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APPENDIX A: THEORY
A.1. Proof of Proposition 1

LET US FIRST IMAGINE THAT THE LA'S revenue-collection constraint is not binding. The
monotone-hazard-rate condition implies that the LA’s optimal discriminatory tax in dis-
trict 7, 7/, is a weakly increasing function of r; and c¢;, with pass-through rates between 0
and 1.

Next we identify the discriminatory tax rates that are implementable by the CA through
a transfer requirement. For ¢; < 0, these are exactly described by the interval [7{(c;), 7]
For any 7; < 7{(c;), the LA would raise the discriminatory tax to 7¢(c;), keep the extra
revenue for itself, raise more revenue, and reach its optimal discriminatory taxation. For
any 7; > 7", the LA would lower the discriminatory tax to 7/* or below. Symmetrically,
the implementable discriminatory tax rates for ¢; > 0 are exactly described by the interval
[, 7 (c)].

The upper bound on 7T; for ¢; < 0 is therefore equal to A; + R}". Furthermore, setting
T, = A; + R forces the LA to set discriminatory tax 7", which is as close to 7{ as the
CA can get. Strict quasi-concavity of the latter’s objective function then implies that this
transfer requirement is optimal. For ¢; > 0, the analysis is similar. For ¢; > ¢, the CA
can get its first best by setting 7; = A; + R;(7{). The LA is then forced to moderate its
discriminatory taxation so as to be able to raise enough revenue. Finally, for ¢; € (0, ¢),
the closest implementable tax rate (which is therefore optimal from strict quasi-concavity)
is 7¢(¢;); the requested transfer is then 7; = A; + R;(77(c))).

A.2. Dynamics of Conversion

Imagine first a world in which both rulers and agents are myopic (8 = 0). Consider the
tax that yields the CA's unconstrained static optimum under the budget constraint:

7'(¢, B — M) = A1 1 piayyppag (T — €)1 = F(7)].

The 7* is increasing in ¢, and decreasing in (B, — A,). Being myopic, agent 6 converts
whenever he has not yet converted and 7, > 6. Ruler ¢ chooses

7. =max{7*(¢c,, B, — A,), 0;_, }. (A1)
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2 M. SALEH AND J. TIROLE

To understand (A.1), suppose first that 7*(c,, B, — A,) > 07 , (as is the case, for instance,
if there have been few or no conversions yet). By definition, 7*(¢;, B; — A,) yields the static
optimum and cutoff 7 = 7*(¢,, B, — A,). Next, suppose that 7*(c,, B, — A;) < 67_,. In the
range 7, € [0, 6*_,], the demand for conversion is inelastic and so the objective function,
A+ [1 — ¢ ][1 — F(6;_,)], is strictly increasing in 7,. In either case, 67 = 7,. It turns out
that these strategies are still optimal when the players value the future.

PROPOSITION 2—Dynamics of conversion: For any B € [0, 1), there exists a Markov per-
fect equilibrium in which both the ruler and the agents behave as if they were myopic. The
date-t tax and cutoff are v, = 6% = max,<x<, 7*(¢x, Bx — Ai). This implies that the tax base
shrinks and the discriminatory tax increases over time.

(i) If only c, varies, then 1, = " (max,;<i<.{cx}, B — A).
(ii) Ifonly B, — A, varies, then 7, = 7*(c, min <x<,{Br — Ax}).

The equilibrium can further be shown to be unique if the horizon is finite, and, under
additional assumptions, under infinite horizon (the environment considered here) as well.
The formal proof of Proposition 2 follows the lines in Tirole (2016).

It can further be checked that even if the CA does not set taxes itself, it can still, through
a transfer demand 7, induce aligned LAs to implement the policy described in Proposi-
tion 2.7

The apostasy assumption and its ratcheting corollary validate this “ever more religious
tax base” argument, but also show that it is not a foregone conclusion. Indeed, the discrim-
inatory tax and tax revenue are constant in a stationary economy for the identity-based
model. They are also constant for a nonstationary economy under the extraction model:
In the extraction model, the ruler maximizes A, + R(7,, 67) subject to R(7,, 07) > B, — A,,
where R(7,) = 7,[1 — F(6})]. From our assumption that the budgetary need can always be
met, then 7, = 7", the monopoly level that maximizes 7[1 — F(7)] for all ¢.

COROLLARY 2—Time-series comparison with the extraction model: In the extraction
model, the tax base and the discriminatory tax are constant over time.

Time-Increasing Relevance of Extraction Model

Our claim that the extraction model gains in predictive power over time is based on
Proposition 2, which states that 8" = max,<x<, 7*(¢x, Bx — A« ). Suppose that the joint dis-
tribution of the ruler’s type ¢, and of the net budgetary needs B, — A, is the same over time.
This generates a distribution H(7,) on some interval [z, 7] for the date-¢ ruler’s desired
discriminatory tax 7*(¢;, B, — A,) (the actual one, as we showed, may be constrained by
previous choices), and a cumulative distribution function H'~!(max;-;<,_1 7*(¢x, Bx — Ax))
for the highest discriminatory tax prior to date ¢. The expected number of conversions at
date ¢ is equal to f:[f; [F(1)—F(x)1dH(7)]dH'"'(x), which after an integration by parts
can be shown to be decreasing in ¢. Similarly, using the fact that the discriminatory tax is
on the downward-sloping side of the Laffer curve, the expected reduction in discrimina-
tory tax revenue from date ¢ — 1 to date ¢ is f:[f;[Rc(X) — R(1)]dH(7)]dH"'(x) and
is decreasing in ¢. B

""Either 67 , > 7°(c,) and then LA i’s objective function is A, + 7,[1 — F(6; )] — T, for 7, < 67, or the
smaller A, + 7,[1 — F(7,)] = T, for 7, > 6 ,. Strict quasi-concavity then implies that the LA’s optimum is at
7, =0;_,. For 7%(¢,;) > 67_,, the equilibrium policy can be decentralized by similarly setting a transfer demand

T, =max{B,, A, + 7°(¢,)[1 = F(7°(c))]}-
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Delegation in Time-Series Model

