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1. Early History of Financial Repression

In our discussion of financial repression in the text we focused on recent economic
history. Here we discuss the early history of such repression.

Economic historians have argued that, from its beginnings, much of the development
of banking is intimately tied to the need to finance government expenditures. Homer and
Sylla (1996) and Calomiris and Haber (2014) persuasively argue that the Bank of England
was founded specifically to raise funds for the English government to help finance war expen-
ditures. The Bank of England was then governed and regulated to ensure a stable source of
funding for the government. Homer and Sylla (1996) also argue that the Banque de France
was created to serve a similar need in France.

Bordo, Redish, and Rockoff (2015), Sylla, Legler and Wallis (1987), and Calomiris
and Haber (2014) show how the development of state-chartered banks in the United States
from 1800 to 1860 was connected to the fiscal needs of state governments. One device used
during this period was for individual states to charter banks to issue notes with the proviso
that the bank hold an appropriate amount of the debt of the chartering state government.
In particular, Calomiris and Haber (2014, p. 167) point out that the Pennsylvania Omnibus
Charter bill of 1814 required that all state-chartered “banks had to make loans to the state
government at the government’s discretion at an interest rate that could not exceed 5%.” We
also find it notable that when the U.S. federal government needed to raise a large amount of
funds during the Civil War, one of its first steps was to set up a system of national banks,
which were permitted to issue bank notes but were required to hold government debt to back
these notes.

It is worthwhile noting that in many of the examples we cite, dating back to the
founding of the Bank of England, there was financial repression in that the government
restricted the activities of financial intermediaries and either directly or indirectly prodded
banks to hold government debt. Of course, the agreement by banks to hold government debt
was often part of a package in which the bank received compensating benefits, such as (local)

monopoly rights.



2. Details of Results with Commitment

Proof of Proposition 1. We first show that the aggregate collateral constraint is bind-
ing. The reason is that SRy > 1, so that if this constraint were slack it would be possible to
increase deposits, investment, and hence welfare.

Next, we prove that the Ramsey outcome has no financial repression. To do so, suppose
by way of contradiction that in some period ¢ the government is practicing financial repression
so that Bg;11 > 0. There are three cases: the return on debt equals that on deposits, the
return on debt is lower than that on deposits, a case referred to as interest rate suppression,
the return on debt exceeds that on deposits. In each case under the contradiction hypothesis
we construct a variation that improves welfare.

Case 1. Ry, =1/p.

The welfare-improving variation shifts all debt from banks to households keeping total
debt the same. Households keep their total savings the same by reducing their deposits by
the amount of increased debt they hold. Formally, consider a variation denoted by carets in
which Ry1 = 1/8, 8,11 = 1, Bury1 = Brie1 + Brirts Beern =0, Dipy = Diyy — Bpeyr, and
leaves all allocations in future periods unaffected. This variation clearly satisfies the budget
constraints of households, banks, and the government and, because banks borrow less from
households, the aggregate collateral constraint of banks becomes slack. Thus it is possible to
find a further variation that strictly improves welfare.

Case 2. Rf , <1/p.

We first show that we can implement the same allocation with an alternative policy
that has R¢ 1 = 1/B. We can then use the argument in case 1 to prove that it is possible
to find a further variation that improves welfare. To see how we can implement the original
allocation with fif 1 = 1/B, define new policies as follows. Consider two subcases. First,
suppose 0;11 + (1 — 0¢41) 1441 = 1 so that either the government is not defaulting or it is
defaulting then bailing out the banks so that Rf, ; = R;y1 < 1/8. Let the variation have
Rt+1 = fif +1 = 1/5. Choose 7, so that it raises the same amount of revenues as did the sum

of the revenues from the repressed interest rate [?f,; and the original tax on capital, that is,



T satisfies

. K K, 1
(1) TKt Rt+1 = TKt Rt+1 + < — 5) BBt+1-
K K

It is easy to verify that if at the original allocation, prices, and policies the implementability
conditions are satisfied then they also are satisfied under the alternative allocation, prices,
and policies.

A similar argument can be made for the subcase in which the government is defaulting
on debt and not bailing out, that is with d;41 + (1 — §;11) 441 = 0. In this case, let the
revenues from new debt issuance in the alternative policy be zero, B Bir1/ Rt—i—l = 0 and let

Tk be defined by

Ky Kiiq 1
=TKt —H

+
Ry Ry Ry

(2) %Kt BBt+1-

Then, using a similar logic to the case above we can establish that the alternative policy
supports the same allocation.

Thus, we established that if Rf, ; < 1// then there exists an alternative policy with
appropriately modified tax rate on capital that implement the same allocation with Ry, , =
1/5. We can then use the argument in case 1 to prove that it is possible to find a further
variation that improves welfare.

Case 3. R{ ;= Ryj1 (041 + (1 — 0441) tea] > 1/8.

In order for these prices to be part of an equilibrium the government must be defaulting
on debt so that ;11 = 0. Since the effective return on debt for households is zero, households

hold no debt. Moreover, the government must be bailing out the banks so that

3) Ry =Ru1>1/p.
Furthermore, in any equilibrium in which investment is interior, the effective rate of return

on debt for banks must be weakly smaller than the after tax return on capital, namely

Rk
1+ 7kt

(4) R, <



or else banks would not invest in capital.

Now, consider the following variation which in period ¢ moves all debt from banks to
households, lowers the interest rate of government debt to the deposit rate, and keeps the
government payments for debt and bailouts unaffected in period ¢t + 1. Let banks increase
their investment by the part of net worth that was previously used to buy government debt.

More precisely, the variation is as follows. Set the rate of return on government debt
to 1/, shift all debt to household by setting BHt-H = Bpq and B Bir1 = 0. Also increase
investment by AK units in period ¢, reduce current consumption by AC with AC+AK /Ry =
0 and raise consumption in period ¢ + 1 by AK and leave all allocations for periods t + 2 on

unchanged. Using AC' = —AK/Ry, the change in the discounted value of utility is

Since SRy > 1, this change in utility is positive if AK is positive.

We now show that this variation satisfies the government budget constraint in period
t, implies that AK > 0, and is feasible in that it increases aggregate net worth. Under this
variation since B 11 = Bpiy1, (3) implies that the revenues from debt issue in period ¢ rise

in that

BBH—l

BBriy1 >
t+1

Hence, the government’s budget constraint is relaxed in period ¢ even if the government keeps
taxes unchanged.
We next show that AK is indeed positive. To do so combine the aggregate budget

constraint of banks and the aggregate collateral constraint to obtain

Finally, we check that net worth in period ¢ + 1 rises. Since the effective rate of return on

bonds is less than the after tax return on capital, this variation does increase net worth, that



is

(7 - 51)
AN = (1 —7)Bppy | —2— 2 1| >0.

() |
Thus this variation is feasible and it increases welfare, which is a contradiction to the hy-
pothesis that the original allocation is optimal.
Putting all three cases together, we have shown that the Ramsey outcome has no
financial repression, Bg;,1 = 0 for all ¢ and all debt is held by households. Q.E.D.
Derivation of the constants Ar and Ay.

Consider the recursive representation of the continuation Ramsey problem given by

!

(6) Vg(S)= max W (Ty)+ K —

B"\Tg,T Ri

+ BVres1 (5)

subject to the government budget constraint

(1) G+B=T+Tk+ B,

!

®) (1= BvRe) -

+Tx =0N+(1—o0)n,

where Tx = 7x K/Ry. Here we have substituted in the aggregate bank budget constraint,
the binding collateral constraint binds, and use the result that banks hold no debt. Thus,
D' =~K'"and N = K + Bg — D is the aggregate net worth of continuing banks.

We guess that the value function of this problem has the following form
(9) Vwr(S)=Ar+ K+ AxN + Hri(B, G),
where the tax distortion function Hpg is defined as the value of the problem

A ! !
(10) Hpy(B,G) = max W(T)— TNTK + BHp (B, G)

B,7T7TK

subject to the government budget constraint G + B =T + Tk + 8B’.
Substituting the guess for the value function into the right side of (6), we obtain that

6



Vre(S) is the maximum over B’ and Tk of

!/

R

(1) W(T)+ K — +B[Ar + K"+ Ax (K’ + By — D') + Hpyia (B, G)]

where T =G+ B — B, D' = ~K’, and

K’ B oN —Tk+(1—o0)n
Ry 1 —vBRk '

(12)

Substituting for K’ from (12) and D’ = vK' into (11) and rearranging terms gives that this

value equals
[BANRK(1 —v) + SRk — 1]T
K

W (T)+ BHpi+1 (B, G') — 1 —~6Rg
(B + BANRi(1 ) = 1]

g [BANRK(I — ’)/) + BRK — 1}

+K +

N+ BAp+ (1 —0)n
1 -8Rk fAr+(1=0) 1— BRx

The guess is verified when the undetermined coefficients Ay and Apg satisfy

. (5RK — 1)0’
AN = ARl r =0l
B (1—0)n
Ar= (1= A

and the function Hp, solves the functional equation in (10).
Result 1. If v is convex, and v" is decreasing then W' (0) = 0 and W < 0.

