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1 The economy

1.1 Intertemporal allocation of expenditure
1.1.1 Households: Preferences

Households are ex ante identical, but have heterogeneous preferences at any point in
time, owing to independent fluctuations in their preferences. Each aims to maximize an
expected discounted utility
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where 7, (1) € {b, s} indicates household i’s type in period ¢, with the utility from consump-

tion given by
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Assumptions:

*The views expressed in this paper are those of the authors and do not necessarily reflect the position of
the Federal Reserve Bank of New York or the Federal Reserve System.

t E-mail: vasco.curdia@ny.frb.org

tE-mail: michael.woodford@columbia.edu



NOTES ON INTERMEDIATION MODEL

e There is a continuum of differentiated goods; ¢, (i) is a Dixit-Stiglitz aggegator of the
household’s purchases of differentiated goods indexed by 7,

(i) = [/ ct(j,z')Odz} (1.4)
0
for some constant elasticity of substitution 6 > 1.

e Each household supplies a continuum of different types of specialized labor, indexed
by j, that are hired by firms in different sectors of the economy.

e Stochastic evolution of a household’s type:

— 74 (1) evolves as an independent two-state Markov chain for each i.

— Each period, with probability 0 < § < 1 the household’s type remains the same,
while with probability 1 — § a new type is drawn.

— When a new type is drawn, it is b with probability 7, and s with probability 7,
where 0 < m, g < 1, mp + 1, = 1.

— If and only if household i draws a new type in period ¢, it has access to the
insurance agency at the beginning of period ¢ (after learning that it will draw a
new type, but before learning what its new type is).

Note that each household’s consumption and labor supply (as well as its saving or
borrowing) in any period ¢ will in general depend both on the economy’s aggregate state
st =(...,8._1,5), where s, is the vector of (aggregate) disturbances (such as the preference
states &) in period ¢, and on the individual household’s type history 7(i). We shall represent
74(i) by a sequence of elements drawn from the set {0, b, s}; the element 0 is entered for any
period in which the household’s type does not change, while b (or s) is entered for any period
in which the household draws a new type that is b (or s). (The household’s current type,
7¢(1), is then indicated by the most recent element of 7/(7) that is not equal to 0.) We use
this notation for the type history so that it also indicates the periods in which the household
has access to the insurance agency. In expressions such as (1.1), ¢(7) should be interpreted
as referring to a state-contingent consumption level ¢(s'; 7(7)), and similarly for expressions
such as h;(j,7). When there is no risk of ambiguity, we shall sometimes omit the household
index 7, and write for example ¢(s’;7%). In fact, since we assume that households are ex
ante identical, in equilibrium c¢(s*; 7%(7)) is the same for all households i with the same type
history 7.

Finally, it is worth noting that the variable ¢;(i) has two possible interpretations (cor-
responding to the two possible interpretations of the resources used by the intermediary
sector, discussed below in section 1.5.2). In the case that the intermediaries purchase pro-
duced goods (in addition to the purchases of households and government), ¢,(7) is simply the
consumption of household i (of the composite good). Under the alternative interpretation
(discussed further below), under which intermediation has a utility cost rather than using
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NOTES ON INTERMEDIATION MODEL

produced goods, ¢;(i) should instead be interpreted as indicating the household’s purchases
net of its work for the intermediary; but utility is still a function of ¢;(7) in this case, rather
than of the household’s purchases of goods. Subject to this stipulation about the interpre-
tation of the variables, (1.1) applies in either case, and the same is true of the expressions
given below for the household’s budget constraint, the optimal choice of the variable ¢ (i),
and so on.

1.1.2 Households: Budget constraints

The nominal assets of household ¢ at the beginning of any period ¢, after insurance
payments (if any) and distributions by intermediaries, are given by

A (i) = [Bioa ()] (L4 1) + [Bioa (0)] (L+1474) + T (i), (1.5)
where B, (i) denotes the household’s nominal assets at the end of period t — 1,
[B,_1 (1)]" = max [B,_4 (i),0],
[Be1 (1)) = min B, (i), 0],
d

i¢ | is the riskless one-period nominal interest rate on deposits, i’ , is the nominal interest
rate on riskless one-period loans, and T; (i) denotes the household’s nominal transfers from
the insurance agency (if 7 has access in period t).

Note that in writing (1.5) we assume that 2 > ¢ each period. Were this not to be the
case, households would face an arbitrage opportunity, and choose both to borrow and deposit
unbounded amounts; hence there can obviously be no equilibrium of that kind. Given the
inequality, it is optimal for a household to deposit an amount equal to its positive asset level
(if end-of-period assets are positive) and to borrow an amount equal to (the absolute value
of) its negative asset level (if end-of-period assets are negative), so that beginning-of-period
assets the following period are given by (1.5).

The end-of-period net asset position of household i is given by

By (i) = A (i) + / W, () he () dj + D! + D" + T¢ — Py (i) (1.6)

where W; denotes the nominal wage for labor of type j, D{ denotes the nominal distribu-
tion by goods-producing firms (integrating over all of the sectors j, and the same for each
household i, as there is no trading in shares of the firms), D{™ similarly denotes the nom-
inal distribution by intermediaries (also the same for each household), and T} denotes net
nominal (lump-sum) government transfers (also the same for each 7).

As noted above, in expressions such as (1.5) and (1.6), B;(i) actually means B(s; 7(4)).
Aggregate variables such as th instead mean D’ (s'), as the values are the same for a given
household regardless of its type history.

In addition to influencing the evolution of its net asset position through adjustment of its
consumption expenditure and labor supply each period, the household also chooses its state-
contingent transfers from the insurance agency, in an ex ante insurance market at some initial
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date to.! The state-contingent transfers {T'(s’; 7(:))} that the household arranges through
the insurance agency must satisfy the following constraints:

o T(s;(r71,0)) = 0; i.e., there is no access to insurance transfers except in periods in
which the household draws a new type.

o T(st(7t71,b)) = T(s'; (t171, 8)); i.e., the transfer cannot be contingent upon the house-
hold’s new type. In fact, it is useful to introduce the notation o(7'~!) for the type
history after it is learned that a household (that had type history 7¢~! through period
t — 1) will have access to the insurance agency in period ¢, but before its new type is
drawn. We can then write T(s!; 7071) = T'(s*; o(7'1)) to indicate the transfer received
in the state (s';o(7!71)), regardless of what the new type 7;(7) turns out to be.

e The transfers must satisfy an intertemporal budget constraint

SN ashn(rtHQEHTH (s 7Y =0, (1.7)

t=ty st st—1

where 7(s') is the ex ante probability of reaching the aggregate state s* in period ¢ and
7(7t71) is the ex ante probability of reaching the type history 7~! in period ¢t — 1,
and Q(s') is a stochastic discount factor indicating the relative prices in the ex ante
market of transfers to different possible future states.

The relative prices of transfers to different states satisfy Q(s') > 0 in all states, and
the value depends only on the aggregate state, and not the type history of the household
receiving the payment. These relative prices are determined in a competitive market, which
clears if and only if
ZW(Tt_l) /TT(st; ) (i)di = 0 (1.8)
rt—1
in each aggregate state s’, so that the net transfer from the insurance agency to households is
zero. (Here we use the fact that the ex ante probability of a type history 7¢~1 in period ¢ — 1
for any individual household is also the fraction of households with access to the insurance
agency in period ¢ that have type history o(7t71).)

The household’s asset accumulation plan must also satisfy an asymptotic constraint,
that implies that any borrowing must eventually be repaid (so that “Ponzi schemes” are not

'We suppose that this initial date may have occurred prior to the date 0 from which utility is calculated
in (1.1). The reason is that while we assume that all households had identical circumstances at the initial
date o, we do not necessarily assume that they have identical financial claims at the beginning of period 0;
households may have different financial claims as a consequence of different type histories prior to date 0.
Similarly, when we say that all households with the same “type history” have the same wealth, we do not
necessarily mean only their type history since date 0.