We assumed for expositional simplicity that LAs were congruent with the CA. How-
ever, even in the presence of (possibly district-specific) agency problems, the optimal-
ity of myopic behaviors and the ratchet property still hold. Consider, for example, the
case in which, at date 7, the CA has identity ¢, and the LA has identity ¢-* (again,
this identity could be district specific, at the cost of heavier notation). The date-t
CA must then account for the implementability constraint 7, € [7*(c*), 7] if ¢** <0
and 7, € [7", 79(cM)] if ¢ > 0. Let (I) denote this implementability condition. Let
(¢, ¢, By — A) = argmax, i _pr =81 (Tt — €)1 — F(7,)] denote the CA's desired
static discriminatory tax, characterized in Proposition 1 and Figure 1. The equilibrium dis-
criminatory tax in the time-series model is then 7, = max{7*(¢,, ¢*, B, — A,), 67_,}. This
implies, for example, that even ignoring time-varying budget constraints, a strong-identity
earlier ruler may not have had the opportunity to convert as many Copts as he desired
because of the strong presence of Copts among the LAs, leaving scope for further con-
versions by subsequent rulers who were not necessarily more religious.

A.3. External Threats

In Appendices A.3 and A.4 (on external and internal threats, respectively), we make
the following assumption.

ASSUMPTION 1: [In the rest of the section, ¢, = ¢, A\, = A, and B, = B for all t.

To capture external threats, we assume that there is probability x, > 0 that the ruler
is evicted at date ¢ conditional on not having been evicted earlier. The sequence {x,} is
(for simplicity) known and exogenous. As discussed in the text, the ruler cares about what
happens when and when not in power; that is, he cares about his legacy. Except for the
sequence {x,},»1, all parameters are invariant as stated in Assumption 1, and we suppose
that the budget constraint is never binding (the analysis can be generalized if that is not
the case).

PROPOSITION 3—Option value under external threats: . Let 7° = argmaxq (6 — c)[1 —

F(®)land K, = (1+ %xlﬂ ). In equilibrium,’ the date-t discriminatory tax is v, = K,7° and

the discriminatory tax revenue is R, = K, 7°[1 — F(7°)]. In particular, if x, is weakly decreasing
(increasing) over time, so are T, and R,. All conversions occur at date 1.

COROLLARY 3—External threats: comparison with the extractive model: The external-
threats dynamics for the extractive model are identical with those of the identity model, except
that the stable fraction of converts is F(0™), where 6™ solves max{6[1 — F(60)]}.

PROOF OF PROPOSITION 3: The agents’ equilibrium strategy can be described by the
cutoff rule at date ¢,

* * Tt
07 = maxy 0,_,, Ak
and the discriminatory tax obeys

7, =K, max{6*, 6;_}.

8 As in Proposition 2, equilibrium uniqueness requires further assumptions in the case of an infinite horizon.
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To see that this is an equilibrium, note that the date-¢ cutoff, if interior (67 > 67 )
satisfies (1 + %xm)ej‘ = 7,: Either the ruler is removed at date (¢ + 1) and then the
cutoff type enjoys 0y forever or the ruler remains in place and then type 6; < 67, prefers
(weakly or strongly) to pay the tax 7,.;.

As for the ruler, note that the equilibrium behaviors deliver the upper bound on his

intertemporal payoff that would correspond to the no-external-challenge environment
(x,=0for all 1):

—_

——[A+ (6" —)[1 - F(6)]] if 07, < 6"
max k 1 - [ -1 ’
I/I/t (0171) - B * * : * *
13 _B[A+ (6, —c)[1-F(6;_)]] ife;,>¢6".
To see this, assume that 67 | < 6%, say (the proof is the same in the opposite case, due
to strict quasi-concavity of the adjusted tax revenue). Let the ruler charge K,60*. Then

—_

Wo=[A+ (K" —c)[1-F(67)]]

c[1-F(6%)]
+Bxx+l _17 +ﬁ(1_xl+l)m+17
-B
so W, is equal to ——[A + (6* — ¢)[1 — F(6")]. Then W, takes this value as well. The

-5
upper bound on the ruler’s continuation payoff can be reached though a stationary policy
07, = max{6*, 6;_,}. So no deviation for any history can yield more that the equilibrium
strategy. Q.E.D.

A.4. Internal Threats and Time-Decreasing Resistance

To facilitate the understanding of endogenously evolving internal challenges, we first
gain intuition about the threat of rebellion by analyzing the static case (Proposition 4)
and then state our main proposition (Proposition 5).

Static analysis of the rebellion threat. Let us first consider the (noiseless version of the)
static case. Assume that it takes [1 — F (é)] rebels to topple the CA and the individual
cost of doing so is p. In the following discussion, we will say that the threat of rebellion is
low (resp. high) if 8 is low (high), that is, if the number of required rebels is high (low);
we could alternatively index the threat of rebellion by (minus) the cost p of rebelling.
To avoid unnecessary notation, assume 6 > 0. The no-rebellion constraint for taxes {5\ <
A, #} is that the rebellion cost exceeds the marginal rebel’s gain G(6) from a successful
rebellion:”

p> A+ min{7, é} = G(é).
ASSUMPTION 2—Relevant rebellion threat: We have A + min{é, 7} > p.

Recall that in the absence of rebellion threat, the CA's first best is A=Aand 7 = 7.
Were Assumption 2 violated, the threat of rebellion would be irrelevant and the first-best

7 Allowing for negative values of 6, this condition would be p=>A+ min{max{#, 0}, 7}.
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level of taxes {A, 7°} would prevail. We look at the optimal pair {A < A, 7} of taxes that
the CA would like to implement. Let 7 < 7¢ be uniquely defined as argmax{R(7) — 7}
or T+ ;((:)’ = ¢ (this is the optimal discriminatory tax when an increase in that tax
must be offset one-for-one by a decrease in the uniform tax). The CA picks the dis-
criminatory tax rate that maximizes A + (7 — ¢)[1 — F(%)] subject to A < A (feasibility),
A 4+ min{#, 6} < p (no-rebellion constraint), and 7 € [, 7] (implementability). For the
sake of simplicity, we do not put any lower bound at 0 for A (uniform subsidies are feasi-
ble).