Proof. Since

T/t

W= 3= o

if T'=0 then W/(T') = 0. Next dividing by 7'/¢ gives

2
1 1
W, (T) = SO W” (T) = (1_—”,&) sz [(U/”£2 + 2U/,££/) T — U”62}

02
1 T

T

Since ¢’ is negative, W" is negative if v” > 0 and v" < 0. Q.E.D.

Proof of Proposition 2. As shown in the text, labor taxes are constant. Thus, the
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A

marginal cost of raising revenues from labor taxes is constant at the level —WW’(T"), and the
marginal cost of raising revenues from capital taxes is Ay /0. Hence, the first order condition
for taxing investment implies that the tax on investment is zero in all periods if

A A
(13) —W'(T) < —,

g

where T = (1-7) (Z;’io B'Gy + S goBpo + 5HOBH0) is the constant labor tax revenue that
needs to be collected if no revenue is raised from investment taxes. The rest of the proposition

is proved in the text. Q.E.D.

3. Details for Sustainable Equilibrium

First we provide the derivations of the value of the Markov equilibrium.

A. Preliminaries: Characterization of Markov outcomes

We develop a recursive formulation of the Markov equilibrium. Since it is optimal for
the government to default on debt held by household, we impose without loss of generality
that 6 = 0 and B}; = 0. The primal Markov problem given a state S, is to choose current
allocations Y = (C, L, K', D', B;), current policies, Tk, T, ¢t € {0,1}, and debt price R,

taking as given future policy functions ¢ (S”) to solve
(14) Jpe (S) = maxC — v (L) + BJar41(S")
subject to implementability constraints, namely the resource constraint and

1
(15) G+1Byp < (1= (L) L+ T + = By

1 1
( ;TK)K’—FEBIB—BD,:U(K_FLBB_D)—i_(l_o—)ﬁ
K

(17) D' <~[K'+.(S') By]

(16)

Rg
e /: / /< .
(18) R(S) = R (9) < 1
TKK/
1 Ty =
(19) Tk R



Next we construct a restricted continuation Markov problem and we use it to character-
ize the value of the Markov problem. In this restricted problem we do not allow governments
to bail out banks in current or future periods and we add a no temptation to default on banks
constraint. This constraint requires that the continuation value be at least as large as the
continuation value if banks held no debt. Formally, let the continuation value of the restricted

problem solve

(20) Vi (S) = max C' — v (L) + Vass1(S")

Y, TK R

subject to the implementability constraints with the restriction that « = 1 and ¢(S") = 1 for

all S’ as well as the no temptation to default on banks constraint, namely,

(21) VMt-i—l(S,) 2 VMt—l—l(K,)D,vOaO?G/)'

The idea of this constraint is that the government at ¢ cannot choose policies that lead to a
state S’ for t + 1 that would lead to a government to default and not engage in a bailout.
Such a policy in ¢ + 1 is equivalent to simply beginning period ¢ + 1 with no inherited bank
debt and leads to the value on the right side of (21). We show below that a continuation
value function V) (.5) exists.

Given the value of the restricted problem, we claim that the value of the Markov

equilibrium is given by

(22) Jare (S) = max {Vars (K, D, 0,0, G), Vare(K, D, By, 0, G)} .

To prove this claim, suppose that Jy;11 (S') satisfies the analog of (22) at ¢ + 1 for all S’

Consider now the problem (14). Suppose first that for some arbitrary state S, the
solution to this problem has ¢(S’) = 1 where S" = S’(.S) is the evolution of the state under
the solution to this problem. Under this supposition consider the two possibilities for the
bailout decision period t. If in (14) the government chooses not to bailout, « = 0, then
Jue (S) = Var(K, D,0,0,G). If in (14) the government chooses to bailout, © = 1, then
Iyt (S) = Vare(K, D, Bg,0,G). Thus Jy; (S) satisfies (22).



Suppose next that for some arbitrary state S, the solution to (14) has +(S") = 0 for
S" = §'(S) and in it banks are forced to hold a strictly positive level of bank debt B, at t.
That is, the government has forcibly taken resources B /R’ from banks. An alternative and
equivalent way of taking these resources is to set B to zero and raising the tax on capital
appropriately. Given this observation the rest of the argument that Jy;(S) satisfies (22) is
the same as above.

Next, we turn to the proof of the existence of Vj;:(S). We guess and verify that V. (5)

has a form similar to that in the Ramsey equilibrium, namely,
(23) VMt(S) - AR + K + ANN —|— HMt(BB, G),

where the tax distortion function H,;, satisfies the Bellman equation

A / !/ / !/
(24) Hpu(Bp,G)= max  W(T)— TNTK — Ap (R) By + BHpp41(Blg, GY)

B/BzT7RI7K17TK

subject to the government budget constraint G+Bg < T+ B /R'+Tx where T = Tk K'/ Ry,
the constraint R’ < Ry /(1 + 7x), (16), (17), and a version of the no temptation to default

on banks constraint
(25) Hpei1 (Bg, G') + AvBg > Huye1 (0,G)

where we canceled the terms Az + K + Ay N from both sides.

Lemma M1 (Ezistence of a Markov Equilibrium) A Markov equilibrium with values
given by the conjectured form of the Markov value function and (22) exists.

Proof. First, we show that (24) has a solution. Let T be the operator defined by the
right side of (24). Consider the family X of continuous, bounded, and concave functions h
defined over a compact subset of (B, G). Note that this operator maps this space into itself
and is continuous. To show that that the induced family of functions T(X) is equicontinuous,

note that for all A in X and for all By > By, suppressing explicit dependence on GG, we have

10



that

| (Th) (B2) — (Th) (B < 11(Th) (Bu) — “2 (B, ~ B) — (Th) ()]
= 25, |

where the inequality follows because a feasible solution at Bs is to repay the additional debt
by choosing the policies that are optimal for B; and just increase capital taxes by B, — B;
which have cost 24%(By — By). Then every Th in T(X) is Lipschitz with Lipschitz constant
Ay /o common to all elements of T(X). We can then apply a version of the Schauder fixed
point theorem, namely, Theorem 17.4 in Stokey, Lucas, and Prescott (1989), to conclude that
T has a fixed point.

Next, substituting this fixed point H,; into the original problem, we can verify the
conjecture and calculate the constants in a fashion similar what we did for the Ramsey

equilibrium. In particular, it can be verified that the constant Ag (R) is given by

(26) Ap(R)= B2 bt o (- + 222

and Ar and Ay are the same constants derived in the Ramsey problem. Q.FE.D.

For notational convenience below, we let the constant A with no argument denote

Ap(1/5).
Next we provide a characterization for the Markov equilibrium that will be useful for

characterizing the best sustainable outcome. Replace the no default constraint with

(27) B' < B(G)

where B(G) is the maximal level of debt that can be supported and is defined by
Hyii (B(G), G) + AvB(G) = Huesa (0,G) .

We refer to this problem as the equivalent problem.

Consider now the cyclic economy. We make the following spread assumption through-

11



out

W' (Gu)
R

K

(28) — > AB — 6W’ (GL) .
This assumption is satisfied if the spread in spending between high and low states, Gy — G,

is sufficiently large. We strengthen the high marginal value of net worth condition to be

(29) —W' (Gy) < 22

g

Here, for completeness, we characterize the Markov equilibrium in detail, even though we do
not need this characterization for the results regarding the best sustainable equilibrium.
Lemma M2. Consider an economy in which at in period 0 the inherited debt is zero
and the level of spending is Gy and assumptions (28) and (29) hold. Then in a Markov
equilibrium, in all subsequent states Gy, the government issues a strictly positive amount of
debt, B > 0, the government sets R’ = Rg. In all states G the government issues zero
debt.
Proof. Consider a period with current state Gy with zero inherited debt. We first
show that R = Rx. To do so, note that the first-order condition for R’ is
/
30) 2 W) - 25| < g, =0
where i is the multiplier on R < Rg and we have used that (26) implies that Az (Rx) =
Ay/(oR%). Since (29) holds, T < Gy, and W is decreasing the term in brackets is positive,
so if B is positive then (30) implies that pg, > 0so R’ = Rk.
Next, to show that the government issues a strictly positive amount of debt in all Gy
states, rewrite our original problem when inherited debt is zero as
B
H (Bp,G) = max W (G+ Bp — RB

By

K) ~ Ap(Ry) By + BH (B}, G')

subject to the debt constraint (27). Clearly if the debt constraint (27) is binding a positive

amount of debt is issued.

12



Suppose instead that the debt constraint is slack. The first-order condition with

respect to Bj; for the equivalent problem with the debt constraint is

(31) — W' (T) < A (R0) = GW' (T)

where we have used the envelope condition that H' (B',G) = W’ (T"). Now, suppose by
way of contradiction that B, = 0. Given that we have assumed that inherited debt By = 0
then T' = G'g. Since the government cannot sell negative debt in the next period and it has
inherited zero debt, 77 < G. From the concavity of W it then follows that — W' (T") <
—W'(GL). Substituting these results into (31) yields

_RLKW' (Gu) < Ap (R) = BW' (Gy)

which contradicts the spread assumption (28). So it is optimal to issue a strictly positive
amount of debt when the current state is Gz and the inherited level of debt is zero.

