Depth versus Rigidity in the Design of
International Trade Agreements

Leslie Johns

Supplemental Appendix — September 3, 2012

1 Alternative Punishment Mechanisms

The one-period utility functions of the home and foreign government—W and W*, respectively—are
as follows:

W(t,m,0) = au(t)—t—u(r)
W*(t, 7, « au(r) — 7 —u(t)
Losses are:
L(t) = W(ttp,a)—W(t,1,a) =u(t) —u(rp)
L*(t) = W*(tp,r,a)—W*"({t,7,a) = u(t) —u(tp)

Let xp denote the continuation payoff from the punishment that occurs if at least one player defects.
Assume that xp is not a function of the specific value of the defection tariff.

Let xc denote the continuation payoff if the treaty remains in effect (neither player defects).

Recall that a,« ~q U[1, A] for large A, v/ > 0, and v” < 0.

1.1 Optimal Tariffs

The home country’s expected utility from violating the binding and not paying the fine (defection) is:

A ap
EUD|ta) = au(t)—t—/u(r(a))dH(a)+/UL(T(a))dH(a)+5Xp
1 s

So the optimal defection tariff solves:

OEU(Dlt, a)

This violates the binding iff:

1 1 1
t = (Z)>tp & Z<d(t & a>—— =
pla) =u <a> b o~ (t5) 7w (tm) “5



The home country’s expected utility from violating the binding and paying the fine (settlement) is:

A ap
EU(S|t,a) = au(t)—t—oL*(t) —/u(T(a))dH(a)+ /UL(T(a))dH(a)

+H (ap) dBxc + [L — H (ap)] dxp

So the optimal settlement tariff solves:

OEU (S|t
% = au'({t)—-1—0u'(t)=0
s () = ! & tgla) =u'"! !
a— a—o

This violates the binding iff:

ts(a) = T <a — ) >tp & —— < u' (tg)

= > L +
a oc=a
W (tp) °

Note that: ts(a) < tp(a) for all a.

The optimal cooperative tariff is:

_J tp(a) ifa<ap
tB(a)_{ tB ifCLB §a

1.2 Equilibrium Regions

The home country’s expected utility from actions C, S, and D given optimal tariff levels are:

EU (Cltp(a),a) = au(tB(a))—tB(a)—/Au(q—(a))dH(a)+7D0L(T(a))dH(a)
+H (ap) 68xc + [11— H (ap))dxp -
EU (Slts(a),a) = aults(a) —ts(a) — oL (ts(a)) - /A U(T(a))dH(Oé)+70L(T(a))dH(a)
+H (ap)68xc + [1 — H (ap)] 5X1P "~
BU(Dltp(a),a) = au(tp(e)) —tp(a) - /A u(r(a))dH (a) + 7DUL(T(a>>dH<a) +oxe
1 as

To compare utility from actions C' and S, define for ag < a:

A(a) = EU(C|tg(a),a) — EU (S|ts(a),a)
= au(tp)—tp—au(tg(a)) +ts(a) +oL* (ts(a))
Note that tg (ag) = tg, so A (ag) = 0. Also:

B = i)~ ultsla) ~ (- o) (1s(a)) P50

= u(tp) —u(ts(a)) <0

Ots(a)
da + da




So S strictly dominates C' for all ag < a.

To compare utility from actions S and D, define for ag < a:

A(a) = EU(S|ts(a),a) — EU (D|tp(a),a)
= au(ts(a)) —ts(a) —oL” (ts(a))
) —au(tp(a)) +tp(a) + 0H (ap) (Bxc — xp)
So: %—i = (G—U)U/(ts(anat;i;a)_&;7?+u<t5(a))
8tD(a) atD(a)

2209 o (1) 22 1)
= wu(ts(a)) —u(tp(a)) <0

So D strictly dominates S for sufficiently large values of a. By symmetry, indifference point ap is
implicitly defined by:

A = ap [u(ts(ap)) —u(tp(ap))| +tp(ap) —ts (ap)
—oL* (ts (ap)) +0H (ap) (Bxc —xp) =0

The equilibrium exists iff: A (ag) > 0.

1.3 Continuation Values

Let tg(a) denote equilibrium tariffs when the institution is in place.