F)inally, let 6% € [+, 7] be defined by 6* = R°(7°) — R°(7*) + 7*, where 7* =
max{7", T, p — A} € [7", T¢].

PROPOSITION 4—Capping the uniform tax to thwart rebellion: the static case: Under
Assumptions 1 and 2, we have the following cases:

(i) Fora low threat of rebellion (8 < 6%), the marginal rebel is a convert; the optimal policy
for the CA is to reduce the uniform taxto A = p — 6 < A and to keep the discriminatory
tax at T =1°.

(ii) For a high threat of rebellion (0 > 6%), the optimal policy for the CA is to reduce both
the uniform tax from X to p — v and the discriminatory tax from 7¢ to . The marginal
rebel is a nonconvert.

PROOF: Assume that A + min{@, 7¢} > p, so there is a real threat of rebellion. The CA’s
optimization program is

max A + (7 — ol - F)]

(7,4}

subject to

A+min{f, 7} <p (no rebellion),
A<A (uniform tax cannot exceed its extractive level),
e[, ]

Suppose that the CA chooses {A, 7} such that A 4+ 7 < p (that is, # < § and so the
marginal rebel is a nonconvert). Then the CA has welfare A+ (7 —¢)[1 - F(7)]=p— T+

R¢(7), which is decreasing in 7 for 7 > 7, where
F(7)

— =c.
f(m

T+

Let us restrict the consideration set for the discriminatory tax. First, 7 < 7" is not im-
plementable. Next, 7 < 7 is always weakly dominated. Consider a small change 67 = +€
and S\ = —e; then the no-rebellion constraint, A+ min{7, 9} < p, remains satisfied and
S + Re(7)) =€e((R°) — 1) > 0 for 7 < 7. Finally, 7 < p — A is not feasible unless 6isa
convert, that is, A + 6= p and 6 <.

Let 7" = max{r™", 7, p — A}. Because we are interested only in the case of a rebellion
threat (A + 7 > p), 7™ < 7°.

We distinguish three regions.
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Region 1: 6 < 7. Then O is a convert, A + 6= p, and 7 = 7°. Welfare is
Wl=p— é+RC(TC).
Region 2: 6 > 7. Type 6 is then necessarily a nonconvert and
W?=p— 1"+ R(7).

Region 3: ™" < 6 < 7°. We have 7 > 0 (the marginal rebel is a convert) and then at the
optimum 7 = 7¢. Welfare is then W? = W', Furthermore, welfare W' can be obtained
for any e [77, T¢].

Alternatively, 7 < 6 (the marginal rebel is a nonconvert). Then 7 = 7%, yielding welfare
w3 = W2, But unlike for W', W? is not feasible for any 6 € [7™, 7]: It requires that
™ <6.

Optimal welfare is, therefore, W' for 6 € 7™, 7*]. On [7*, 7], note that dW'/d6 = —1
while dW?/d6 = 0. Furthermore,

Wi(r) = W?(r) = R*(7°) — R*(7")
>0> Wl(TC) — Wz(TC) = —(’TC — T*).
Therefore, in this interval W?* = W2 if and only if 6 > 6*, where
0* =R (7°) — R(7") + "

Putting all three regions together yields two alternatives:
(i) For 0 < 0*, W=W!' A=p—6,and 7 = 71°.
(ii) For > 6", W =W, A=p—7*,and 7 = 7°. Q.E.D.

Dynamic analysis of the rebellion threat. Suppose next that t =1,2, ..., +00, and that
agents and the CA apply the same discount factor 8 to future utilities. The assumption
that T = +o0 is important here; with a finite horizon, the gain from a successful rebel-
lion would decrease over time, generating an artificial increase over time in the relative
cost of rebellion (expressed relative to future benefits). We assume that the cost of re-
bellion is p/(1 — B): while rebellion is a one-shot activity, we normalize its per-period
cost to be p to facilitate the comparison with the static legitimacy model. The willingness
to pay to keep one’s identity is still § per period. We focus on Markov perfect equilibria
(MPE).

PROPOSITION 5—Far-sighted players and decreasing resistance: Let 7" = max(7", 7T,
p—A) and 6* = R°(1°) — R°(7*) 4+ 7* € (7%, 7°). Under Assumptions 1 and 2, we have the
following cases:

(i) If 6 < 0%, the marginal rebel 6 converts at date 1. In the CA’s optimal MPE, the CA
back-loads the uniform tax, charging a low uniform tax at date 1 and raising the uniform
tax to min{A, p} once the threat of rebellion has subsided. The discriminatory tax is
equal to 7 in all periods.

If 0 > 6 and p — 7 < A, the marginal rebel 6 never converts. The discriminatory tax and

the uniform tax are equal to 7, = ™ and A\, = p — 7* for all t.
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G,(8) =G, () PO G,(6) = G,(6)

min{p, A}

G,(8)

a r° r 2
(a) Low rebellion threat (b) High rebellion threat

FIGURE 2.—Time-decreasing resistance. Note that G,(6) is type 6’s gain from a successful rebellion at
date ¢.

Despite the lack of commitment, the CA’s per-period welfare is in both cases the same as in
the static model, namely p — 7™ + R°(7*) for 0 < 0* and p — 0 + R°(7°) for 6 > 6*.

(ii) The MPE maximizing the CAs payoff (characterized in part (1)) is, furthermore

coalition-proof a la Bernheim—Peleg—Whinston (1987) if ¢ > B(’“ 2 when 6 < 6

orif 6> 6*.