Next we show that it is optimal to issue zero debt when the current state is Gr. To
do so, suppose by way of contradiction that the debt issued at G, namely B’ is strictly

positive. Then, using the envelope theorem, the first-order condition can be written as

(32) —R—lKW’ (T) = Ap (Rg) — W' (T'(Bg, Gn))

where T (B, Gy) is the tax associated with the optimal policy in the Markov equilibrium
when the current state is Gy and the inherited debt is Bj. Substituting for 7" from the
government budget constraint into (32) and letting Bp (0, Gy) denote the optimal amount
of debt issued from the state Gy when the inherited debt in that state is zero gives

1 B
W <GL + B (0,Gir) = 72

RK K

) = Ap (Ri)~BW' (T (B, Gr)) > Ap (Ri)—BW' (T (0, Gy))

where the inequality follows because the tax policy is monotone in inherited debt B’;. This

13



implies

!

(33) —ﬂW/ <GL + BB (0, GH) — g}i) > ﬁRK [AB (RK) — ﬁW’ (T)] > AB (RK) — ﬁW’ (T)

where in (33), T'= T (0, Gy) and where the second inequality follows from SRy > 1.
Next, note that the analog of (32) for state Gy implies

(34) _RLKW/ (T (0,Gy)) — Ap (Rg) = —BW' (GL + Bp (0,Gy) — gﬁ) :

Using the extreme inequalities in (33) to substitute for the right side of (34) to get

(35) _RLKW/ (T(0,Gu)) — Ap (Rk) > Ap (Rk) — W' (T (0,Gr)) -

Now multiplying by Ry and rearranging gives

Since SR > 1 the left side is negative. Since the right side is positive this is a contradiction
of the hypothesis that positive debt is sold from G . Q.E.D.

Consider a Markov equilibrium starting at G with zero inherited debt under the
spread assumption. Since Lemma M2 implies that it is optimal to issue zero debt in G, and

strictly positive debt in Gy, the payoff in a Markov equilibrium is given by

W (Gu = B2) = Ap (Ric) Bus + BW (G + Bur)
1— 52

(37) Hpy (0,Gr) =W (Gp) +

for some positive By;. Since no debt is issued from a low state G then taxes in that state
pay for spending and inherited debt if any. Thus, in period 1, "= G, and in all subsequent
low states T' = G, + By;. To determine the level of By, > 0 we use (31) holding with equality,
namely

(38) —RLKW' <GH _ B—M) — Ap (Ric) — BW (Gy, + Bay).

14



For completeness, note that if (28) does not hold then running a balanced budget is optimal

and

W (Gy)+ W (GL)
1— G2

Hy (0,Gr) =W (Gp) +

B. Proofs for the results in the text

Proof of Lemma 4. To show that the continuation value function has the form

(39) Vgu(S)=Ar+ K+ AyN + Hg(B, G),

consider the recursive representation for the continuation of the best sustainable outcome:

!/

(40) Ver(S) =  max W (T)+ K —

Bly, Bl Tx TR’ Rg

+ BVsi41 (S")

subject to the government budget constraint, the bank budget constraint, the restriction on
returns, R’ < Ry, the complementary slackness condition, namely, if R’ > 1/ then B}, =0

and the sustainability constraint
(41) Vg1 (8) > Ag+ K+ Ay (K'— D') + h(Bj,G")

where h(B%,G") = max {Hp41(0,G"), AnB + Hy1 (B, G')} and the value of the right
side of (41) is the value of the best deviation, Jys41 (S') = Ag+ K+ An (K' — D")+h(Bj, G').

The right side of (40) defines an operator, T. This operator is monotone so using
logic similar to that in Abreu, Pearce, and Stacchetti (1990), if we start with an initial
value function V4(S, G) that is pointwise larger than V' (S, G), we can construct a sequence
of functions V,, = T"V} that converges to V' in the sup norm. We will use this montononcity
and convergence result to derive the form of the value function. For the initial value function
we choose the value of the continuation Ramsey problem. Clearly, since the Ramsey problem
solves a less constrained version of the best sustainable problem, Vg is pointwise larger than
V' and we can use Vg as the initial value function V{). Recall from our earlier discussion that

the Ramsey problem has the form Vx(B,G) = Ag + K + AyN + Hgr (B, G).

15



We need to show that the sequence of constructed functions V,, have the form V, =
Ar+ K+ AyN+ H, (B, G) for the relevant sequence of functions H,, (B, G) that are defined
recursively from an initial value Hy(B, G) = Hgr(B, G). To do so, substitute our guess for V,,
in (40) and inspect the resulting problem to conclude that the optimal Bl, B, and Tk are
independent of K and D and the optimal K’ is linear in ¢ N + (1 — o)n. Using these two

properties and some algebra that we detail below, we have that
(42) TV, (S,G) =Ar+ K+ AxN + H,11(B,G),

where nonnegative B, B, and Ty are chosen to solve

A
(43) H,.1(B,G)= max W (T)- 7NTK — Ag(R)By + H, (Bl + By, @),

B;B’)B}-IzTK

subject to
T=G+B-Tx—-B3(Bys+By),

AyBly+ H, (B,G) > Hy (0,G),

R' < Rg and if R' > 1/ then B}, = 0. The result in (42) implies that in the limit,
V(K,N,B,G) = Ag + K + AyN + H (B, G),

where H is defined as the limit of H,. Moreover, since the sequence H, converges to H
and for all n, the value satisfies (43). Since the operator defined by (43) is monotone, H is
the largest fixed point of the functional equation defining the best sustainable equilibrium.
Q.E.D.

We fill in the algebraic details that justify the claims that the iterations obviously
satisfy the independence and linearity properties invoked above in the last section of this
Appendix.

In what follows, we assume —W'(T') < Ay /o so that it is not optimal to tax capital.

We find it convenient to split the best sustainable problem into two regimes. In the

16



household debt regime, denoted by a superscript h, both households and banks hold debt
into the next period and, thus, the rate of return on debt must be equal to 1/3. In the no
household debt regime, denoted by a superscript b, only banks hold debt and the government
possibly subsidizes banks. Clearly, the tax distortion function in the best sustainable outcome
is the one for which the current regime attains the highest value. Thus, this tax distortion

function satisfies
(44) H(B,G) =max{H"(B,G),H"(B,G)}
where

(45) H"(B,G) = max W (G + B — B(By + BYy)) — AgBy + fH (B + B}, G')

BYy,BYy

subject to H (By + By, G') + AnBj > h (B, G') and

!

B
(46) H*(B,G) = g}a;(,W (G+ B — F’?) — Ap (R) By + BH (Bj,G")
B’
subject to By < Bp(G') and R' < Ry where By (G) is the maximal debt that can be

supported in equilibrium in state GG, defined as

H (Bg(G),G) + AxBp (G) = h (Bp (G),G)

and Ag = Ag(1/p).

We turn now to the proof of Proposition 3. In the proof we assume that it is always
optimal for the government to be in the household debt regime and so subsidizing debt in
banks is not optimal. In the next section in Proposition S1 we provide sufficient conditions
for this to be true.

In the proof we are going to use the following intermediate lemma that establishes
that there exists a critical value 8* such that perfect tax smoothing can be supported with
trigger strategies alone.

Lemma S1. There is a critical value 8* such that if 5 > 8" then the sustainable

17



equilibrium in the cyclic economy can support a strictly positive debt inherited in state
G and Gy without forcing banks to hold debt. That is, there exists B; > 0 such that
H (B1,Gr) > Hpy (0,Gp) and H (By,Gy) > Hy (0,Gy). Furthermore, if the government
inherits zero debt in the low spending state then the perfect tax smoothing outcome can be
supported with trigger strategies alone.

Proof. Let T* be the level of taxes in a Ramsey outcome starting with zero debt
inherited in a high spending state. Since the government budget is balanced over every two

period cycle we have that

T Gy + Gy

Since no debt is issued from a low spending state to a high spending state, the associated

level of debt issued from a high spending state into a low spending state, B}, satisfies

B =T"—Gp >0

where the inequality follows from (47). The value associated with this plan is

W (T™)
1=p

W (T*) + BW (T*)
1-p

=W(T*)+ 8

From the discussion following Lemma M1, we know that the value of a best deviations

in state GGy, and Gy are

W (Gu — B2 ) = Ap (Ric) Bus + BW (G + Bur)
1— 52

(48) Hp (0,Gr) =W (Gr) + 8

W (Gu = 2+) = Ap (Ry) B + BW (G1, + By)
1— B2

Next, define the critical value * as that value at which the sustainability constraint

(49) Hy (O, GH) =
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holds with an equality at G, which from (48) is

W (T™)

W (GH — ﬁ—;{) — Ap (Ri) By + W (G + Bu)
1-p5" ’

=W (Gp) + 5"

One can show that for all 8 > 8*

W (T™)
-5

> Hy (0,GL) > Hy (0,Gy)

Thus it is possible to support strictly positive level of debt inherited in state G ;. Moreover,
since the sustainability constraint is slack, when zero debt is passed into a high spending
state, W (T*) /(1 — ) > Hp (0,Gg), it is possible to support a strictly positive amount of
debt in such a state. Q.F.D.

