Online Appendix
Repression of Enslaved Americans’ Protest:
A Model of Escape in the Antebellum South

A Optimal investment in pursuit

To find the enslaver M’s optimal investment in pursuit, take the first and second derivatives of his
utility function with respect to k(cg). Recall that the M’s belief that a runaway who produced cg is

a high type is p(cs), and that the probability of successful escape for a runaway is ¢(k) = 1-%«

Uu= Bl (=N - )+ (1= ples) e (1- T0) &
SUy _ q-[p(cs)-(en—7)+(1—ples)al
oK (1+ k)2
= Va-ules) (=7 + (1 —ples) -] - 1
Uy _ —q-[u(es) - (en—7)+ (1 —pulcs)) -a] - (2+2x)
O K2 (1+x)*

The critical value of k = \/q- [ (cs) - (cn —¥)+ (1 —p(cs)) -] — 1, and it is an argmax, be-

82Uy
SK2

cause < 0. Because k € Ry, if /g [(cs) - (cn— Y —c1) + ] — 1 <0, the enslaver would

set K = 0.

After observing low output, the enslaver invests k* = max{0,/q- [u(cs) - (cn—y—c1) +ci] —

1}. Solving for u, we have that the enslaver invests zero in pursuing low producers when u(cs) <

1—g-¢;

o= Note that if ¢; > %, no belief can sustain an investment of zero; M will always invest

= 1—G- .
Va-lules) - (ch—y—cr)+a]—1. M?% is always less than 1 because c; —y > % by as-

sumption 2. After observing high output, M knows that a runaway is a high type, and so he invests

K'=+/q (cp—y)— L
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The optimal values of k allow us to define the values of probability ¢(x) realized in equilib-

. . — q_
rium. See equation 4, and observe that § > \/ L) er—r=a)ie = -

—_— M 1__.
J Jif es = ¢ and p(e)) < 7oA
. g . . 1—-g-c
q(x) = \/M(cz)'(ch—Y—cz)Jrq sif es = ¢ and p(er) > 67'(611—7—[61) “)
qn ‘= chq—y , if Cs =Cp

B Posterior beliefs given pure strategies
The following equation specifies the enslaver’s posterior belief after observing low output and

running.

o (I—y)p
ulees=1) = (1-y)p+m(l—p)

If both types produce low and run, the enslaver’s posterior belief is p.

plces=1ly=0,m=1) = (1—0<)1p_+01)€)1—l3)

P

p(cpes=1y=0m=1)=

If low types run and high types produce high and run, pt(c;) =1 and p(c;) = 0.

plenes=1ly=1,m=1)= (1—1<)1p_—|—11)€)1—P)

)

u(cl,eS: 1|l//: 1,77:1 = 1) =

By the same logic, if low types run and high types stay, t(c;) = 1 and pu(c;) = 0.
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C u(e) < ——2a_

— q(cp=r=cp)
For sufficiently low beliefs u(c;) and sufficiently small values of ¢;, M’s optimal investment in

pursuing low producers is zero. Low types, knowing that M invests zero in pursuing low producers,

prefer to run if w; > r- ? and stay otherwise.

C.1 Low types run

Given u(c;) < %, M’s optimal investment after observing low output is k¥ = 0, and the

probability of successful escape after producing low is g. Low types then prefer to run when
i
wi >r 7
If high types conceal, they also face a probability of g, and if they reveal and run, they face

a probability of g;. 1 proceed by solving for the outside wage values that make S, indifferent for

each pair of actions. First, observe that high types prefer to stay rather than produce high and run

when the outside wage wy, is less than y+r- 1;}% =A.

Up(w =1,7(cy) =0) > Uy =1L,7(cy) = lx=+/G-(ch —7)— 1)
2-7> Y+an-wh+(1—qp)-(y—r)

1 —
y+ro—h S Wi

qh

High types prefer to stay rather than conceal and run when the outside wage wy, is less than

T
Nl

-]/—f—%-r::B.

Ql‘

Uh(l,l/: l,ﬂ(Ch) :O) > Uh(l[/:(),ﬂ'(cl) = 1|K:O)
2-7> g-wit+(1=q)-(y=r)

14+¢g 1—¢q
g, 100 W
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High types prefer to produce high and run rather than conceal and run when the outside wage

wy, is less than l“c;f—;;”' -y—r:=C.