2The ex ante probability of reaching the type history o(r'71) is (1 — §)m(7!~1), but the form of (1.7) is
unaffected if we divide out the constant factor (1 — §) from each term.
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possible). Looking forward from any date ¢ at which household ¢ has access to the insurance
agency, we require that
hTHi}ng Et QT(T)AT(T) (Z) =0, (19)

using the notation E|[-] for the expectation conditional on the state (s'; o(7*~!)), and letting
the random date T'(T') be the first date (equal to T" or later) at which the household has access
to the insurance agency, along any type history. It suffices to impose such a constraint looking
forward from the states in which the household has access to the insurance agency, since at
any time the household expects to again have access to the insurance agency with probability
1; and it makes the most sense to state the constraint only for those states, since (owing to
the credit frictions) present values are only unambiguously defined when discounting wealth
in some state (s”;0(7771)) back to some prior state (s';o(7i71)). Constraints (1.5)—(1.9)
then completely describe the ways in which the household can shift purchasing power across
dates and states of the world.

It is sometimes useful to measure the household’s total financial wealth, taking account
of the present value of expected future transfers from the insurance agency in addition to the
household’s net claims on the intermediary sector.> Thus in any state (s*; o(7'"!) in which
a household has access to the insurance agency, we can define

Al = Al + o7 S BT, (1.10)

s=t+1

where the infinite sum necessarily has a finite value owing to (1.7). The borrowing constraint
(1.9) implies that a similar asymptotic condition must be satisfied by the evolution of { A! (i)},
and vice versa, so that it does not matter in terms of which measure of financial wealth we
express the borrowing constraint.

1.1.3 Households: Euler equations

The first-order conditions for optimal intertemporal allocation of household consumption
expenditure imply that

A (i) = ug (e (i) 1€,), (1.11)

where \;(7) is household i’s marginal utility of additional real income (in units of the com-
posite good) in period t. (The form of period utility function assumed implies that there
is always an interior solution for the level of consumption in each state of the world, so
that the marginal utility of income and the marginal utility of consumption are necessarily
equal.) Our observations above about ¢;(i) then apply as well to A\(7): it is a function of
(s';74(7)), and since all households are ex ante identical and choose identical consumption
plans contingent on their type histories, we can simply write A\;(7) = A\(s*;74(7)), where the
function A(s’; 7) is independent of i.

3Note that there are no claims to future payments by or to intermediaries, since we assume that all
contracts with intermediaries are one-period contracts.
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An optimal ex ante choice of the state-contingent insurance transfers will furthermore
require that between any two states (defined to include the household’s type history), the
first-order condition

)‘T(STWTA) _ -1 Q(s") P(s")
M (st; 7t-1) Q(st) P(st)

(1.12)

must be satisfied, where
)\T(st; ) = mA(sh (7 b)) + A (s (7 8)

is the marginal utility of real income in a state (s';o(7%1)) in which the household has
access to the insurance agency, and P(s') is the state-contingent value of P, the nominal
price of the composite good. Note that the relative prices on the right-hand side of (1.12)
are independent of the type histories; hence it follows that Af(s*;7/~!) must in fact be
independent of the type history 7¢~!. (This is a consequence of risk-sharing among the ex
ante identical households through the insurance agency.) Thus we can use the simpler
notation )\T(st)4 for the marginal utility of real income when the aggregate state is s’ and a
household has access to the insurance agency (but has not yet drawn its new type). Note
that the marginal utilities of all households with access to the insurance agency in state s
must be the same, until they learn their new types.

Finally, optimal choice of the quantity to deposit with or borrow from intermediaries in
any state (s';7") requires that

As'; ) > BE; {11_;;? {(M(st“; (7%,0)) + (1 — 5)/\T(3t+1)}} , (1.13)
b
astirt) < om [ me o s a ey g

where II; = P;/P,_; is the gross rate of inflation. Here condition (1.13) follows from the
possibility of (non-negative) saving at the riskless rate i¢ and (1.14) follows from the possi-
bility of (non-negative) borrowing at the riskless rate i%. Moreover, (1.13) must hold with
equality in any state in which By(i) > 0, while (1.14) must hold with equality in any state
in which B;(i) < 0. Hence one of three situations must obtain in any state: either B;(i) > 0
and A (7) is equal to the right-hand side of (1.13); B; = 0 and A;(¢) is bounded between the
right-hand side of (1.13) and the right-hand side of (1.14); or B.(i) < 0 and A\:(¢) is equal
tot he right-hand side of (1.14).

The complementary slackness relations between the sign of B;(i) and the signs of the
Euler inequalities imply that in any period, the household’s saving/borrowing decision must
satisfy
By(i)

By

Ay — T (7)

N Pn ]

= BE; | Ar41(4) (1.15)

4In the text, this variable is called simply \;, which is possible without ambiguity as the variable called
A(s?; 1) here is never referred to without a type index superscript.
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regardless of whether it saves or borrows. This allows us to write present-value budget
relations for the household, in which the multipliers {\;(i)} play the role of a household-
specific stochastic discount factor allowing present values of random income streams to be
defined. (See Proposition 2 below.)

1.1.4 Households: Asymptotic wealth accumulation

In addition to the first-order conditions stated in the previous subsection, optimality of
the household’s intertemporal expenditure plan requires that a transversality condition be
satisfied. This is most simply established if we restrict attention to equilibria that satisfy
certain bounds. Looking forward from any date ¢, let

ui)= B 5 [r0 erin) — [ om0 e Goiena| (10

be household i’s continuation utility in a given equilibrium. In addition, let v] instead be the
maximum attainable continuation utility for a household of type 7;(i) = 7 under autarchy,
i.e., if assets brought into the period are A;(i) = 0, and the household has no access to either
the intermediaries or the insurance agency from date ¢t onward. (Note that for either value
of 7, v] depends only on the aggregate state s'.) We shall restrict attention to equilibria that
satisfy the following bound.

Assumption 1 In equilibrium, there exists K < oo such that for each household 1,
w() <o+ K (1.17)
at all times.

We do not bother to establish general conditions under which this assumption can be shown
to hold, since in the paper we only characterize equilibria which are small perturbations of a
deterministic steady state (stationary equilibria in which aggregate shocks are small), and in
the case of those equilibria Assumption 1 is obviously satisfied, as both v, and v] fluctuate
over bounded intervals.

We can then establish necessity of the following transversality condition.

Proposition 1 In equilibrium,
; ). T N
711_{20 L QT(T)AT(T) (1) =0, (1.18)
looking forward from any date t at which household © has access to the insurance agency.

Proof. We prove the result by contradiction. Suppose instead that

lim sup EJQT(T)ATT(T) > 0, (1.19)

T—o0
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looking forward from some state (s';o(7'71)). The intertemporal budget constraint (1.7)
implies that each household’s plan must also satisfy

o

lim ElQ.T,) = 0,
T=eo s=T+1

so that (1.19) implies that one must also have

lim sup EtT QT(T)A; > 0,

T—o0 (T)

where A; is defined in (1.10). Then there exists € > 0 and a sequence of dates {7},} such
that

EIQ’]?(T”)A;(Tn) Z EP(St)Q<St)

for each date T,,.

We show that this cannot be an optimal plan by exhibiting an alternative plan from
date ¢ onward that yields higher continuation utility (and requires no change in behavior
prior to date ¢, or along histories in which the state (s*; o(7'7!)) is never reached). For any
T belonging to the sequence {7}, consider the following alternative plan: (i) at date ¢,
increase the household’s transfer from the insurance agency 77 (s'; 7/"1) by the amount

1 A

0= wEZ [Q7(r) maX(A;(T)y

but also increase consumption by amount ¢§/P(s'), whichever type the household draws in
period ¢, while leaving labor supply and end-of-period assets unchanged; (ii) at all dates
t<t < T(T), make no change in the household’s plan with regard to consumption, labor
supply, transfers from the insurance agency, or end-of-period assets; (iii) at date T(T), if
At(sT:77-1) < 0, make no change in the household’s plan at dates ' > T(T) either; (iv)
if instead Af(sT;77-1) > 0, make the following changes in the household’s plan for dates
t' > T(T) : (a) reduce the household’s transfer from the insurance agency T (s7; 771) by the
amount of Af(sT;77~1), so that beginning-of-period assets are instead equal to zero; (b) at
cach date t' > T (T") at which the household again has access to the insurance agency, set the
planned transfer from the insurance agency to zero; and (c) at each date ¢ > T(T), change
the household’s consumption, labor supply, and saving/borrowing decisions to those corre-
sponding to the optimal autarchy plan at that date (which depends only on the aggregate
state s' at that date and the household’s current type 74). This is a feasible plan, because
the present value of the adjustments to the transfers from the insurance agency is zero (so
that (1.7) continues to be satisfied); consumption expenditure in period ¢ is increased by
the amount of the increased transfer from the insurance agency, so that no other changes in
the household’s plan need to be made in order to satisfy the flow budget constraint (1.6);
and in the event that ATT(T) > (0 under the original plan, one switches to a plan under which