Intuition. Assume in a first step that all parties are myopic (8 = 0); in particular, each
generation cares about its own welfare, but apostasy creates a linkage between periods
as conversions apply to future generations. A key insight is that when the marginal rebel
is a convert, the marginal rebel’s incentive to rebel decreases over time, as depicted in
Figure 2(a) in the two-period case. Earlier converts’ gain from a successful rebellion is
limited to the uniform tax and no longer includes the preservation of their foregone iden-
tity. Thus, suppose tl that the threat of rebellion is not too high: 6 < 6*. A myopic CA then
selects {A = p — 0,7 =7} at date 1. All types 6 < 7° including the marginal rebel convert
at date 1. Because the marginal rebel cares only about the uniform tax from date 2 on, the
no-rebellion constraint at date 2 and at any subsequent date ¢ yields

A, =min{p, A}

and the date ¢ > 2 welfare becomes min{p, A} + R°(7¢). This is also the maximal wel-
fare that can be obtained in any given period: The uniform tax cannot exceed min{p, A}
without triggering a rebellion, and R°(7°) is the maximum adjusted revenue from the
discriminatory tax. All conversions occur at date 1, as the discriminatory tax is constant
at ¢ from date 1 on. But the uniform tax increases from A; = p — 6 < min{p, A} to
Ay = A; = --- = min{p, A} once the threat of rebellion has decreased. In particular, it
increases to equal the extractive tax if A < p.

By contrast, when the marginal rebel is a nonconvert in the static analysis (0 > 6*; see
Figure 2(b)), the threat of rebellion remains the same over time. The CA in each perlod
must still satisfy A, + 7, < p for each ¢, and so 7, = 7* and A, = p — 7* for all # > 1. The
equilibrium is stationary and replicates the static analysis in each period.

When agents are far-sighted (8 > 0), one might guess that the agents’ resistance in this
case would no longer subside over time, as they internalize the fact that not rebelling
will lead to an increase in future taxes. Interestingly, this is not the case. The reason
has to do with the difference in objectives between marginal and inframarginal agents
when the marginal rebel is a convert; the marginal rebel is then concerned solely with the
discounted flow of uniform taxes; by contrast, agents who do not convert are affected by
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both the uniform and the discriminatory discounted taxes, as is the ruler. The ruler can
soft-pedal uniform taxes and back-load their flow so as to dissuade the marginal convert
from rebelling. Put differently, he can divide and conquer the agent community. Once the
resistance of the converts has been reduced, the ruler can then increase the tax burden.
The proof of Proposition 5 can be found in Appendix C.

Timing of the tax reform. We obtain two corollaries in the simple context of myopic
agents and rulers. These corollaries also hold when 8 > 0. Consider Proposition 5: The
uniform tax is initially low to avoid a rebellion, and so a tax reform is not necessary
or at least yields low benefits. Once the threat of rebellion has decreased, though, the
uniform tax is optimally raised, which may require a tax reform if the initial cap was
low.

COROLLARY 4—Timing of tax reform: Suppose that the uniform tax is initially capped by
some level X and that removing this cap, allowing any level of uniform tax up to the extraction
level A > X, generates some instantaneous cost C > 0 for the CA. Under Assumptions 1 and
2, we have the following cases:

(i) If the threat of rebellion is low (0 < 0 for some 6)* and the cap on the uniform tax is
binding (A < p — 6) then the tax reform occurs at date 1 if A < p — 7 — C and at date
2ifAe(p—1—C,min{p, A} — - C) (it never occurs if c if higher).

(i) If the threat of rebellion is high (0 > 6), then the tax reform, if it ever occurs, always

occurs at date 1.

Second, we have assumed for simplicity that the CA is well informed about the threat
of rebellion. As a consequence, rebellions constrain the tax system but do not occur on
the equilibrium path. With imperfect information about the threat of rebellion, rebellions
in general will occasionally occur in equilibrium. When there is little uncertainty, rebel-
lions will be rare. To obtain results about the composition of the rebel group after date
1 (at date 1 all start nonconverts, so only nonconverts can rebel) we consider the llmlt
of distributions of the rebellion parameters p and () converging to the certainty case.®
The intuition behind the following proposition can be grasped from Figure 2(a) and (b).
Suppose for instance that min{p, A} = p and that the marginal rebel is a convert; a small
overestimation of the cost of rebellion will lead converts with types in roughly [8, 7] and
nonconverts with types 6 > 7¢ to join the rebellion. Compare this with the case in which
the marginal rebel is a nonconvert. Then a small overestimation of the level of p will lead
(almost) only nonconverts to rebel.

COROLLARY 5—Composition of rebel group: When the uncertainty about the cost of
rebellion is small, at date 1, only nonconverts rebel when a rebellion occurs. Later on, (i) if
the threat of rebellion is low (8 < 6*), actual rebellions involve both converts and nonconverts;
(ii) if the threat of rebellion is high (0 > 6), actual rebellions involve almost only nonconverts
(the fraction of rebels who are converts tends to 0 as the uncertainty vanishes).

81n general, 9 differs from 6*, as the cap affects the welfare in the two regions.

81Two comments are in order here. First, we keep the analysis informal. The notion of vanishing uncertainty
is the same as in Nash’s celebrated noncooperative Nash demand game when the uncertainty about the size of
the endowment vanishes. Second, the uncertainty could affect parameters other than p and 6 without changing
the analysis.
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A.5. Implication of Theory Under Binary Coding

We here investigate the effect of the binary measurement of ¢, on the probability
of poll tax hikes and conversion waves under ruler . We think of our binary mea-
sure, ¢,;, as truncation at some level ¢*: ¢, =1 if ¢, > ¢* and ¢, = 0 otherwise. Let
' = max;, <, ¢ and let ¢! = max -, ¢, the associated binary variable. Sup-
pose that ¢, is an independent random draw from a distribution G(c,). Let nf | =

> 1<k<i_1 Cx denote the number of realizations ¢, = 1 up to ¢ — 1. We have for nj_; > 1,
E[F,—F 1= ¢ [T1[IIF (1°(c) — F(r (¢ N1 d G ()] 7 [(CG—2-G i« h g0

det=1 1-G(c*)
in reduced form, E[F, — F, ;] = ¢, W (n{_,), where W is a decreasing function converg-

ing to 0 as n{_, goes to infinity. Similarly, the probability of a tax hike is P, = ¢, [, i -

t—1y_ =1 . .
G(c' D [(%(cf)“*))"f—l(‘ )], and satisfies the same properties as E(F, — F,_;). To
sum up, the probability of poll tax rises and conversion waves is increasing in ¢, and is

L
decreasing in n{_,.