Un(y=1,7(cp) =1k =~/G-(ch—7)—1) > Un(y =0,7(c;) = 1|k = 0)
Y+an-wat (L—gn)-(Y—r) > g-wp+(1=q)-(y—r)
(L+q—qn)-v—r(@—qn) > (G—qn) - wn

In order to compare the utilities in terms of the outside wage, I compare A,B,C. Note that

=Vq (ch—7)

'§ |'Q|

A> B
1— 1+4g 1—¢g
yir Lo L Sl
qhn q q
I 1 1
(-=2)r> Ty
qn 94 q
(1—1 r> Y
qhn
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B > C
144 1—¢g 14—
4_'61 a _Q_r> ‘fq qn y—r
q q q—4qn
1 1
—Yt—--r> - Y
q q—4qn
Y+r> _q Y
q—4n
q-vch—Y
+r> — =
4 d-vVen—vY—q 4
Vq
r> — =
TN
q-\/ch—_y—\/&'w ¥
V4
Vq-(ecp=7)—=1)-r> Y
A > C
1— 14+g—
ytr—h ﬂ_Lq Iy
qn q—d4n
1 1
_.r> — ’}/
qn q—4qn
q
——1)-r>
(qh ) Y
(Vg (ecpn=7)—1)-r> Y

Lety:=(\/G-(ch—7y)—1)-r. ffy<9,A>B>C,andif y> ¢,C > B > A.

If y> 7and wy, <A or ¥ < ¥ and w;, < B, high types prefer to produce high and stay. The
enslaver then believes that those who produce low amounts are in fact high types with probability
1 = 0, and the enslaver invests zero in pursuing low producers. Similarly, if y > 7and C > w;, > A,
then high types prefer to reveal and run, and the enslaver believes that those who produce low

amounts are in fact high types with probability u = 0. He invests zero in pursuing low producers.
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If y> $and w, > C or ¥ < ¥ and wy, > B, high types prefer to conceal and run. The enslaver
then believes that those who produce low amounts are in fact high types with probability u = p.
The enslaver then invests zero in pursuit when p < %. Thus p < % can sustain
an equilibrium in which both high and low types produce low and run, and the enslaver does not
invest in pursuit, given the stated external wages.

Proposition 1 states each unique equilibrium path of play, followed by the strategy profile and
set of beliefs. I suppress the statements p(c;,es = 0) = 0 and p(cy,es) = 1, which is true in all

equilibria; see equation 3.

Proposition 1. For w; > r- %,

a) there exists a PBE in which low types run, high types produce high and stay, and the enslaver,
believing with certainty that those who produce the low amount are low types, invests nothing
in pursuing low-producing runaways when w, < B and y < ¥ or when w, < A and y > ¥;
and

(v=1Ln=1mc)=1m(cn)=0,k(c;) =0, k" (cp) = /G- (ch—7)— 1, u(c,es =

1)=0)ifwy € (2 (r—y),B)and y < Jorwy € (zL- (r—7v),A) and y > 7

AN

(v'=1Ln=1,m(c;)=0,7(cp) =0, K" (c;) =0, K" (cp) = /G- (ch—7) — 1, u(cr,es =
1) =0)ifw, < Z2-(r—7)

b) there exists a PBE in which both types produce low and run, and the enslaver, believing
it is sufficiently unlikely that low-producing fugitives are in fact high types, p < %,
invests nothing in pursuing low-producing runaways when wy, > B and y < ¥ or when wj, > C

and y > ¥; and

(=0, =1,7m(c;))=1,m (cp) =1, k" (c;) =0, x*(cp) = /G- (ch—7) — 1, u(cyes =

1):p)ifwh>y+r-%and’y< Jorw,>Candy>7%

(" =0,m =1, m(c;) = 1, m(cn) =0, K (cr) = 0, K*(cn) = /G- (en—=7) = 1, ulcr,es =

1)=p)ifwy, € (B,y+r-L)andy <7
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c) there exists a PBE in which low types run, high types produce high and run, and the enslaver,
believing with certainty that those who produce the low amount are low types, invests nothing
in pursuing low producers and invests \/q- (c, —Y) — | in pursuing high producers when

C>wp>Aandy> 7.

(l[/* =1, 71'1* =1, ﬂ;lk(cl) =1, ﬂ}f(ch) =1, K*(Cl) =0, K*(Ch) =\/q- (Ch—’}/> -1, ,U(Cl,es =
1) =0)

C.2 Low types stay

Low types stay when w; < r- %. Again, if high types produce low in the first time period, they
can run with probability of success g, and if they produce high, they can run in the second with
probability of success gj,.