To set up the proof of Proposition 3, for any [, define the maximal debt sold from a
low spending state, By, (), such that the associated Ramsey outcome is sustainable, that is,

By, (B) solves

1

(51) 13

WA(T" (B)) = Hu (0,GL)

where By () = Br(8) + (Gg — Gr) /(1 — ). In the proof of Proposition 3 we will assume
that By () and By (/) are both positive. It is easy to show a sufficient condition for this to
be true is that 5 > §*.

Proof of Proposition 3.

The proof that there exists a critical value G* such that if Gy < G* then there is no
financial repression in period 0 while if Gy > G* there is repression in period 0 is provided in
the text.

Provisionally assume that B, > 0 for all ¢. We later show that this is true.

From the first-order condition (33), since the multipliers on the sustainability con-
straint are nonnegative, p, > 0 for all ¢, and W is strictly concave, W” < 0, it follows that
the tax revenues {7;} are weakly decreasing. Such a path for tax revenues implies that debt

is weakly decreasing over each cycle. To see why, iterate the government budget constraint
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forward to write that debt is the discounted value of future government surpluses, which,

using the cyclical pattern of government spending, gives

Z BTy s — Gy +_5§t+1
Since {1} is weakly decreasing then B;,, < B, for all t. Furthermore, since the sequence of
tax revenues {7;} is weakly decreasing and bounded below by zero, these tax revenues must
converge to a positive level so that taxes are perfectly smoothed in the limit.

Next, we show that if Gy > G* there is some period T such that there is no financial
repression for ¢t > 7. We do so by showing that eventually the multiplier on the sustainability
constraint p, satisfies the no repression condition. Since taxes converge to a positive level,
it follows from (33) that the multiplier {y,} must converge to zero. Thus, there is a finite
period T =T (6, Gp) such that the multiplier p, satisfies the no repression condition, that is
p, < Ap/h (0,Gyq) for t > T (8, Gy), so there is no financial repression after 7.

We next prove that our provisional assumption that B; > 0 holds for all ¢ if 5 > 5*.
To show our claim we begin by showing that if T, > T* (3), then T;.; > T™* (). To prove the
claim, suppose by way of contradiction that for some ¢, T, > T* () and T;41 (8) < T* (5),
and suppose for now that period ¢ + 1 is a low spending state. The concavity of W implies

that
~W'(Ty) > W' (T (B))-

The fact that Ty, < T* () implies that Byy1 < B (). To see this, notice that if 73,1 <
T* (5), we must have perfect tax smoothing in all periods greater than or equal to ¢ 4+ 1 so
that taxes are constant and the amount of debt must be less than By, (3) . This result implies
that the sustainability constraint between ¢ and ¢ + 1 is slack and p, = 0. Then the necessary

first-order condition (33) implies that
—WN(T) = =W (Tin)

a contradiction. Then T; > T* (), and so in high spending periods, B; > By (), and in low
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spending periods, B, > By, (). Since By (5) and By, (8) are positive, debt levels are interior.
Q.E.D.

Result 2. In the cyclic economy in which repression is prohibited, the level of debt
from period one onward follows a two-period cycle.

Proof. Consider the following outcomes. The debt level sold into period 1, namely Bj,

is set so that the sustainability constraint in period one holds with equality, that is,

(53) Hg(B1,Gr) = Hy(0,GL).

The outcomes in all subsequent periods have debt sold into low spending states equal to B,
and satisfy perfect tax smoothing in the sense that either taxes are constant in all periods or
zero debt is sold into the high spending states. Since the sustainability constraint is relevant
only for low spending states, and since the debt level in all low spending states is By, this
outcome satisfies the sustainability constraint in all periods. To show that this outcome is
optimal, note that the maximal amount of debt that can be sold into period 1 is B;. Selling
less debt than B; gives less tax smoothing and is not optimal. Selling less debt than B;
in any subsequent low spending states also leads to less tax smoothing than the candidate

allocation and therefore is not optimal. Q).FE.D.

C. Household debt regime optimal

We turn now to providing conditions under which the household debt regime is optimal
in all periods. To do so, let the fiscal needs of the government in period ¢, F; = B; + Gy,
denote the sum of current spending and inherited debt. Clearly, if fiscal needs are sufficiently
low the government need to issue relatively small amount of debt supported by reputation
and no financial repression is needed. When the fiscal needs are large, the government finds
it optimal to practice financial repression. It turns out that a sufficient condition for it to be
optimal to choose the household debt is that fiscal needs are below a critical state dependent
level denoted by Fj, and Fy respectively. The reason that these critical levels are state
dependent is not that they depend on the current spending but rather that they depend on
the future path of spending. Thus this critical level is Fy is all even periods including period

0 and F7, in all odd periods.
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Next we turn to some intuition for why the household debt regime is optimal when fiscal
needs are not too large. In determining which regime to choose, the government compares
the crowding out costs associated with choosing the household debt regime against those
associated with the no household debt regime. In the household debt regime the interest
on debt is 1/ whereas in the no household debt regime, under our assumption that taxing
capital is not optimal, the government subsidizes banks to the maximum extent possible, that
is it pays Ry on debt.

In comparing regimes, note that a regime is more attractive the lower are the total
crowding out costs and the lower is the interest rate paid on debt, because the lower the
interest rate the better is the tax smoothing. Since the interest rate on government debt
is lower in the household debt regime, this gives an advantage to that regime. If the total
crowding out costs in the household debt regime are also lower then that regime is preferred.

Consider then total crowding out costs in the two regimes, namely the product of the
marginal crowding out cost per unit of bank debt times the total amount of bank debt. The
marginal crowding out costs in the household regime Ag(1//) are higher than those in the no
household debt regime, namely Ap(Rg). Let us begin with fiscal needs that are only slightly
above those in which no repression is optimal. If the government adopts the household regime,
it needs to issue only a small amount of bank debt and so the total crowding out costs are
small. In contrast, if the government adopts the no household debt regime, it places all of its
debt in banks and doing so leads to a much greater level of total crowding out costs. Hence,
in such a region, the household debt regime is optimal.

Now as fiscal needs increase, in the household debt regime the fraction of total debt
held by banks also increases and the total crowding out costs rise faster than those in the no
household debt regime. As long as the fraction of total debt held by banks stays below some
critical value, the household debt regime is optimal. We show that this fraction is below the
critical value if current needs are below Fr, and F'y in the relevant state.

We begin by considering levels of bank debt B and total debt B’ such that at those

arbitrary levels, the total crowding out costs in the two regimes are equal, namely

(54) AB(l/B)BJIB = Ap (Rk) B
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The left side is the crowding out cost of bank debt when banks are paid a rate 1/5 on debt
and the right side is the crowding out cost when all the debt is held by banks and banks are
subsidized at rate Rx. Let 1" equal the ratio of BY;/B’ that satisfies (54), namely

(55) o* = 2K 0,1y,

We begin by providing sufficient conditions for the household debt regime to be optimal
in period 0.

Proposition S1. If 3 > [3* then there exists a critical value Fz > G* such that if
Gy € [0, Fiy] then it is optimal to be in the household debt regime in period 0.

We establish the claim in the proposition using two lemmas. The first lemma shows
that if the ratio of bank debt to total debt in the household debt regime is below the cutoff
level 9", then the household debt regime is optimal. The second lemma shows that if the
initial level of spending is not too large then the ratio of bank debt to total debt in the
household debt regime is below the cutoff level. Combining these lemmas gives the result.
The bottom panel in Figure A1 may be helpful in understanding this result.

Let Bp, and Bj be the solution to the best sustainable problem conditional on the
government choosing the household debt regime, namely H" (B, G).

Lemma S2. If Bl /Bj, < ¢* then H" (B,G) > H* (B, Q).

Proof. The idea of the proof is to construct a suboptimal policy in the household debt
regime that is better than that in the no household debt regime. The suboptimal policy is
the result of restricting the policies of the government to issuing household debt and bank
debt in given proportions, that is, By, = (1 —¢*)B’ and By = "B’ and to restrict the total
debt issue to be less than what was issued in the household debt regime, that is B’ < Bj.

Since B, /B;, < 1" then the sustainability is clearly satisfied for this restricted class
of policies. The reason is that for such a class, total debt issued is lower and a higher fraction
of that debt is held by banks. Since the sustainability constraint is satisfied we can drop it
and write the value of the problem with these restricted policies as

(56) H(B,G)= max W (G + B —B')— Ag(1/8)*B + 8H (B',G").

B'<B)
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We claim that in the solution to this problem the constraint B’ < Bj is slack. The reason is
that with the restricted policies issuing debt is more costly than with unrestricted policies,
so less total debt is issued. Hence, H(0,Gy) equals the value of the problem in (56) without
the constraint B’ < Bj.

