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This Internet Appendix serves as a companion to the paper “A Pyrrhic Victory? Bank Bailouts and
Sovereign Credit Risk.” It contains the proofs to the propositions and other results not included in
the main text in order to conserve space. We present results in the order they appear in the main

text.

I. Proof of Lemma [

Use @ to substitute for wg in the financial sector’s first-order condition and then take the

derivative with respect to the transfer Ty:.
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Since dpsor /dTo = p(A;), this term is positive so long as A4, is in the support of A; and the transfer
increases the probability of solvency by decreasing the solvency threshold A;. Hence, the numerator
of the right-hand side in the second line is negative. That the denominator is also negative follows
from the concavity of f and the convexity of c. This establishes that the right side is positive and
hence dso/dTy > 0.
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II. A Candidate for V(K) Based on f(K,s)

Consider the frictionless counterpart to our setting, with pso, = 1. In a dynamic setting, the
expression for V would reflect the value of future production of the nonfinancial sector as a function
of its future capital, K. For simplicity, consider one extra period of output. The case of more than
one future period should be similar as it is the sum of multiple one-period outputs. The output of

the additional period is given by maxg f(K, s). It is natural then to let
V(K) = max f(K,s) — wss,
S

with ws determined by the financial sector’s first-order condition. With f(K,s) = o' ~7s”, this
implies that
V(K)=(1-0)aK'"s,

where s* is the optimal choice of s.

Let c(s) = 2s™ for m > 2. Then the first-order condition of the financial sector implies that

ws = s™ ! and the first-order condition of the nonfinancial sector implies that

YaK Vs = g = gL
Solving for s*, substituting into the expression above for V(K), and simplifying gives
11w
s* = (Ya)m=—9 Km=v

V(K)=(1- ﬁ)aﬁKW, where =

Hence, V(K) has the power form that is used in the paper. Moreover, for m > 2 (which is assumed),

v < 1.



III. Proof of Lemma 3

For the assumed parametric forms, we obtain the following results:
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The second line shows that d7/dfy > 0 on [0, 67***) and dT /dfy < 0 on (65", 1), where 67***

emﬂ.l‘ .
solves ﬁljgw = 1. Tt is zero at ™% and at one (where 7 = 0).
0

The third line implies that d>7 /d6% < 0 on [0,05%] so T is increasing but concave in this

region. To see this, note that the third line can be rewritten as

d*T 5 o 0o v I
C = (-2 - 5 (1 - fp) L
62 ( T 161 )T

We know that —1+4 2= - 1 [0, 65***] and so, in this region, the leading term in parentheses

is negative. Since the remalnlng terms are positive, d*7 /df3 < 0 in this region.

IV. The Government’s First-Order Condition

From we obtain the following first-order condition of the government for the tax rate, 6
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Note that the derivatives of sp and T here are total derivatives, since the government’s choices are

subject to the equilibrium choices of the financial and nonfinancial sectors.

As shown above, dT /dfy is positive and decreasing (towards zero), but remains positive, on
[0,00**]. Therefore, the mapping from the tax level (6y) to the marginal rate of transformation of
taxes into tax revenue (d7 /dfy), is invertible on this region. A high tax rate corresponds to a low
marginal rate of transformation of taxes into tax revenue and vice versa. Note that the optimal
tax rate must be in the region [0, 6;**], since any further increase in 6y beyond 67" reduces tax
revenue and investment. Hence, we can limit the consideration of the optimal tax rate to this

region. Since d7T /dfy is positive and the mapping from 6y to T is invertible in this region, we can



instead consider the government’s first order condition with respect to 7, which turns out to be
more intuitive for analyzing the government’s problem. Dividing ([A.2) through by d7 /dfy and
rewriting (dK;/dby)/(dT /dby) = dK1/dT, we obtain this alternative first-order condition

dK,
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where the term dTy/dT, which equals one under a no-default government policy, is omitted from
the expression.

From equations and @, it follows that

0f(Ko, s0)
880
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From equation we have that
V(K1) — 1= 00V (K1), (1A5)

and substituting into ([A.3)) gives equation in the main text:
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V. Underinvestment Loss Due to Taxes

We want to obtain an expression for the second term in (IA.3|) (which equals the second term

in equation ), the transfer version of the government’s first-order condition:

[V!(K1) — 15+
T .
a0

The first-order condition for investment of the nonfinancial sector, , and the parametric form

for V imply that

V(K — 1= 6oV (K1)
= Ho’yK'yil.



