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This working paper provides the full proof of Proposition 2 in “Tax Competition and the
Creation of Redundant Products” (University of Colorado Working Paper #05-3).

This paper shows that, if Region 2’s strategy is (tk2 = dw, tf = (8 + T/2)w), the tax

revenue collected by Region 1 using the proposed strategy (tk1 = dw, tal = (0 +T/2)w)is

no less than the tax revenue collected by Region 1 using all possible alternative combinations of

tk1 and t;. Due to the large number of cases, this is laborious. The plan is (1) to establish the tax

revenue R!* collected under the proposed strategy, (2) show that a necessary condition for the

proposed strategy to be a best response is & >T and then (3) with 6 > T show that the revenue

collected under all possible alternative combinations oftk1 and tal is no greater than R*.

1. TAX REVENUE OF REGION 1
USING THE STRATEGY (7, = 0w, t, = (5 + T/2)w).

Individuals in Region 1 buy Kits if p + tkl +wl<p+ tal orif wx (t; - tkl)/T. Region 1

makes no exports; its tax revenue is
1 .1

R = fT te Qfiw)dw + ft_l 1, Qfiw)dw ;
0

Rl* — Q a
w T ¢ T
. 1 - 1 T
Setting ¢, = 0w, ¢, = (& +5)W’






2. ANECESSARY CONDITION FOR THE
PROPOSED NASH EQUILIBRIUM IS & > T.

Suppose 6 < T and Region 2 sets tax rates as t,f = 6w and ta2 =6 + T/2)w. | finda

strategy for Region 1 which creates strictly more tax revenue than R'*.
Consider the tax revenue which Region 1 could generate if it set tax rates as

tp=t, <t} =8w<t. =(d + T/2)w. Region 1 produces no kits and in Region 1

talsmin[t,f+wT+ w6,ta2+w6]

or Region 1 does not import cigarettes. However, Region 1 may export to Region 2.
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Figure: inclusive prices with tal < t,f < t,,2

An individual in Region 2 faces the same inclusive price for an own assembled product and an

imported assembled product if p + 1> = p + ¢, + wd or, setting > = (5 + T/2)w, if

w=(0+T/2)w- t;)/é. Region 1's problem is:

T. -
(6+5)w—t:

M R - fﬁ t! 0 fiw) dw +f 5 11 Ofiw) dw
0 0

ta

Setting Aiw) = 1/w and integrating, tax revenue is:

T.- 1
o0+ )w-t
1(+2)w p

0
The Lagrangean is:
@+ Dy - 1]
9 =Ll mer 2 |G-t
w 0
The Kuhn-Tucker conditions are:
T.—- .1
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where CS denotes “complementary slackness”. Try A > 0. From Equation (2):

From Equation (1):

& + Dy - 6w
A=gﬁ—ﬁ+ 2 =1Q>O as required .
w 0 26
And tax revenue:
& + Dy - o
R1=g6v7v7+6v7 2 =(6+I)QW>R1*.
w o} 2

Summarizing, if 6 < T and t,f = 8w and z‘a2 = (8 + T/2)w, the best response of Region 1 is

nottoset ¢, = dwand ¢, = (& + T/2)w. Therefore attention is henceforth restricted to

5 >T.



3. TAX REVENUE UNDER ALL ALTERNATIVE
STRATEGIES

To show that tkl =dw andta1 = (6 + T/2)w are the best response, | must consider the tax
revenue which can be generated by Region 1 under all possible alternative strategies. If Region 1

sets 7, > z‘a1 it sells no kits. Therefore if any best response has #, > tal, there is another best

response with tkl = tal and no generality is lost to restricting attention to strategies for which

tk1 < tal. Given tk1 < z‘a1 and t,f < tf, there are 6 possible orderings between (z‘k1 ,tal)and (t,f , taz):

CASEA:  tl<tl<tl<t?;
CASEB:  tl<t<tlct?;
CASEC:  fl<ti<ti<t);
CASED:  tl<tl<tlct?;
CASEE:  tr<tl<t’<t!;
CASEF:  t2<t’<tl<t)l;

These are illustrated in the figure below and I consider each in turn:

Case A B C D E F



Figure: possible tax rates combinations



31CASEA: 1, <t <t <t

In Region 1, min [ tkl +wT, tal] < min[tk2 + wl + wd ,ta2 + wd ] or Region 1 does not

import. The individual in Region 1 who faces the same inclusive price for an own kit and own

assembled cigarette has income such that p + t,: +wl=p+ ta1 ,orw= (ta1 - tkl)/T.

An individual in Region 2 faces the same inclusive price for an own kit and an own

assembled product if p + 77 + wT = p + 1. or, settings; = dwand ¢” = (8 + T/2)w, if

s
Il
N |

The inclusive price for an own cigarette in Region 2 varies with an individual's wage as the bold

line ABC in the figure below:

t,+wd 12wl

!

cigarettte F
price , A
premium *

‘ t!
“|E

Figure: inclusive price schedules in Region 2



An individual in Region 2 faces the same price for an imported assembled and an own kit

if p+2) +wd=p+1] +wlor setting 7 = 5w, if

An individual in Region 2 faces the same price for an imported assembled and an own assembled

if p+ 2! +wd =p+rlor setting £2 = (5 + T/2)w, if

®+ 2y,

w:

d

The price line of an imported assembled cigarette in Region 2 can intersect the envelope ABC

Case Al: the intersection is on AB. This occurs if (dw - t;) /(6 -T)<w/2.

This case is illustrated in the figure above.

Case A2: the intersection is on BC. This occurs if w/2 < ((§ + T/2)w - £,)/8 < w.

Note that, if the inclusive price line of an imported assembled cigarette intersects ABC at

C, Region 1 is selling assembled product to the whole market of Region 2. Further lowering

oftj lowers tax revenue. Hence it can never be an optimal response of Region 1 to set ta1 so that

the inclusive price line of an imported assembled cigarette intersectsw = w below C, and this

case is not considered further.

-10-



CASES AZ1: the inclusive price line of an imported assembled cigarette intersects ABC on AB.
There are three possible subcases which are characterized by the intersection of the

inclusive price line of imported kits in Region 2 with the envelope EFBC:

Case ALl.(i) the intersection is on EF;
Case AL.(ii) the intersection is on FB;
Case AL.(iii) the intersection is on BC.
Note that, if the inclusive price line of an imported kit lies below C at w = w,
p+t, +wT+wd < p+t2. Setting £ = (5 + T/2)w, this becomes #, = - Tw/2. Region 1 is

selling kits in Region 2 by subsidizing them: this cannot be a best response of Regionl and this

case is not further considered.

-11-



CASE AL.(i): the inclusive price line of an imported kit intersects EFBC on EF

This case establishes thatd >2T. The inclusive prices in the two regions are shown in the figure

below:

t/+wl+wd t,+wd 4wl

12 / / B/ C taz

a

T tk]_;’_WT T

cigarettte cigarettte F
price price. . |A
premium premium ¥

‘ ¢! 2} ‘ E

=~
=
=
-

=l
g
|
S
=l

t, 1,

a

Figure: inclusive price lines for Case Al.(i)

If tk1 < ta1 (as drawn in the figure above), by raising tk1 to ta1 Region 1 does not change its total
cigarette sales in either region but it does cause some individuals in both regions to substitute out

of its low-tax Kits into its high-tax assembled product. Tax revenue increases. Therefore, for this

case Region 1 maximizes its tax revenue by setting tk1 = tal, or there is a single tax rate to be

chosen. Region 1's problem becomes:

- 1
wd -1,

max

/! R1=ff ty Qfw)dw + fO” ty Q.fw) dw

-12-



— 1
R'= 2%+ ¢ dw 1,
w|“ ¢ 8-T
The Lagrangean is:
PO I A7 -ty + B (Y W_t‘j)
= Z\t,w+t, + w-t,) + — - .
w 6-T 2 6-T
The Kuhn-Tucker conditions are:
oL 0| - t) Sw-1, B
= = =\w - a + a -4 + = 0; (1)
at,} w 0-T 0-T 0-T
w10 CS 43 0; 2
04
= Sw-t
9 _w _ %74 CS B> 0. @3)
OB 2 0-T

Try A = B = 0. From Equation (1):

-13-



a w.
2
And
L e BT T, as required ;
0A 2 2
6—_26—T—
oL _w _ 2 _ (6—2T)1;
6B 2 8-T 26 -7)
If 6 > 2T, 0<L/0B > 0 as required. In this case:
& 20 -T-
w-—- ——w
R1=226_T1;1;+26_T1'T/ 2 =26_T 26_T -
w 2 2 0-T 2 206-D

If T<06 <2T:TryA=0and B > 0; From Equation (3):

t; = 6+TW;
2
And
9L _ 55 - O4T5 _8-To o as required.
04 2 2

From Equation (1):

B = QT -6)>0 asrequired

In this case,

-14-

0w <

R,



=%(5+T)QW > R

or z‘k1 =dw, l‘,,l = (8 + T/2)w is not the best response of Region 1.
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CASE AL.(ii): the inclusive price line of an imported kit intersects EFBC on FB

The inclusive prices in the two regions are shown in the figure below:

£, +wd
t'+wd +wT )
t,'+wT , t+wTl )
ta ta
B C
F
cigarette
price 12
premium k
1 1 E
ta ta tal
1
lkl U
£t w St (114,5W-, t] % W
T —w-y» 5_T 5 —w»
Region 1 Region 2

Figure : inclusive price lines for Case Al.(ii)

Region 1 exports kits to individuals in Region 2 for whom p + ¢, + wT' + wd < p + ¢} + wT or

for whom w <(¢f -~ 1) /6 = dw —1,)/5.

The tax revenue function of Region 1 depends on whether kits and assembled product are

both sold in Region 1:

-16-



OR whether only kits are sold in Region 1:

ot
T

W <

| do the former subcase first. Region 1's problem is:

Q»—-él

?!‘»—-

max o™ 8- 1
1!, ¢! R! = . Tty Ofwydw + t, Ofwydw + . ® t Ofw)dw

—

S.t. t

Q
IA
?V‘N
I}
On
I

Sw-t, dw-t,
8-T 5

IA

dw - t,

IA

Note that the (6w - tal)/(é - T) < w/2isimplied by the second and third restrictions, and can

be omitted. Similarly the restriction #, < ¢ isimplied by (8w - £))/(8 - T) < (8w -#,)/6 and

can be omitted. SettingfAw) = 1/w and integrating, R* becomes

-17-



1 1 1 1 1
t -t t -t ow -t
gezgtlak_'_tl‘;_tla kool k
wlf T a « T g
Sw-t.  dw-t! —  Sw-t th -]
A®w-t) + B £ “y+ (¥ - £y + Dw-2+—%y
+ A40w-1t,) + B( 5 6—T)+ (2 5 ) + D(w 7 )
The Kuhn-Tucker conditions are:
1 1 1 — 1
4 ok bkl ek OWIh) B C.D_o
ok W T T 5 5 & T
1 1 1 1
t _ ot t, -t
R e RV A= @
orl  WT T T 8-T T
%:W—dzo CS 43 0; 3)
og dw-t, dw-t
- - > 0 CS B >0; (4)
0B 0 0-T
= -t
%:%— - LN CS C »0; 5)
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Try4>0, B=0, C=0, D= 0.Thenfrom Equation (3):

From Equation (1):

11
2 0 CS D=>0.

tkl _ 6(26+T)w;
20+7)
From (2):
A=0 r 0 as required,
0+T
And
5w - 226+ Dy
o _ 20+ _ T 5 s 0
oB ) 20 +7)
B w _ 6(26 + D};
oL _w _ 20+ 6 5
oc 2 0 20+ 7
s - 928+ Dy
L _ - 20+T)  _ 8T+21?
oD T 2T(6 +T) ~

-19-

>0

>0

as required,;

as required ;

as required.

(6)



In this case

R' =

O (40 +57) ow

4(6+7)

< R"™.
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I now consider the alternative subcase when Region 1 sells only kits domestically:

ty ~ 1y
T

w <

In addition, because the inclusive price line of imported kits is intersecting EFBC on FB, Region

1 exports only Kits. tj is not therefore relevant and Region 1's problem is:

ax 8w - 1]
1 P=¢Q+ﬁ 5ty Of(w)dw

— 1
R =2 tk‘v?+tk16w i
w o}
The Lagrangean becomes
_ Sw-t; _ ~  Sw-t
2 - £ |dw El s a@w-1)) + B - £y
w 2 0
The Kuhn-Tucker conditions become
_ 0-t
9 Q15 % 2% LB, (1)
a,kl w 0 0 o}

-21-



< w0 CS 4> 0; ()
04
= dw -t
ot _w ¥,y CS B = 0. 3
OB 2 )
TryA=0;B=0;

From Equation (1):

1 [

tk = GW;

And
9% _ dw-0w > 0 as required;
0A
94 _ 35 dw-dw as required.
oB 2 0

And
Rl — 6Q\4_/' < Rl*

-22-



CASE AL.(iii): the inclusive price line of an imported kit intersects EFBC on BC

The inclusive prices in the two regions are shown in the figure below:

t,4wd ,
tAwT
1w+ wo
/ ‘2
; by
cigarette czgarette
price price
premium premium
1
t,twl 12
tﬂl tal l;]
ta
! 1
' ! — .
T _ ] - i _ -
A 8%t YysiLpgogl W
. . +
Region 1 Region 25 —w»

Figure: inclusive prices in Case AL.(iii)
Region 1 sells kits to individuals in Region 2 for whomp + tk1 +wl+wd < p+ tf o,
setting 2 = (8 +T/2)w, w< ((8 + T/2)w - )/ (T + §).

The tax revenue function of Region 1 depends on whether kits and assembled product are

both sold in Region 1:

ot
T

<w;
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OR whether only kits are sold in Region 1:

ot
Tt

w <

| do the former subcase first. Region 1's problem is:
@+ %)W—t,:

1 Qfwydw + fo T8t Of(w)dw

1
max Ll
1 RY= [ T tk Ofw)yaw +
Ier 0

a

E»—lél

?F»—A

st. 1, < tf=0w;

ow-t,
< =
6-T 2
T —
O+ )w-t
E ( 2)W k.
2 0+T ’

Note that the restriction z‘k1 < tk2 is implied by the other restrictions and is therefore omitted.

Settingfiw) = 1/w , Region 1's revenue becomes

-24-
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|
I
|
N
+
“»—A

The Lagrangean becomes

T 1
11 11 O+=)w-1,
t -t _ t -t ) _
g -LQlplal s plale 0 2 L 4wt
w k T a a T k T+5 ( a)
_ sm ! 6+ Dw-4 &+ Dym-4 .
w a w —_ — a
+ B(— - + C -—)+D(w- +E(w -
(2 6—T) ( T+9d 2) ( +90 )+E(
The Kuhn-Tucker conditions become
T, — 1
1 1.1 1 1 6+ )w-¢
a;gzzg—t_k+u+t_a— tk + 2 — C + D +£=O;
34 w| T T T T+9d T+9d T+9d T+9d T
(1)
1 1 1 1
t t t -t
9 Q% 5 e LaTW| 4, B _E_, ()
or. W T T T 8-T T
% _sw-t =0 CS 43 0; )
04
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%:%-6 T"zo CS B >0: (4)
&+ Dw-¢
g%éz T26 —%zo CS C320: (5)
+
T, — 1
B+ w-1
%:v;_ T26 CS D >0; (6)
+
th -l
g%":w_aTkZO CS E >0. @)

TryA=0,B=0;C>0; D=0;and E=0.From Equation (5)

1 0 -
tk:Ew.

