“LV‘w
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with 1; (taTh7$G; pawh) = (mh ’ (T - b@) +q1-Ta — Z qi bz)

1=1,2

<a . % +5- ’;—j + - Z—Z), while when audited it is:

~ 'LZ tyTh7xG7ﬁh;p7wh
Mtrg =b+a- ( )

p1 !

zh =b2+ﬂ-¢(t’ ’C;f P )7 (E.6)
~ bt P ze FPpaph
T_Th — b4y el P )

with QZ (t, ™ 2q, ﬁh; p,wh> = zz (t, ™ xap, wh) — [
If type A individuals do not take hidden actions, but have hidden infor-

mation, their demand system for the goods ¢ = 1,2 and leisure ¢ when not

audited is: X
w(t,TB,:cG;p,W)

Mt g =b+a- - :
) TB,"L' p,wWw
i = byt Lrrery) T ), (E.7)
z b TB,:B P,wW
T—LA :b€+'y.—w<t’ wAGp )
with 0 (t, 8 26 p, W) = (wA — wB) - (T=b) +
+ (mB'(T—bz)+Q1'IG— Zqi'bi>~<a~%+ﬁ'2—j+7-%—i),whilewhen
i=1,2

audited it is: L

it tag =b+a- G ’I;;l’F pw)
. b(t,78 26, FAip,
ih by g Sre ) (E8)
’lz}(thBva7FA;p7w>
A

9

T—ﬁA =by+7-

with QZJ <thBa$G7 FA) p,W) = 77z (thBal’G;pv“/) - FA'
Considering an audit probability 7 = 0.5 allows to obtain in the Util-
itarian case the results displayed in tables 2 and 3 with F4 = 0.1459,

FB = 0.1645 and [4 = 15.06}3 and in theN Rawlsian case t}}e results dis-
played in tables 4 and 5 with F'4 = 0.1492, FP = 0.1689 and F4 = 15.2370.
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