A.6. Persecutions
Agency Model of Persecutions

Consider a CA with identity ¢ and a LA with identity c;. Express the cost of persecution
borne by a nonconvert in district i, p; > 0, in terms of money, so that the agents’ total
cost of keeping their identity is 7; + p;. Persecution does not bring any cash; it only serves
to deter the agents from keeping their identity. The CA chooses the level of acceptable
persecutions and the LA then collects taxes.*

COROLLARY 6—Agency and persecutions: Consider an economy with parameter se-
quence {c,, i, B;, A},=1. Then the tax base shrinks and the discriminatory tax increases over
time.

(i) Persecutions do not occur as long as the CA’s identity is not much stronger than the
LAs’ identity: There exists a function c* satisfying c¢*(¢) > ¢ for all ¢ such that there are
no persecutions (p; = 0) if and only if ¢, < c*(c;,).

(ii) The ruler is more likely to allow persecutions in districts with the weakest identity.

PROOF: For the sake of the argument, suppose that the LA is soft (¢; > 0) rather
than counter-attitudinal (the same reasoning works in the latter case). For a given p;,
the implementable set is [7]"(p;), 7/ (c;, p:)], where 7¢(c;, p;) is the LA’s preferred dis-
criminatory tax, which solves max (7; — ¢;)[1 — F(7; + p; — ;)] (and 77"(p;) solves the
same program for ¢; = 0). So 7¢(¢;, 0) = 7¢(c;), the discriminatory tax in the persecution-
free environment. It is easily shown that persecutions reduce the discriminatory tax
as the LA absorbs a fraction of its effect: %p’pl) € (—1,0). The CAs payoff when

the LA sets 7¢(c;, p;) (which is the tax in the imlplementable set that the CA prefers)
is Wy = A + [77(¢ci, pi) — clll — F(7{(c;, pi) + pi — r;)]. Simple computations show
that % [ pi=00X %pp) lp=o [c — ¢i] + ¢ — 7{(c;,0). For ¢ = ¢;, the first term on the
right-hand side (RHS) is equal to 0, while the second term is strictly negative. The
RHS is strictly increasing in ¢, and for ¢ sufficiently large, the CA can guarantee it-

self A; by choosing an infinite level of persecutions and gets strictly less than A; when

82Persecutions under the Arab Caliphate were ordered by the CA (caliph or governor).
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57’ (Cz pi)

choosmg p: = 0. Finally, the cutoff level ¢ is defined by [pi=o0 [¢] — ]+ ¢ —
Ti(Cc) = Q.E.D.
Signaling Model of Persecutions

Consider a ruler with unknown religiosity ¢ € {c;, ¢y} with ¢, < cy. Make the extreme
assumption that the poll tax rate or enforcement, 7, is unobserved by the Muslims, while
the level of persecution, p, is perfectly observed.

The ruler is image-concerned and has payoff

(r—0)[l=F(r+ p)]+né,

where ¢ = E[c|p] is the rulers’ estimated religiosity conditional on the Muslims’ infor-
mation (p) and u is the intensity of image concerns. Without loss of generality, we have
ignore the additive, nondiscriminatory tax.

We will look for a separating equilibrium {74, p}ieir, 1. As usual, the low type behaves
as under full information (i.e., as if there were no image concerns: p; =0). And so let

W, = I%la}X(TL — CL)[l — F(TL)] + pep
TL

denote the low type’s separating equilibrium payoff. As for the high type, {Ty, py} is given
by the least-cost-separating policy

max (TH — )1 = F(ty + pu)] + men

(7. pH)
such that
n[lSX(T—CL)[l—F(T+pH)]+MCHSVVL. (A.2)
Let us define, letting 7= 7+ p,
w(c, p) = n{lgx(% —p- c)[l - F(’?)].

For the separating equilibrium to exist, the sorting condition must be satisfied. This is
indeed the case, using the envelope theorem

J*w

dcdp

T
=f(1)—=>0
f@-->0,

where d7/dc > 0 results from revealed preference.
The “least-cost-separating equilibrium” corresponds to the value py = pj,, where pj,
satisfies (A.2) with equality.
Finally, let us see whether the separating equilibrium is consistent with 75 > 7, (co-
variation of 7 and p). Suppose a uniform distribution on [0, 1]: F(6) = 6. Then 7y — 7, =
(1—c1)2—(1—cp —p}p)?

[(cy — cL) — pyl/2 and pj; is given by ————1~ = u(cy — ¢.) = pAc. Fix ¢, and
increase Ac.

Note that for (A.2) to have a solution, it must be the case that p}, + ¢, < 1, which
requires u not too large. Note also that (1 — ¢, — p};) dpy = nd(Ac). And so

dty — 1)
d(Ac) _[1 l—cL—pH]/2
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is equal to 1/2 for u = 0 (for which pj, = 0 as well) and remains positive as long as u is
not too large. Because at w =0, 7y = 7, then 74 > 7, in this range.

APPENDIX B: EMPIRICS

B.1. Data Sources

B.1.1. Cross-Sectional Analysis

Identity strength of local authorities (¢;): Locations of Arab tribes that settled in
Egypt in 700-969 are constructed from al-Barri (1992), a secondary source that draws
on al-bayan wal-i'rab ‘amman fi ard misr min al-a‘rab (Arab Tiibes in Egypt) by al-
Magqrizi (died in 1442).

Identity strength of Copts (r;;): The list of the Holy-Family-visit villages is from Anba
Bishoy (1999) and Gabra (2001); both are based on the apocryphal book Vision
of Theophilus in Mingana (1931). The list of pre-641 Coptic saints and martyrs is
from the Coptic Synaxarium, Le Synaxaire arabe-jacobite translated by Basset (Basset
(1907)).

Proportion of converts (F;;): The list of Coptic churches and monasteries circa 1200
is from History of Churches and Monasteries (abul-Makarim (1984)).

Discriminatory tax rate (7,;): The individual-level poll tax payments are from Mori-
moto (1981, pp. 67-79, 85-87) for Greek papyri and the Arabic Papyrology Database
for Arabic papyri.