In Equation (2):

t; = T+61'T);
2
Hence
9L o5 - I8 _8-T- as required;
0A 2 2
, W T+06 -
oL _w_ 2 > 0 asrequired.
oB 2 06-T

And from Equation (1):

T+8

-—Ww+ — 0> 0as

C [9 0 - W+(T+6)w_ ) w+v7z_25+3T
w| 2T 2 2T AT+8) 2| 2AT+d)
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required,;

and

G+ Dw-Sv
o4 _ = 2 2 _ ¥, 0 asrequired:
oD 0+T 2

T+6- 0-

%5

oL 52 2 ¥, as required.
oE T 2

In this case, the tax revenue of Region 1 is:

Ri- Q05w (T+d)gw bzwi_ 30+T2, _ pix

w2 2 2 2 2 2 4

I now consider the alternative subcase when Region 1 sells only kits domestically:

1 1
- a_tk
w < .

T

t

In addition, because the inclusive price line of imported assembled product intersects ABC at E,

Region 1 exports only kits. tj is not therefore relevant and Region 1's problem is:

(6+§)1T;—t,:
max —_—
g RU=wQe [T Oftwdw

-27-



®+ 2wt
< w.

T+9d

The first constraint is implied by the second constraint and can be omitted. Setting Aw) = 1/w

and integrating, tax revenue is:

6w

R'= Llt/5 + 4
w T+0

The Lagrangean is:

® + Dy -4 ®+Dyw-1t _ ® + Dy -4
9= 2 |dwd 2 odl — 2 ¥ L Bs- 2
w T+9o T+o 2 T+9d
The Kuhn-Tucker conditions become
T.— 1
1 G+ )w-1t
_ t
< Q5 k2 -4 B (1)
or, W T+ T+ T+6 T+9
(6+Z)sz—l‘k1 —
oL _ 2 Y0 CS 43 0; 2
04 T+d 2
® + Dyw -
9 .2 CS B> 0. 3)

oB T+9d
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TryA>0andB =0.
From Equation (2):
1

o -
tk = EW;

In Equation (1):

A 26 + 3T .
= >0 as required.
T+9 2 2 |
And
6+Dw-35 _
oL _ 5o 2 2 _ % _0s0 asrequired.
0B T+9d 2

-29-



CASES AZ2: the inclusive price line of an imported assembled cigarette intersects ABC on BC

tHwT
B £ 4wd C
t2 ya taz
T | H
cigarette A
price 12
premium
t 1
|G
» (0+ Z)W_* t) w
2 2
0
Region2 — ">

Figure: inclusive price lines in Region 2 in Cases A2

Figure: inclusive price lines in Region 2 for own kit, own assembled and imported Kkit.

The envelope of the inclusive price in Region 2 of an own assembled cigarette, an own kit and an

imported assembled cigarette is shown as GHC in the figure above. The inclusive price of an

own assembled cigarette and an imported assembled cigarette are the same for an individual for

whom p +¢2 = p + ' + dw. Setting ¢> = (8 + T/2)w, his wage becomes:

®+ -1,

w:
o

Cases (2) correspond to

-30-



T. - 1
0+ =—)w-t¢
(+2)w p

< < w.

)

SRR

There are two possible subcases which are characterized by the intersection of the inclusive price

line of imported kits with GHC:

Case A2.(i) the intersection is on GH ;

Case A2.(ii) the intersection is on HC .

As in Case 1, if the inclusive price line of an imported kit lies below C at w = w,
p+t, +wT+wd < p+t..Setting t>= (5 + T/2)w, t, < -Tw/2. Region 1 is selling kits in

Region 2 by subsidizing them: this cannot be a best response of Region 1 and this case is not

considered further.
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CASE AZ2.(i): the inclusive price line an imported kits intersects GHC on GH.

The inclusive price lines are shown below:

cigarette cigarette
price price.
premium premium
' +wT
t)! t)
%'
t'-1 W
T
—w>»
Region 1

t H+wT+wd

V[ kz‘l'WT

1
tZ / A/r"_l—‘/v6 t2

a H C

W Doy W
2 2

0

. >
Region 2 "

Figure: inclusive price lines for Case A2.(i)

Consider the case tkl < tal. If Region 1 increases t,g, it would not change its total cigarette sales

in either region, but it would cause some households to substitute out of its Kits into its pre-

assembled cigarettes. With tk1 < tal, tax revenue increases. Therefore, for this case, Region 1

maximizes tax revenue by setting tk1 = tal. Region 1's problem is:

T —
(5+5)w—t:

max

-32-

R R1=f‘; 1) Qfwydw + f 8
a 0 0

1} O f(w)dw



T. - 1
o0+ =-w-t
(+2)w a

S.t. <

SRR

6 )

= 1
0+ =-)w-t
(+2)w a

< w.

5 <

Note that the restriction #, < ¢ = &w isimplied byw /2 < (8 + T/2)w - ¢,)/ & and is
therefore omitted.

Setting Aiw) = 1/w, Region 1's revenue becomes

T.— .1
O+ )w-t
1( 2)W a

a a 6
The Lagrangean is:
(6+I] w-t)
L = g 1w+t 2
w 0
(6+I]Wz—ta1 _ (6+I]w—t1
Y 2 T Y 2
0 2 0
The Kuhn-Tucker conditions are:
/1 (6+I]W - 1)
agzgw__a_'_ 2 —£+£=0; (1)
atj w 0 0 0 0
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(6+I]W/—tal -
oL _ 2 - ¥ 50 CS 4:>0; )
o4 8 2

(6+I)ﬁ—t;
L _ = 2 >0 CS B> 0. (3)
OB 8

(6 T\ - §+T) =
+=lw - w
RCES SN 2 2 _28-T

4 g w = O > 0 as required;
0 w 20 0 20
and
(6 T] — 3+ T-
+t— (W - w -
92 | w - 2 2 =Y 0 as required.
oB 0 2
And tax revenue becomes:
5 5 (6+I)W—(6+T]»Tz
R1-2|8 55, 8 T5 2 2 _36+1n0W
w 0 4

SoR' < R'™ provided & > 2T.

If 6 <27, R'>R"™and#, = 8w, ¢, = (5 + T/2)w is not a best response for Region 1.
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CASE AZ2.(ii): the inclusive price line of an imported kit intersects GHC on HC

The inclusive price lines are shown in the figure below:
t A wT+wd

tHwl S £ t+wd

H C
t} 1}
cigarette cigarette
price price
premium premium /2
k
tHwT
. G
t al tml lal
] kl tkl

=t

1; 1 w =
el .2 e ARUE
= 1

6+ 3)w t, 70

Region 1 0 Region2 " >
Figure: inclusive price lines for Case A2.(ii)
The inclusive price of an own assembled cigarette and an imported kit is the same for an

individual in Region 2 for whom p + ta2 =p+ t,g +wl + wd, or, setting tf = (0 + T12)w, for

whomw = ((8 + T/2)w - ) /(T + §) .
The tax revenue function of Region 1 depends on kits and assembled product are both
sold in Region 1:

to 1
T

<w;

OR whether only kits are sold in Region 1:

ot
Tt

w <
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| do the former subcase first. Region 1's problem is:

@+ %)W—t,:

1) Qfwyaw + fo T8t Of(w)dw

o

t,-ty -
TR = fT 1l Ofw)dw + ff”
0 k t,-t

T

T, — 1
O+ )w-t
(+2)w a

S.t. w <
2

o} T+9d
T\ - 1
O+ =|w-t
o35
wl
T+9d
th-t,  _
< w.

Note that the restriction ta1 < t,f is implied by the first constraint and tk1 < t,f is implied by the

second constraint. These restrictions are therefore omitted.