Substituting in the parametric form also gives

dK, 11
d@(] _1—00’}/—1

K.
Moreover, from we can solve for the equilibrium K; as a function of 6:
1 1
Ky =~T7(1—6p)T.

We can obtain the numerator for our fraction of interest by multiplying the expressions for the two

terms together:

dK oy
V/I(K) — 1 — K7
V) = g = TG - D
_ b v =
TGy 1) T
_T 0 v
_901—00’)/—1,

where the second line follows by substituting in the expression for K7 and the third line follows
by substituting in the expression for 7. Internet Appendix Section derives d7T /dfy. Dividing
the expression for the numerator by the expression for d7 /dfy shows that the marginal loss per

transfer is given by

[
ac V(KD -5 i
- dT - 6 .
aT dbo 1 - 17(}90 117

From this it is clear that dL/dT — —oo as 0y — 0™ (since at 6™ the denominator is 0).

Additionally, we have
eL_ sy
dT?  d0odT dT

Hence, the marginal loss to the economy is increasing in magnitude (getting worse) as the tax rate

<0 for 6y € [0,6™).

increases up to ™% and expected tax revenue rises to 7%, In other words, marginal tax revenues
become increasingly expensive to raise as the marginal loss to the economy from underinvestment

rises in the tax rate/level of tax revenues.



VI. Proof of Proposition

Substituting @ into and solving, we obtain the equilibrium level of sy (note that we refer

to the equilibrium level of sy also as sp, an abuse of notation intended to reduce clutter):

1
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Now substitute this into the expression for dG/dT to get

dSQ 1 _ mi_ =9 m%—l dp 1
(1 - psolv) —_— <190£Ké 19) ! ﬁm_ﬁpsolvﬁ (1 - psolv) .

dG  9f(Ko, so) dsy _
dTO m—1 dTO

W': Js

Taking derivative again with respect to 7 shows that
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where dT/dT = 1 is omitted. Since the second term in the above expression is always negative,
a sufficient condition to ensure that d2G / dT? < 0 is to ensure that the first and third terms in
the above expression are nonpositive. The condition m — 29 > 0 ensures that the first term is
nonpositive. The third term is negative if the slope of the probability density of A; at A, is

nonpositive. Letting A; take a uniform distribution sets this term to zero.!

Since we have shown that both G and £ are concave in T (Internet Appendix Section , the
government’s problem is concave in 7. Furthermore, the optimum tax revenue, 7", must correspond
to a tax rate § < 6% because the first-order condition is negative at 0%, To see that this is the
case, note that dL/dT — —oo as 6 — 0™ while dG/dT is finite for pgy, > 0.

A. Impact of Ly and Np on T

Let © = L1 or Np. Taking the derivative of with respect to x gives

d’G d’L

dxdT * dzdT 0 (14.6)



Using the Implicit Function Theorem, we get
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Substituting into (IA.6) and combining the terms multiplying d7 /dz yields
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Note that for the term in parentheses on the left side,

< 0.

aT
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For x = Np, we have

8]95011; 0Ty apsolv apsol’u
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since 0Ty/ONp = —1 and Opser/OND = (Opsorn/0T0)kA-

For x = L1 we have

8psolv % —0 and 8psolv
0Ty, Oz ox

<0,

so for either value of x, the term in braces on the right side is negative. Finally, the intermediate

steps in the proof of the concavity of G in 7 show that

(Y,
dpsolv dT .

Combining these results shows that d7 /dz > 0 for x = L; or Np.

B. Impact of Ly and Np on Ty

From Ty = T — Np and dT /dL; > 0, it follows that dTy/dLy = dT /dL; > 0.

To show how T changes with Np, we use the result above for 7. In particular, letting x = Np
in (TA.7) and simplifying the right-side expression using agsj?ol” % + % = a%%l”(k/; — 1) and




d*G/(dTodT) = d*G/dT? gives:
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Since To =T — Np,
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Moreover, this shows that Ty + k4 Np, the gross transfer to the financial sector, is decreasing in
Np.

VII. Proof of Proposition

The trade-off involved in default is the loss of the deadweight cost D, versus the benefit of a
larger transfer with reduced underinvestment made possible by diluting pre-existing debt. The net

benefit of this tradeoff can be written as follows:

~ def_ >de f
To k:ND d g T dﬁ
—d1I —dT —D IA.8
/ no-def dT() 0 + /’f’node‘f dT T ’ ( )

where the first integral is the gain due to increasing the (gross) transfer, while the second integral
is the reduction in underinvestment loss due to reducing tax revenue. Note that dG/dTy here is
evaluated at no-default values. If (IA.8) is positive, it is optimal for the sovereign to choose default,

while if it is negative then no-default is optimal.