0)] > eP(s"),
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Ay(i) = 0 and By (i) = 0 for all #' > T(T), so that the consumption and labor supply that are
optimal under autarchy are consistent with the flow budget constraint (1.6) in each period.
Let us consider the effect on the household’s continuation utility

ol (st 771) = Bffudlss 7]

of this change in the household’s plan. For each state (s7(0); 77T 1) at which Af(s7(D); 77(M-1) >
0 under the original plan, the continuation utility v (1) is replaced by (e (1)’ for either of
the possible draws 7 of the household’s new type in period T'(T'). It then follows from (1.17)
that the continuation utility is reduced by at most K in any such state. For each state
(sTD; 7T(T)-1) at which Af(sT™);77(1)~1) < ( under the original plan, there is instead no
change in continuation utility. Hence the total reduction in v?ag(st; 7~!) due to the changes
in the plan at dates ¢’ > T is at most equal to A7 'K. At the same time, consumption is
increased in period ¢ by an amount 6/P(s), that is at least of size €, regardless of the new
type that is drawn in period ¢. This increases v'(s!; 7¢~1) by an amount that is at least equal
to
b = Effulc(i) + &) — u(c(i); &)] > 0.

Hence there is a net increase in vf(s'; 701 of at least the magnitude 6 — 57 *K. Since
there exist dates 7' in the sequence {7} that are arbitrarily far in the future, it is possible
to choose T' so that

o—BTtK >0,
in which case the alternative plan has a higher continuation utility. (Note that neither 4 nor
K depends on the value of T'.) Since the household’s plan is not changed at any dates prior
to t or along histories in which the state (st; o(7¢71)) is never reached, it follows that (1.1) is
higher as well, and the original plan cannot have been optimal among those plans satisfying
the household’s budget constraints.

We have thus obtained a contradiction to our assumption that in an optimal plan (1.19)
holds. It follows that under any optimal plan, we must instead have

lim sup E| Qi )A 0.

T—o00

But this together with (1.9) implies that (1.18) must hold. m

1
Ty S

This result allows us to write a present-value relation between a household’s total financial
wealth and the value of its subsequent expenditure in excess of non-financial income, defined
as

X,(i) = Preali) — / W, () hs (o) dj — DI — Di"* — T2,

Proposition 2 In equilibrium,

Al N oty (o Xs(D)
B —EI{;B MO } (1.20)

looking forward from any date t at which household i has access to the insurance agency.

Al (4)

9



NOTES ON INTERMEDIATION MODEL

Proof. Condition (1.6) together with (1.15) implies that

A(i)
B

Xi(7)

(i) —5— P,

= A(i)——

+ BE, [m( )

Summing this relation between date ¢ and the random date T (T), for any T > t, yields

T(T) T(T)—1

A(3) sty Ls(d) oty (1 Xs(i)
Ae(7) + Ey BN (1) —— = E; BN (1) —5—
]Dt Szt-‘y:-l PS ; Ps
+Et {BT(T)I‘,)\T(T)( ) AT(;;; (Z> }

Letting ¢t be a date at which the household has access to the insurance agency, and
taking the conditional expectation of all terms with respect to the state (s'; o(771)) before
the household’s new period-t type is learned, we obtain

+ T(T)
)\T<>AP()+ET Zﬁs N )
s=t+1

T(T)—1 . .
S— . Xs(l) I(T)— . A’J:'T (Z)
=E[{ > NG ot E} {5T<T> t)\T(T)(z)(T: . (L21)
s=t
We further observe that using (1.12), the second term on the left-hand side must be equal
to
A ()

T(T)
f t(i
o, SRS Y QUTI) ¢ (1.22)

s=t+1

Since T(T') is a period in which the household has access to the insurance agency (and
draws a new type), and the value of AT(T) (7) is the same regardless of the new type drawn,
the final term on the right-hand side of (1.21) can equivalently be written

AL ) (@)
(T
B 5O () L0
t

Moreover, (1.12) implies that this must in turn equal
Al G)
Qt

The transversality condition (1.18) implies that this quantity must have a limiting value of
zero as T' is made unboundedly large. Since (1.7) implies that (1.22) must have a well-defined

5 Bl Qry AL oy ().
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limit as 7" is made unboundedly large as well, it follows that the first term on the right-hand
side on (1.21) must also have a well-defined limit as 7" is made large. Hence we can take the
limit of each term in (1.21) as 7" goes to infinity, obtaining (1.20). m

This establishes a present-value relation between a household’s total financial wealth (at
the beginning of any period in which it has access to the insurance agency) and its planned
future expenditure in excess of its non-financial income (in which we count both its labor
income and the distributions that it expects to receive from the firms, all of which income
is unrelated to any transactions with either intermediaries or the insurance agency). Note
that the marginal utility of income of the individual household (which generally depends on
its type history, in addition to the aggregate state) must be used as a “personal stochastic
discount factor” in defining the present value of income and expenditure in states in which
the household does not have access to the insurance agency (or any other opportunity to
trade state-contingent claims).

1.1.5 Aggregate behavior of the household sector

Aggregation is simplified if we restrict attention to equilibria in which certain more special
assumptions are satisfied.

Assumption 2 In equilibrium, in each period in which T4(i) = s, household i chooses
Bi(i) > 0, and in each period in which 7,(i) = b, it chooses By(i) < 0. Hence at any
point in time, every type s household is a saver and every type b household is a borrower.

Assumption 3 In equilibrium,

1+id 144
AP i A P (1.23)
I 44 g

at all times, where the bound r* satisfies

Bo(l+r*) < 1. (1.24)
Moreover, there exists a bound \* < oo such that

0 < N(7) <\ (1.25)
at all times, for every household i.

Below, we state more primitive assumptions about the model parameterization under which
these assumptions hold as long as the exogenous random disturbances are small enough in
amplitude. (This requires only that we verify that certain inequalities are satisfied in the
deterministic steady state implied by the model.) We also verify that the assumptions are
satisfied by the calibrated parameter values used in the numerical results presented in the
paper.

We are then able to obtain an important aggregation result relied upon in the text.

11
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Proposition 3 In any equilibrium consistent with Assumptions 2 and 3, the marginal utility
of income \(s';7') depends only on the household’s type T; in the current period, and is
independent of the household’s prior type history.

Proof. In any equilibrium consistent with Assumption 3, we observe that

{H HHZW 1} (stﬂ';(rt,o,...,O))] =0, (1.26)

looking forward from any state (s'; %) at date ¢, and the same is true a fortiori if we replace
i, 4_1 by i, _; in each term. And in any equilibrium consistent with Assumption 2, we
observe that at any point in time, (1.13) must hold with equality in the case of any type
history 7! such that 7, = s, while (1.14) must hold with equality in the case of any type
history such that 7, = b.

It then follows that in the case of any type history 7 that implies that the household’s
current type is b,

lim (85)’ E,

J—00

b b
A7) = B(1—8)E, {ﬂwm} + BSE, [ﬂwﬂ; (7", o>>]
t+1 My
-b -b 1 b
= B(1-9)E, [ﬂ/\T(StH)] + B2%5(1 - 0)E, {1 U M)\T(St+2)]
t+1 Ht+1 Ht+2

14471+ Zt+1
M I

HBOPE | T A (7 0,0)|.