Setting fiw) = 1/w, Region 1's tax revenue is:
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The Lagrangean becomes:

The Kuhn-Tucker conditions are:

S T 1 (6+Z]W—tkl
o9 _ ég e a " a W 2 B C . D_ 0, (1)
w T

tt ! th-¢!
a;se_g_k__a_l_‘;_a k—£+£—2=0; (2)
od wl|T T T 5 & T
(6+I]Wz—ta1 _
oL _ 2 ¥ CS 43 0; @3)
0A é 2
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3
|

(6+I]v7—tkl (6+I) t,
0% _ 2 - 2 > 0CS B > 0;
oB T+9d 0

(6+—)1Tz—tkl
K _ 5 - >0 CS C=0;
oC T+

1.1

— t -t

gk, CS D= o.
oD T

1 6+T
“ 2

Il
2|

From Equation (4)

1 6 -
tk:EW.

From Equation (2):

4=giv7—6+TvT/+va—K +B_B . as required;
0 w| 2T 2T 2| O 0
From Equation (1):
B =2_EW+E+G+TW— 6 1;+E =26+3T
T+d w| 2T 2 2T 2(T +d) 2 2(T +d)

-38-

0>0

as
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required,;

And
(ml]w-ﬁw _
oL _ = 2 2 Y5 0 as required;
oC T+9d 2
And
0+T- 0-
w - —w —
o _ 5 _2 2 ¥, as required.
oD T 2
And tax revenue is:

R1=2 EVT)E+6+TW)£+§1T)E —36+T1T/'Q<Rl*
w |2 2 2 2 2 2

The alternative subcase has only own Kits being sold in Region 1, or

R
w <
T

The analysis is identical to that of Case A.1.(iii) with the second formulation of w < (tj —tkl)/T
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32 CASEB: t, <t. <t, <t

In Region 1: min[tk1 +wl, tal] < min[tk2 + wl + wd ,t: + wd], or Region 1 imports no
cigarettes. In addition,
12+ wl < t) +wd:

Region 2 does not import assembled cigarettes (but may import kits). In the figure below, ABC

is the line showing the lowest inclusive price of own cigarettes in Region 2.

1wl
B C
taz / '_taz
T |
|
|
cigarette |
price |
premium % [A |
|
|
|
|
|
. |
w w
2
—w->»

Figure: own inclusive price schedules in Region 2

In Region 2: an individual in Region 2 faces the same inclusive price for an imported kit

and anown kit if p + ¢, + wT + wd = p + 2 + wT or, setting 7 = 6w, if w= (8w - £))/8. An
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individual faces the same inclusive price for an imported kit and an own assembled if

prt, +wl+wd = p+t2orsetting £ = (5 + T/2yw, if w=(8 + T/2w — ;) /(T + ).

The price line of an imported kit in Region 2 can intersect ABC as

Case B1: the intersection is on AB. This occurs if (dw - tlk)/é < w/2;

Case B2: the intersection is on BC. This occurs if

wi2 < 8+TI2w-t)/(T+8) < w.

If the price line of an imported kit lies below Cat w = w,p + z‘k1 +wl+wd <p+ tf or, setting
tf = +T/2)w, z‘k1 < - Tw/2. Region 1 is selling kits in Region 2 by subsidizing them: this

cannot be a best response of Region 1 and this case is not considered further.
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CASE B1: the inclusive price line of an imported kit intersects ABC on AB.

The inclusive price lines are shown in the figure below:

T T ' +wT+wd

. tal—I—Wé t2+WT
cigarette cigarette 3 ¢ C
price | price 2
premium t,twl premium ¢
1
ta] tml td
A
2
I
f e
. :
t)-t) ow-t] W w
T 5 2
—w>» —w>»
Region 1 Region 2

Figure: inclusive price lines in Case B.1

The tax revenue function of Region 1 depends on whether kits and assembled product are both

sold in Region 1:

t - t,
T

< w;

OR whether only kits are sold in Region 1:

1 1
—_ ta_tk
w < .

T

I do the first case first. Region 1's problem is:
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w1,
t, Qf(wydw + f 5 1 of(wyaw
0

w
1_
a

SN

z
T

R! =
t oty

11
max t“Tt" |
=, t, Ofwyadw + |,

st 1 <

—_
~—,
)
1l
~
O
+
U
S

IA

1 1 1 1 — 1
Rl - g tkl t,~ 1, +tal vT;—t" 1 +tk1 ow -t
w T T 0
The Lagrangean is:
1 1 1 1 — 1
t, -t t, -t ow -t
<4 Zg T AL L - L2 I k
w k[ T ] a T k 6
T ~ Sw-t,
+A(6sz—tkl)+B(t:—6W) + c((5+5)w-t;) + D %- 5 i
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The Kuhn-Tucker conditions become:

11 1

o _ Q| kTl
ol Wl T T T

1 1 11
IO I F
ol w| T T T
a;ge=6v7z—tk120
04
aﬁ:t;—éﬁ)zo
OB

L )
oC 2

o9 w Oow-tg
oD 2

8&9 — ta - tk
— w
oE T

TryA=0, B=0, C=0, D=0;E=0.

From Equations (1) and (2):

-44-

t_"1+6w—t"1 -4+
o) )
] +B—C—£=
T
CS 4 >
CS B>
cS C=>0;
CS D> 0;
CS E>0.

1)

)

©)

(4)

(%)

(6)
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And

o¢

=~ =0w-0w=20 as required;
04
o2 _ 5+Z w-0w=>=0 as required;
0B 2
o2 _ 5+I w - 5+I w>0 as required;
oC 2 2
o _w _ Sw-dw > 0 as required;
oD 2 0
&+ Dy - 6w
oL w - 2 >0 as required.
oE T

This is the posited response.

The alternative subcase is that no assembled product is sold in Region 1, w < (ta1 - tkl)/T.

This case is identical to the second subcase of Case A.1.(ii).
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CASE B2: the inclusive price line of an imported kit intersects ABC on BC

The inclusive price lines for this case are shown below:

1
T T Lowd ey WO
cigarette cigarette . B C
price 4 price ¢
premium I wl premium ¢
! ] !
17
tkl tkl
t)-t] WDy W
T 2__ 2
W T+6
, —w->»
Region 1

Region 2
Figure: inclusive price lines for Case B.2
The individual for whom the price of own assembled and imported kits are the same has a wage
suchthat p + £2 = p + 1 + wT + wd , or (setting £> = (8 + T/2)w) has a wage

w = (0 +T/2w-t))/(T+39).

The tax revenue function of Region 1 depends on whether kits and assembled product are
both sold in Region 1:

o~ 1
T

< w;
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OR whether only kits are sold in Region 1:

ot

w < .
T

The former case is not a possible case if & > 2T. The case requires

dw =17 < t)

and

6+ w1

LA o f < %5
2 T+ 2
These two inequalities imply
g ow - EW
a k > 2 — iw > 1;
T T 2T

which contradicts the assumption that (z, - #;)/ T < w.

The alternative subcase is that no assembled product is sold in Region 1, w < (ta1 - tkl)/T.

This case is identical to the second subcase of Case A.1.(ii).
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33 CASEC: t, < t. <t <t .

In Region 1: ¢, + wT <t/ + wl +wd and (with 6 > T) ¢, + wT < ¢, + wd, 50 Region

1 imports no cigarettes. However, Region 1 may export kits to Region 2.
The inclusive price of an own cigarette in Region 2 varies with an individual's wage as the

bold line ABC in the figure below:

t; +wl
T t} 2 .C t}
I
cigarette I
price |
premium |
I
A |
I
I
I
I
I
, | D
w w
2
— W

Figure: inclusive price of own cigarettes in Region 2

In Region 2: an individual faces the same inclusive price for an imported kit and an own

Kitif p+ ¢, + wT'+wd = p+1t; + wT or, setting ¢/ = 8w, if w= (8w - £;)/5. An individual in

Region 2 faces the same inclusive price for an imported kit and an own assembled if

prt, +wT+wd = p+tlorsetting £ = (S + T/2)w,if w=(8 + T/2)w - t))/(T+95).
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The price line of an imported kit in Region 2 can intersect ABC as

Case C1: the intersection is on AB. This occurs if (dw - tlk)/ﬁ < w/2;

Case C2: the intersection is on BC . This occurs if

wi2 < (8 +T/2w-t)/(T+8) < w.