If y < ¥ and wy, < B, high types prefer to produce high and stay. Thus, no one runs. However,
if wy, > B, high types prefer to conceal and run, rather than to stay or to reveal and run. Then, the
enslaver believes that low-producing runaways are high types with certainty, ((c;) = 1, because
low types prefer to stay. He would then want to invest in pursuing low-producing runaways. This

contradicts the initial supposition, p(c;) < 1=¢a

< ——2LL . There is not an equilibrium in which the
q'(('h Y C])

enslaver knows that low-producing runaways are high types and invests nothing in pursuing them.

If ¥ > ¥ and w;, < A, high types produce high and stay, and no one runs. If w;, € (A,C), high
types produce high and run, escaping with probability gj,, while enslavers invest k = /G- (¢, — ) —
1 in pursuing them. If ¥ > § and w;, > C, high types prefer to conceal and run, again resulting in a

contradiction.

Proposition 2. For w; <r- %,

a) there exists a PBE in which low types stay, high types produce high and run, and the enslaver
invests K = /q- (c, — ) — | in pursuing runaways, believing that they are high types with

certainty, if and only if they produced high when y > ¥ and wy, € (A,C); and
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(y* =1, ﬂl* =0, ﬂ;lk(cl) =1, ﬂ;(ch) =1, K*(Cl) =0, K*(Ch) =\/q- (Ch—’}/> —1, ,U(Cl,es =
1—g-c
DS Farra)

cp—y—c)
b) there exists a PBE in which both types stay and high types produce high if and only if y > ¥

and wy, < A or when y < ¥ and wy, < B.

(W' =11 =0,m(c) = 1, m(cn) =0, K (cr) = 0, K*(cn) = /G- (cn—=7) = 1, ulcr,es =

) < %)ifwhe (%-(r—y),B) and y < Jorwy € (%-(r—y),A) and y > §

(" =1, 7171* =0, 71';(6‘[) =0, ﬁ;(ch) =0, K*(Cl> =0, K*(Ch) =4/q- (Ch — }’) —1, H(Cl,es =

1)< gy ity < S (-

ENT]

1-g-c
D ulc)> 5

D.1 Low types run

ple)-(en=ry=c+er _ 1

. If high types produce high in the first time period,
7 ghtypes p g p

Low types run if w; > r- (
t(c;) = 0, and low-producing runaways can escape successfully with probability \/cz_, if ¢; > Cli. If
high types produce high in the first time period and ¢; < %, there is not an equilibrium in which
the enslaver invests some positive amount in pursuing low producers. Given that low types run, if
high types produce low and run, u(c;) = p, and low-producing runaways can escape successfully

. . 7 . 1—a-
with probability /m if p > ﬂ%_—%_

As in appendix C.1, I compare S;,’s utility from each action, given that low types run. Recall

that g, == 4/ Chq_ 7 Again, high types prefer to stay rather than produce high and run if w;, < A. High

plen—y—c)tea .

types prefer to stay than to conceal and run when wy, is less than y—r+ (y+r) - 7

B.
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Un(w =1,7(cp) =0) > Up(w=0,7(c;) =1k =+/q-[p-(ch—y—c1)+ci]—1)

27> wWp—Y+r)+y—r
14 \/p o cl+cl)(h7 )+7Y

y_r+<y+r)‘\/P-(ch—}/_—cz)+c1)> W

q

High types prefer to produce high and run rather than conceal and run when the outside wage

wy, 1s less than (\/p~(ch—y)z(1—p).c-l — \/ch€y>_l Y+y—r=C_.

Un(w=1,7(cp) =1k =G (ch—y)— 1) > Up(w=0,7(c)) =1k =/G-[p-(ch—y—c1)+c/]—1)

“wy, 1— (y—r) > — —
vHan-wat(1=gp) - (y=r) \/p Cry A A Al

q qg 1
— YEY—r> w
<\/P'(ch—9’)+(1—l))'01 Ch—Y) Y "

In order to compare the utilities in terms of the outside wage, I compare A,B’,C’.

A> B
1— oy
e L A YL LA
qh q
(i p (Ch_?’_cl)‘i‘cl). p-(ch—y—c)+a
qn q q
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_, . p-len—y—c)+a q - q -1
! HH)\/ q g (\/p-(ch—v)ﬂl—p)-cl 7

q ch—Y
. —1)-r>
(\/P'(Ch—Y—Cl)-l‘Cl q )or

r_\/(l—P)'(Ch—Y—Cz) S
p-(ecn—v—c)+ta

( d -
p-(ech=7)+(1—=p)-c g

Lety =r- p-(ch—y—ci)+er
o ~ 1—G-¢
¥ <7 when p(c;) > Zcn—y—<p)

/

¥ <
ch—Y B
\/M(Cz)'(ch—7)+(1—H(Cz))'cz b=
Ch—Y <
pler)-(epn=7v)+ (1 —ple)) o
q>

picr)-(ecp—y—cp)+c >

p(er) >

, and that C’ > C and B’ > B when ¢; > %.