Continuing recursively in this way, using the fact that (1.14) holds with equality to substitute
for the final term of each successive stage, and using (1.26) to guarantee convergence of the

infinite sequence, we find that
ST s SR
Lrl) =Y BBOY (L= 0)E, [« [ =52 ¢ AT(s )|
s g ekt

Note that the right-hand side of this expression involves only the forecasted evolution of
the future aggregate states, and so depends only on the aggregate state s'. It follows that
A(s'; ) is the same for all type histories for which the current type is b. Similarly, the
fact that (1.13) holds with equality for all type s households can be used to establish that
A(s'; ) is the same for all type histories for which the current type is s. m

Thus the marginal utility of income of all type 7 households is the same at any point in
time, for 7 = b, s. We can denote the common marginal utility of type b households by )\b(st),
and the common marginal utility of type s households by A\*(s'). It then follows from (1.11)
that the level of consumption expenditure by all type 7 households is also the same at any
point in time, and we can introduce the notation ¢”(s') for the common expenditure level of

12
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type 7 households, for 7 = b, s. It similarly follows from the first-order conditions for optimal
household labor supply (discussed in section xx below) that there must be a common level of
labor supply by type 7 households at any point in time, and correspondingly a common level
of wage income. These results are useful in aggregating the expenditure and labor supply
decisions of the households in order to obtain dynamic equations for aggregate expenditure
and aggregate labor supply; in fact, we need only to aggregate the variables describing the
decisions of the two types.

As stated in the text, the Euler equations for optimal expenditure by either type 7 satisfy®

A =g (e56y) (1.27)

1+

N = BE, | S Lt 4 (1= AP} (1.28)

t+
at all times, where in the case 7 = s the notation ¢; is understood to mean the deposit rate
i¢, and where in each period

M (sh) = mpAP(sh) + w3 ().

(Here, as in the text, we use the shorthand A7 for A7(s*) and A] for Af(s).5)

The result that the equilibrium expenditure of a household of type 7 at any time is in-
dependent of the household’s prior type history similarly implies that after any insurance
transfer, a household’s post-transfer assets Af(s*; 7¢~1) must also be independent of its prior
type history 7871, Since both (i) and X,(i) have been shown not to depend on a house-
hold’s type history prior to period ¢, it follows from (1.20) that AI(Z) will be independent of
household i’s type history. That is, there will be a common value for total financial wealth
AI for all households that access the insurance agency at a given time, that depends only on
the aggregate state s' at that time. Moreover, while there will in general be some indetermi-
nacy of the way in which the total wealth AI is decomposed into assets outside the insurance
agency as opposed to expected future insurance transfers, since the same total wealth is used
to support an identical planned continuation path for expenditure, we can without loss of
generality assume that these households also have the same beginning-of-period assets AI (1)
and the same expectations regarding future state-contingent insurance transfers. Under this
assumption, there is also a common value AI that depends only on s!, that represents the
beginning-of-period assets A;(7) for any household i with access to the insurance agency in
period t.

1.1.6 Equilibrium end-of-period wealth distribution

It follows from the analysis of the previous subsection that (in an equilibrium consistent
with Assumptions 1-3) a household’s end-of-period asset position B;(7) will depend only on

Note that writing ¢, without a superscript for the type does not mean that we assume that aggregate
shocks must affect the utilities of the two types in the same way. We allow £, to be a vector of disturbances,
some components of which may affect the preferences of only one type. Indeed, in the paper we present
results for disturbances to the utility of consumption of only a single type.

6In the text, we further simplify by using the notation ); for the variable here called )\I .

13
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the household’s type and the number of periods since it has last had access to the insurance
agency (which will also be the number of periods since it drew that type). Letting B; U) be
the assets of a type 7 household that last had access to the insurance agency in period t — j,
for 7 € {b,s}, 7 =10,1,2,..., we can completely describe the evolution of the distribution of
wealth by specifying the evolution of the quantities { B7(j);}.

Integrating (1.5) over all of the households i with access to the insurance agency in period
t, we find that their common level of beginning-of-period assets must equal

Al = Palsia (T4t ,) = ba(1+147)), (1.29)

where
5¢ = / (B, (i)]" di/P,

denotes aggregate real (end-of-period) private saving and

b= — / (B, (i) di/ P,

denotes aggregate real (end-of-period) private borrowing. Here we use the fact that the
households which have access to the insurance agency in period ¢ are a uniform random
sample from among all households, so that the total saving and borrowing by these house-
holds at the end of period ¢ — 1 is exactly the same (per capita) as that of the aggregate
economy, and the fact that the average transfer from the insurance agency must be zero, by
(1.8).

It then follows from (1.6) that the end-of-period assets of a household that has access to
the insurance agency in period ¢ and then draws type 7 will equal

B[O = Al + W7 — P + DI + D™ 4+ T?, (1.30)
for 7 € {b, s}, where
1
Wr= [ W)
0

denotes the total wage earnings of each type 7 household in period ¢.” The end-of-period
assets of a household that has not had access to the insurance agency in the current period
will correspondingly be given by

BiU*Y = BIY)(1+i7,) + W] — P + D] + D" + T, (1.31)
for any j > 0.
Aggregate saving and borrowing can then be obtained by summing these quantities,
si=» m(1-0)BY /P, (1.32)
=0

"These are common to all households of a given type because equilibrium labor supply depends only on
the household’s current type, as explained further in section 1.2 below.

14
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be=— m(1—08)§B"Y/P,. (1.33)
=0
It is a requirement for equilibrium that the infinite sums in (1.32) and (1.33) must converge,
when the individual terms are defined by (1.30)—(1.31).
It follows from (1.30)—(1.31) that sufficient conditions for Assumption 2 to hold are that

P =W} > Al + Df + D™ + T > Pic; — Wy, (1.34)

Pd — WP > DI + D™ +T9 > P — W (1.35)

at all times. The inequalities in (1.34) are equivalent to the requirement that B; © > 0 and

Bf © < 0. The inequalities in (1.35) are sufficient conditions to establish for arbitrary j > 0
that B{Y™ > 0, B"V™) < 0 if one assumes that B;Y) > 0, B"Y < 0. Hence if (1.34)—(1.35)
are jointly satisfied, one can show by a recursive argument that BiY) > 0, B’ < 0 for all
J=0.

1.1.7 Fiscal Transfers by Government and Firms

Government is assumed to purchase a quantity G; each period of the composite good de-
fined by (1.4). These are assumed to be financed through some combination of a proportional
sales tax 7, on all output sold by firms, lump-sum taxation (assumed to apply uniformly to
all households), and borrowing. We assume for simplicity that all government debt is one-
period riskless nominal debt, so that government debt and deposits with the intermediaries
are perfect substitutes from the standpoint of savers (hence our assumption of only a single
interest rate available on savings in (1.5)). We specify fiscal policy by exogenous sequences
{G,} for government purchases, {7,} for the sales tax rate, and {b{} for the real value of
the (end-of-period) government debt. The implied value of the net lump-sum transfers 7} is
then determined as a residual, by the government’s flow budget constraint,

Tf = 7 PY, — PG+ B} — (1 +if ,)B,, (1.36)

where BY = Pb] is the nominal value of government debt and we use the fact that the
equilibrium interest yield on government debt must be the same as that on deposits.

The per capita distribution D{ each period by goods-producing firms is equal to the
aggregate sales revenues of the firms, net of sales taxes, minus the aggregate wage bill of the
firms,

DI = (1 —7)PY, — mWP — w,W;. (1.37)

Here we use the fact that, because the composition of the demand for individual goods (on
the part of all final consumers: households, government, and intermediaries) corresponds
to the cost-minimizing way of achieving a given quantity of the composite good, total sales
revenues are equal simply to P,Y;, as well as the fact that the total wage bill of the firm
sector is equal to the total wage income of all households. It is moreover worth noting that

15



NOTES ON INTERMEDIATION MODEL

in both (1.36) and (1.37), total sales revenues of the firms must equal total expenditure by
households, government and intermediaries. Thus we may substitute

Y, = mycd + mocs + Gy + 4 (1.38)

for Y; in either of these equations, where the variable =; indicates the resources consumed
by the intermediary sector (see section 1.5 below).
Finally, as explained further in section 1.5 below, the profit distribution by intermediaries
each period will equal
D™ /P, = dy — by — =, (1.39)

where d; is the real value of one-period deposits with the intermediaries in period ¢, b; is the
real value of one-period loans extended by the intermediaries (which must equal aggregate
household borrowing, defined in (1.33), and =, again represents the real resources consumed
in the activity of loan origination. There are no profits to distribute in the period in which
the loan and deposit contracts mature, as we assume that an intermediary lends an amount
that just suffices to allow it to repay what it owes its depositors out of the proceeds from
loan repayments,

(1+ )b = (14 id)d;. (1.40)

Given the latter relation, (1.39) can alternatively be written
D™/ P, = wiby — =y, (1.41)
where w; > 0 is the spread between borrowing rates and deposit rates, defined by
L4+ = (1 +w)(1+1if). (1.42)

Aggregate deposits d; must furthermore be related to aggregate household saving (defined
in (1.32)) through the equilibrium relation

Comparison of (1.40) and (1.43) with (1.29) allows us to write
Al =B (1+il ). (1.44)

This is because the aggregate financial wealth of households at the beginning of any period
(not counting the value of expected net transfers from the insurance agency, or future distri-
butions from firms) will equal the value of maturing government debt, which represents the
aggregate per capita wealth of the households that access the insurance agency, and that is
uniformly redistributed among those households.