If the price line of an imported kit lies below C at w = w,p + tk1 +wl+wd <p+ t,,2 or, setting

tf =0 +T/2)w, tk1 < - Tw/2. Region 1 is selling kits in Region 2 by subsidizing them: this

cannot be a best response of Region 1 and this case is not considered further.
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CASE C1.: the inclusive price line of an imported kit intersects ABC on AB

The inclusive price lines for this case are shown in the figure below:

t+wT 1, +wT+wd
a
2 / ¢ t 2
T ta B a
T cigarette
cigarette price
price premium 4
premium 2
tk
1
t tkl
1 _l T _:
tlt) w ow-t,! W W
T 5 2
—w>» —w»
Region 1 Region 2

Figure: inclusive price lines for Case C1

The tax revenue function of Region 1 depends on whether kits and assembled product are
both sold in Region 1:

ty ~ 1y

< w;
T

OR whether only kits are sold in Region 1:

ty = 1y
T

w <

I do the first case first. Region 1's problem is:
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3w,

£} Qfwydw + fT 1} Qfwydw
0

w
1_
a

SN

z
T

1_
max 51 % 1
1 R . t, Ofwyadw + |,

t 1

a

s.t. f) <t} = ow;

(5+§)»Tz=t <t
< =
0 2
-ty _
< w.
T

+ 4

—_——
o
T

|
N.N;—l
N —
+
o
—_ 0~
QN,_.
|
—
o
+
|~
D
T
N———
+
@)

The Kuhn-Tucker conditions are:

etk
- = ¢

o _ @
or, W
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oy

ot!

a

o2
04

o2
oB

g
oC

o2
oD

1 1
t t
Q1 _a 1ye
w T T
w-tg >0
1) (6+I)W20
2
1,7) 51;—l‘k
= - >
2 )
Lt
= - >
2 T

Try A=0; B=0; C=0; and D=0.

Equations (1) and (2) imply:

And

-~
=~
I}

od
04

od
oB

o
oC

o
oD

o+ —)w ~(5 +

N2

2

SRRy

v

v

+ Iy
2

CS B:=>0;

cs C

v
S

CS D

v
(=)

as required;

>0 as required,;

as required;

as required.
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This is the same response as the proposed best response. R! = R1*.

In the alternative subcase in which w < (t; - tkl)/T, Region 1 is selling in assembled

product and the setting of ta1 is irrelevant. The second subcase of Case A.1.(iii) refers
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CASE C2: the inclusive price line of an imported kit intersects ABC on BC

The inclusive price lines for this case are shown in the figure below:

tHwl |
+wT+wd
t) t] f
A’ S S B WA )
a a
cigarette cigarette
price price.
premium premium
t+wT Az
¥ tk
t
t
w A ((5+I)W_*fk] w
2 2
—w» T+o __ >
Region 1 Region 2

Figure: inclusive price lines for Case C2

The tax revenue function of Region 1 depends on whether kits and assembled product are
both sold in Region 1:

to 1

T

< w;

OR whether only kits are sold in Region 1:

ot

T

w <

The former case is not a possible case if & > T. The case requires that
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a - a

(6+§)ﬁ=t2< t!

and that the inclusive price of the imported kit intersects the envelope on BC, or

® + gw— !

w o f; < S5,
2 T+6 2
These two inequalities imply
g (6+I)W—§W
a k > 2 2 — 6 + Tw > w
T T 2T

which contradicts the assumption that (ta1 - tkl)/Ts w.

In the alternative case that w < (¢, - £,)/ T , Region 1 is selling no assembled product and

the setting of tk1 is irrelevant. The second subcase of Case A.1.(iii) applies.
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34 CASED: ¢/ <1, <t <t

In Region 2, t7 + wT' < min [¢; + wT + wd , ¢, + wd] and Region 1 does not export any

cigarettes. However, Region 1 may import kit sales. The bold line ABC in the figure below shows
how the inclusive price of a kit in Region 1 varies with an individual's wage:

tAwT+wd C |
Itk] +wl+wd
T B |
cigarette :
price k
premium |
17 |
kKA |
|
|
|
|
|
! I
1, - ow w
)
—w>»

Figure: inclusive price lines for imported kits and own kits in Region 1.
In Region 1: an individual faces the same price for an own kit and an imported kit if
p+ty +wl = p+t}+wl+wd or,setting #/ = 6w, if w=(t; - 8w)/5. | note that
tp <t = (8 + T/2)w ensures that(z, - 8w)/& <w (as drawn).

An individual faces the same price for an own assembled and an imported kit if

p+ ta1 =p+ t,f + wT + wd or, setting t,f = Ow,ifw-= (ta1 - ow)/(T + 8). An individual faces
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the same price for an own assembled and an own kit p + tj =p+ tkl +wT or if

w = (tal - tkl) / T. The price line of an own assembled can intersect ABC as:

Case D1: the intersection is on AB. This occurs if: () - 6w)/(T + 8) < (¢, - dw)/8.

Case D2: the intersection is on BC. This occurs if (tk1 - dw)/d < (t; - tkl)/T.

Note that 7, <= (8 + T/2)w and 6w = . < t; implies that at w = w

t) < (6+§)W<6W+WT5 ty + wT

or at w = w, the inclusive price line for own assembled product must lie below the inclusive price

line for own Kits so that the intersection must lie to the left of C.

The cases are considered in turn.
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CASE D1: the inclusive price line of an own assembled intersects ABC on AB

The inclusive price lines in Region 1 are shown in the figure below

t+wT+wd C t,+wT
B
cigarette /! /!
prlce' tkl / a
premium
— |
t! - Gt~ oW W
T+0 g
—w>»

Figure : inclusive price lines in Region 1 in Case D.1

No Kits taxed in Region 1 are sold in Region 1. Thereforetk1 is not a relevant choice variable and

can be ignored. Region 1's problem is:

o 1a QfW)aw.
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1 T, -
t, < (0+>)w.
a<(0+2)
Setting fiw) = 1/w and integrating, the tax revenue in Region 1 is:

t,|w- :
T+6

R! =

)

The Lagrangean is:

1 —_
t,-0
S.?=gtal[iz— z w]+A(t;—6w_z)+3((6+z)v7—tal].
w T+4 2

The Kuhn-Tucker conditions are:

1 1 —
t _ t,-96
a_gP_g a —[—" w] +4-B=0;
at; w T+ T+
9L )l sws 0 CS A= 0;
0A
a;se=6+Isz—talzo CS B > 0.
oB 2
Tryd=0and B=0.
From Equation (1):
tal=(6+z]v7.
2

And
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Ny
v

+

I
N—

|

|
—

(]

+
NN
N ——

2

|
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as required,;




CASE D2: the inclusive price line of an own assembled ABC on BC

The inclusive price lines are shown in the figure below:

tHwTHwd  C
T t; / / f twl
t) t,
cigarette
price B

premium

—w>»
Figure: the inclusive price lines in Region 1 in Case D.2

Region 1's problem is:

1.1

t -t
max . "Tk 1
tkl th =1, t, Qfwyaw + |,

|

1
;. ;—6»71 :—t,: ta Qf(W)dW
B} T
s.t dw = t7 <t ;
<t = (6+§)ﬁ,
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th-8w  f -t
<
0 T

Setting Aw) = 1/w, and integrating, tax revenue in Region 1 is:

1 z‘al‘tkl tkl—(Ssz 1] = t;‘tkl
tk - + ta w -
T o) T

R' =

I

The Lagrangean is:

1 1 — 1
t,—t t, -0 t
aﬁ:%t,j(—l—l) (”’f" W]+”+ACCO,(1)
1 1 1 1
t t t -t
o2 Q1% L, g Lkl g, Loy, )
ol w|T T T T
%=t1—6v720 CS A2 0; ®)
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OB

o9 li-t; t-dw

a;l_(mz)—_t;z
2

oC T )

TrydA=0, B=0and C=0.