Y
g-(cp—7)—1
g-(ch—7)

~

pler) - (en—7)+ 1 —ple))-c

Q| =

l1—g-¢
g-(ch—v—c)

U=pllen=r=c) 1ty 4 A>B >C andify>7,C" > B > A. Observe that
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C' > C
q q -1

- Y+y—r> +y—r

(\/p @nra-pa Var 777 =

ch=Y
q g -1 1
- >

(\/p @-n+i-pra Va7 G— /4

=Y

B > B

ep—7— 1
y—r+(y+r)-\/p (ch ):7 cz)+c1> (y+r)-5+y—r
1
Vp-(eh—y—c)+e > p

p-(ch—y—cl)+cl >

Q| =

Ify> f/ and w, <Aory< }7/ and wy, < B’, high types prefer to stay. The enslaver then believes
that those who produce low amounts are in fact high types with probability u = 0. If ¢; > %, then

the enslaver invests k = /G- ¢; — 1 on pursuing low producers. If w; > (

&‘

% —1)-r, low types
run.
The same logic holds if y > }A/ and C' > wy, > A, except here, high types prefer to reveal and

run. Again, the enslaver believes that those who produce low amounts are in fact high types with
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probability u = 0. He invests k = /g - ¢; — | in pursuing low producers and k = /G- (¢, —7) — 1
in pursuing high producers. Low types run if w; > ( % —1)-r.
Ify> }7/ and w, > C' or y < f/ and wy, > B’, high types strictly prefer to conceal and run. The

enslaver then believes that those who produce low amounts are in fact high types with probability

i = p. The enslaver invests kK = /G- p - (¢, — yY) — | in pursuing low producers. Low types then
want to run if w; > ( W—l)-r. Note that ( W—l)-r> (\/%—1)-1”,

and so if the conditions are such that high types want to conceal and run, but w; € (<\/§ —1)-

r,( p'(c+__c’)+c’ — 1) - r), there is not an equilibrium in pure strategies, because given that high

types are concealing and running, low types do not want to run.

Proposition 3. For w; > r- \/ 2 (c1)~(ch—qy—cl)+c1 —r,

a) there exists a PBE in which both types produce low and run, and the enslaver, believing it is

sufficiently likely that low-producing fugitives are in fact high types, p > %, invests
K= \/q (ch—v—c1)+c1) — 1 in pursuing low-producing runaways when y < }/ and

wp > B or when y> 9 and wy > C'; and

(v =0, =1,7(c;) =1, 7 (cp) =1, x*(c1) \/q (ep—y—c))+c]—1,x%(cp) =
g-(ch—7)—1,u(cyes=1)=p)ifw, > y+r- qhandy<}/orwh>C’and}/>}/

(' =0, =1,m(c;) =1, m(cy) = =Va p-(ch—v—c)+a]—1,k*(cp) =
c?-(ch—y)—l,u(cl,eszl)zp)ifwhe( Lyt and y <

b) there exists a PBE in which high types produce high and stay, low types run, and the enslaver,
believing that fugitives are not high types, invests K = \/q-c; — 1 in pursuing low-producing

runaways when c; > %7 and either y > }7/ and w, <A ory< f// and wy, < B'; and

(v*=1m =1 m(c) =1 mcn) =0,k (c1) =vG-c1— 1, K(cn) = /G- (ch—7) — L,
1-,/4 1-,/4
w(ces=1)=0)if wy € (r—y)- —5L,A) and y > 7 or wy € ((r—7)- \/-:,B') and

q 94
< <

y<7
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(=171 =1, m(c) = 0, T () = 0. K°(cr) = VG e — L, K*(c) = /7 (cn—7) — L,
1-/Z
u(cres=1)=0)if wy < (r—7)- \/7%

1

c) there exists a PBE in which high types produce high and run, low types run, and the enslaver,
believing that fugitives are not high types, invests K = \/q-c; — 1 in pursuing low-producing

runaways when c; > %, y>7, and wy € (A,C).

'=1Lmr'=1m(c) =17 (cy) =1, x*(c;) =/q-c1 — 1, (cp) = /G- (cn—7) — 1,

u(cr,es =1)=0)

D.2 Low types stay

Given that low types stay, if high types produce low and run, the enslaver believes that low pro-

1-g¢

A (e and with

ducing runaways are high types. This is consistent with the condition pt(c;) >
the intuitive criterion (Cho and Kreps 1987). The high type then faces the same probability of suc-
cessful escape regardless of her first period action, and so reveal and run strictly dominates conceal

and run.