Total tax transfer (7};): The village-level data on total tax transfer (‘ibra) per unit of
land are from Ibn al-Ji‘an (1898).

Byzantine-period kura-level controls: The natural logarithm of urban population
circa 300 is based on Wilson (2011, pp. 185-187). Byzantine military garrisons circa
600 are constructed from Maspero (1912). Autopract estates circa 600 are con-
structed from Hardy (1931).

Geographic village-level controls are from the Food and Agriculture Organization’s
Global Agro-Ecological Zones (FAO-GAEZ) Data Portal 3.0.1. Crop suitability in-
dices are under irrigation and intermediate input level. Population is from the 1897
population census (Ministere des finances (1898)).

B.1.2. Time-Series Analysis

Poll tax hikes and conversion waves are based on The Chronicle of John, the Bishop
of Nikiu for 641-661 (John of Nikiu (1916)) and History of the Patriarchs of the Coptic
Church of Alexandria for 661-1170 (al-Mugqaffa (1910, 1943)).

Identity strength of central authority (c,): Caliph-level piety (not drinking alcohol)
is based on Sirhan (1978) for 641-868, al-Dhahabi’s The Lives of Noble Figures (al-
Dhahabi (1982)) for 868-969, and al-Magqrizi’s History of the Fatimid Caliphs (al-
Magrizi (1996)) for 969-1170. Governor-level hostility toward nonconvert Copts is
based on The Chronicle of John, the Bishop of Nikiu for the Rashidun period (641-
661) and History of the Patriarchs of the Coptic Church of Alexandria for 661-1170.
Control variables: The yearly number of foreign attacks is constructed from Mik-
aberidze (2011). The yearly occurrence of a Nile adverse shock is constructed from
Chaney (2013).


http://www.apd.gwi.uni-muenchen.de:8080/apd/project.jsp

12 M. SALEH AND J. TIROLE

B.1.3. Descriptive Figures

Figure 3 shows the spatial distribution of the cross-sectional outcomes and main regres-
sors. Figures 4 and 5 show the evolution of poll tax hikes, conversion waves, and the total
poll tax revenue in 641-1170.

B.2. Measuring the Proportion of Converts (F;;)

We measure the proportion of converts (Fj;) by a village-level dummy variable = 1 if
there is no Coptic church or monastery in village j located within kura i circa 1200. Our
measure is valid under the following assumptions: (a) the universe of villages is observed
in 641 (no post-641 villages), (b) every village had at least one Coptic church or monastery
in 641, (c) the nonexistence of Coptic churches and monasteries in a village in 1200 is
the result of the conversion of the vast majority of its population in 641-1200, which led
to the desertion of the churches and monasteries or their transformation into mosques,
rather than any nonconversion cause (e.g., abandoning a church for financial reasons), (d)
the list of churches and monasteries in 1200 is complete, and () there is no differential
movement of converts and nonconverts across villages.

These assumptions are supported by a number of observations. In support of (a), we
define the universe of villages based on the 1315 cadastre (Ibn al-Ji‘an (1898)).8* Most
of these villages existed before 641 (Ramzi (1954)). As a robustness check, we further
restrict our analysis to a subset of villages mentioned in Byzantine-period sources, that
was compiled by the French archaeologist Amélineau (1850-1915) (Amélineau (1893)).%¢
The results are qualitatively similar. In support of (b), Amélineau’s villages are quite large
(mean population in 1897 is 5900, compared to 2700 in non-Amélineau villages). Hence,
they are most likely to have had at least one church or monastery in 641. In support of (c),
our measure is negatively correlated (p = —0.29) with the actual number of nonconvert
Coptic households in 1245 among villages in Fayum kura, based on al-Nabulsi’s Fayum
cadastre.® We also use the individual-level religious affiliation in Egypt’s first population
censuses in 1848 and 1868 as a robustness check, finding similar results. In support of
(d), Abul-Makarim’s list is the most complete enumeration of churches and monaster-
ies in medieval Egypt. It has more entries, and geographic coverage than any other list.
We obtain similar results if we use al-Magrizi’s list of churches and monasteries circa
1500 as a robustness check.* In support of (e), (i) rural-rural migration was outlawed—
papyrological administrative records reveal that “fugitives” who fled their villages were
forced to go back—and (ii) (tax-induced) rural-urban migration is unlikely because cities
were controlled by Arab LAs.*

8While the earliest extant comprehensive list of Egyptian villages dates to the 1298 cadastre, we chose to
digitize the 1315 cadastre instead, because it has information on land area and total tax revenue.

84This is not an exhaustive list of pre-641 villages, though; it only includes villages that were large enough to
be mentioned in the Byzantine sources.

%The number of Coptic households in the kura of Fayum is constructed from Rapoport (2018) based on the
1245 cadastre of Fayum in Tarikh al-Fayum (History of Fayum) by al-Nabulsi (died circa 1250).

8This is constructed from al-Magqrizi’s al-Mawa ‘iz wal-I‘tibar fi Zhikr al-Khitat wal-’Athar (Sermons and Con-
siderations in Examining Plans and Monuments) (al-Magqrizi (2002)).

871n 1848, when mobility restrictions and the poll tax were both still enforced, the proportion of rural-rural
cross-kura immigrants is not statistically different between Muslims and Copts (5.7% versus 6.1%).
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C. =1 if no Coptic church or monastery in 1200

b
-
- s Pl
22 I3
3
A »~
%
)
A ]
-
>
%
=
1.
L
2
2

1st Quartile
M 2nd Quartile
m 3rd Quartile
M 4th Quartile

Missing

FIGURE 3.—Cross-sectional spatial heterogeneity in determinants and outcomes. The map shows 1782 vil-
lages in the 1315 cadastre, which defines our universe of villages, using the boundaries of villages in the 2006
population census. Nile delta refers to the northern triangle on the map. Nile valley covers the whole region to

the south of the delta. Source: See Appendix B.1.
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1 if poll tax rises
1 if conversion wave
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FIGURE 4.—Poll tax hikes and conversion waves in 641-1170. Notes. 641-750: Rashidun and Umayyads;
750-868: First Abbasid Period; 868-969: Tulunids, Second Abbasid Period, Ikhshidids; 969-1170: Fatimids.
Source: See Appendix B.1.