From Equations (1) and (2):

0 CS B:>0;

>0 S C>0.

ty = ow
and
t) = (6 + I) w.
2
And
oL _ 0>0 as required.
0A
From (2):
9 _ 0=>0 as required
oB
And
6+ Dyw-osw s sn -
o _ 2 - 0w OW - W, 0as required.
aC T 0 2

This is the posited response, and

R' = R"™.
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35 CASEE: #/ <1, <t <t,.

InRegion2: #7 +wT < t, + wI'+wd andz’ < r, + wd and hence Region 1 does not

export to Region 2. In Region 1: tk1 +wl stj + w0, or Region 1 may import Kits but not

assembled product. The bold line ABC in the figure below shows how the inclusive price of a kit

in Region 1 varies with an individual's wage:

17+ wl +wd :
I
CI
' +wTl
cigarette |
price |
premium |
I
I
1
1, :
I
) |
LA |
I
I
I
I
I
L D
tk - §W w

Figure: inclusive price lines for imported kits, own kits and imported assembled in Region 1

In Region 1: an individual faces the same inclusive price for an own kit and an imported kit if

p+ty +wl = p+t+wl+wd or,setting £ = 8w, if w= (] - dw)/ 5. Note that
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tk1 < tf = (6 + T/2)w ensures that(tk1 - Ow)/d <w (as drawn).

An individual faces the same price for an own assembled and an imported kit if

p+t, = p+it;+wl+wd or setting £ = &w, if w= (¢, - dw)/(T +8). Anindividual faces
the same price for an own assembled and an own kit p + tj =p+ tkl + wT or if
w = (tal - tkl)/T. The price line of an own assembled cigarette in Region 1 can intersect ABC
as:

Case E1: the intersection is on AB. This occurs if (z, - 8w)/(T + &) < (¢, - Sw)/5.

Case E2: the intersection is on BC. This occurs if (tk1 - Ow)/d < (t,z1 - tkl)/T.

I note that if the price line of an own assembled cigarette in Regionl lies above C at

w=w, tal >z‘k1 + wT , no assembled cigarettes are sold in Region 1. This setting ofta1 cannot be a
best response: iftj is lowered so that high wage individuals shift from own low-tax Kits to high-

tax assembled product, tax revenue increases.

The cases are considered in turn.
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CASE EZ1: the inclusive price line of an own assembled cigarette intersects ABC on AB

The inclusive price lines for this case are shown in the figure below:

12+ wl +wd :
T |
|
(%$+WT
cigarette |
price |
premium |
B |
t) |
1) :
|
5 |
(4 |
l
I
I
I
I
] 1 7 — | D
t! - ow t, - ow W
T+96 o]
Region 1

Figure: inclusive price lines in Region 1 in Case E1.

No own kits are sold in Region 1. Region 1's problem is:

max 1 1
tkl tl R = sw ta Qf(W)dW

a

st. dw =1t <t ;
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Setting Aw) = 1/w, tax revenue in Region 1 is

t) - 8w
T+8 )

1 —
t, -0
ggt;(w a W]+A(z,jaw)+3((6+T)wt,§)
w T+6 2

t, — 6w tjéﬁ]

+Cta1—(6+z)sz + D -
2 0 T+9d
The Kuhn-Tucker conditions are:

< _4-p+L2 oy, )
or; 6
o< t) 1} - &w D
9 _ Q) L& 5L + C - =0; (2)
orl w T+o T+d T+o
L _ 4l sws 0 CS 4> 0; @)

N4 'k

04
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< 5l I -1 >0
dB 2

% g w+Dwso
aC 2
o9t —dw 1, -dw
oD 8 T+5

Tryd=0, B=0, C=0and D=0.

From Equation (2):

Choose #, such that

8(26 +37) |
2(T + 0)

Equation (1) becomes:

o

=0

ot,
And

a;2e>0
04
a£>0
0B
a;2e>0
oC
a£>0
oD

1
<t <

@ + Dyw.

as required .

as required ;

as required ;

as required ;

as required .
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And the tax revenue of Region 1 is:

Ti— -
0 T (6+E)w—6w N2 1
W(6+2JWM) T+9d ( +2) T+6QW
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CASE EZ2: the inclusive price line of own assembled cigarette intersects ABC on BC

The inclusive price lines in Region 1 are shown in the figure below:

t7+wl +wo :
|
C |
) +wl
cigarette |
price , |
premium I |
B |
|
1 :
|
5 |
(A |
|
|
|
|
|
T 1 — } | D
he-ow g - g W
0 T
Region 1

Figure: inclusive price lines in Region 1 for Case E2

The discussion at the bottom of the introduction to Case E informs that Region 1 does not

want to setta1 so high that only kits are sold in Region 1 or so that (ta1 - tkl)/Tz w. Therefore the

potential restriction (tj - tkl)/Ts w is not tight and can be ignored. Region 1's problem is:

|

max tu;tk 1 1
1 A R = |, ._ t Qfwaw + t, Qf(w)aw
ty ,t t)-ow t a

a

|/ -

1
_tk
T
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Writing Aiw) = 1/w and integrating, the tax revenue becomes:

1 1 1 — 1 1
1 ta_tk tk_aw 1 —_ ta_tk
4 - +|lw- .

R' =

2

T o T

The Lagrangean is:

+A(tkl—6v$) +B((6+§)W— tkl] + C(tal—(6+§)ﬁ]

+ D

fo—ty 1y~ W
T & )

The Kuhn-Tucker conditions are:
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£l /1 Al
9 _ Q1% _ a5 _laTl) o D, )
ol WwI|T T T T
9 iswe0 CS 4= 0; 3)
04
LI i CS B> 0; €
0B 2
92yl s+ L)ws 0 cs C > 0; )
oC 2
1 1 1 —
t, -t t, -0
oF _ Lk LTOW CS D=0 (6)
oD T 5
Try A=0, B=0, C=0and D =0.
From Equations (1) and (2):
fh = 6w
and
tal=(z+6) w.
2
And:
oL _ ow - 0w =0 as required;
04
oL _ 6+L| w-ow=2Luso0 as required;
0B 2 2
oL _ s+Llw-|6+L|wso0 as required;
oC 2 2
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wlLes| -we  _ _
oL _ 2 _wd-wd _w
oD T 0 2

v

0 as required.

This is the posited response and tax revenue in Region 1 is
R' = R"™.
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1 1
<t <t,.

) 2
3.6 CASEF: 12 < 1 <
InRegion 2, ¢7 +wT < 1, + wl'+wd and > <t +wd, or Region 1 does not export.