High types prefer to stay rather than to reveal and run if w, < A. Low types then stay if w; <

’ (#(Cl)'(CIr_Y*Cz)JrCJ

7 — 1), for pu(c;) > q(]i. Because both types stay, there is no investment

cp=Y—c1)

in pursuit in equilibrium, and any belief u(c;) is consistent with Bayesian updating. Given that
low types stay, high types produce high and run if w, > y+r- %. The enslaver then invests
K =+/q4-(ch—7)— 1 in pursuing these high producers, believing that they are high types with

certainty.

Proposition 4. For w; <r- \/ K (C’)'(C”_q_y_cl Mra g

a) there exists a PBE in which high types produce high and stay, low types produce low and
stay, and if the enslaver observed a low producer run, he would believe it to be a high type,

when wy, < A; and
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(W*=1,m =0, m(c;) =1, mi(cy) =0, K(c;) = &*(cn) = /G- (ch—7) — L, ulcr,es =

1)=Difw, € ((r—7) 52,4

(v =1, =0, m(c;) =0, m;(cp) =0, K*(c;) = K*(cp) = /G- (ch—7) — 1, pu(cr,e5 =

1):1)ifwh<(r—y)-%

b) there exists a PBE in which low types stay, high types produce high and run, the enslaver
invests K =+/q- (c, — ) — | in pursuing high-producing runaways, and if he were to observe

a low producer run, he would believe it to be a high type, when wy, > A.

(' =1,7=0,m(c) =1, m(cp) = 1, K*(c;) = K*(cn) = /G- (ch—7) — L, p(cs,e5 =
1)=1)

Works Cited
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D.3 Supplementary figures

1—G-¢

See figure 6 for equilibria when p(c;) > P

, S; runs, and ¢; < %{. Because ¢; < %, M does
not invest in pursuing known low types. He only expends resources to pursue low producers if he

believes it is sufficiently likely that the runaway is a high type, u(c;) > %.

E Mixed strategies

Below I derive the existence conditions for equilibria in mixed strategies. These equilibria are
not generic, and so the body of the paper presents the results in pure strategies. For the complete

specifications and figures depicting the mixed-strategy equilibria, please contact the author.
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Figure 6: Equilibria in which M expends resources to pursue low producers, S; runs, ¢; < %7
Panel A. § =0.25 Panel B. § = 0.50
" 60 - Y 60
conceal and run C conceal and run
""" low wage, u=p ===+ low wage, u=p
50 A
40 1
30 1
B
201
10
0 0
0 2 Y 6 8 10 12 14 0 2 4 6 vy 10 12 14 16
Y Y

Constant parameters are set at the following values: ¢, = 20, ¢; = % —1,and r =5, p = .1. Given that S}, conceals

(w(e)=p),w >5- % — 5 sustains the equilibrium in which S; runs.

E.1 High types mix

E.1.1 Case 1: Conceal and run = Stay

High types are indifferent between concealing and running, and staying if 2y = HLK wp+ (1=

1) - (y—r). Let k| be investment in pursuit that makes S, indifferent between concealing and
g-(wp—v+r) _ 1.

running, and staying, K} = T

2y= Torx wi+ ( —m) (y—r)
_ q _
Y+r= T (wp—7+7)
(1+x)-(y+r)= g-(wp—7y+r)
o — f?‘(Wh—?”F’”)_l
Y+r

Revealing and running is strictly dominated if w, < y+r- %.
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q q q
—wp+(1— —)-(y—r)> + wp+ (1 — —r
U B R B P AR U e M CAe
q q
~—wp—=v+r)> + wp—Y+r
1+1(h7) Y ch_y(h?’)
q
+r> + wWp—Y+r
Y Y Ch_y( Y+r)
q q
r-(1— > Wh—
(/1) )
1—
wp < Y+r 9k
qn
Given K7, S; runs if the outside option is greater than r - W’;,—J_rrzy .
0< q(ki)-wi— (1 —q(Ky))-r
r< g-(wy—rtr) (wi+7)
T
wp—Y+r Wp—Y+r
r.wjh—_z’y< Wl
i

Recall from appendix A that the utility-maximizing investment is Kk* =

max{0,/q- [u(cs) - (ch—y—ci)+c] — 1} If W —1 =0, then k* =0 when S,

1—
q

ONT]

There is a

mixes between concealing and running, and staying. S; runs when w; > r-
knife-edge equilibrium in mixed strategies, and it is depicted in figure 2 as line B when y < 7.
Now consider the case in which £ =14 1 5 0 Let f1; be the posterior belief such that &

v

g (wp—y+r)*—ci-(y+r)?