We can use equations (1.36) (1.38), (1.41) and (1.44) to eliminate T¢, D!, Di"*, and Al
from the inequalities (1.34)—(1.35). We observe that the two inequalities (1.34) both hold if
and only if

(cf =) = (w) — wy) > max{m, (wibs + bf), =, (wibs + )3,
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where w] = W/ /P, for 7 = b,s. Under the assumption that government debt is always
non-negative under the policies that we consider, the first of the two terms on the right-hand
side is necessarily at least as large as the second, so that the condition can be written more
simply as

(b —¢f) — (w? —w) > 77 (wiby +b7). (1.45)

Similarly, the two inequalities (1.35) both hold if and only if
(cf =) = (wy —w;) > max{m ™ (webp+0] — (1+{)b{_), = (webi+0f — (1+7)b]_,) }, (1.46)

where
L+l =1+ )/ (1.47)

is the ex post real return on deposits that mature in period t. We verify below that the
bounds (1.45)—(1.46) hold at all times in our numerical examples, so that Assumption 2 is
satisfied. (We show that for our numerical parameter values, both inequalities hold in the
deterministic steady state; it then follows that they also both at all times in the case of
small enough random disturbances.) Note that both conditions are satisfied in the event
that there is sufficient heterogeneity in the equilibrium levels of expenditure of the two types
of household (in excess of any heterogeneity in their levels of wage income).

1.1.8 Dynamics of Aggregate Private Debt

The law of motion for aggregate (real) private debt b; can then be obtained by summing
equation (1.30), multiplied by —m;(1 — §)P !, and equation (1.31) for each value of j > 0,
multiplied by —m,(1 — 6)6’"' P! One obtains

b = 6(1+r0)by +myms[(—c) — (Wb —wf) ] —mp[b) — (14+10)b]_ || —mpwiby — 7 (1—0) (1+rD)bY_,,

where 7¥ is the ex post real return on loans maturing in period ¢, defined analogously to
(1.47), and again using (1.33) to define aggregate private debt, and employing the same
substitutions as in the previous subsection to replace terms such as th , D" and T¢ in
(1.30)—(1.31).

If we suppose that the credit spread w; is a non-decreasing function w;(b;) of the volume of
intermediated credit, as explained in section 1.5, we can solve this equation for b;, obtaining

be = @' (mym[(cf — &) — (w) — w))] + 61+ r{)[(1 + weo (be-1))be—1 + mob_y] — mobf) |
(1.48)
where ®,(-) is the monotonic (and hence invertible) function defined by

©y(b) = [1 + mpwi(b)] b,

and we have used (1.42) to substitute for 1+14’. Equation (1.48) determines the evolution of
aggregate private credit b; from date zero onward, given an initial condition b_; for private
credit, and the evolution of the real deposit rate r¢, the real public debt b7, the expenditure-
imbalance measure (2 — ¢;) — (w? — w;), and the exogenous determinants of the function

wi(+), discussed further in section 1.5.
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1.1.9 Interest Rates and Aggregate Demand

We can now summarize the equilibrium relations that determine the path for the policy
rate required to support a given evolution of aggregate expenditure. Given the evolution of
the marginal utilities {)\i’, A/}, aggregate demand for produced goods is equal to

Y = (A% &) + ot (A ) + Gy 4 2, (1.49)

where where for 7 = b, s, ¢"(A];&,) is the function obtained by inverting (1.27). Given our
isoelastic utility specification, these functions take the specific form

c=Cl-(\)7.

The evolution of the marginal utilities of income A/ is in turn related to the path of
interest rates through the pair of equilibrium relations (1.28) for 7 = b, s. Using (1.42) to
substitute for i in these equations, we obtain a pair of equations for the evolution of )\f
and )\, given the paths of the real deposit return 7¢ and the credit spread w;. The system
consisting of these equations together with (1.49) provide a set of equations to determine the
joint evolution of the variables Y}, )\It’, \?, given the evolution of r¢, w;, and =;; or alternatively,
to determine the joint evolution of r¢, )\f, A;, given the evolution of Y, w;, and =;.

The relation thus established between the path of real interest rates on the one hand
and the level of real aggregate demand (or output) on the other generalizes the relation
summarized by the “intertemporal IS equation” of the basic New Keynesian model, to take
account, of heterogeneity and credit frictions. Note that in the case that the two types have
identical preferences and there are no credit frictions (so that w, = Z; = 0), A\> = A, which
is in turn simply the marginal utility of consumption of the representative household, given
by u.(ci; €,), where ¢; is the common level of consumption; there is a single real interest rate

rd = r® = r;; and the system of equations reduces to the single Euler equation

(Y — G &) = BES(1 4+ reg1)ue(Yigr — Gegrs )]

of the basic New Keynesian model. While this relation is complicated in the present model by
the presence of heterogeneity and credit frictions, the essential character of the equilibrium
relation between the path of Y; and the path of r¢ remains the same; the credit frictions
are mainly a source of additional disturbances to the “IS equation,” as is made clear by the
log-linear approximation presented in section 3.

1.2 Labor supply

Suppose that firms in industry j hire labor of type j from both "borrower" and "saver"
households. Then, for each type, we get

v, (hy ()3 &) = %wt (), (1.50)

18



NOTES ON INTERMEDIATION MODEL

where w; (j) is the real wage, )’ is a wage markup. With preferences

0 (G)36) = 7o T ()] A,
we get
hy (j) = Hy (i—t:w;;j))l/y, (1.51)
for 7 = b, 5.

The market clearing condition

mohy (7) + (1 —m) B (7) = D (5) (1.52)

~ . 1/v
he () = Hy <ﬁwt (])) , (1.53)

and

or, equivalently,

(G
with ) .
b\ v s %
M =1 lwb (2—2) +(1—m) (%) ] : (1.54)
-3 Eﬂb@D;% +(1—7Tb)¢;%. (1.55)

Note: these definitions are normalized so that if A} = ¢, A = A= A and if ¥, = 1,
then ¢ = 9, = 1. Also, N is a homogeneous of degree 1 functions of ()\i’ , )\f), and ¢ is a
homogeneous degree 1 function of (1, 1,).

Real wage is determined by

) = ot (2 5 (1.56)

1.3 Firms

Continuum of firms operating in environment typical of Calvo pricing.
Technology

Y, (i) = Zihy ()1°, (1.57)
implying that labor demand is ,
V(i
h (i) = (#) . (1.58)
t
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Labor market equilibrium for industry j implies

~_1 f ] ¢ Y
wt(.j): i Ay ((YT(j)> Ij%) ) (1-59)

and demand for each variety of goods

Y, (i) = Vi (pT”) (1.60)

The profits function for a given firm in industry j is:

. N v N

(1.61)
where p is the price of individual firm, p’ the common price in industry j, P is the aggregate
price, Y is the aggregate level of output and u* is a markup shock.