Consider next the utility in the no household debt regime, given by

!/

Hb(B,G):maxw(G+B— B

B’ K

) — A (Rx)B' + BH (B, @)

subject to the sustainability constraint. Using the definition of ¢ in (55), the value of this

problem equals

!/

f) = An(1/8) B 4 BH (5.6
K

(57) H®(B,G) = max WV (B +G —

subject to the sustainability constraint. Comparing the objective functions in (56) and (57)
and noting that the (57) is more constrained, we have that H (0,G) > H® (0,G). Thus, we
have established

H"(B,G) > H(0,G) > H*(B,G).

Q.E.D.
Lemma S83. There exists a critical value Fy > G* such that if Gy < Fy then in the
household debt regime

!
BBl

< *.
B sv

Proof. In Proposition 3 we have shown for Gy < G* there is no financial repression so
households hold all the debt. For Gy > G* it is optimal to practice financial repression and
B > 0. By continuity of the policy function, we know that there is some value of Fy > G*

such that for Gy € [G*, Fy], the ratio of government debt held by banks to total government
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debt issued is less than

; Ap (Rk)

ﬁ<¢*:me(0,1)

Q.E.D.

Then for Gy < Fy, we have that the crowding out costs of bank debt in the household
branch are less than the crowding out costs in the bank branch. Thus, by Lemma S2 it is
optimal to follow the household branch.

We turn now to providing conditions under which the household debt regime is optimal
in all periods ¢t > 1.

Proposition S2. If 5 > * and

A 1+ R 1
9) An () + 2 (-0 T 1) o) > 0

then there exists a critical value Fy > G* such that if Gy < Fg then it is optimal to be in
the household debt regime in all periods ¢t > 1.

The logic for this result differs for even and odd periods. The logic for even periods
is essentially identical to that for period 0 and does not require the sufficient condition (58).
Indeed, all we need to show is that in any even period the fiscal needs are smaller than Gj.
We establish this result in Lemma S4.

Lemma S4. If Gy € (G*, Fy) the household debt regime is optimal in all even periods.

Proof. From Proposition 3 we have that taxes and debt are decreasing over the cycle.
Thus the fiscal needs in an even period are lower than the fiscal needs in period 0. We can
now apply the same logic as in Lemma S3 with the sum of inherited debt B, and Gy playing
the role of Gy to conclude that the household debt regime is optimal in all even periods.
Q.E.D.

We turn now to establishing that the household debt regime is optimal in all odd
periods.

Lemma S5. Tf (58) holds then the household debt regime is optimal in all odd periods.

Proof. Suppose by way of contradiction that (58) holds but in say, period 1, the no
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household debt regime is optimal so that

(59) H"(By,Gp) < H*(B,,GL) = H(By,G1),

(60) H (By,Gy) =W (GL LB - R%) — Ay (Ric) Bs+ BH (By, Gyy) -

Note that the sustainability constraint for the programming problem in period 1 must be

binding
(61) H(Bg, GH) = max{—AN332 + HM(O,GH),HM(BBQ, GH)} = h(BBg,GH),

because if it were not then the household debt regime would be preferred to the no household
debt regime.

Next, consider the contrapositive of Lemma S2: if (59) holds then the household
branch has Bps > 9" Bsy. Using this, (61) implies

(62) H (Bg, GH) < max{—AN@D*Bg =+ HM(O, GH), HM(@b*BQ, GH),}

where we have used that Hy;(Bpgs, Gg) is decreasing in Bpy. The first term in the maximand
is the value of the Markov equilibrium when banks are not bailed out and the second term is
the value when they are bailed out.

We establish a contradiction by showing that (62) cannot hold. We do so by considering
separately the case in which the first term on the right side is larger and the case in which

the second term is larger. In both cases we use the following inequalities
(63) H(B:1,Gr) > h(Bp1,Gr) > h(¥"By,Gp) .

Here the first inequality follows from the sustainability constraint in period 0 and the second
inequality follows because Bp; < ¢*B; from Lemma S3.

Case 1. Second term of (62) larger
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Since the second term is larger then

(64) Hp (" Ba,Gp) > —AnY" By + Hy (0,Grr)

and

(65) HM(w*BQ,GH> > H(BQ,GH)

Here we consider a possibly suboptimal policy in period 1 in a Markov equilibrium of
issuing 1" By units of debt. This policy is feasible because it satisfies the no default constraint
since (64) holds. Under this suboptimal Markov policy

V' By
Ry

(66) h(v*By,Gr) > W (GL +¢*B;, — ) — Ap (Ri) "By + BHy (Y Ba, Gr).

Combining (66) with (63) implies

(67) H(B1,Gr)>W (GL + "By — ¢R§2) — Ap (Ri) "By + BHy (Y Bs, Gr).
Combining (65) and (67) we obtain
(68) H (Bl, GL) > W (GL + 77ZJ*B1 — ¢Ri2) — AB (RK) ¢*B2 + BH (BQ, GH) .

Substituting from (60) in (68) and rearranging gives

B “B
W(GL+B —=2)-W GL+w*Bl—¢ 2) > Ap (Rk) (1 — ") By > 0.
RK RK

Since W is decreasing, to establish a contradiction it is sufficient to show that

Bs Bs
“(B—-22) <B -2
(B <m-
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which, since ¢* € (0, 1), is equivalent to

By
69) By > —
(69) B> 2=

Now, the budget constraint in period 1 and 2 are

B
(70) GL+ By =T, + ==
R

(711) Gy + By =15+ 3Bs

where in (71) we used that the price of debt issued in period 2 is § because the government is

in the household debt regime in even periods. Combining (70) and (71) and using that taxes

are decreasing gives

1+R
By =Gy -G+ (1 —Ty) + K

14+ Rk

K

By — BBs

> (Gg —Gp) +

By — BB,

where the second inequality follows from 77 > T, and B; > Bs, which implies

GH—GL 1+RK Bg GH—GL & Bg

72) B, > S > =2
(72) Bi > 1+ 8 1+ 08 Rg 1+ 8 Rr ~ Ry

From (69) we have a contradiction.

Case 2. First term of (62) larger, that is,

(73) HM(¢*BQ, GH) < _ANw*BQ + HM<0, GH)

Now consider a Markov equilibrium with a possibly suboptimal policy in period 1 of issuing

no debt. Under this suboptimal policy, the following inequality must be satisfied

h(¥*Bi,Gr) > W (GL +v¢*By) + BHy (0,Gr)
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which, when combined with (63) and (64), implies
Substituting from (60) in (74) and rearranging

B
W (GL + B; — R—2) — W(GL +¢*B1) > ﬁAN@D*BQ +AB (RK) By >0
K

Clearly, if By — 5—; > 1" B; we have a contradiction. So consider the case By — g—; < Y*By.

To get a contradiction it is sufficient to show that

B
(75) 0> W (GL + B — R—2) ~W (G +9¢"By) — [BANY" + Ap (Rk )] B
K
To this end, note that
B2 * !/
W(GL+B1——)—W(GL+'¢B1>:/ —-W (GL+$)d£C
Ry [B1-#2 07 By |

B
< =W'(Gr +¢"By) [@D*Bl ~ B+
Rg

where the last inequality follows from the concavity of W. Then, using that it is not optimal

to tax capital,

A
W (G4 B) <

the right side of (75) must satisfy the following inequality

W (GL + B, — %) — W (G +v¢"By1) — [BANY™ + Ap (Ri )| Ba
< —ﬂ (1—=2%) By — [5AN¢* + Ap (Rk) — ﬂi Bs.
o o Ry

29



Now,

AN Gy B, - {BAW* Ay (R — ﬂi] B,

O’RK

* ]._'_RKBQ GH_GL

N1 - -2 4, Jd 7L
<5 ¢)<1+BRK+ 1+ 5

_ o G —Gp
= U T

)= [pave+ an (i) - 25|

— [AB (Rk) + % (((1 — ") 11++RBK — 1) RLK + 501#”‘)

where in the first inequality follows from (72) and the last inequality follows from the sufficient

condition (58). We have established a contradiction. Q.E.D.

4. Details for Extensions
Here we give that the results of our benchmark model extend to versions with stochastic
government spending, liquidity constraints, productivity shocks, nondiscriminatory default,

and effective default on deposits.

A. Stochastic Government Spending

Here we extend our results to an environment with stochastic government spending.
As will become clear, the result that repression is not optimal under commitment is general
and does not depend on the nature of uncertainty. When there is no commitment, we show
that in times of abnormally high fiscal needs, repression is desirable. To keep this analysis
simple, we let government spending in period 0 be deterministic so that we can vary the
level of spending in that period without having any effect on the distribution of government
spending from then on. To that end, we let spending in period 0 be given by Gj. From
period 1 onward, government spending is stochastic and is given by G (s;) where s, is the
state at t > 1 with N realizations. In particular, in period 1, the state s; is drawn from a
distribution 7 (s1), whereas in all subsequent periods the state s, is drawn from a Markov
chain 7 (s441|s¢). This setup captures the idea that the initial period is one with exceptional
fiscal needs such as high spending statetime or during a depression. After that initial period,

the economy returns to normal times and the fiscal needs during those times are independent
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of those during the exceptional time at date 0. It will prove convenient to let

G(s):G(s)+ﬁZ7r s'|s) G (s

be the net present discounted value of government expenditure when today’s state is s.
Without loss of generality, order the states sy, ..., sy so that if sy > s1, then G (s9) > G (s1).