T o—r=a) See below.

maximizes M’s utility. Setting K} equal to x*, we have that {1} =



q-(wn—v+r) | _
y+r N
G- (wn—v+1) =

(wh—y+r)—ci-(y+r)* =
(wa—v+r)> —cr-(y+r)? _
(v+r)?-(en—v—cr)

q.
q.
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Va- - (cp—y—c)+ca]—1

(Y+7)*G-[fu - (ch—y—c1) +ell
(Y+7)* - (ch—y—ar)

A

M1

The denominator is positive by assumption 1. In order for the numerator to be positive, G -

(Wi —y+71)% > ¢;- (y+7r)% In order for the denominator to be greater than the numerator, (y -+

12 (en—7)>q (wa—y+r)>

If low types run and high types conceal and run with probability y, the enslaver’s posterior

belief that a low-producing running is a high type is

p-(1-y)

= y)i=p" Setting that equal to [, we

solve for y. Let y| represent the probability with which S, conceals and runs when she is indiffer-

ent between concealing and running, and staying, y; =

below.

p--v)
p-(I—y)+1-p

(Y1) (ch—y—c)-p-(1—vy)

(ch—v—ci)-p-(1—wy)

G- (wp—y+r)?

CAT L

vp(

]l/:

(

From the conditions on fl;, we know that T

q-(wp—v+r 2
St ey
A(q-<w,fv+r>2
(r+r)?

. See derivation

—cpty)

g-(wpn—y+r)?—c(y+r)?
(y+r)?-(ch—y—cr)

(G- wa—y+r)—c(y+r)?)-(1—y-p)
(c‘/-(wh—wrr)z

(y+7)2 —c)-(1-y-p)
G- (wp—y+r)?
((;Jr,},/)z ) —c—p-(ech—r—a)
G- (Wi —y+1)2
T —a—p (a-v-a)
G- (W, —y-+r)2
p- (Lol g 1y)
wy—y+7)? _ . «
G <Y and so the denominator on Y,

is negative. Therefore, the denominator needs to be less than the numerator, which in turn needs



Lawrimore 18

to be less than zero, in order for y{' to be an interior probability. The denominator is less than the

(Wh_}/"'r)z

numerator when ¢; < £ T which was established in the conditions on fl;.

5. (W, — r)2 7 (Wi, — )2
p-1 ((;JFZ)J; ) +p-(y—cn) < 1 ((;Jrz/)j ) —cr+p-(ci+7—cn)
- (wn—v+r)?

(1—p)-C1< (1_ ) (Y+r)2
- (wh—v+r)?

= (v+r)?

The numerator is negative when G- (wj, — Y +7r)2 < (1 —=p)-c;+p-(ch —7)) - (y+71)?; see

below.
q- (wp — r)?
1 ((;+Z);r ) —c+p-(a+y—can) < 0
g - (wy, — r)?
g ((;HY; ) (1=p)-crtp-(cn—7)
V- (wn—y+r) < V(I=p)er+p-(en—7) (v+7)
Wy < \/(1_P>'Clgp‘(ch_7).(y_'_r)_ky_r

There is a mixed strategy equilibrium when the following conditions hold, in which low types

run and high types mix between concealing and running and staying.

* Revealing and running is strictly dominated if w, < y+r- %.
. i . Wn—2y
S;runs if w; > r o
* Rewriting in terms of wy, fl; is an interior value: wy, € ( % (y+r)+y—r qi] (y+r)+

Y—r).

* y; is an interior value: wy, < \/(lfp)'clgp'(cry) (y+r)+y—r
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* yY+r- % is less than th -(y+r)+7y—r, so we can synthesize the conditions as wy, €

(/£ (y+7)+y—rmin{y+r -2, \/(l_p)’c’?'(”’_” (y+r)+y—r}).

E.1.2 Case 2: Conceal and run = Reveal and run

High types are indifferent between concealing and running, and revealing and running if Y+ gy, -

wp+(1—qp)-(y—r)= lz;K w4 (1 — 1) - (¥ —r). Let &, be investment in pursuit that makes
G-(wa=v+r) _ 1

Sy, indifferent between concealing and running, and staying, K := Tran-Ovn—7+7)

_ _4q . 9 N
Y+an-wp+(1—qp)-(y—1r)= T wp+ (1 1+1<) (y—r)
Y+qn- (Wwp—y+r)= I:{K'(Wh—}”rr)
(14+x)-(y+qn-(wp—y+r)) = g-(wp—y+r)
g-(wp—v+r)