A firm’s objective is to maximize the contribution to the average utility of shareholders
(share in firms can’t be traded) so that the relevant stochastic discount factor is

A P
T—t T £t
= ~ 5 1.62
Qir =3 \ Py ( )
The FOC is
o0 A -0 L v\ e —0(14wy)—1
o T—t AT Dt w —v T Dt
0=1FE, TZ:; (ap) By (1—77)Yr (P—T) — P (1 + wy) YAy Hy (Z_T> <P_T) ’
(1.63)
where i =0/ (0 —1), w,=¢(1+v)—1and
At = Wb)\? + (1 - ’/Tb) )\f (164)
We then get
00 — ~—1 — —y 14w w
" By (Oéﬁ)T A7 {,up (1 + wy) YufA, Hy (%) Y Pg(1+ y)]
py =

B (0B A [(1 = 7o) YrPp~]

00 _ v-l=_, Ttwy 0(14wy)
(pt ) l+9wy Et ZT:t (O{B); ! A |:l1’p (1 + wy) /%UIU%AT HT <)Z/_T> <%> :|
=4

R) T B TR an) A 0=y ()

1
K, \ TFeay?
5= () =
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with
= Tt i Yo\ e
K, = FE; Z (aB)" " Ap | (1 + w,) Yy HT (ZT> <
T=t |
F;g — Etz(aﬂ)T*tAT (]_—TT)YT <?) ] .
T=t | ¢

Further write it in recursive form:

Pr

By

Y, 14wy "
K, = Ap? (1+wy)¢l‘iﬂ)‘ H ( t) +ozﬂEt[ IH(_11+ v)

Zy
F, = At<1—7t)Yt+045Et[ t+1Ft+1]

where the law of motion of prices is

1-6

_ K TFwyf
1:04(Ht1)19+(1—04)(—t> :
Fi

or, equivalently,
6—1

1—all]™"  (F\ T
1 — N Kt '
1.4 Income distribution

The total real wage bill is

JuimGa - /’“‘iw (Hﬁf))ymmdj
- %Hﬂ/}[t () dj.

Using (1.58) and (1.60) we get

/ Ht 1+V d _ }/t 1+I/) / pt (j) —9¢(1+V) dj
Z I

hence

. o w_ Y\ T
[t mG)a =L (—) A,
>\t Zt

with A, a measure of price dispersion, defined as

1 : —0(14wy)
Dt (]) .
A, = £ d
: /0 ( P, ) 4

Ky

)9(1+wy)] . (1.66)

(1.67)

(1.68)

(1.69)

(1.70)

(1.71)

(1.72)

(1.73)
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and its law of motion given by

01
Ay = a0 4 (1 a) (%) R
or, equivalently,
o1y Jten)
Ay = al I 4 (1 - q) (% (1.74)

Type 7 share of each type of labor is

(M)i
¢T S\t ‘

Hence this is also the type 7 share of the wage bill. This implies that the wage income
differential is

1

(2 ey

w Y Yy

wl — wi = i 1% }/)M_t <—t) Ay (1.75)
(&)5 NHY \ Z

1.5 Financial intermediation

<l

1.5.1 Financial intermediation problem

Suppose that in order to make legitimate loans in real quantity b;, a bank must also make
loans in real quantity x;, (b;) to fraudulent borrowers. We assume that x; (b;) > 0, x7 (b;) > 0,
X; (0) = 0. (x,; (b) may be strictly convex, because of reduced accuracy of screening the larger
the volume of lending relative to the banks capacity, e.g. the available time of its managers.)
The bank cannot tell the legitimate borrowers and fraudulent borrowers apart, and so must
treat them equally. However, the bank is able to predict the fraction of its loans that will
turn out to be fraudulent, and so correctly predicts that loan repayments in period ¢+ 1 will
total only P;b; (1 + zg), even though the loans extended had value P; [b; + x; (bt)].

The opportunity to make a fraudulent loan contract is assumed to arrive randomly to
all households with equal probability, regardless of the households current type. Thus each
household has additional real income each period equal to x, (b;), its earnings from fraud.
Each household also chooses how many legitimate loan contracts to enter into, understanding
that these loans must be repaid; only type b households choose to enter legitimate loan
contracts in equilibrium.

A bank also has real resource costs of loan origination of an amount =, (b;) in period ¢
(costs paid in the period when loans are originated). We assume that =} (b;) > 0, =7 (b;) > 0,
Z:(0) = 0. (Strict convexity of Z; (b) would indicate increasing costs owing to a capacity
constraint, e.g. the scarcity of available managerial time.)
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A bank collects deposits d; in the largets quantity that can be repaid from the proceeds
of its loans (anticipating that some fraction of those will prove to be fraudulent). Any excess
funds received from depositors that are not lent out or used to pay the resource costs of loan
origination are distributed immediately to shareholders. Thus real distributions in period ¢

equal .
H;nt = dt — bt — Xt (bt) — Et (bt) . (176)

Since deposits d; satisfy (1 + zf) dy = (1 + z?) by, dy = (1 + wy) by, and real distributions
by intermediaries equal '
H;nt = wtbt — X+ (bt) — Et (bt) . (177)

The income flow to households (D) should also include households’ earnings from fraud;

hence A
Dznt = ]Dt [wtbt — Et (bt)] . (178)

Competitive loan pricing: a bank that can lent at a spread w; will choose b; to maximize
1" leading to the following F.O.C.

hence in equilibrium, competition between banks leads to an equilibrium credit spread
Wi = Wy (bt) = X; (bt) + EQ (bt) . (180)

Thus x, (b;) plays the role of a "markup" factor that can cause credit spreads in excess of
the marginal resource cost of loan origination.
Further assume that

W) = b (181
Et (bt) = Etbg, (182)

with 2 > 0 and n > 1. Under this parametrization the spread is
wi = (14 3¢) %07 + =) (1.83)
1.5.2 Alternative interpretations of financial intermediation costs
We can interpret the cost of financial intermediation in one of two ways:

e a quantity of the composite produced good that is used in the activity of banking

e a quantity of a distinct type of labor that happens to be a perfect substitute for
consumption in the utility of households

In the first case we simply consider:

e =, (b;) : quantity of the composite produced good that is used in the activity of banking
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e ¢ (i) : real consumption
e Utility defined in terms of real consumption, ¢; (i)
e Aggregate expenditure:
}/,j:Gt"_/Ct(Z)dl‘i_Et(bt)
In the second case we consider:

e =, (b;) : quantity of distinctive labor used in financial intermediation
e ¢, (i) : consumption purchases net of work for intermediary

e ¢, (i) : gross consumption purchases

e Utility defined in terms of ¢, (i) = ¢ (i) — Z; (b;)

e Aggregate expenditure:
Y, — Gt+/ét(z’)di

= Gt + / Ct (2) d/l + Et (bt)
In both cases the profit function for the financial intermediaries is exactly the same.

1.5.3 Dynamics of private debt

Combining law of motion of debt stated in equation (1.48) with the wage income differ-
ential (1.75) allows us to write

(L1+mw) by = m (1 —m) B (A, A, Ve, Az &) — mpbf (1.84)
g 1 + Z-tdfl
+(5 [bt—l (1 + wt_l) + ﬂ-bbtfl] T
t
with
BN YL AE) = CEN) T =Cr () (1.85)

1EY YT e (2)™
[(wb o) |[\e)  mtz) &
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1.6 Welfare function

When considering optimal policy we assume that the central planner maximizes the

average household welfare, where each individual’s utility is

UrD (i) = u™® (¢, (4);€,) — /0 v (e (j5) 5 €) dj

Using the labor market equilibrium we get

AT /v
he (j51) = (wt " 5\_> H; (j)
Tt(? t

hence

with

1.7 All equations
The objective:

14+v

B )\b 1oy Cfb S 1—0s C_fs 5\ T B Y, 14wy
Ut:ﬂ-b( t) — t +(1_7Tb)( t) t 1/} At H;V <_t) At

1—o, 1—o0;1t 14w A,

The equations describing the economy are summarized below:

. )\b S
0= (1+if) (1+w)BE |6+ (1—06)m) Hi+11 +(1=0)(1-m) 1_[t+11 o
+ i
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AP A
0= (14)BE, |(1 = 8)mp=L + [+ (1 —6) (1L —m)] =251 = N (1.91)
Iy P}
b s wy b ys\ L —v Y;f e O(1+wy)
0=A ()‘t’ )‘t) P (1 wy) p’ A (>‘t7 )‘t> H, 7 + bk, [Ht+1 Kt+1] - K
t
(1.92)
0=A (Af; )\f) (1 - Tt) Y, + aBE; [HfjtllFtH} —F (1-93)
0 = Tp (1 - 7Tb) B (>‘?> )‘fv }/;fa Ata gt) - Trbbg (194)
g 1 + igl—l
—|—(5 [bt,1 (1 + wt,l) + ﬂ-bbt—l] Vi — (1 + wat) bt
t
0=mCl (X)) " +(1L—m)C5 (N) ™ +Eb + G, — Y, (1.95)
0—1 0(1+wy)
. 1 —allf~t\ o
0= al, 70T 4 (1— @) (%{;) — A (1.96)
0—1
1 —all?™! F,\ T+ev?
_ Y 1.
0=—"" ( e (1.97)
0=14 (1+2) .07 +1=Zb] " — (1 +w) (1.98)
Auxiliary:
B (NN YL AsE) = G (X)) -GN (1.99)
1 1 - _ 14w
S ) e ()
—(ZL) - (& - wH A
[(wb o) |[\@w) "T\Z t
AN =mA + (1 —m) A (1.100)
Y b s\ Af g /\f %
AALX) =0 |m () +(1—m) -+ (1.101)
Q/}b ws
~ 1 _1 1ty N £ Trv
A N) =0 [mu, " (M) 7 + (1 =m)ve () 7| (1.102)
d=Ct(N)" (1.103)
¢ =CF ()" (1.104)
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2 Steady state

2.1 List of equations in steady state

Full list of equations in steady state:

0=(1+7) (1+a)8 [[5+(1 ) m N+ (1-8) (1 —m,)xj Y (2.1)
0=(1+7")8 [(1 — ) N [+ (1= 08) (1= )] XS] Y (2.2)
o VAN y O\ LT _ _
0=A (Ab, /\3> 1P (1 + w,) YA ()\b, As) jzld (Z) —[1— a0+ K (2.3)
A
0=A (N, XS) (1-7)Y = [1—apl® '] F (2.4)
0 — 7rb(1—7rb)B<)\,5\s,17,A,O> B (2.5)
+5 [b(14+ @) +mpb?] (1+79) — (1 +mw) b
0=mC" (V) A —m) O () T 4B+ G- Y (2.6)
=01 0(1+wy)
_ - -1 _
0 = aATI?0Hew) 4 (1 — @) (110‘—H) ~A (2.7)
—
1—afltt  (F\Ter
0=~ <E) (28)
0=1+(1+2)xb” +nZb"" — (1+ ) (2.9)
Auxiliary:
B (N X,V A0) = ¢ (X) T —co(x) (2.10)
S\_b %_ 5‘_ % Vi 1+wy
_( b <¢1S+>D l—j/wﬁfu <%) A
S\(S\b,j\é) v
P
b 1s N4 NG
A(A,/\):wb/\ (1= (2.11)

A (X”, Xs) = lwb @—Z) i (1— ) @—) i] (2.12)
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A (X”,Xs) — ¢t [mw;i (X”) o my et S (2.13)
= (X) - (2.14)
&c=Cr ()™ (2.15)

2.2 Zero inflation steady state

We consider first the solution to steady state in which we simply assume zero inflation.
For simplification of the analysis consider the following definitions

Se = mpSp + (1 — mp) S,

s =Y,
ss=2"/Y,
s = s5,/s4,

g = mpspop + (1 — mp) S50,

Ops = Ub/as;

Py = b/ Y,
i = B" / Y
sy =GJY,
wb/ws'
Without any loss of generality we calibrate the following values:
Y =1,
Y =1.

The values of s., sp/ss and 0,/0, are set according to the calibration described in the
paper.
For the interest rate we have:

1+ =p"

G o[+ (1 =8 m) — O+ 1) + [+ (1) m)} —45 (1 +©)
20 (1+ o) '
(2.16)
(Note that if @ = 0, this reduces to 1 + 7% = 37'.) We use this steady-state relation to
calibrate /3, given assumed values for 6, m, @ and 7.
We can also write

1+7¢=1+7% (2.17)

The markup is calibrated so that ¥ and = insure that the equation defining @ is satisfied.
We consider four cases:
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e Exogenous, takes resources: set 7 = 1, » = 0 and x = 0, implying that = = © and

Sz = Wpy.

e Exogenous, no resources: 1 =1, »r =0 and 2= 0, implying that ¥ = © and sz = 0.

[1

e Endogenous, takes resources: set 7 > 1, > > 0 and y = 0, implying that =’ (I_)) =W,

Sz = %pb and = = @/ (nb"71).

—_
—

E
T =/ ((1+3)b7).

Furthermore we can write, from one of the Euler equations:

3= X,

where

o Lo (47 Bl+(1—8)(1—m)
B (1+7)B(1—08)m, '

Given the assumption that we calibrate v, and 1, we can then write

Yy =1 [Wb%—j + (1 —Wb)]V,

and wb = 1/1551/13-
This implies that, given 1, and 1, we get

AN X) = [mQ+ (1= m)] X,

_1
v

(X =0 [m@bey 41— m)us ] 8
A(X ) = 0rh my 205 + (1= i !N
Using F = K, -
(1 —=7) = pP (1 +w,) YA (Xb, X"”) - A
hence

1P (L4 wy) iy Hy
(1=7) M0, " + (L= m) |

Given our calibration of s, and s%, we can write:

2=

Se
7TbSlC’S + (1 —7Tb)7

Sg =

29

ndogenous, no resources: set » > 0 and = = 0, implying that y’ (%_)) =

, sz = 0 and

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)
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and s, = s%s...

The resources constraint implies

1—s.— s, = C—‘)pb. (2.26)
n
Zero inflation implies that
A=1. (2.27)
The debt equation is
B (N, X,¥,A;0)
[1+mw—6(1+o) (L+7)] p, =m (1 —m) % —mpy [1 =6 (1+7Y)],
with o
B(Ab,)\s,l,l;o) Qbyrt — gt -
= = Sp — Ss — _ —1 _1 )
Y 71'bQ%@bb Y (1) s (L wy)
implying that
_1 1 _1
Qv ¥y, g =d
7rb(1—7rb)<sb—ss— — TR )—Wbp 1-90(1+7F
Qv i +(1—mp)ehs v (H v) ’ [ ( )}

(2.28)

Po = 1+ mw—0 (L+) (1 +79) ’

which is then used to solve for real debt according to b = p,Y. Given b and s, the real
resources equation (2.26) determines s, =1 — s, — % Py-
Furthermore, we set &, hence

o

s = TpSp0ps + (1 — 7p) S (2.29)
Op = Ops0s. (2.30)
Finally, o

Ot = s (Xb) , (2.31)
Cf =5, (N)7, (2.32)

o P
R e
. A(X",X5> (1-7) -
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We further set v, /1, such that the labor supply is the same in steady state, which implies
that

NoOOX N Yy Yy -
hence o v
W, = [ng—; 41— ﬁb)} , (2.36)
¢b = Q¢s7 (237)

—v

PP (1 + wy) Nw%

5\8 - —1 _l _l v (2'38)
(1=7) [y + (1= m) s

N = QN (2.39)

A (xb, XS) — N (1 — ) A (2.40)

2.3 Optimal steady state

The central planner maximizes the social welfare function (1.89) subject to the laws of
motion of the economy given by (1.90)-(1.98). Assign Lagrangian multipliers ¢, ..., ¢g to
those equations respectively. Then the F.O.C. of the central planner in steady state are the
following ones.