To prove point (1), take the derivative of (IA.8)) with respect to L; and simplify the resulting

expression to obtain:
fodef—kAND d dg
— | =] >0.
/j;bnodef dLl < dTO >

The intermediate steps in Internet Appendix Section [[V]show that the derivative in the integrand
is positive. As shown in Internet Appendix Section [VI] the gross transfer is decreasing in Np, so
Télef > kaNp + Tgw’def and hence the integral is positive.

To prove the statement for Np, take the derivative of (IA.8]) with respect to Np. Simplifying

the derivative at the upper integration boundary gives —k4dG /dTy }T while from the lower
0

dEfkaND
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boundary we get dG/ dTo‘ . nodes - 'The remaining part of the derivative is

To
TodefkaND d dg TodefkaND d dg
2 () Rl et
/I;Onodef dND (dTO) A/I;Onodef dT() (dT())
(49 dg
~M\AT R kN dT T )
Combining the three parts of the derivatives gives (1 — k)dG/dTp| - nodes > 0. To show that the

To
benefit of defaulting is convex in Np, take a second derivative to obtain

(1 — ka)d®G/dT3| Tono,dedeg"*def /dNp > 0.

Finally, taking the derivative with respect to k4, we obtain —(dG/dTy)Np < 0 at the upper

integration boundary and zero at the lower boundary. In the interior we obtain

Todﬁf—kAND d dg Todﬁf—kAND d dg
L) N 2 (Z) <o
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so the derivative is negative.

VIII. First- and Second-Order Conditions for Tax Revenue Under Uncertainty

Since Ny = (T — Np/H)H and P, is given by under uncertainty, Ty can be written in

terms of 7 and H as follows:

Ty = NpPy = (T—%)EO [min(H,Rv>]. (IA.9)

As earlier, the first order condition for the government’s choice of 7 is given by

dGg dly dL

atyar Tar =

Whereas under certainty dTy/d7T =1, this is no longer the case. Taking the derivative of Ty in ([A.9)
with respect to 7 (while holding H constant) and then using @D to substitute into the resulting
expression gives dTy/dT = PyH. Therefore, the first-order condition for 7T is:

dg dr

—HPy+ — =0. IA.10

o, 0T AT (1A.10)
with Ty given in ([A.9). The loss due to underinvestment, £, is the same as under certainty. Recall

that it is concave, with the magnitude of the marginal loss, d£/dT, increasing in 7. Similarly,



dG/dTy, the gain to the economy from the increased provision of financial services, remains the
same with uncertainty and is decreasing in Ty. However, the rate at which T increases in 7 is now
H Py rather than one. Note that this rate is constant in 7, as Py is a function only of H, and is
less than one.? Finally, the second-order condition for 7~ holds,

d*G d*L

——~(HP)? + —= <0

as G and L are concave and H P, is a function only of H.

IX. First- and Second-Order Conditions for Insolvency Ratio Under
Uncertainty

Changing H affects two components of the government’s objective. As can be seen from ,
increasing H changes Typ. Unlike the case with T, however, increasing H does not have any effect
on investment. Instead, the cost associated with increasing H is that it increases the probability
of default, and in turn the expected deadweight cost. The first-order condition for H shows this
trade-off:

dg dTy dedef _

dly dH dH

From , it is clear that dpges/dH > 0 and we can think of choosing H exactly as choosing
the probability of default. The effect on Ty = PyNr is less immediately clear, since increasing H
increases Np but decreases FPy. However, shows that dTy/dH > 0. To see this we separate
Ty into two terms based on and consider their derivatives:

0. (IA.11)

d(T - %)/dH _ % >0 (IA.12)
d Ey [min (H Rv)} JdH = (1= pgey) > 0. (IA.13)

Demonstrating the equivalence in the second line is straightforward. We refer to as increas-
ing the dilution of existing bondholders’ claim, since the increase in H reduces the share of tax
revenues that goes to the holders of the existing debt, Np. We refer to as reducing either
the default buffer or precautionary taxation, since by increasing H, it increases the probability that
Ry < H, in which case the government defaults. Hence, (TA.12) and (TA.13)) show that increasing
H (while holding 7 constant) increases Tp. It immediately follows that dG/dH > 0 and there is a
benefit to increasing H. Substituting in for dTy/dH, the first-order condition becomes