B.3. Measuring Total Tax Revenue (T};)

Tax transfer per unit of land (Tﬁ) is equal to T}; only if population per unit of land and
yield per unit of land are both held constant for all j. Letting g;; denote the amount of
land, z;; denote the average yield per unit of land, and 7;; denote the number of inhabi-

tants, total tax transfer is thus Tg"t = q;izjiAji+n;7;(1—F};). In the theory, we normalized
~ Tot s ~ . .

qji = Zji = Nji = 1. We observe ’Tji = ZL = Ajizji + q—ﬁRJ, Hence, T‘j[ = ’Tji Only if Zji and q—]l
Jt Jt ji

are the same for all j. Empirically, we control for z;; by the FAO-GAEZ cereals suitability

index and control for % by the population size in 1897 divided by land area in 1315.
ji

B.4. Supplemental Tables

This section presents Tables V-X that are referenced in the paper.

10000 15000
| |

Tax revenue in 1,000 dinars
5000
|

—=e— Polltax — 4 — Land tax ‘

FIGURE 5.—Total poll and land tax revenues in 641-1170. Sources: Courbage and Fargues (1997); poll tax
revenue in 1090, Mahmoud (2009).
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TABLE VI

LOCAL DETERMINANTS OF CONVERSIONS TO ISLAM IN 641-1200 AND TOTAL TAX TRANSFER IN 1375: NO

REGION FIXED EFFECTS*?

) (2 3) 4 Q) (6) (7) ®) (©)]
OLS OLS OLS OLS OLS 2SLS 2SLS 2SLS 2SLS
(a) Dependent Variable: = 1 if no Coptic Church or Monastery in Village j Circa 1200
= 1if Arab settlement (c;) 0.08 0.08 0.08 0.08 0.13 0.12 0.13 0.12
(0.03) (0.03) (0.03) (0.03) (0.06) (0.06) (0.06) (0.05)
= 1if HF visit (rj;) -0.59 -0.58 -0.59 -0.62 -0.58 —-0.59 -0.62
(0.08) (0.08) (0.08) (0.09) (0.08) (0.08) (0.09)
Byzantine controls? No No No Yes Yes No No Yes Yes
Geographic controls? No No No No Yes No No No Yes
Obs. (villages) 1782 1782 1782 1782 1751 1782 1782 1782 1751
Clusters (kuras) 42 42 42 42 42 42 42 42 42
R? 0.01 0.03 0.04 0.04 0.05 0.01 0.04 0.04 0.05
Mean dep. var. in control 0.78 0.85 0.78 0.78 0.78 0.78 0.78 0.78 0.78
KP Wald F-stat. 17.23  17.33 16.40 16.65
(b) Dependent Variable: Tax Transfer (‘ibra) in Army Dinars per Unit of Land in 1375
= 1if Arab settlement (¢;) —0.13 -0.13 -030 -024 -046 —-045 -0.57 -0.36
(0.30) (0.30) (0.28) (0.21) (0.35) (0.34) (0.33) (0.30)
= 1 if HF visit (r};) 0.96 0.96 0.86 0.73 0.97 0.86 0.73
0.41) (0.42) (0.46) (0.53) (0.43) (0.46) (0.53)
Byzantine controls? No No No Yes Yes No No Yes Yes
Geographic controls? No No No No Yes No No No Yes
Population per unit of land? No No No No Yes No No No Yes
Obs. (villages) 1511 1511 1511 1511 1485 1511 1511 1511 1485
Clusters (kuras) 40 40 40 40 40 40 40 40 40
R? 0.00 0.00 0.00 0.01 0.05 -0.00 —0.00 0.01 0.04
Mean dep. var. in control 3.40 3.29 3.40 3.40 3.40 3.40 3.40 3.40 3.40
KP Wald F-stat. 16.32 1642 16.17 14.65

ATax transfer (‘ibra) is in army dinars (~13.3/20 dinars) per feddan (= 6368 square meters). Standard errors clustered at the kura
level are given in parentheses. Byzantine-period kura-level controls are (i) the logarithm of urban population in kura i circa 300 and
(ii) a dummy variable equal to 1 if there was a Byzantine garrison in kura i circa 600. Geographic village-level controls are (iii) FAO-
GAEZ suitability index to the cultivation of barley, wheat, beans, and maize, under irrigation and intermediate input level, (iv) mean
temperature, (v) temperature range, (vi) slope, and (vii) rainfall. Population per unit of land is (viii) the population in 1897 divided by

land area in 1315. A constant is included in all regressions.
bSources: See Appendix B.1.
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TABLE VIII
EVALUATING THE NATIONAL REPRESENTATIVENESS OF THE POLL TAX SUBSAMPLE*"

(a) Village-Level Variables

Villages Out of Poll-Tax Sample Villages in Poll-Tax Sample
N Mean SD N Mean SD Diff.
= 1 if no church or monastery in 1200 1587 0.83 0.37 195 0.89 0.31 0.061
= 1 if no church or monastery in 1500 1587 0.98 0.15 195 0.94 0.24 —0.038
ibra per feddan in 1375 1335 3.22 2.26 176 4.01 6.40 0.793
ibra per feddan in 1477 1335 2.76 1.95 176 3.51 6.45 0.749
= 1if on HF route 1587 0.01 0.11 195 0.03 0.16 0.014
= 1 if pre-641 Coptic saint or martyr 1583 0.01 0.12 195 0.03 0.17 0.016
FAO-GAEZ cereals suitability index 1560 0.68 0.10 191 0.66 0.10 —0.024
Mean temperature 1560 20.98 0.82 191 21.88 0.30 0.899
Mean temperature range 1560 14.17 1.04 191 16.34 0.23 2.167
Mean slope 1560 3.43 0.61 191 3.90 0.63 0.467
Mean rainfall 1560 50.26 33.27 191 6.43 3.31 —43.832