The continuation payoff for home from the treaty being in effect is:

A ap A
e = / la (t(a)) — tr(a)) dH () — o / L* (tp(a)) dH(a) - / u (v () dH ()
0 as 1
+o / L* (tg(a))dH (a) + 6H (ap)2 Bxc + 6 [1 — H(aD)Q} XP

e

~ 1-0pH (ap)”
A

where / [(a=1)u ))—tE(a)]dH(a)—&-é[l—H(aD)z} XP

1.4 Comparative Statics

Full Compliance

Recall that the binding is not violated if a < ag = ,(t y o So the probability that the binding is
not violated is H (ag).

"
Ous _ —w'(ts) o g 9% 15
6tB [u’ (tB)] do

Stability



The institution is stable if a < ap. By the implicit function theorem:

5‘aD _/\tB and 8aD _ )\U
atB o >\aD 80- N )\aD

Then for large A:

Ots (ap) Ots(ap)
8@[) 6&[)

+u(ts (ap)) —u(tp (ap)) + 6H (ap) W#D_XP)

d(Bxc — xp)
8aD

8tD ((LD) + BtD (aD)
8aD 8@[)

+dh(ap) (Bxc — xp)

Xap = (ap—0) v (ts(ap))

—ap u’ (tD ((LD))

= U (ts (aD)) —Uu (tD (GD)) + o0H (aD)

9 (Bxc —xp)
otg
Ots(ap) 9ts(ap)
do 0o
—[u(ts (ap)) —u(tp)] + 6H (ap) W
0 (Bxc ~ xr)
oo

+dh(ap) (Bxc — xp) <0
A, = ou (tg)+dH (ap) >0

Ao = (ap—o)u (ts(ap))

= —[u(ts(ap)) —u(tp)l+0H (ap) <0

) dap Odap
So: Oig >0 and E <0

Depth versus Rigidity

Recall that xc is the expected utility of a state from being a member of the cooperative regime.

equilibrium, A = 0. So for any pair (t5,0):

_ op [u(tp(ap)) —u(ts(ap))] — tp(ap) +ts (ap) + oL” (s (ap)) | xp
xe SBH (ap) 3

The two first-order conditions on the optimal pair (tg, o) are:

dxe _ Oxc n Oxc dap _ 0
dtB 8tB 8(1,3 BtB
dxo _ Oxc n Oxc dap _ 0
do Jo Oap Oc
This implies that:
Ixc dap
otp _ otp
xc ~  9ap
do oo
o da
(%) ( 80D) B 8aD
8{'3& o Ot

So for any pair (tp,0) that generates x¢ (t5,0) = x*:

In



do XC Xc + 9

B B ap
(352 (%) + (32) (%2) (32)
(B pe%r) e
o -9
B lBe+ (Be) 32 &
where:
Ixc _ 1 , Ots (aD) Otg ((ID) , Ots (CLD>
X~ oy |on (s ap) 2 {2) X0 o g0y 251
1 * 1 aXP
TS5 (ap) | (tS(aD))H(ﬁ) 9o
_ Llslp) (1)
0BH (ap) B) Oo
Ixc _ —UU’(tB)+<1> oxp
Otp 0BH (ap)  \B) Otg
So:
L ap dx
dtg  —%e -~ [5é§(ap))) (B)T}
do Ixc —ou'(tp Ax
“ ot MH((atD %)T

_ Lx (tS (ap)) +6H (aD) Do > (0 for small A

u' (tg) — H (ap) F&

2 Asymmetric Type Distributions

Assume that home country type, a, is distributed according to distribution function H(a). Denote
home continuation payoffs by xn and x¢.

Assume that foreign country type, a, is distributed according to distribution function F'(«). Denote
foreign continuation payoffs x5 and x¢&.

The one-period utility functions of the home and foreign government—W and W*, respectively—are
as follows:

W(t,r,a) = au(t)—t—u(r)
W*(t,7,a) = au(t)—71—u(t)



Losses are:

L(r) = W(t,7,a) — W(t,1,a) = u(t) —u(rp)
L*(t) = W*(tg,r,a)— W', 1,a) =u(t) —u(tp)

2.1 Optimal Tariffs

Home

The home country’s expected utility from from violating the binding and not paying compensation
(defection) is:

UDlt,a) = au(t)—t-— / w(r(a)) dF (o) + / oL (7 (@) dF(a) + Sy
as
So the optimal defection tariff solves:
W = ad(t)—1=0
1
s Wit)== & tpla)=u""! (a)