49
dTy

(5 i (1.70)] 7~ 3200 ) - D21~
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It also follows that as H increases, raising it further becomes less effective at increasing Tp:

1, —2Np [H Np
o H3/0 wpp, (2)d — (T = =Ppg (H) <0,

where p Ry (z) denotes the probability density of Ry evaluated at . In other words, Ty is concave
in H. Together with the concavity of G in Ty, this implies that G is concave in H, that is,
d*G/dH? < 0.> The implication is that while increasing H provides a benefit to the government
by increasing the transfer through dilution and reduction of precautionary taxation, the marginal
benefit is decreasing. Meanwhile, the government bears a cost for increasing H; the resulting
increased likelihood of default increases the expected deadweight cost of default. We assume that
at the optimal choice of H, d? pdef/dzH > 0.

A. Uncertainty Calculations

To derive d Ey [min (H , Rv)} /dH, rewrite the expectation as

Eyp {min (H, Rv)} = /OHaszV (x)dx + H/Hoopév (x)dx.

Now taking the derivative with respect to H, one obtains:

o0

d B, [min (H RV)] JdH =Hpy, (H) — Hpp, (H) + / P, (z)dz

H
:/H pg, (x)dx

=(1 — pdef)-
The first line is just the derivative, while the last line follows by the definition of pge .

Using this result we have that

% - %Eo [min (H, Rv>] + <T— ]ED> (1 — Pdef)-

Substituting in the expression above for Ejy [min (H , Rv>], taking the derivative with respect to

11



Ty, and simplifying gives

d*Ty, —2Np [ (H o0 Np
¥77E) :W [/0 mpRV(:L‘)d:L‘—l—H/H pRV(aj)dw} + ﬁ(l _pdef)

+ = pan)— (T 52) v, 1)
:%ﬁff’ [/OprRV(x)dx} - (T— ?) P, (H).

Since (T — Np/H) = Np/H > 0, it is clear that d*Ty/dH? < 0.

X. Proof of Proposition

Starting with the first-order conditions for 7 and for H, given by (IA.10) and (IA.11]), respec-

tively. Substituting out % and rearranging gives the relation

dl dTO _ dpdef
ar am = AP

(IA.14)

Differentiating with respect to Li gives on the left-hand side

d2L dT dTy, dL d*Ty dT  dL d*Ty dH

CdT?2dL,dH dT dTdH dL, dT dH?dL,’

and on the right-hand side

dpgey dH d*pges dH
& L wpD a2
dH dL, OFTIH? dL,

(1 = paes)D
.. e AT
Combining the terms in aL; gives

ELATy dL T,
dT2dH dT dTdH’

and it is not difficult to see that each term has a positive sign. Combining the terms in % gives

dc T, dpacs
LT 4 (1 puep)D ,
a7 ame T~ paep) Dy AL

and again each term is positive. Thus, we see that at the optimal values, sgn (TL1> = sgn (%).

It remains to show that both of these signs are indeed positive.

12



To that end, let V represent the objective function of the government with the first-order
conditions given by ([A.10) and (LA.11). Let X = [T, H] be the vector of the two controls. Then
the first-order conditions can be written as just dV/dX = 0. Differentiating this with respect to

Ly gives
dV n d*V dX _
dLidX = dX2dL;

0.

By assumption, the optimal X is internal and so d?V/dX? is negative definite. Isolating dX/dL;

then gives

dX  (dPVNT' av
dL; dX? dL,dX’

Premultiplying by d%ILdTX, we obtain

vl dx  av” <d2v>‘1 v o

=— >
dL1dX dLy dL1dX \ dX? dLidX
where the sign follows since the Hessian is negative definite. Since

d*G
dLdT

> 0,
it is straightforward to see that dﬁ% > 0, that is, both terms in the vector are positive. Because
both terms in dX/dL; have the same sign, they must both be positive, that is, dX/dL; > 0.

XI. Proof of Proposition

Below we derive the return on financial sector equity, debt, and the sovereign bond. A complica-
tion created by the guarantee is that the number of outstanding sovereign bonds is state-contingent,
since it depends on the realization of A;. Let Ng(A;) denote the number of new bonds issued to-
wards the guarantee. This means there will also be a different price for sovereign bonds contingent
on the realization of A;. Hence, Py will now depend on A, as will Tj. This state-contingency is

implicit below but will be omitted to avoid excessive notation.