K= —
Y+aqn- (wp—y+r)

Staying is strictly dominated if ¥ < g - wj, + (1 —gqp,) - (¥ —r). Given K, S; runs if the outside

(1—qh)'(wh—?’+r)—7"

option is greater than r - Tan von—147)

0< q(k2) -wi—(1—q(k2)) r
r-( ! —1)< wj
q(%2)
(A=gn)-Gop—v+r)—y _
r Wi

Y+an- (wp,—y+r)

Recall from appendix A that the utility-maximizing investment is k% =

max{0,/q- [u(cs) - (ch—y—ci)+c] —1}. If % —1 <0, then x* =0 when S,

1—
g

Nl

mixes between concealing and running, and revealing and running. S; runs when w; > r-

There is a knife-edge equilibrium in mixed strategies, and it is depicted in figure 2 as line C.
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: : : g-(wp—y+r) T : :
Now consider the case in which o=+ 1 > 0. Let [1, be the posterior belief such that

K» maximizes M’s utility. Setting K» equal to k*, we have that fl, = o (VZ'(_W;J:V’)'? zih—y—q) —
L See below.
ch—Y—a
g-(wp—v+r) —
—1= - (ep—7—c1)+c| —1
Yran- wh—71+7) VG-l (ch—y—c1) +cll
q-(wh—7v+r) -
= . — J— _|_
i (o= 7+ 1)) farlen=y=a)ta
g-(wp—7v+r)? o a i
(Y+an-(wh—=y+1)?*(ech—v—c) ea—Y—a
[l is positive when v < (\/cz_, —qp) - (wp — y+r); see below.
g-(wp—y+r)? C
2 - > 0
(Y+an-wp—v+1r)*-(eh—v—c1) ca—v—q
g-(wp—7y+r)? o
(Y+an-(wn—7v+7))?
c
wp—Y+r> é'(7+Qh'(Wh_7+r))

(\/g—qw-(wh—wrb y

{1 is always less than 1, because y and g, are positive; see below.

g-(wp—y+r)? __a |
(Y+an-(wh—=y+1)?-(ch—y—c) en—v—c
g-(wp—y+r)? B
(V+an-(wn— 7 +7))? Y
wp—Y+r < 1
Y+an (wp—7v+r) qn

wp—Y+r< —+wp—=Y+r
h
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As before, the enslaver’s posterior belief that a low-producing runaway is a high type is

p-(1-y)

=yl =p" Setting that equal to fl;, we solve for y to determine the probability with

which §;, conceals and runs, given that she is indifferent between concealing and running
and revealing and running. Let Y3 represent the probability with which S;, reveals and runs

when she is indifferent between concealing and running and revealing and running, y; =

g (wp—y+r)>=(ci-(1=p)+p-(ci=7))-(Y+an- (wa—y+r))*

b @ O 7P (e 1) (b -y P) - Do derivation below.

p-l-vy) q-(wp—v+r)? o«
p-(I—y)+1—p (Y+an-(wh—y+1)?-(ch—y—c) c—y—q
W) ey — g-(wn—y+r)>
p-(I=y) (ch—r—c1)= Tt an (vn—7 1) 1)-(1=p-y)
G- (wp—y+r)? _ G- (wp—y+r)?
PV han-m =y @tV Gran o —yrnp P @=r=a)

G-wp—y+r)?—(c;-(1=p)+p-(ch—9) - (Y+aqn- (wa—y+71))?

V= p-@ =yt (cn—1)-(r+an-wn—y+1)7)

y; is less than one when y > (\/cz, —qn) - (wp — Y+ r), which contradicts the condition that
makes (1, positive. The derivation below assumed that the denominator and numerator are positive.
If they are both negative, then the condition holds. The denominator is negative when (¢, —7) -
(Y+qn-(wp—y+71))?) > p-G- (w, — y+r)?. The numerator is negative when (¢, —7) - (y+ gy -

Wh—y+1r)?) >G - wp—v+r)?—ci-(1=p) - (Y+qn- (W —y+71))%

G-wn—y+r)?—=(c;-(1=p)+p-(ch—=7) - (y+qn- (wa—y+71))?
p-(G-wh—v+r)?—=(ch—7)-(Y+qn- (W —7+7r))?)

G-(wy—y+r)*—c-(1=p)- (Y+an (wy—y+7))* < p-G-(wy—y+r)?

G-wn—y+r)?*< o (Y+qn (wy—7v+r))?

(\/CE_Z_C]h)'(Wh—7+r)< 14



Lawrimore 22

So, there is a mixed strategy equilibrium when the following conditions hold, in which low

types run and high types mix between concealing and running and revealing and running.