An individual bank’s budget constraint for ¢ > 1 is now given by

. kt+1 bBt+1 dt-‘rl (St+l)
2y (s") + (L4 7 (s7) + ; |:Rt+1 1 " Roua (570
< k(871 + 00 (s) + (1 =4 (8 ) e (s)] bae (s) — d (') ,
where s® = (s1,...,5), and bps1(s'™) and d;,1(s**1) are state-contingent government debt

and deposits purchased at state s' promising interest rates Ry (s'™) and Rp;i1 (s™™!) . For

each st*! the collateral constraint is

o (551 < (b () (B (7)o (1 B (5°1)) rn (541)] B ()]

and the regulatory constraint is

bpres (1) 2 6, (1) [k (1) + oo (1)),

The bank’s problem for period 0 is similar. The household problem is extended in a similar
fashion.

The following extension of Proposition 1 is immediate. Indeed, this extension holds
for any arbitrary process for the state s;.

Proposition Al. (Financial Repression Not Optimal with Commitment) The Ramsey
outcome has no financial repression, that is, ¢, (s'™') = 0 for all s'™'. Furthermore, for
all ¢ the collateral constraint on banks binds and the effective return on government debt,

¢ 1 (s"1), is strictly less than the return on capital so that banks hold no government debt.

The extension of Propositions 3 is also relatively straightforward. To that end, let 8*

be the smallest discount factor such that a stationary Ramsey outcome with positive debt
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in all states is sustainable. To make precise our definition of 5*, consider a vector of debt
{Bp (s,)} that satisfies Br (sy) = 0, and Bg (s,) = G (sn) — G (s,). If that vector is issued
in a given period, say t, then for any subsequent period there will be perfect tax smoothing.
The associated tax revenue is constant across all future periods and states s,, and is given
by Tr = (1 — 8)G (sy). Then * is the smallest discount factor that makes the government
at least as well of in all states {s,} if it continues with Ramsey plan with the associated
inherited debt {B(s,)} and a plan of defaulting today in s,, and then pursuing the Markov

policy from then onward. That is, 5* satisfies

W(IR):max{ —I—BZ s) Hy (0,G (s ))}

We assume that 5 > " and that it is optimal to be in the household debt regime and
note that the sufficient conditions for this to be true are the analogs of those in Proposition
S1.

Proposition A2. (Repression in the Best Sustainable Equilibrium) In the best sus-
tainable equilibrium there exists a value G* of government spending, such that if Gq > G*
, there is financial repression in period 0 and a finite period 7' = T'(3,Gy) > 1 such that
there is no financial repression for ¢ > T for all histories s’. Furthermore, government debt
is decreasing over each cycle in that B; (s, s) > By (s'17, s) for all ¢, s'=1 r > 0. Moreover,
in the limit the economy converges to a limiting cycle with perfect tax smoothing. Instead if
() is sufficiently small then there is no financial repression in any period.

Proof. The programming problem for the stochastic economy in period 0 is

(76) Hso(0, Go) = max W (T ABZm ) + 52”1 "YHg(B', &)

BI

subject to
w (G) : Hs(B'(G') ,G') = h(Bp (G") , G") = max {Hy(Bp (G') . G'), Hu (0, G") — Ay B (G')}

and the nonnegativity constraints on By (G') and By (G') where T = Go—f ) m1 (G') B’ (G') .
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The first-order conditions for each B’ (G') and By (G') are
(77) =W (T) + (B + 1y (G')) Hg(B' (G") ,G') < 0

(78) —Ap+ . (G) W (Bp (G),G') <0,

where (77) and (78) hold with equality if B (G’) and Bpg; (G') are positive, respectively.

We now show that there is a critical value G* such that for all Gy > G*, the government
does practice financial repression in at least one state. To define the critical value G*, note that
the maximal amount of debt that the government can issue in period 0 without practicing
financial repression is the vector {Bj (G’)} with expected value B} = >, m (G') By (G'),

where each Bj (G’) solves
(79) HS (Bik (GI) 7GI) = HM(07 GI)

Given B} defined from (79), let G* be defined by

—BW'(G* — BBY) + mm [(B + o (13 G’)) Hy(B; (G, G')] =0

Here G* is the level of government spending such that a government, on the margin, is
indifferent to repressing or not in the state G’ at which it has the highest incentives to repress
when it has issued {B7 (G’)}. Clearly, using the same contradiction argument as in the proof
of Proposition 3, the equilibrium has financial repression if Gq > G*.

Next we characterize the transition after period 0 assuming that Gy > G*. Clearly,
from our definition of 5%, if 8 > B* government debt is always positive. The proof is similar
to that for the deterministic case.

To characterize this transition, consider the best sustainable problem

BYy,B",T

(80) Hg(B,s)= max W (T)— Ap ZTF (s'|s) By (s") + BZW (s'|s) Hs(B' (s'), ")

5/
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subject to
(81) G(s)+B=T+B> w(s]s)B'(s)

(82) Hg(B'(s"),s") > h(Bp(s'),s') =max{Hy(By(s'),s), Hy(0,s) — AxBy (s')}.

Letting 4 (s') denote the multiplier on the sustainability constraint (82) in state s, the first-
order condition for the problem (80) implies that if B (s'™!) is strictly positive then

(83) —BW(T(s) = —[B+u(s")] Hs(B(s") .G (s011)
(84) = —[Bu(THIWIT (),

where the second equality follows from the envelope condition on (80), and the first-order

condition for Bp (s'*1) implies that

(85) p(s™) < —Ap/H (Bg (s") ., s141) -

Note, there is financial repression in that Bg (s'™') > 0, only if o (s**1) = —Ag /W (Bp (s"™) , s41)-
Since the multiplier on the sustainability constraint u (s™™') > 0 for all s, from (83)

it follows that the tax revenues {7 (s')} are decreasing. Such a path for tax revenues implies

that debt is decreasing over each cycle. To see why, iterate the government budget constraint

forward to write that debt is the discounted value of future government surpluses, which,

using the cyclical pattern of government spending, gives

(86) B(s') Z D B (s T (s7) — G (s)

r=0 gt+r
where 7(s"""|s") is induced from 7(s"*!|s"). Next, since the sequence of tax revenues {7 (s')}
is decreasing and bounded below by zero, these tax revenues must converge to a positive level
so that taxes are perfectly smoothed in the limit. From (83) it then follows that the sequence
of multipliers {u (s'™')} must converge to zero. Thus, there is a finite 7' (3, Go) such that for
t+1>T(83,Go), the multiplier u (s'™) < ming, s {—Ap/h (Bg,s)}, so there is no financial
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repression. Q).FE.D.

B. Liquidity Constraints

In the best sustainable equilibrium banks never voluntarily hold government. Here we
introduce liquidity considerations in the bank’s asset allocations by assuming that bank debt
yields liquidity services above those provided by capital. We model these liquidity services as
a necessary part of the financial intermediation services offered by banks by assuming that if
banks hold at least a fraction x of their capital stock in the form of government debt then they
can intermediate funds efficiently so that the return on intermediated capital is Ry whereas
if they hold less than a fraction k the return on intermediated capital is smaller, namely
}A%K < Rg. We assume throughout that ~ and }?K are sufficiently small so that each bank
voluntarily chooses to hold government debt and provide intermediation services efficiently.
Under this assumption each bank chooses bank debt so that bg; 1 > kkyy1.

(An alternative assumption is that government debt held by a bank must exceed
some fraction of bank liabilities in order to provide intermediation services efficiently. This
alternative assumption is consistent with a variation of our environment along the lines a
Diamond-Dybvig model in which some depositors may want to withdraw early and govern-
ment debt can be sold at better prices than capital in order to meet the demands of depositor.
We conjecture that our results will go through under this alternative assumption.)

We can follow the same steps as we did in the body to show that the value function

in the best sustainable equilibrium has the form
V(S)=Ar+ K + AnoN + H (N, B,G)
where the tax distortion function with liquidity constraints is given by

(87) H(N,B,G)= max W (T)— Ap(R) B+ 8H (N',By+ By, G)

Bl Bl R
subject to
By + By
T=G+ B — — 5
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Ar+ K'+ AyN'+ H(N', By + By, G") > Jy (S, G")

R’ < Rg, the complementary slackness condition and the aggregate form of the liquidity

constraint
By > kK’

where K’ and N’ are given by

1 B, 1 Re B, B
|:R—K+ﬁﬁ—’yﬁ<1+ﬁﬁ>} K/:UN+(1—O)?”L

N =(1-7) ll + %%] K'

Proposition A3. (Dynamics of the Best Sustainable Equilibrium with Liquidity Con-
straints) For k sufficiently small, there is a critical value 5* such that for 8 > *, there is a
finite period T' = T'(3, Go) such that there is no financial repression for ¢ > 7. Furthermore,
if Go > G* (), then T' > 0 and up until period 7', government debt is decreasing over each
cycle. Moreover, in the limit, the economy converges to a Ramsey outcome with perfect tax
smoothing .