Assume that 4; ~ U [Amin, Amaz] and consider two types of shocks. The first is a shock to
the value of the risky asset held by the financial sector. This shock changes the mean of Ay by
shifting the support of A; by an amount dA. Thus, A; remains uniformly distributed with the same
dispersion, but a different mean. The second shock affects the sovereign bond price by changing
the expected growth rate of future output by dR. For Ry uniformly distributed, this corresponds
to a dR shift in its support.

13



From the model we have that the value of financial sector equity is given by

Amaac

E = (Al + T() — Ll)p(Al)dAh
A

where p(fll) is the uniform probability density. Calculating the change in F induced by a shock

dA gives
dFE TO(Ama:L‘) - TO(Al)

ﬂ = Psolv + Amax — Amzn = Psolv-

The second equality follows by the fact that there is no change in the guarantee once A > A
because at this point the financial sector is solvent. Calculating the change in E due to a shock dR

gives

dE dPy(A,)

dR dR TPsolv
Note that since there is no change in the guarantee for A; > A, the quantity dPy/dR is the same
for any A > A,

Next, we have that the value of financial sector debt is given by

A

Ay

(A1 + To)p(Ay)dA; + / (Ly — Ay — Ty) Pop(Ay)d Ay

Amin

Amaz

D= Lip(A)dA; + /
Ay

Amin

The last term gives the value of the guarantee. Differentiating, simplifying, and combining terms

gives that the change in D induced by a shock dA is

dD To(A) — To(Amin
28— (1= o)1 = Poli)) + AT R) )
The change in D due to a shock dR is given by
dD A 4P, S 4, . dPy - . ~
— = — Nr(1 - Py)p(A1)dA Ly — Ay —Ty)——=p(A1)dA;.
iR~ ), dR 7( 0)p(A1) 1+/Amm( 1 — A1 —Tp) dRp( 1)dA;

The second term represents the change in value of the existing guarantee due to the change in
the sovereign bond price. The first term incorporates both the change in the value of the existing
transfer plus the change in the “amount” of guarantee. That is, if dR is positive, the transfer
increases in value by dTj/dR, but this reduces the amount of guarantee given by the government
for each realization by the same amount. This is true for each realization of A; under the integral

sign.

We now approximate these values by ignoring the state-dependence of Py on A in the above

14



expressions. This simplifies them to

dE
A = Psolv
dE  dP,
ﬁ ~ T]é)NTpSOlU
and
92 % (1= pu) (1~ Py)
% ~ %NT(l — Dsolv) (1 — Po) + %%(1 — Dsotv) (A1 — Amin).

By inspection one can see that the following relation holds for these approximations:

1- solv 1
dD =~ %(1 — P()) dE + 5(1 —psolv)(A1 - Amm) dF.
solv

Simple algebra and a substitution then give ,

d£ ~ (1 - psolv)(l - PO) Edﬂ + (1 - psolv)2(Amaa: - Amzn) &@
D ~ Psolv D E 2 D PO .

Hence, we have
dD dE dPy
D 0 TR

where

5E :(1 _psolv)<1 - PO) E
Psolv D

(]- - psolv)2(Amaz - Amzn) Py

by = 2 D’

XII. Model with State-Contingent Taxation

This section extends the model in the main text so that the government sets the tax rate at
t = 2, thereby making the tax rate fully state contingent. Let w denote the state realized at t = 2,
and let f(w) and V(K1)(w) be the state-contingent tax rate and the realized value of output. The

following proposition gives the optimal state-contingent tax policy.

PROPOSITION IA. 1: Let Ty be the government’s desired transfer and pgey be the maximum
probability of default it is willing to tolerate to achieve it. Assuming the (To, p4es) pair is feasible,

15



the optimal debt issuance Ny and state-contingent tax rate é(w) implementing it are given by

) . To .
= —_— . > = — —
Np = min <1 e max {V prob (V(Kl) > V) (1 pdef)} ND>
and
- Nr+ N - .
O(w) = ‘77(}:1; on any C C {w:V(K1,w) > Nr+ Np} where prob(C) = (1 — paey)
1,W

and {0(w) :w € C} is chosen in any way that satisfies

E, [é(w)f/(m,wnweg} = (Nr + Np) (;\F;; —(1- pdef)> .

Proof: The proof is instructive in clarifying the tax policy given in the proposition. We prove its
optimality by showing that among all policies that achieve the transfer Ty with probability of default
(no greater than) pges, it requires the minimum expected tax revenue. Since underinvestment is a
function only of expected tax revenue, the policy induces the minimum possible underinvestment

distortion and is therefore optimal.