This violates the home binding iff:

tp(a) =u/ " E >tp & l<u’(t) & a> ! =a

pla) = . B . B Wty B

The home country’s expected utility from violating the binding and paying compensation (settlement)
is:
ap
USita) = ault)—t—oL*(t) — / w(r(a)) dF (o) + / o L(+(a)) dF(a)

as

+F (ap) 6fxc + [1 = F (ap)] dxn

So the optimal settlement tariff solves:

AU (S|t, a)

ot = au'(t)—1—0u/(t)=0

This violates the home binding iff:

1 1
ts(a) = u'™* <) >tp & —— <u (tp)
a—o a—o




Note that: tg(a) < tp(a) for all a. The optimal cooperative tariff is:

N tD(a) ifa<ap
tB(a) - { tB if ap <a

Foreign

The foreign country’s expected utility from from violating the binding and not paying compensation
(defection) is:

U*(D|r,a) = au(r) —Tf/u(t(a))dH(a)+/crL* (t(a)) dH(a) + dxn

as

So the optimal defection tariff solves:
oU* (D], «)
or

This violates the foreign binding iff:

1 1 1
/—1 / —
T = — | > = — T 54 > —— =
p(a) =u < ) B < (7p) @ u (7B) aB

The foreign country’s expected utility from violating the binding and paying compensation (settlement)
is:

ap

U (S|r,a) = au(r)—7—0L(7)— /u(t(a)) dH (a) + /JL*(t(a)) dH (a)
as
+H (ap) 6Bx¢ + [1 — H (ap)] 0xy
So the optimal settlement tariff solves:
oS, @) (;T'T’ 9~ au(r)—1—ou(r) =0
s u(r)= L & 19(a)=u'"! 1
a—o 5 a—o
This violates the foreign binding iff:
1
T5(a) = /7! < ) >71p & < (7B)
a—o —
< o> m + o= ag

Note that: 7g(a) < 7p(«) for all . The optimal cooperative tariff is:

() = (a) fa<ap
B\ = B ifaBga



2.2 Equilibrium Regions

Home

The home country’s expected utility from actions C, S, and D given tariff levels above are:

ap

U(Clts(a),a) = au(ts(a)) —tnla) — / w(r(a))dF(a) + / o L(r(a))dF (a)

s

+F (ap)6Bxc +[1 - F(ap)] dxn

ap

U(Slts(a),a) = au(ts(a)) —ts(a) —oL” (ts(a)) — /u(T(a))dF(a) + /JL(T(a))dF(a)

+F (ap)dBxc +[1 - F(ap)]dxn

ap

U(D|tp(a),a) = au(tp(a))—tpla)— /u(T(a))dF(a) + /UL(T(a))dF(a) +0xN

as

To compare home utility from actions C and S, define for ag < a:

A(a) = U(Cltp(a),a) — U (Slts(a),a)
= au(tp)—tp—au(ts(a)) +ts(a) +oL* (ts(a))

Note that tg (as) = tg, so A (ag) = 0. Also:

oA Ots(a)  Ots(a)
da

So S strictly dominates C for all ag < a.

To compare home utility from actions S and D, define for ag < a:

A(a) = U(S|ts(a),a) — U (Dl|tp(a),a)
= au(ts(a)) —ts(a) — oL” (ts(a))
—au(tp(@) + tnla) + F (ap) (Bxc — xv)
0A Ots(a) Ots(a)

. _ — — / — _~ 7
So: 9a (a—o)u' (ts(a)) 5a 5a +u(ts(a))
dtola) 9t (a)
t—p, —au (tp(a)) —5 — —u(tp(a))
= wu(ts(a)) —u(tp(a)) <0

So D strictly dominates .S for sufficiently large values of a.
Indifference point ap is implicitly defined by:

A = ap [u(ts(ap)) —u(tp (ap))| +tp (ap) —ts (ap)

—oL*(ts (ap)) + 0F (ap) (Bxc — xn) =0



The equilibrium exists iff: A (ag) > 0.
Foreign

The foreign country’s expected utility from actions C, S, and D given tariff levels above are:

ap

U* (Clrs(a),a) = au(rs(a)) - ra(a) — / w(t(a))dH (a) + / o L* (t(a))dH (a)
+H (ap) 0B8x¢ + [1 — H (ap)] dx N