The proof follows immediately from our earlier propositions. In Figure A2 we provide

a numerical example which illustrates this proposition.!

C. Productivity Shocks

We now consider a version of the model with constant government spending and fluc-
tuating labor productivity and argue that all of results go through.

We assume that output is produced by

Y=7L+K.

where labor productivity Z deterministically fluctuates between a high productivity state

and a low productivity state. In particular, for all ¢ > 1 we have Z;, = Z if ¢t is odd and

'In Figure A1, Gy = .24, Gp = .05, =99, Rx = 1.02,y = .5,0 = .9, v(L) = L& /¢ where £ = 2.
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Z; = Zg if t is even. In period zero we allow Z, to be arbitrary. With productivity Z the
function net utility from labor W (T, Z) is given by

W (T, 2Z) = Z((T, Z) — v (((T, Z))

where ¢ (T,7) solves T = Z{ — v' (¢) £. Note that the domain of W (T, Z) is [0, Tpnaz (Z)]
where T4, (Z) is the top of the static Laffer curve.

We assume that

(88) W(T,Z) is concave in T" and — Wp(T, Z) is decreasing in Z

Recall that the key properties that we use in proving our propositions were the analogs of
those in (88). Given these properties our proofs go through virtually unchanged. Hence we
have the following proposition.

Proposition P1. (Repression in the Best Sustainable Equilibrium) Under (88), in the
best sustainable equilibrium there exists a value Z* of productivity, such that if Zy; > Z* there
is no financial repression in period 0. If Z; < Z*, there is a finite period T' = T'(/3, Zy) such
that there is no financial repression for ¢ > 7. Furthermore, government debt is decreasing
over each cycle.

In the next lemma we provide sufficient conditions for (88).

Lemma P1. If v (L) = xL'™/ (1 4 %) then (88) holds.

Proof. First, note that

(89) Wi (T,2) =[Z — ' ()] br < 0

since {7 < 0 on the increasing side of the Laffer curve. Second, note that

WTZ (T, Z) = []_ - ?}” (f) fz] ET + [Z — U/ (6)] ETZ~
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Under v (L) = YL/ (1 + 1) we have

T=[Z-v(O)t=20—-1+p)v(l)=Zl—x{" so

1 1

b = = <0
T2+t Z—(1+0)v(0)
[ — ¢ = >0
2T 7o+ T
and then

ETZ:_ {Z—(l—lmb)XW] [1—(14—1#)1/})(@/’*1@2]

L—(14+¢)v" () Ly
Z—(1+9)v ()

.

Thus

WTZ (T, Z) = [1 — ’U” (f) gz] ET -+ [Z — UI (6)] gTZ

— (L + )" () Ly

=[1 =" () lz] by — [Z — ' (0)] le
=’ (€)

Z—(1+¢)v'(0)
— 7

- Z—u+www]+“@“ﬂ2—u+www>”

where the last inequality follows because Z—(1 4 1) v’ (¢) < 0 since taxes are on the increasing

portion of the Laffer curve.

Finally, we check concavity of W in T, namely that Wry < 0. From (89) we have

Worr (T, 2) = [Z — 0 ()] by — 0" (£) 02

and

1

(1+¢)v" (£) br (1+¢)v" (£)

&T=—(z—u+www0[—U+¢W”@%“Rz—u+ww%m2:
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SO
Worr (T, 2) = [Z — v (O] bpr — 0" (£) £2. < 0

because both terms are negative since both Z — v’ (¢) > 0 and ¢y < 0, and v” > 0. Q.E.D.

D. Nondiscriminatory Default

Here we state a proposition characterizing the best sustainable equilibrium absent
bailouts to banks. This proposition makes clear that the results for nondiscriminatory default
are similar to those with discriminatory default.

Proposition A4. (Dynamics of the Best Sustainable Equilibrium with Nondiscrimina-
tion) There is a critical value " such that for 5 > %, there is a finite period T" = T'(3, Gy)
such that there is no financial repression for ¢ > 7. Furthermore, if Go > G* (), then T > 0
and up until period T', government debt is decreasing over each cycle and the fraction of
government debt held by banks decreases over the cycle. Moreover, in the limit the economy
converges to a Ramsey outcome with perfect tax smoothing .

The proof builds on the logic in Proposition 3 and is available on request.

E. Effective Default on Deposits
Here we consider an extension in which the government can effectively allow banks to
default on deposits. This default can also be interpreted as a policy in which the government

taxes away deposits of each bank and returns the proceeds to that bank.

Markov Equilibrium

We start by analyzing the Markov equilibrium. As argued in the text, the government
will always default on debt held by the households and so households will hold no government
debt along the equilibrium path. Since the banks are collateral constrained, it is always ex
post optimal to allow banks to default on its deposits and so households will hold no deposits
along the equilibrium path.

Following a similar logic as in the baseline case, the value of a Markov equilibrium for

39



an arbitrary state S = (K, D, Bg, By, G) is given by
JM (S) = maX{VMt (K, O, O, 0, G) s VM (K, 0, BB, O, G)}

The first argument of the max operator is associated with a policy of defaulting on debt,
allowing banks to default on deposits, and not bailing out banks. The second argument of
the max operator is associated with a policy of defaulting on debt, allowing banks to default
on deposits, and bailing out banks.

Analogously to the baseline case, we can prove the following lemma.

Lemma D1. The value for the Markov equilibrium has the following form:
Vi (K,0,Bp,0,G) = Ag + K + Ay (K + Bg) + Hy (Bg, G)
where the tax distortion function solves the functional equation:

Hy (Bg,G)= max W (T)— Ag (R) By + BHy (By, G

B;gaTzR,)TK

subject to the government budget constraint G + Bg < T+ B3 /R’ , the constraint R’ < Ry

and the no temptation to default on banks constraint
Hy (By,G') + AyBly > Hy (0,G)

where the constants are

- (BRxk-1)o B (BRx —1)o
00 A= R SN T T AR (1= 0)7]
j.o =on, _, _(-o)n,
AR T e

As(R) =21 5iy

c R

Proof. Since banks cannot raise deposits the Markov equilibrium is equivalent to one

in which v = 0. Hence, Ay, Ag, and AB(R) are simply our earlier expressions for Ay, Ag,
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and Ag(R) with ~ set to zero.

Best Sustainable Equilibrium

Consider now the best sustainable equilibrium. One possibility is that in the best
sustainable equilibrium the government allows banks to default on deposits. In this case, the
analysis of our baseline case goes through unchanged since this case is equivalent to setting
v = 0 in the baseline model.

The other, more interesting possibility, is that on the equilibrium path, from period
1 onward, it is optimal not to allow banks to default on deposits so banks issue deposits at
interest rate Rp = 1/5. Following the same logic as in the baseline case, the value of the

best sustainable outcome in period 0 is

JS (S) - maX{VS <K7070707G) 7VS (K707B3707G)}

Clearly in period 0 is always optimal to default on debt and allow banks to default on deposits
as well. The first argument is associated with a policy of no bailouts and the second argument

is associated with a policy of bailouts. The continuation value Vg (S) can be written as

K’
= T+ K — !
Vs (5) T,K',BI’E%E,RI,N'W( )+ Rk TAVE(S)
subject to
By + By
K' oN+(1-o0)n (&—-16)
_ o BB

Rx  (1—~BRk) (1 —yBRk)
N'=(1-7)(K'+ Bp)

and

(91) Vs (S') = Ju (')
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Here, unlike in the baseline case, the tax distortion function needs to include net worth
and we have the following lemma.

Lemma D2. The continuation value for the best sustainable equilibrium has the form
(92) Vs (K,By,Bp,0,G) =Ap+ K+ AyN + Hg (N, Bp + By, G)
where N = (1 — ) (K + Bg) and Hg (N, B, G) is the largest fixed point of

(93) Hs(N,B,G) = max W (T)— Ag (R") By + fHs (N', By + By, G")

T,K',Bly, B}, R ,N'
subject to the budget constraint,

B, + B
G+B§T+%,

the constraint R’ < R, the complementary slackness and

K’ N+(1-o0)n 1/R —
Ry 1 — B8Rk 1 — B8Rk

(95) N'=(1—7) (K + Bp)

and the sustainability constraint

(96) Ap+An (1 —7)(K'+ Bp) + Hs (N', By + By, G')
> Jar (K", Bly,0,G") = max {Vag (K',0,0,0,G'), Var (K',0, Bly, 0, ")}
— Ap+ AyK' + max {ANBjB + Hyr (Bl, G'), Har (0, G’)}

The proof of this lemma is nearly identical to that in the baseline case.
Next, we want to show that moving one unit of debt from households to banks relaxes

the sustainability constraint. To do so we use the following sufficient condition

B(1—7)
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where A is defined below. Throughout we focus on the case in which the government does
not bail out banks in the deviation to the Markov equilibrium. The argument for the case in
which the government bails out banks in this deviation is similar.