To see that the policy given in the proposition requires the minimum expected tax revenue,

note that for any tax policy, the required expected tax revenue 7 is bounded below by

T > (Nr+ Np)FRy
=Ty + Nph,.

To avoid excess taxation, the government sets 7 = Ty + NpFPy. This is always possible with state-
contingent taxation since the tax rate can be adjusted state-by-state. Furthermore, to minimize
To+ Np Py given Ty and Np, the government must minimize Py. As Py = Ty/Nr, this is equivalent
to maximizing Np. There are two restrictions on the maximal value of Ny,
(1) Np < i, and
1 — paef
(2) N7+ Np <max {V : prob (V(K1) > V) =1—pger}.

Restriction (1) follows from the fact that Py > 1 — pges. Restriction (2) follows directly from the
requirement that the probability of default be less than or equal to pg.r. The value of Nr given in
the proposition is the minimum of (1) and (2). The optimal tax policy f(w) then follows directly
from Ty, pgey and the choice of Nr. QED.
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For an illustration of Proposition IA[I] consider the optimal policy when

T=—
1 — Ddey

holds, which we refer to as case 1. We call the alternative possibility case 2. Under case 1, the
optimal tax policy simplifies to
i Nr+Np . o
f(w) = =——— with probability 1 —
(w) 7 (Kyw) P Y 1 = Pdes

and 0(w) =0 otherwise (i.e., with probability pg. r)

As required, the probability of default is pg.r. Moreover, note that Py = 1 — pger, and hence,
as required, the transfer is PyNr = Tp. Finally, the expected tax revenue raised by the policy is
T = (Np+Np)(1 —pdef) = To+Np(1—pges). To see that this is the minimal expected tax revenue
necessary required by Tp and pges, note that for any tax policy, the required expected tax revenue
T is bounded below by

T > (Nr+ Np)Fy
=To+ NpFy
> To+ Np(L — paes) = T.

The first inequality is an equality if there is never any surplus tax revenue. The second inequality
follows from the fact that Py > (1 — pges). Under the policy given in Proposition IA both

inequalities are in fact equalities.

Note that optimal state-contingent taxation does not eliminate the possibility of default. If any-
thing, it makes clear that the sovereign uses the possibility of default to dilute existing bondholders
and thereby increase the transfer to the banks without increasing the underinvestment distortion.
This is clearly demonstrated by the expression for the expected tax revenue under case 1, which
can be rewritten as

T =To+ Np — paefNp,
~——
dilution
with the dilution term indicated. The expression indicates how increasing the probability of default
allows the government to reduce the expected tax revenue necessary to support a transfer of 7.

This highlights the trade-off faced by the sovereign between creditworthiness and underinvestment.

Hence, the ability to make taxes state-contingent does not change the fundamental tradeoff

between the size of the bailout, underinvestment, and the probability of default. What it does
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give the sovereign is the ability to eliminate excess taxation and thereby minimize the amount of

underinvestment incurred for any level of transfer and probability of default.

We now conclude the analysis of the optimal taxation policy by showing how to check the
feasibility of a pair (Tp, pges). First, find T corresponding to the optimal Nr. Note that Ny is
itself a function of 7 since the expected tax revenue determines investment and hence output, that
is, V(K1(T)). This means that Py = Ty/Nr is also a function of 7. Therefore, 7 is a solution to
the equation

T =To + Py(T)Np,

which holds under the optimal policy since there is no excess taxation. If 7 > 7™ (the Laffer
limit on tax revenues), then (7o, pges) is infeasible. Otherwise, if Ny corresponds to case 1, then

(T0, paef) is feasible. If N corresponds to case 2, then (To, pdey) is feasible if and only if

Bo |[V(Ky,) 1] = T = (N7 + Np)(1 = pacy).

In words, the maximum tax revenue that can be raised in the default states must be sufficient to
cover the difference between expected total tax revenue and the tax revenue raised in the nondefault
states, (N7 + Np)(1 — Def)-

A. The Optimal Probability of Default and Transfer

We now prove analogs to Propositions 1 and 2 in the main text. It now becomes natural to
take Ty and pger as the controls instead of 7 and H. Note that for any feasible pair (7o, paef)
there is a corresponding unique pair (7, H). For simplicity, we only consider an open region of the

parameter space in which case 1 holds for the optimal Ty and pger. In this case we have that