(b) Kura-Level Variables

Kuras Out of Poll-Tax Sample Kuras in Poll-Tax Sample
N Mean SD N Mean SD Diff.
= 1 if Arab settlement in 700-969 38 0.63 0.49 4 0.75 0.50 0.118
Log (urban population) in 300 38 10.00 0.73 4 10.57 0.72 0.570
= 1 if Byzantine garrison in 600 38 0.42 0.50 4 1.00 0.00 0.579
Kura’s distance to Arish (km) 38 354.07 148.34 4 425.86 83.63 71.792
= 1 if kura borders desert 38 0.76 0.43 4 1.00 0.00 0.237

(c) Dep. Var. = 1 if no Coptic Church or Monastery in Village j Circa 1200: Poll Tax Subsample

M (©) ) Q) ®) ©) ™ ®) ©)
OLS OLS OLS OLS OLS  2SLS  2SLS  2SLS  2SLS

= 1if Arab settlement (¢;)  0.15 0.17 0.24 0.64 0.33 0.24 0.26 0.85
(0.56) (0.58) (0.17) (0.35) (0.21) (0.13) (0.22) (0.34)
= 1if HF visit (rj;) -051 -0.52 —-0.50 —0.66 —-0.52 —-0.50 —0.66
(0.78) (0.78)  (0.69) (0.92) (0.77)  (0.76)  (0.83)
Byzantine controls? No No No Yes Yes No No Yes Yes
Geographic controls? No No No No Yes No No No Yes
Obs. (villages) 195 195 195 195 191 195 195 195 191
Clusters (kuras) 4 4 4 4 4 4 4 4 4
R? 0.01 0.07 0.08 0.08 0.12 —-0.01 0.08 0.08 0.12

Mean dep. var. in control 0.75 0.91 0.75 0.75 0.75 0.75 0.75 0.75 0.75
KP Wald F-stat. 1.11 1.17 395.65 910.85

4“Diff.” reports the slope in the regression: y = a + appolltaxsample; + €, where y is the outcome of village j located in kura i
in panel (a) or the outcome of kura i in panel (b), and polltaxsample; = 1 if kura i is in the poll tax subsample. Standard errors are
clustered at the kura level in panel (a) and are White-Huber SEs in panel (b). Panel (c): The IV in columns 6-9 is the kura’s distance
to Arish. The p-values are given in parentheses, estimated by clustering standard errors at the kura level, using wild cluster restricted
bootstrap for OLS and wild restricted efficient clustered bootstrap for IV, with Webb weights and 999,999 replications. A constant is
included in all regressions. Controls are defined as in Table 1.

bSources: See Appendix B.1.
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TABLE X

TIME-SERIES DETERMINANTS OF POLL TAX HIKES (A7,) AND CONVERSION WAVES (AF,) IN 641-1170:

ROBUSTNESS CHECKS?*

Governor-Level Data Set Control No. of Prev. Tax Hikes Control ¢; x ”?—1
M 2 ©) “) () ©) ) ®) ©)
(a) Dependent Variable = 1 if a Poll Tax Hike Mentioned During the Reign of Ruler ¢
= 1 if ruler’s identity 053 053 0.50 0.21 0.16 0.17 015 020 -0.19
strong (¢,) (0.15) (0.14) (0.13) (0.10) (0.12) (0.14) (0.22) (0.27) (0.44)
No. of prev. strong —0.00 -0.02 -0.05 —-0.02 -0.01 -0.03
identity rulers (n¢_;) (0.01) (0.02) (0.04) (0.01) (0.03) (0.03)
No. of previous poll tax hikes —-0.04 -0.07 -0.09
(0.02) (0.04) (0.07)
Ce X 1S 0.01 0.00  0.03
(0.01) (0.01) (0.02)
Ruler’s start year 0.38 0.78 0.50 0.96 -0.27 -0.11
(0.35) (0.76) (0.45) (0.96) (0.60) (0.66)
Controls? No No Yes No No Yes No No Yes
Obs. (governors/caliphs) 121 121 121 64 64 64 64 64 64
Years 526 526 526 526 526 526 526 526 526
R? 029 030 033 021 0.23 027 016 016  0.20
p-value (Breusch-Godfrey test) 0.01  0.00 0.00 0.04 002 001 006 004 0.01
Mean dep. var. 0.13 0.13 013 025 025 025 025 025 0.25
(b) Dependent Variable = 1 if a Conversion Wave Mentioned During the Reign of Ruler ¢
= 1 if ruler’s identity 047 047 046 019 026 031 032 0.64 0.29
strong (¢,) (0.19) (0.19) (0.19) (0.13) (0.19) (0.20) (0.33) (0.41) (0.67)
No. of prev. strong 0.00 —0.00 0.01 —0.01 0.05 0.03
identity rulers (n{_,) (0.01) (0.01) (0.02) (0.01) (0.03) (0.04)
No. of prev. poll tax hikes —-0.04 0.01 0.04
(0.01) (0.05) (0.07)
G X nS_, —0.00 —-0.02 -0.00
(0.01) (0.02) (0.03)
Ruler’s start year 0.05 -0.12 —-0.81 -1.21 —1.47 -1.36
(0.20) (0.44) (0.72)  (1.07) (0.48) (0.57)
Controls? No No Yes No No Yes No No Yes
Obs. (governors/caliphs) 121 121 121 64 64 64 64 64 64
Years 526 526 526 526 526 526 526 526 526
R? 033 033 038 0.21 026 030 019 029 031
p-value (Breusch-Godfrey test) 0.00  0.00  0.00  0.01 0.01 0.01 0.01 0.01 0.00
Mean dep. var. 0.07 007 007 018 018 0.18 0.18 0.18 0.18

aNewey-West standard errors are given in parentheses, assuming that the error is both heteroskedastic and autocorrelated up to
15 lags (governors) and 11 lags (caliphs). Controls are (i) = 1 if foreign attack occurred and (ii) = 1 if an adverse Nile shock occurred.
Ruler’s start year is normalized to be an element of [0, 1]. Regressions are weighted by the length of ruler’s tenure. The Hyy for the
Breusch—Godfrey test is that there is no serial correlation up to 15 lags (governors) and 11 lags (caliphs). A constant is included in all

regressions. Sources: See Appendix B.1.
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