But Region 1 does import product from Region 2. An individual in Region 1 faces the same

inclusive price for imported kits and imported pre-assembled product if
p+ t,f +wl+wd = p+ ta2 +wd or, settingt,f = dw and tf = (6 + T/2)w, if w=w/2. The bold

line ABC in the figure below shows the inclusive price for an imported cigarette in Region 1:

t7AwT+wd £ 24w
T C
cigarette
price B
premium
1}
4’ [A
|
» W
2
Region 1

Figure: inclusive price of imported product in Region 1

In Region 1: an individual faces the same inclusive price for an own assembled and an

-74-



imported kit if p + £, = p + £ + wT + wd or, setting 77 = 6w, if

1) - 8w

w .
T+9d

An individual faces the same inclusive price for an own assembled and an imported assembled if

p+iti=p+t>+wd orsetting 2 = (8 + T/2)w, if

1 T, -
t -(0+=
a(+2)w

w:

d

The price line of an own assembled cigarette can intersect the envelope ABC as

Case F1: the intersection is on AB. This occurs if (tj -Ow)/(T+9d) < w/2;

Case F2: the intersection is on BC. This occurs if w/2 < (ta1 - +T/2w)/d

Note that if the inclusive price of an own assembled cigarette intersects ABC at C or lies above

ABC at C, Region 1 is selling no own assembled cigarettes. This setting ofta1 cannot be a best

response: ifta1 is lowered so that some high-wage individuals shift from lower-tax own Kits to

higher-tax assembled product (or from imported product to own assembled product), tax revenue

must increase.
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CASES F1: inclusive price line of an own assembled cigarette intersects ABC on AB

tk2+WT+W6 taz_i_wé
C
T B

cigarette

price t! ¢ t)

premium D E

t 2
4’ fA
|
» W
2
Region 1

Figure: some inclusive price lines in Region 1 in Case F1

The lower envelope of the inclusive price lines for an imported kits, an imported assembled
product and an own assembled product is ADE. There are two possible subcases which are

characterized by the intersection of the inclusive price line of an own kit with ADE:

the intersection is on AD.

Case F1.(i)
the intersection lies above ADE!

Case F1.(ii)
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CASE F1.(i): the inclusive price line of an own kit intersects ADE on AD .

The inclusive price lines for this case are shown in the figure below:

2
t7+HwT+wd £ 24 wd
D t +wT
cigarette
price ! f ¢
premium ~* ¢
t! E
‘2
t (A

T

t

1
v
1) - 6w

0

%l =)

T+6
Region 1

Figure: inclusive price lines in regionl in Case F1.(i)

In Region 1: an individual faces the same inclusive price for own kits and imported kits if

p+t+wl = t; +wT +wd or,setting ¢ = 6w, if w=(¢, - 6w) /5. An individual faces the

same price of an own assembled and an imported kit if p + ta1 =p+ t,f + wTl + wd or, setting



tk2 = Ow, ifw-= (ta1 - Ow) /(T + ). Anindividual in Region 1 faces the same inclusive price of
an own kit and of an own assembled product ifp + ¢, + wT = p+ ¢, orif w = (¢, - #,)/T.
Conceptually I should include the constraint (t; - tkl)/T < w but this constraint does not bind: if

Region 1 lowers the tax rate ta1 to relax the constraint, some high-wage individuals shift from

lower-tax kits to higher-tax assembled product and tax revenue increases.

Region 1's problem is:

1 1
s %

max 1 T 1 w 1
tkl,talR B ft,}—awthﬂW)dw * f,[}_,;tan(W)dW
6 T
st B+ Dw =12 < 1)
2
ty < 1)
te-8w  t,-dw
8  T+9d
I_s=
ta—6w< w
T+8& 2

SettingAw) = 1/w and integrating, tax revenue in Region 1 is:

1 1 a= 11
| la % 4 -0w 1= Lk
tk - +t w -

R' =
T ) “ T

=S

~————
—

The Lagrangean is:
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1 1 1 —_ 1 1
g€=gtklt fr Ty~ 0w +ta1sz—t" 1
w T 0 T
1 1 tal_éw tkl_ﬁw
+ B(t,-t) + C - + D
T+90 o}
The Kuhn-Tucker Conditions are:

1 1 1 1 1 — 1
a;gezg_t_k_t_k+ta—tk_tk 6W+t—“+A—B—£
atkl w T o T 0 T o}

1 1 1 1
aﬁ:gt—k—t_a+1;—t L + B + ¢ __D _
m; w|lT T T T+ T+
o w6+Dwso CS 43 0:

04 2
9L gl s 0 CS B > 0;
0B

1 -

t -0 t, -0
0F _ LW %W o s Ccso0
oC T+9d o}

- t - Ow
g _w _ v, CcS D> 0.
oD 2 T+9d
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TryA>0,B=0,C=0and D=0.

From Equation (3):

T -
tp = (& £

From Equation (2):

ty, = (6 +Dw

From Equation (1):

A = %Q > 0 as required

And

‘3% =0 +Dw-( -+ g)sz >0 as required,

_ _ 6+Dp-ew
o _ @+Dw-ow _ 2 TG -D 55 as required;
aC T+d 5 28( + 8) |
oL _w_(T+dw-dw _ 5-T 5 as required.
oD 2 T+9d 2(T + 90)

And tax revenue in Region 1 is:

Rl 462+ 8T -T2
45

gb; <.R1*
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CASE F1.(ii): the inclusive price line of own kit lies above ADE .

The inclusive price lines for this case are shown in the figure below:

2
t7AwT+wd £ 2w
T‘ t +wl
cigarette
price t) 1)
premium ;1 D £
k
t 2
6’ (A
T er - _
tu B E w
T+6 2
Region 1

Figure: inclusive price lines in Region 1 in Case F1.(ii)

No own Kits are sold in Region 1 so that the setting oftk1 is not relevant. Region 1's problem is:
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1) - 8w
T+6

w
< =
2

Setting fAw) = 1/w, tax revenue in Region 1 is

1 _—
R' =24 5o oy
w T+9

The Lagrangean is

1 — 1 -
t, -0 w t, -0
§€=gtalv7»—a Y +Atal—(6+I)W v | XL O
w T+ 2 2 T+9o

The Kuhn-Tucker conditions are:

t) 1 - 8w
aﬁ:g - a +w— a +A_ B =0, (l)
orl W T+d T+9d T+
o< 1 T,.-
S o -+ W20 CS 4>0; 2
od kT O @
1 —
v &, -0
92 _w L7 .y CS B:0. 3)
oB 2 T+90
Tryd=0and B=0.
From Equation (1):
1 T, -
t, = (0 +>)w;
( 2)W
And
oL _ 0=>0 as required,;
0A4
¢ +DHm-ew
oL _w _ 2 = w > 0 as required;
0B 2 T+9d 2(T + 0)
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And tax revenue in Region 1 is:

Ti— -
0 T (6+E)w—6w N2 1
W(6+2JWM) T+ ( +2) T+6QW
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CASES F2: the inclusive price line of an own assembled cigarette intersects ABC on BC
The inclusive price lines for imported Kits, imported assembled and own assembled are shown in

the figure below:
tAwT+wd
C
t.Hwd
T ta] D/ { I
cigarette E
price B
premium

Region 1

Figure: inclusive price lines in Region 1 for Cases F

The envelope of the inclusive price of imported kits, imported assembled and own assembled is

shown as the bold line ABDE in the figure above. There are three subcases which are
-85-

characterized by the intersection of the inclusive price line of the own kit with ABDE:



Case F2.(i):  the intersection is on AB;
Case F2.(ii):  the intersection is on BD

Case F2.(iii): the intersection lies above ABDE.?

These are now considered in turn
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CASE F2.(i) the inclusive price line of an own kits intersects ABDE on AB

The inclusive prices in Region 1 are shown in the figure below:

1t AwT+wd
C
T ta2+W6
t!+wTl +wo
cigarette t) D £ k]
price B/ t,
premium
! 2
1’ (A
i i t ~
1 -_— -—
i z ta]‘(‘%z)w_‘\ [
b)) 2 2 ta - tk
0 T
Region 1

Figure: inclusive price lines in Region 1 in Case F2.(i)

In Region 1: An individual in Region 1 faces the same inclusive price for an own kit and

an own assembled product if p + ¢, + wI'=p + ¢, orif w = (¢, - £,)/ T. Assuming that

(ta1 - tkl)/T < w, Region 1's tax problem is:
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TR = | T ofwyaw + v ! O f(wyaw
te 5 t, -dw kK i 4
F T
st @ +Dw=rr<rl;
2
e <t
< =
3 2
_ -0+ Dw
w .
2 5 ’
-ty _
< w.
T

The constraint ¢, < ¢, is implied by the inequalities (z} - 8w)/& < w/2 and
w/2 < (ta1 - (6 + T/2)w)/ &, and so is ignored.