Py =1~ pgef
Np =Ty/(1 — paey)
T =To+ Np(1 — paes)-

The first-order condition for Ty is similar to that for the model in the main text, save for the change

of variable:
dg %
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where the gain G and loss T functions are the same as in the text and we use the fact that

dT /dTy = 1 under case 1. Note also that since there is no excess taxation,

_NT—l-ND_ 1

H = —.
T Py

There are three possible cases for the first-order condition for pges:

d
_;ND_DSO when pger = 0
dL

—7Np =D =0 when 0 <paes <1

d
—;ND—D>0 Whenpdele,

(IA.16)
(IA.17)

(IA.18)

where we use the fact that d7 /dpsey = —Np under case 1. The first region for the first-order

condition corresponds to pgey = 0. This occurs when the benefit of increasing pger is low and when

the optimal taxation level T is low, resulting in low marginal loss from underinvestment. The

second region corresponds to when the optimal probability of default is internal, and hence the

first-order condition holds with equality. Finally, it is possible to have p4.r = 1, in which case the

third region holds. Note that for the first and third regions, any increase in the transfer Ty must

come from an increase in tax revenues 7 since pge is not changing.

The second-order conditions for Ty and for pgey when 0 < pger < 1 are

while the cross-partial is

2G &L
24+ -—= <0
a2 " arz S
2L

WNI% <0,

d*L
_¥E N
a7

The determinant of the Hessian matrix is therefore

d2G d’C

— 22N> 0.
a1z d72" P

and hence the Hessian is negative definite in this region.

The following proposition shows that the sovereign keeps the probability of pges at zero so long

as financial sector debt overhang L; is low, and increases pgey in L1 when Ly is high.
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PROPOSITION IA. 2: (1) If financial sector debt overhang L, is low, the optimal probability of
default is pgey = 0. If Ly is sufficiently high, pges is increasing in L. (2) The optimal transfer Ty

is increasing in L.

Proof: When 0 < pgey < 1, both first-order conditions hold. Substituting the first-order

condition for Ty into that for pger gives

dg
Y Np-D=0
dT() D )

Taking the derivative of this equation with respect to L; implies

d*G N d*G dTy 0
dLdTy =~ dI¢dLy
ar, ~  d*g ,d%G

=— >0,
L T dLiany a1

The last inequality follows from the fact that an increase in L; increases the marginal gain from

the transfer: dengo > 0.

Taking the derivative of the first-order condition for pg4.; with respect to pger gives

d*L dT

== =0
dT2dL, P~

which implies that when 0 < pger < 1 (i.e., the optimal choice is interior), d7/dLy = 0, i.e., total
tax revenues are constant in Li. It follows from 7 = Tp + Np(1 — pgey) that

dTy dpge
=20 N
0 drL,  Par,
dpge 1 dT,
Pdef _ 1 @lo >0,
dlq Np dlq

Now consider the case of pgey = 0. The first-order condition for Tj is unchanged when pgey = 0.

Taking its derivative with respect to L; and rearranging gives

2 2 2
dTy a-g /<dg dﬁ>>0.

dL, _ dLydT,’ \amz T ar?
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The first-order condition pge; is

ac
N, -D<o.
ar P <

So long as it is negative, pg.r = 0. Taking the derivative of this quantity with respect to L; gives

Hence, the benefit to increasing pg. ¢ increases in L1 and can become positive for a sufficiently large
value of L. QED.

The following proposition looks at the effect of existing sovereign debt Np on the sovereign’s
optimal policy. For clarity in interpreting this comparative static, we assume that changing the
stock of existing government debt does not change the value of A; + Ag. Since an increase in Np of
dNp induces an increase in A¢, the bank’s holdings of a fraction k4 of existing government debt, of
dAg = kadNp, we assume an offsetting unifom shift of —k4dNp in the distribution of /11. Hence,

any change in pg., is due to the change in the endogenous optimal transfer Tg.

PROPOSITION IA. 3: (1) When existing government debt, Np, is low, the optimal probability
of default is pgey = 0. If Np is sufficiently high, then pgey is increasing in Np. (2) The optimal
transfer Ty decreases in Np when Pdef = 0, and increases in Np when 0 < pgeyr < 1.