U*(S|rs(a),a) = au(rs(a)) —1s(a)) — oL (15(a)) — /u(t(a))dH(a) + /UL*(t(a))dH(a)
+H (ap) éfxc + (1 — H (ap)] oxx

ap

U* (Dlrp(a),a) = au(rp(a) - mpla) - / ut(a))dH (a) + / o L* (t(a))dH (a) + 85X

as

To compare foreign utility from actions C' and S, define for ag < a:

A%(a) = U*(Clrp(a),a) = U" (Slrs(a), a)
= au(rp) — 18— au(rs(a)) + 1s(a) + oL (ts())

Note that 75 (ag) = 75, so A* (ag) = 0. Also:

6A* _ / (97’5(0&) Its (Oé)
= u(rs) —u(rs(0) — (- o) (rs(a)) Ty TS
= u(rp) —u(rs(a)) <0
So S strictly dominates C for all ag < a.
To compare foreign utility from actions S and D, define for ag < a:
A*(a) = U*(Slrs(a),a) = U" (Dlrp(a), @)

= au(rs(a)) —71s(a) — oL (1s())
—au(tp(a)) + 7p(a) + 0H (ap) (BXx& — XN)
@,

Sor G = (o) (rsf)) T OB ()
ﬁ%’é‘” —aud (1p(a)) 87150(&“) —u(rp(a))

= u(rs(a)) —u(rp(a)) <0

So D strictly dominates .S for sufficiently large values of «.



Indifference point ap is implicitly defined by:

A = ap [u(rs (ap)) —u(rp (ap))] + 7p (ap) — 7s (ap)
—oL(7s (ap)) +6H (ap) (Bxe — xn) =0

The equilibrium exists iff: A* (ag) > 0.

2.3 Continuation Values
Let tg(a) and 7g(«) denote equilibrium tariffs of the home and foreign country, respectively, when the
institution is in place.

If the institution does not exist, then the home and foreign country choose tp(a) and 7p(«) in every
time period. This yields anarchy continuation payoffs:

w = 5] [leutw@) - to@lan - [l @)ar @)}

1%5 {/[au(TD (a)) —7p ()] dF () —/u(tD (a))dH (a)}

*

XN

Home
The continuation payoff for home from the treaty being in effect is:

ap

xe = / la (t5(a)) — t(a)] dH(a) — o / L* (t(a)) dH (a) — / u(75(0)) dF (a)

+o / L (rp(a))dF(e) +0H (ap) F (ap) Bxc + 6 [1 — H (ap) F' (ap)] xn
as N
1-— 5ﬂH (CLD) F (OlD)

where U = /[au (tg(a)) —tr(a)] dH(a)—a/L* (tE(a))dH(a)—/u(TE(a))dF(a)
+o / L(tg(a))dF(a)+ (1 — H (ap) F (ap)] xn
Foreign

The continuation payoff for foreign from the treaty being in effect is:

10



+U/L* (tg(a)) dH(a) +0H (ap) F (ap) Bxc + 0 [1 — H (ap) F (ap)] X

as

J— ‘y*
o 1-— 55H (GD) F(aD)
where U* = /[au(TE(a)) —1p(a)]dF (a) — J/L(TE(a)) dF (o) — /u(tE(a))dH(a)

o / L* (tp(a) dH(a) + 61— H (ap) F (ap)] X

as

2.4 Comparative Statics

Full Compliance

Recall that the home country does not violate its binding if a < ag = m +o.

B — 0
as _ —uw"(tB) o anq %% _1 g

e [u (tp)]? do
Recall that the foreign country does not violate its binding if @ < ag = m + 0.

o
Oas _ —w'(T8) o ana 295 150
87‘5 [u’ (TB)] Oo

Stability

The cutpoints (ap, ap) are implicitly defined by the system of equations:

)\ (CLD, O¢D) =

)\* (aD, OéD) =

By Cramer’s Rule:

‘ Aty Aap ‘ “Xo Aap ‘
dap _ | =Ny Nap | 4 Gap _ | 2N A,
oty ‘AGD Ao do ‘)\GD Ao ‘