{1y and w3 are interior: (c;,—¥)- (Y+qn- (wn —y+7))*) > max{g- (wyp —y+r)* —c;- (1 -
) (v+an-(wn—y+7r)%p-g-(wp—y+r)}and y < (\/CE;_Qh)'(Wh_V""’)-

* Staying is strictly dominated: ¥ < g, -wp,+ (1 —qp) - (y—7r)

M invests some positive amount: q_'(wh;w'r)) >1

Y+an-(wp—y+r

(A—gn)-(wp—y+r)—y
Y+an-(wp—v+r)

e S;runs: w; > r-

E.2 Low types mix

S; is indifferent between running and staying when 0 = g(x)-w; —r- (1 —g(x)). Let k3 be the

g-wi+r) 1.

investment in pursuit that makes S; indifferent between running and staying, &3 = -

See derivation below.

q q
0= 9 o —r(1-—
1+x = 1+K)
g-(wi+r)= (1+x)-r
q-(witr) | _ 1<
r

When the enslaver invests <

M — 1 in pursuing low producers, low-producing runaways

succeed with probability Given this probability of success, Sj, prefers to conceal and run than

r
wi+r*

to stay when wy, > (y+7) - “C + y—r. See below.
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-
2y < - 1— (y—
Y w;+r Wh+( Wl—|-r) I’)
< . _
y+r — (Wwh—7y+T7)
wy+r
(y+7)- +y-r< wh

wi-(l=gp)+r-2—qn) r. See

Sy prefers to conceal and run than to reveal and run when wj;, > 7-

r—qp-(w+r)
below.

r
. 1—ag,)-(y— ) 1— (y—
Y+an-wi+(1—qp)-(y—7r) < o wp + ( Wl+r) (y—r)
+an (wn—7+7) < (o —y+7)
Yrqn wp—Y+r Wl+rWth

r

Y < ( r—CIh)'(Wh—7+r)

wy +
wi-(1—gqp)+r-(2—qn)
r—qn-(wi+r)

Y- —r<< wp

Recall from appendix A that the utility-maximizing investment is Kk* =

max{0,/q- [u(cs) - (ch—y—ci)+c] — 1} If q~(w_r,+r) = 1, then k* = 0 when S; mixes

between running and staying.

Now consider the case in which M — 1> 0. Let fi3 be the posterior belief such that k3
7 (VY2
maximizes M’s utility. Setting K3 equal to k™, we have that fl3 := q(chi—ylclcl. See below.

qg-(w;+r —

L’f)—lz VG [z (ch—y—ci)+c]—1
oWy +r .
g (=)= f3-(ch—Y—c1)+c

A

g- (WI_‘H)2_CZ
-~ r - 3

Ch—Y—Cl
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[]3 € (07 1) when (% + 1)2 J7AS (Cl,Ch - '}/)
Given that low types are indifferent between running and staying, and high types prefer to
conceal and run, the enslaver’s posterior belief that a low-producing runaway is a high type is

m. Setting that equal to fi3, we solve for m; to determine the probability with which S
p-len—r-CF+1)*q]
(F+12g—c))-(1-p)

runs, 7 = . See derivation below.

p _ (F+1)*g—c
p+(1—p)m Ch—=Y—cq
plen—r—c)+ (41 G=a)-(p+(1—p) - m)

prlen—v-(H 4174 = (Z+1D*g=c)-(1=p)-m
prlo—y=(F+17%q _ -
((F+12-g-c)-(1-p) l

m is positive when ¢, —y > (5L + 1)2-G > ¢;, which is consistent with the conditions for

fiz € (0,1). )" is less than one when ¢;, —y < (%+1)2.%—_%+C1; see below.
w _ " )
((71+1)2'q_cl)'(1_p)> P'[Ch—Y—(Tl+1)2'q]
w
e -
w
(71+1)2q> p.(ch_»}/)+(1_p)_cl

Because ¢, —y > ¢, p - (cp— )+ (1 —p) - ¢; > ¢, and so we can synthesize the conditions on
i and 03 as (5L +1)>-g € (p-(cn—7)+(1=p)-cren—7).

So there is a mixed strategy equilibrium when the following conditions hold, in which low
types are indifferent between running and staying, high types conceal and run, and the enslaver

invests K3 in pursuing low-producing runaways.

* f13 and 7" are interior values: (22 +1)2-g€ (p-(cr—7)+(1—p)-cr,cn—7)



Lawrimore 25

* M invests some positive amount: q(w—r’”) —1>0

Wit

Sy

* S), conceals and runs: wy, > max{ (y+r)
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