Proof: When 0 < pg.r < 1 both first-order conditions hold and substituting the condition for
Ty into that for pger we again have

dg
Y Np—D=0.
dT," ” 0

Taking the derivative of this equation with respect to Np implies

&G Ty 4G,
dT2dNp P dTy
dTy  dG d*G 1

=7/ — > 0.
dNp — dTy' dT2 Np

21



Taking the derivative of the first-order condition for pg.; gives
d’L d d
L dT N L

arzan, Pt ar
a7 dL &L 1

=0

“any = arlare gy <Y
It then follows from 7 = Ty + Np(1 — pgey) that
dT dTo dpdef
A B0 1 —puf) =N
aNp ~ ang T paer) = Noae
dpaey 1 /4T  dTy
(&0 0.
dNp  Np <dND vy, (L paer) | >

Now consider the case of pgy = 0. The first-order condition for Tj is unchanged. Taking its

derivative with respect to Np and rearranging gives

d2G dT, 2L 2L dT
d12dNp T dNpaT T arzan, "
ar, &L G d’L

dNp — _dNDdT/ (dTg * d7'2> 0

since dz\(ifl’f = %% = g% < 0. Substituting the first-order condition for T into that for pges
gives

ag

—Np—D <0,

"

which is the marginal benefit to increasing pges. So long as it is negative, pgey = 0. Taking the

derivative of this quantity with respect to Np gives

Hence, the benefit to increasing pg.s increases in Np and can become positive for a sufficiently

large value of Np.

XIII. Additional Results

1. Table TA.I estimates the regressions from Table IV using level changes in bank CDS and

sovereign CDS instead of log changes.

2. Table TA.II estimates the regressions from Table IV for the unbalanced panel.
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3. Table TA.IIT estimates the regressions from Table IV, columns (2), (4), and (6), allowing for

interactions between bank-fixed effects and changes in cross-country exposure.

Notes

1'Using an exponential distribution would also be sufficient. For the log-normal distribution, this

term will be negative for a range of values below a cutoff.
2To see this, note that HPy = Ey [min (H, fivﬂ < Eo[Ry] = 1.

3Note that in the first-order conditions, we have assumed that the government takes into account
the (negative) impact of higher H on prices. Thus, we do not treat the government here as a price-
taker. If we instead treat the government as a price-taker, the resulting conditions are simpler:
dTo/dH = PyT (as dPy/dH is omitted due to the price-taking assumption) and the first-order
condition is: dG/dTo(PoT) — Ddpges/dH = 0. In this case, concavity of G in H still holds because

G is concave in Tj.
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Table 1A
Change in Bank and Sovereign Credit Risk (level changes)

This table estimates the regressions from Table 1V using level changes in bank CDS and sovereign CDS
instead of log changes. Standard errors are clustered at the bank level. ***, ** and * indicates statistical
significance at the 1%, 5%, and 10% level, respectively.

A Bank CDS
Pre-Bailout Bailout Post-Bailout
1) (2) 3) (4) ) (6)
A Sovereign CDS  -0.034* -0.021 -0.649*** -0.592** 0.318*** (.269***
(0.018) (0.019) (0.186) (0.269)  (0.043) (0.036)

Controls Y Y Y Y Y Y
Observations 11,352 11,352 561 561 22,291 22,291
Banks 36 36 36 36 36 36

R? 0.447 0472 0.397 0.583 0.412 0.438




Table 1A.11
Change in Bank and Sovereign Credit Risk (unbalanced panel)

This table estimates the regressions from Table 1V for the unbalanced panel. The unbalanced panel
includes all banks that are present in any of the periods (pre-bailout, bailout, and post-bailout). Standard
errors are clustered at the bank level. ***, ** and * indicates statistical significance at the 1%, 5%, and
10% level, respectively.

A Log(Bank CDS)
Pre-Bailout Bailout Post-Bailout
1) (2) 3 4) ) (6)
A Log(Sovereign CDS) -0.014 -0.014 -0.567*** -0.538*** (.055** 0.045**
(0.014) (0.014) (0.141) (0.177)  (0.022) (0.018)

Controls Y Y Y Y Y Y
Observations 11,664 11,664 561 561 25,307 25,307
Banks 40 40 36 36 43 43

R? 0.096  0.106 0.400 0.571 0.332 0.368




Table 1A.111
Change in Bank and Sovereign Credit Risk (cross-country exposure)

This table estimates the regressions from Table 1V, columns (2), (4), and (6), allowing for interactions
between bank fixed effects and changes in cross-country exposure. Standard errors are clustered at the
bank level. *** 1% significant, ** 5% significant, and * 10% significant

Panel C: Cross-Country Exposure
A Bank CDS

Pre-Bailout  Bailout  Post-Bailout

1) ) ®)
A Log(Sovereign CDS) -0.018 -0.487*%**  0.069***
(0.019) (0.162) (0.016)

Controls Y Y Y
Observations 11,352 561 22,291
Banks 36 36 36

R? 0.120 0.623 0.502
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