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Online Appendix A. An example where buyers play a signal-
ing game when tokens are imperfectly recognizable

Below, we consider a signaling game and show that for low « and high op, a sep-
arating equilibrium exists: H-buyers hold M unprogrammed tokens and consume
too much while L buyers hold 1/(1 — «) < M programmed tokens and consume
efficiently.

Suppose on the North island, a fraction 7 of buyers learn in advance that, if
they trade in the North, the sellers will be uninformed. When an uninformed seller
is offered m tokens in a match, the seller’s belief is that all the m tokens offered
are NOT programmed whenever m > M, otherwise the belief is that they are all
programmed. Suppose u(q) = logq. We conjecture that, in equilibrium, py = 1 and
p1 = or(1 — «). That is, buyers of different types separate by choosing different
portfolio. L-buyers hold less than M p;-tokens and H buyers hold more than M
po-tokens. We will verify that these are the equilibrium prices.

Define

1y = 1iff mg+mq > M.

The problem of a type ¢ buyer is

max o;u(qy ;) + (1 — 0)ui(gsi) — pomo — prma
™;0,MM41



where

qJT(Ci = (m +ma ) (1 — a) + Lar(mio + mir)a,
qs,i = Mo,

ur(gs) = €gs,

um(gs) = u(gs)-

First, consider L-buyers: Suppose 15, = 0, then:

max opu((mpot+mrr)(1—a))+(1—op)empo—mpo—op(1—a)mpi+Ay [M — (mpo + mp1)]
mro,mri

The FOCs are
1

(mro+mr1)
1

(mro+mr1)

mro - gy, —|—(1—0’L)€—1—)\M S 0,

mr1 - oy, —UL(l—CY)—)\M S 0.

with & small enough, myo = 0. Then either mpo=1/(1 —«a) < M or mpo = M.

1
lezmin{—,M},
-«

Mmro = 0.

e Hence, the solution is

Suppose 137 = 1, then:

max aLu((mLo + le)) -+ (1 — O'L)ETTLLO — Mo — O'L(l — Oé)le

mrpo+mrpi1>M
1
mp = max<{ ——, M >,
11—«

mro — 0.

Hence, the solution is

Then the buyer chooses between (i) revealing the true token type

1
lezmin{—,M},
1 -«
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with a payoff

o1 log <(1—a)min{1ia,M}) —aL(l—a)min{lia,M},

or (ii) pretends to hold programmed tokens by choosing

mr1 = muo > M,
with a payoff
or{logmpo — (1 — a)mpo}.

Option (i) is better if

log ((1 _ ) min { 1 1 -, M}) o (1—) min {ﬁ M} > log maro—(1—a)muo.
(1)

Second, consider H-buyers, suppose 15, = 0, then:

+max Y UHu((mH0+mH1)(1—a))—i—(l—aH)u(mHo)—mHO—UL(l—a)mH1+)\M [M — (TTLHO + TTLHl)]
My +MH1

The FOCs are

1 1
mHinH——i-(l—O'H)——l—)\M:O,
Mpo + Mu1 MHo
1
myg1 .og——— —or(1 —a) — Ay <0.
H1 HmHo—i-mm L( ) M=

If my1 > 0 and Ay = 0, then we have

U—H:mH0+mH1 < M,
O'L(l—Oé)
and
1—0’H
Mygyg= ————.
=1 61— a)

Otherwise, my, = 0 and Ay, = 0, then
Mmyo=1< M,

which is consistent with myy =0 iff oy < op(1 — «).