DYDY Aap Aap

11



7>\7'B )\llD *>\o' )\aD
dap —ATs Aap dap —re Aap
= and =
87—3 /\aD >\aD 80- )\CKD A(,LD
AZD )\;D /\ZD /\Z‘D
where:
9
Nap = ults (ap)) = u(tp (ap)) + F (ap) FHrc
ap
_ Ixc
Aap = OF(ap)B . +40f (ap) (Bxe — xn)
ap
9
Ny = ou'(t3)+5F(aD)ﬁ(Xc)
Otp
_ Ixc
do = 0P (an) 5 (5C)
9
Ao = —L"(ts(ap)) +6F (ap) XL
ag
. oX& "
A,, = O0H(ap)p 3 +6h(ap) (Bxe — XN)
ap
A IXC
Aap = ulrs(ap)) —u(rp(ap))+0H (ap) b
ap
8 *
N = 6H(ap)ﬁ<a);§>
Xi, = ou(ra) +6H (ap) FC
aTB
a *
N = —L(rs(ap)) +0H (ap) gEXE

Comparative statics on ap

oo

As h(ap), H(ap), f(ap), F(ap) grow small:

Aap

ap

- Aap A

ap

E

ap ‘ap

— Xap i

ap tap

Ixc

(57 (@03 (322) + 67 (an) (50 — )| = [ am 5

aaD

[u(ts (ap)) = u(tp (ap))] x [u(7s (ap)) —u(7p (ap))] > 0

12

0t (@) = u(tp (@) + 5 (ap) 55X | x [u(rs @) = u 7 () + 51 (ap) SAE |

oxXe
8aD

oxg

)+ dhan) (&~ x|



= _)\tB)\ZD + )\QDA;FB

_ [Uu/ (tg) + 0F (ap) B (?91(;)] X [u (7s (ap)) —u(mp (CYD))JréH(aD)ﬂgzi]

+ o7 (@015 (55) 47 @) (ne x| x [ (ap) 5 (502 )

—  —ou' (tg) [u(rs (ap)) —u(7p (ap))] >0

‘ :ii igD = AcAa, TAapAs
= —|-L*(ts(ap)) +0F (aD)ﬂaaXUC] X [u (ts (ap)) —u(mp (ap)) + 6H (ap) 52X6]
ap
+ 5 @) 8 (22 ) + 61 (an) (9 = )| x [~ (rs @) + 01 (a) 890
— L™ (ts (ap)) [u(7s (ap)) —u(7p (@p))] < 0
So:
’ —As Aap
dap “Ay Ao —ou’ (tp) [u (s (ap)) — u(7p (ap))] 50
otp ’ /A\f:D iiw [u(ts (ap)) —u(tp (ap))] x [u(rs (ap)) —u(7p (ap))]
ET
dap _ | A Aap | L* (ts (ap)) [u (s (ap)) — u(rp (ap))] <0
do ’ iZD igD ‘ [u(ts (ap)) —u(tp (ap))] X [u(rs (ap)) —u (7D (ap))]

Comparative Statics on ap

As h(ap), H(ap), f(ap), F(ap) grow small:

Aoap  Aa . .
‘)\:z )\22 - )‘QD)‘ap_)‘aD)‘ap

— |7 @08 (55 + 67 (an) (ne — )] ¢ [517 a8 (F22 ) + 61 am) (96~ x|

IXE
aOZD

[0t @)~ utto (@) + 67 (ap) 5G]  [u(rs (@) = u(rp (ap) + 07 (ap)

— —ults(ap)) —u(tp (ap))] x [u(7s (ap)) = u(7p (ap))] <O

13



So:

So:

= “ApAi, A,

TB ‘ap

O0TB Odap

= o (o3 (2 ) o ) 3 (1) 4 0 (9 )]
s @) = uto (@) + 0F (ap) BGXE] | () + 077 () 52E |

— ou' (18) [u(ts (ap)) —u(tp (ap))] <0

igD = AN, Aap Al
= [ s oo 57 (00) 5% < 51015 (22) 4 o Ga) (912 i)
I |:U (tS (CLD)) o U(tD (aD)) +0F (OlD) 62)(0:| X |:—L (TS (QD)) +0H (GD) ﬁaax*cj|
ap o
—  —L(7s(ap))[u(ts (ap)) —u(tp (ap))] >0
‘ Arg Aap
dap A Ao ou' (1) [u(ts (ap)) — u(tp (ap))] >0
s ‘ iiD iaD —[u(ts (ap)) —u(tp (ap))] X [u(rs (ap)) — u(7p (ap))]
‘ _>\0' >\aD
dap Ao Aap | —L (75 (ap)) [u(ts (ap)) — u(tp (ap))] <0
do ‘ Aap  Aap —[u(ts (ap)) —u(tp (ap))] X [u(7s (ap)) —u(mp (ap))]
)\ZD )\ZD
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