Setting Aiw) = 1/w and integrating, tax revenue in Region 1 is:

11 1 s= 1
| et 4 0w 1| = la K
tk T - 6 + ta w - T

The Lagrangean is:

11 1 o= 1
|ttt ~Ow 1| = la L
tk T - 6 + ta w - T
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1 T, -
5t -wd fa =+ Jw
+ B| — - + -
2 ) 8
The Kuhn-Tucker conditions are:

1 1 1 1 — 1
a_gng o b lah 6w+t_+A_£
atkl w T & T 6 o

1 1 1 1
éﬁg_ = ég ff.— fﬁ.+ {;—-t tk + SE —.£Z = 0;
ot wlT T T 5 T
9% s+ L] w0 CS A= 0;
0A 2
= 1, —O0w
9L _w LW CS B>0;
oB 2 o
o6+ Dw
oL _ 2 _¥.,0 C5C>0
oC ) 2
1 1
_ t, -t
R AN CS D> 0
oD T

Try A=0,B=0,C>0and D =0.

From Equation (5):
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1 T.- w
t = (d+= 0= =
. = +2)W+ 5

From Equation (1):

A 6(36+2T)v71
o6+

In Equation (2):

C_9| et 5| o of2(38eT 8@sr2D) ). _sr
o w T T 2 o0+T TG + 7
required;
And
o _ [ 8(33+27) _ 25+T) - _ 8-08T-T°
04 206 +T) 2 26 + T)
which is positive providedé > 2T ;
o _(1_38+2T s _ _ T 5. as required;
OB 2 28+7) 26 + 7)
92 | W—36+Tﬁz+6(36—+mﬁ = T 550 as required;
oD 2T 26 + DT 206 + 7)
And
Rl - 362+56T+T2Q5<R1*.

40 + 7
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The alternative case is thatt; is set so high that no own assembled product is sold in
Region 1, 0or w < (tj - tkl)/T. However, given that this constraint does not bind in the case

above, it could never increase tax revenue by raisingta1 till it does: by Ioweringtj to relax the

constraint, some high-wage individuals can be induced to shift from lower-taxed Kits to higher-

taxed assembled product, and tax revenue increases.
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CASE F2.(ii): the inclusive price line of an own kit intersects ABDE on BD.

The inclusive price lines in Region 1 are shown in the figure below:

T

cigarette
price
premium

1 AwT+wd c £ 2w
D t, +wl
t t!
E a
t
t?
1}
1 T -
f = (0+ E)W
6-T
| ] —t
ﬁ hf-(fﬁz)wx‘\ I
2 2 ta - tk
0 T
Region 1

Figure: inclusive price lines in Region 1 in Case F2.(ii)

In Region 1: an individual in Region 1 faces the same price for an own kit and an imported pre-

assembled product if p + 1, + wT' = p +t. +wd or, setting z = (8 + T/2)w, if

w=(t - (5 +T/2W)/(©6 - T).
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In this case, revenue maximization by Region 1 requires that (ta1 - tkl)/T < w. Ifthis

constraint were to bind, no other constraint prevents Region 1 from lowering tal. By doing so, it

could induce some high-wage individuals to shift from lower-tax Kits to higher-tax assembled
product, raising tax revenue.

Region 1's problem is:

1.1
t, — 1
max 7

T 1 w 1
g R = [T 0fwdw « [ 1, Oftwdw
kola f =@+ 2w fa %

6-T T

st (5+§)ﬁ=t2_ L

R U A (ROT

<
6-T )

G +T/2)ws tk1 is implied by the third constraint andtk1 < tj is implied by the fourth constraint.
These two constraints are therefore ignored.

Setting{lw) = 1/w and integrating, tax revenue is:

T 0-T

1 T, -
1 1 -0+ >)w 11
t, -t k t
Rl:gtkl a " 2 +tal( a ]
w
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The Lagranean is:

i}

+4 ——— = -

-+ Dyw
2 . 5 )

A R

w
2

6-T )

The Kuhn Tucker Conditions are:

1 T, -

1 1 1 1t -0+ )w 1
a_gp_g_t_k_ % +ta_tk_k ( 2) +ta
o, W 5-T T 5-T

11 11

o2 2k L 5 Lk B C_,
ol W T T T 5 T

-6+ Dw
o 2 CS 40
ey 5-T 2

-6+ D i -6+Dw
o 2 2 cs
B 5 5-T

TryA>0and B=0:

From Equation (3):
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6-T

A

B

B > 0.

| + —_ =
T 0-T o6-T

)

)
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1 _ 30-
tk = TW

From Equation (2)

Equation (1) gives:

A=0+ g)Q > 0 as required ;
And
B¥+Ts 6+ Bu_6+Dw
od _ 2 2 2 2 . 0>0 as required.
OB 0 0-T

Tax revenue in Region 1 is:

36 - T, -
_ —w-(0+>w _
38| w_ 2 2 36+T—(— w] 38+ T
> + ww-—)|| =
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CASE F2.(iii): the inclusive price line of an own kit lies above ABDE.

The inclusive price lines in Region 1 are shown in the figure below:

1 AwT+wd £ 2 wd
T //C tk] vl
t, !
. a D g
cigarette B
price
premium t,
12
0 (A
— _ W_
APEE NN
2 2
)

Region 1

Figure: inclusive price lines in Region 1 in Case F2.(iii)

Region 1 sells no own Kits so that effectivelyta1 is the only choice variable for Region 1. Region

1's problem is:
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R - [5 ¢! 0 fiw) dw
t tl—(6+§)1; a

a a

)

W= t2<t);

a a’

T
s.t. 0+ =
( 2

1 T, -
t.-(0+=
a (+2)w

SYRY

)

The first constraint is implied by the second constraint and can be omitted.

Setting Aw) = 1/w and integrating, tax revenue in Region 1 is:

1 T, -
t -(0+=
1 a(+2)w

R O L R p——
w 0
The Lagrangean is:
t -6+ Dy AR
9 =25 — 2 |y — 2 ¥
w ) 3 2

The Kuhn-Tucker conditions are:

1
t -
4 Q| e, 5 7 2 1,4 _, (1)
ot W[ ® 5 5
-0 +w  _
oL _ Y0 CS 4> 0. @)
a4 5 2
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Try A>0.
From Equation (2):

1 _ 30+T -
t, = w.
2

In Equation (1):

4 _2+ TQ >0 as required.

0 20

By construction:

9F _ 0 as required.

04

Tax revenue in Region 1 is:

30+T

5 w6+ Dyw 5
* TS - 2 =34+TQsz<R1*.

2 )

R! =

S
W

4. SUMMARY

Given the strategy of Region 2 of t,f = dw and tf =(8 + T/2)w, | have considered the tax
revenue achieved by Region 1 under all possible strategies of tk1 andtj . Provided & > 2T, no
alternative strategy gives more revenue than tax revenue R '* achieved by the strategy of z‘k1 = 0w
and ta1 =(8 + T/2)w. Therefore tk1 = 0w andta1 =(8 + T/2)w is a best response of Region 1, and
by symmetry 7, =t} =8wand 7, = ¢’ = (8 + T/2)w is a Nash Equilibrium.

-98-



ENDNOTES

1. Note that the inclusive price line of an own kit is upward sloping but the price line of an
assembled product is horizontal. Theorefore if the inclusive price line of an own kit does not
intersect on AB, it does not intersect ABC

2. Note that the inclusive price line of an own kit is upward sloping but the price line of an
assembled product is horizontal. Therefore if the inclusive price line of own Kits does not
intersect on AB or BD, it does not intersect ABDE
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