If Ay > 0 then mpgo +mpg1 = M and if mgy; > 0 then

1 1 1
cy———————+(1l—0oyg)— —1—opg———— —01(1l — & = 0,
HmHo+mH1 ( H)mHO <HmHo+mH1 2 )>

1
l—oy)— —14o0(1l—a) = 0,
( H)mHO 1 )
so that
m _ (]—_UH)
=1 s (1—a)
If mgy = 0 then mpyo = M which is consistent with mg; = 0 iff
1
O'HM—JL(l—Oé)—)\M S O,
! (1 ) 1+(1 )1 1] < 0
UHM oL « UHM UHM > )
1

—O‘L(l —CE) — (1 —O'H)M+1 < 0,
or
(1—on)
1— O'L(l — Oé) ’
Notice that all of this is consistent with the seller’s beliefs that all payment below M
is done with programmed money. Suppose 1, = 1, then:

M <

max ogu((mygot+mp))+(1—og)u(mpyo)—mpo—or(1—a)my1+Ay [mpo + my1 — M|

mpgo+mpg1>M
FOC:
mHO:aH——{—(l—aH) —1+)\M:0,
myo + My mHo
1
mpg, og——————— —O’L(l —a) —l—)\M S 0.
Mo + Mi1
If my1 > 0, then we have
o
Mo + My = — M,
O’L(l — CK)
or o
Mo +mmg = M > —H,
O'L(l — Oé)



and
1—0’H

T 1- or(1—a)
Otherwise, mgy; = 0 and (with M > 1):

mmgo

mH0:M>1,

which is consistent with mg; = 0 iff

1
og— —o(l—a) < 0
mmo
_ 9" -y
or(1—a) —

Overall, if
o
M>max{1,TH_a)} (2)
then, conditional on 15, = 1, it is optimal to choose
mm = 0,mpo = M,
with a payoft:
oglog M — M,

and conditional on 15, = 0, if ﬁ <1,

mg = 0,mpo = 1,
with a payoft:
oplog(l —a) — 1.
Hence, H-buyers choose mygo = M to reveal the true type of tokens iff
oglogM — M > oglog(l —a) — 1.
Under this condition, myo = M and going back to the choice of L-buyers, option (i)

is better if

1 1
1_a,M})—0L(1—a)min{1_a,

L M) = o(1 = a) min{—

log((1 — o) min{

M} > logmpye— (1 —a)mg3)

log((1 — o) min{

M} > logM — (1 —a)M. (4)

1—a’ 1—a’



We require M > 1/(1 — «) so that L-buyers choose mz; = 1/(1 — «) and H-buyers
choose mpgo = M. So this signaling equilibrium exists iff oy < o7(1 — «) and

> P— 1
max — =

Top(1—a) ’

oglogM — M > oglog(l—a)—1,
>

log M — (1 — «)M.

M

-0,



Online Appendix B. An example where sellers have trade
surplus

Suppose the utility function of sellers in the final period is
us(QS,S) = (1 + 7) min{lv QS,S}'

Then the first-best allocation requires that the consumption of sellers in the final
period to be ggs = 1. Then the marginal value of a token to a L-buyer is

opt'(qn.L)[1 —a+a(l=p)(1+9))] + (1 —or)e(1 —p),
and the marginal value to a H-buyer is
ot (gym)[l —a+a(l=p)(1+7)]+ (1 —on)u'(gs.n)-

When My = {0}, My = {1}, the equilibrium conditions for L-, H- buyers and
the banker are given by:

¢1 = Bopu(qu,o)(1 — @)

¢1 = Bor(l —a)
po = Bopu' (qn.m)(1+ ay) + B(1 — og)u'(gs,1)
¢o =

Assume u(q) = log(q). Then, the first two conditions imply that
QN,L = 1 = mL(l — O[).
The last two conditions above imply that

mH:1

gnag =1+ay>1=qsn

H-buyers have no incentive to hold p; if

¢1 > Bopu'(qu)(1 — a)

or
OH
14+ ay’

which is satisfied. Finally, L-buyers have not incentives to hold pq if

oy >

b0 > Boru'(gn)(1+ ay) + B(1 — op)e

7



or
oy

— oy,

1> +e.

So, for v not too big, this is an equilibrium. However, the allocation is

gn = 1,95 =0
gng=1+ay>1,qgs5 =1,
fHUH

el
faou + fror

gds,s =

Hence, the sellers under-consume in the South while H-buyers over-consume in the
North.