Lemma D3. If the sufficient condition (97) is met then moving one unit of debt from
households to banks relaxes the sustainability constraint.

Proof. First note that we can rewrite (96)

98) (Ar—Ar) + (Av (1—7) = Ay) K'+ Ax (1 = 7) By + Hs (N', By + B}y, &)
Z HM (O) G/) 9
Next, since household choices are interior R = 1/ so that using (94) in (98) we obtain

oN+(1—-0o)n B(—19)
1 —BRk 1 —vBRk

) (An—Ar) + (4x (1 =)~ dv) R | B

+AN (1 - ’7) BE? + HS (Nla B;B + B}{a G,) Z HM (07 G,) )

or collecting terms:

B(1—9)

(100) a(N) + {AN - (AN (1=)- AN) R

Z HM <0a G/)

} Bl + He (N'. By + Bly. C)

where

oN+(1—o0)n
1 =B8Rk

A

a(N) = (AR —AR) + (AN(1 ) —AN) Rx

Thus, to prove that (100) is relaxed by moving one unit of debt from households to

banks it is sufficient to show that

>0

(101) [AN - (AN(l — ) _AN> A Chnle)) ] | OHs ON'

K1 ~BRx| = ON' 0B
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We know that g%, < 0 and
B

(AN (1—7)— AN) Rio
1 —vBRk

0Hg
ON'

=pa (N) =/

where p is the multiplier on the sustainability constraint. Using the definition of Ay and

Ay in (90) we have

8HS_ / g (1_7) 1
an_*‘1—yﬁRK(BRK_J)RK”(1—¢ﬂ@ﬁa+(1—ayﬂ_'1—5RK0)

Thus

sign <(89Z€) =sign((1 —7) (1 — fRko) — 1+ PRk [oc+ (1 —0)7])

= sign (v [6Rk — 1]) = +

Intuitively: the marginal value of net worth N is higher in the best sustainable equilibrium

than in the Markov equilibrium and so high net worth relaxes the sustainability constraint.

!/ . . . .
So the term %% gg goes in the wrong direction. However, we can bound this term because
B

Ap
(102) p' <
W (Bp, G')

and

. oN+(1—0o)n 1/R —~p _, ,
N_(l_'”(RK( L — PR W—vﬁRKBB)*BB)

1/R —p

=—-(1-7) (RK—l ARy

— 1) Bl + terms indep. of By

so using R' =1/ we have

N _ . (RK(l—y)ﬁ_l).

OBy 1 —vBRk
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Thus,

OHs ON' . o
— _1
Rg(1—7)B )
x(1—n) (TP
( 7)( Ty
AB o

(1= o1 )
1-fRxlc+(1—0)y] 1—pBRko

(1—7)

1

< i a O Do

<=9 (S50 )

A

where the inequality follows from the bound on ' from (102) and
—h' (B, G") = Ay

So the sufficient condition is

B(1—7)

(103) A< An — (AN (1 —’Y) —AN) RKW

Q.E.D.

In the two panels of Figure A3 we plot the total debt and the share of debt held by
banks in an economy that begins with exceptional fiscal needs and the returns to normal
times. Clearly, allowing for effective default on deposits does not change the qualitative

pattern of the main results from our benchmark model.

5. Detailed Algebra for Best Sustainable Equilibirum

Here we fill in additional details for the proof of Lemma 3. Consider the operator

defined by the right side of (40), namely

/

(104) TV(S) = max W(T)+ K — L BVs: (S')

Bly,BYy TR K’ Ry

subject to the government budget constraint, the bank budget constraint, the restriction on

return, R’ < Ry, the complementary slackness condition, namely, if R > 1/5 then B}, =0
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and the sustainability constraint

(105) Veis1(S") > Agp + K + AyN' + h(Bj,G")

where h(BYy,G') = max {—AnxB% + Huy41(0,G'), Hyi1 (B, G')} and the value of the right

side of (105) is the value of the best deviation, Jyy1 (S') = Ar + K + ANN' + h(Bj, G').
We need to show that the sequence of functions {V,,} defined recursively as V,,,; = TV,

from an initial value Hy(B, G) given by that of the Ramsey equilibrium Hg(B,G) have the

form

(106) V,, = Ap + K + AxN + H, (B, G)

Consider the first iteration:

K/
Vi(S) = max W(T)+ K — +B[Ar+ K'+ ANN'+ Hy (B, G")]
Bly,Bl;,T,R! K’ N Ry
subject to
By + By

(107) Ag+ K'+ AyN'+ Ho (B',G") > Ap+ K' + AyN' + h(Bj, G"),
R’ < Ry, and the complementary slackness condition, where K’ and N’ are given by

K  oN+(1-on [w-15] .
Rk [L—7BRk]  [1—~BRg] "

(108) N’ = (1— ) [1 + %] K’

Note that (107) simplifies to

(109) HO (Bla GI) Z h’(BE% G/)J
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Rearranging and using (108) to substitute out for N’ gives

!/

Vi(S) =  max K4 (BRx—1)

B'y,By, T,R/ K’ Ry

+ W (T) + 8H, (B, G

+ BAr + BAN(1 —7)K' + BAN (1 — ) By

K/
= Ap+ K -1 An(1 —
B;B,BIE%%(R’,K’B r+K+[(BRxk — 1)+ Rk AN(1 —7)] R

+W\(T) + BHy (B, G") + BAN (1 = 7) B

subject R’ < Ry,
By + By
and
Hy (B',G") > h(B%,G")
which follows from (109), together with the transition
(110) K' oN+(1-o)n % —6] .,
Rg  [L—9BRx]  [L—7BRx] "
Rearranging again using (110) to substitute out for K’ gives
oN+ (1—-o0)n
S) = A K Rg—1 R An(1—
Vi(9) 333%15?%,3/5 r+ K+ [(BRk —1) + SRk AN(1 = 7)] 1= ARy
+W(T) + BHy (B',G") + BAN (1 = 7) B
1
[—, - ’Yﬁ]
—(BRx — 1 RrAn(1 — e =7
[(BRkx — 1) + BRxAn(1 — )] [ —~BRe "

subject to R’ < Ry,

By + Bjy,

T=G+B- g

Hy(B',G') > h(By,G)
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Thus, collecting terms, we obtain:

Vi(S) = max BARr + [(BRkx — 1) + BRx An(1 — )]

 Bl.Bl Tk T.R

n [(BRx — 1)+ BRrgAN(1 —7)]0
[1 —v8Rk]

+W (T)+ BHy (B',G") — Ap (R') By

N

subject R’ < Ry,

By + By,

T=G+B-~"

Hy(B',G') > h(Bl,G)

where the coefficient of B in Vi(5) is given by

ABU?)ZKBRK—l)+ﬁRKANG—~w]%§gi%%%
Next note that
(BRx 1)+ BRxAn(1 =)o _
[1 - 'VBRK} N
_ _ oy )
ﬁAR + [(5RK 1) + BRKAN(l "}/)] [1 — ’YﬁRK]

To check this algebra we note that

[(BRKk — 1) + BRxAN(1 — )]0 = Ay [1 — 7BRk]

implies

(BRK — 1) g

1 BRe (v +o(l—)
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and that

[(BRk — 1) + BRxAN(1 — )]

A
BAR + B (1—o0)n zﬂAR+7N(1—a)ﬁ
. (1 — O')T_lAN o
B
Finally, note that
/ [% - 76]
Ap (R) = [(BRk — 1) + BRxAn(1 = 7)] N —~BR BAN(1—=7)

Ay |1
ITN[E—W}—BAN(l—v)

:ﬂi_AN (76+6(1—7))

c R T
An 1

_ AN
—75—57(’Y+0(1—’Y))

Thus
Vi(S)=Ar+ K+ AxN + H, (B,G)
with

(111) H,(B,G) = max W (T)— Ap (R By + 8H, (B, ")

BBl TR/
subject to R’ < Ry,

By + Bl

T=G+B-
+ I

Hy(B',G') > h(Bl,G)

Thus, we proven that the first iteration preserves the form (106). Iteratively applying

the same steps above shows that Vj, remains of the same form, namely (106) where in each
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iteration we continue to have

Ao — (BRx —1)o

N = BRx (1 + 01— 7))
_(1—0’)77ZAN

A= 5)0

Ap(R) =2 g™ (40 (1—7)).

and H, . satisfies the analog of (111) with H,, replacing H,.
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Figure A1: Policy functions
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Figure A2: Equilibrium outcome with liquidity needs

Total Debt

Best Sustainable, x = .025
Best Sustainable, x =0

Time

30

0.9

Share of Debt Held by Banks

5 10 15 20 25

Figure A3: Equilibrium outcome with default on deposits
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