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Appendix I

This appendix shows how production patterns, emission patterns, profits,
consumer’s surplus and tax revenue are affected by a change in ¢4. From the
firms’ first order conditions, we get for the market in country A:

Faa(waa,vpa,tatp) =poaa+pa—ca—ta=0 (1)

Fpa(waa,zpa,tatp) =pixpa+pa—cp—tp =0. (2)

The Implicit Function Theorem states that Fiy4 = 0 and Fg4 = 0 implicitly
define continuous functions

raa =2a4(ta,tB) (3)

zpa =pa(ta,tn) (4)

and that these functions have continuous partial derivative if F)44 and Fga
have continuous partial derivatives and the following Jacobian determinant is
non-zero:
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(Plazaa +204)(Parpa + 20)) — (Phwaa +Pu)Phzpa + ply)
= Pallhwpa + ) + Phwaa +2p)].
It follows from the second order conditions (p’jz 44 +2p’y < 0) and the assump-

tion that quantities are strategic substitutes (p/jzpa + p’y < 0) that A4 > 0.

1) Total differentiate equations (1) and (2) and rewrite in matrix notation:
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Using Cramer’s rule, we find that
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Total supply to market A is x4 = x4 + g4 and
O _ — (Whwpa +P) + Warpa+20) _ Pa _ (10)
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Define ®pa(tatp) = piorpa + 2p/y and EBA(tAjB) = pixpa + p'y. Take
the partial derivatives:
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Moreover, notice that
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Unless we put restrictions on p’f and p’}, the sign of these derivatives is ambigu-
ous. Therefore, it is not surprising that the effect of a change in ¢4 on marginal
production is ambiguous as well. Assuming that p”’ = 0, the two (relevant)
second derivatives of x44(t4,tp) and zpa(ta,tp) are:
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If p’4 = 0, the two second derivatives are zero.

2) Discharge of emission from the firm in country A is eq = x 44 +x 45 with

Des _ (Whvpa+2) | Whrss +%h) (16)
Ot s Ay Ap




where Ap = ps [(PsraB +Pg) + (WsreB + 2p%)] > 0. Discharge of emission
from firm B is eg = xgp + x4 with
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_ 0. 17
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Total emission is F = e4 + eg with

OE _ph | Pp
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3) The (total) profit function of firm A is:

m4() = pa()raal) +pe()rap() — (ca +ta)zal.)

(19)
From the Envelope Theorem, we get:
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Use equation (20) to calculate:
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The sign of P4
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ez 18, in general, ambiguous. However, if p’i = p%; = 0, then
e | 1
T = sl ) > 0.

4) Consumer’s surplus for consumers in country A can be written as u (z 44 (\) + zpa (.))—
DA (:L‘AA () + A ()) [:L‘AA () + A ()} Using the fact that p4 = Ou

0. We get:
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The second derivative is:
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The sign of TZSA is, in general, ambiguous. However, if p’y = 0, then %‘1
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5) The tax revenue collected in country A is R4 = tse4 and
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The second derivative is:
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If p} =0, thena—thA 3 +70) <O

Appendix II

In this appendix, we analyze the second order condition associated with
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where
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The sign of the derivative is, in general, ambiguous but %ﬁ <0if B, and 64
are sufficiently large. If p’} = p/5 = 0 and p/y = pz = p/, then

oAA() 1,  pl4
8tA - p/(gA 7A9)
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which is surely negative if (64 > &).