2.3.1 FOC
FOC w.r.t. ¢
0= X + @A + 8508 [0 (1 + @) + mpb?] (1479 . (2.41)
FOC w.r.t. Ht
0 = —B7'@N = 872N — @50 [D(1+ @) + mb?] (1+77) (2.42)
+@500 (1 + w,) TP E + 2,00 — 1) T F
1 — ot W)
+@760 (1 4 w,) AP0 — 5.0 (1 + w,) all’? (_1&—)
—
_a(@—1) ~0—1
—ppg———=I1" .
s 1— o
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FOC w.r.t. A,

(2.43)

S GRCICACRt,

+y (1 — apIIftte)

FOC w.rt. K,

3 0—1 [1—all1\ _
0:_¢3(1_&H9(1+wy))+9@81+ 9( - )K_l.

y 11—«
FOC w.r.t. F}
1 0—1 1— all?!
_ — 1_ Hefl . 1
0 804( «Q ) 9081+wa T
FOC w.r.t. Y,
- _14v B 1+
¢ A v _ Y wy**,l
- U =] HU(5) AY
( +wy)1+y 3 :
_ ~b Ts B 3
+¢4A<A’)‘)( —7) =%

|
AS)
ot
3
o
—
+
&
N
—
3
Na
VR
g|>,
= (e
N——
NI
|
7N
€|>/|
» w |
N——
AN
/ ~ NI
@lyz
N——
|
<
N
=
g
=
$
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FOC w.r.t. A’

1= 0y <0\~ -
= 2t (Ab "o (2.47)

FOC w.r.t. b,

0=—(14m®) s+ 2568 (1+7) (1+ @) + 52 (b) + @ [X" (b)) +E" (b)].  (2.49)

FOC w.r.t. w;

j\b
1+w

0=¢ + @5 [B0 (L +77) — ) b— @q. (2.50)
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2.3.2 Simplification

We can thus write the FOC as follows.

FOC w.r.t. i¢
0= @101 + @ 2Py + Wi 595, (2.51)
with B
Wid g = )\b,
wid’2 = 5\8,
@iy =68 [b(1+ o) +mb?] (1+79).
FOC w.r.t. Ht
0 =wn3ps + wnaPy + wnrpr + @nsPs, (2.52)
with B B
wrs = af (1 +w,) T K
Wiy = o ((9 — 1) ﬁGfIF,
_ 9(1+‘*’2‘J)_1
o B 1 — oII?-1 6—1
oy =0 (1 +w,)a |ATTPe) 7071 (i—a> :
0—1)-
wnsz_a( )HG'—I’
’ 1—a
where I used the fact that wp; = —b’*lwid’l, Wi = —/Bilwidg, Wi = —671wid75 and
(2.51).
FOC w.r.t. A
0=waro+@asPs + @arP7, (2.53)
with

¢ 5\ Ty _ Y 1+wy
= = H v =
“a0=T1,\ ] 7 ’

N e 1] gy - e,
i) )] () ()
b s

way =1 — afmfltey),

\N]

FOC w.r.t. K;
0= ZUK73(,_03 + WK,8§_087 (254)
with B
wrz=—(1- aHe(HW?’)) ,
-1 [1—all’ 1\ _
= K1
CES =14 wyt ( l—«a )
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FOC w.r.t. F;
0=wr4py + TFsPy,
with _
Wpa = — (1 — aHefl) ,
-1 1—all! _
= — FL
WES l+w,ld 1-a
FOC w.r.t. Y;
0 = @y, + @Wy3p3 + Wyap,s + Ty 05 + Ty6P6,
with

_ v (AT (YT e
wro=—(l+w) | 5 A (5 AV,

b s
o\ e
Wy = %M’J (14 wy)’ ¢ ™" (_) ¥
X ()\ A )

wys = A (j\b, 5\5> (1-7),

-
N
>~
v>/
\N]]

14+v

(2.55)

(2.56)

b\ v A o\ Ly
wys = —mp (1 +wy) (1 — ) (2—) — (j/:_) (%) pH ™ (Z) AY 1
b s

N

wye = —1.

FOC w.r.t. Al
0=wy0 0+ @y 191 + Wy 0Py + Wyt 393 + Wy 4 Ps + Wyo 5P5 + Wy 6P6

with

1—0 ~p\ % =
Tug = gy (V)
b

@, =(1+7) 1+@)[6+(1—0)m] -1,

@y = (1+7) (1—0)m,
-1 A H—V <Z) 1-&-wy7
Z

N_ N\,
w3 = PP (14 wy) hu'm [)\ to <%T> (A) 5
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wye, = (1—7)Ym,

—op—1

Wy = T (1 —mp) o C? (5\6)

anfl) (58

_b *b 70’1,71
Wy g = —opmpC ()\ ) )

>~
~——
AN
1
|
—
< |+
<
VR
Sl
> >
~~_
R =
=
S
s
<
VR
Ny =<
~~_
—_
+
S
<

FOC w.r.t. A
0=wrs 0+ @Wrs 101 + Wrs 209 + Wirs 303 + Wrs 4P, + Wrs 505 + Was 6Pg (2.58)
with
_ (1 ) 1 — 05 (5\8)*0'5 Os
Wxxso = Ty 1 ‘7?1
~ _1+4v _ _ 1+
) [G) -5 (5)
+ 1 — T — —_— = = — = )\ H v = A,

o= (1+7) 1+@)(1-0)(1—m),
wysp = (14+7) (1= 8)m—1,

~_ A\ Al oo, (VT
@xeg = 1 (L4 wy) Y (1 — ) [)\ - <¢%7> &) h A] o (Z> |

wya=1-m)(1-7)Y,

wys = oo (1—m) C* (5\8)70871
1+v ﬂj\_b v 1
v Uy A

awean(l) ) o

wysg=—(1—m)C? (/\ )

FOC w.r.t. b,
0 = @505 + W60 + @b9Pyg, (2.59)

with
w5 =08 (1+7) (1+ @) — (14 mw),

Whe = E, (b) 5
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wpo = X (5) += (l_)) :

FOC w.r.t. wy
0= @ 1P1 + W 5Ps + Wa0Py, (2.60)
with b
A
Ww,1 PR
’ 1+ o
We5 = B0 (1+7“d) — T,
W9 = —1

2.3.3 Simplified FOC list

Summarize the equations as:

0 = w33 + @@y + wnrPr + winsPs, (2.61)

0 = @191 + Wia 29y + Wid 505, (2.62)

0=wmap+ @asPs + Ta7P7 (2.63)

0= wr3Ps + Tk sPs (2.64)

0= wra®y + TrsPs; (2.65)

0= wy,0+ @Wy3P3 + Wya@y + Wy 585 + Wy 696, (2.66)

0=+ @y 191 + Wy 2Py + Wy 393 T Wy 4 Pu + Wb 5P5 + Wy 6P6: (2.67)
0= @xs0+ @Was, 181 + @Was 20y + Was 393 + WasaPy + Wae 5805 + Was,696, (2.68)
0 = @505 + Wo.6P6 + Wb9P9, (2.69)

0 =w@y,191 + Ww 595 + Ww,9Pg- (2.70)

Notice that, conditional on the endogenous variables this is a system of 10 linear equations
and 9 unknowns.

We will now show that setting II = 1 satisfies the above system and that one of the
equations drops out (is always satisfied for all {®,}) hence we will end up with a linear
equation system of 9 equations and 9 unknowns.
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2.3.4 Zero inflation is solution to the FOC w.r.t. inflation variable

We further know that with zero inflation, w7 = 0. We can also solve (2.64) and (2.65)
to get

_ WK, _
= — : 2.71
¥3 —— ¥s> ( )

_ WF8 _
= —— 2.72
2 Tra ¥s> ( )

and plug it into 2.61
w w

0= — K,8wH73 — F’SWHA + 8- (273)

WK,3 WF4

As long as this is a true statement we know that II = 1 is a solution to the optimal steady
state and that (2.61) drops out of the system of linear equations.
Let’s evaluate (2.73):

0-1 -1 __0-1 p1 B
_ _Trep R LSRN R Gl Y
0 = _(1_a)a9(1+wy)K g a@—-1)F 1o

= 1+wf)—0(14w,)+©@-1),

which is indeed a true proposition.

2.3.5 Solution to Lagrangian multipliers

For the subsystem of steady state conditions (2.1)-(2.9) we already characterized the
solution previously. Let us turn now into the solution of the remainder of the system.
Use (2.64) to write

P53 = W3 8Ps, (2-74)

with
0—1 _

(1—a)(1+w,b)

3,8 =

Use (2.65) and (2.8) to write

Py = —Ps- (2.75)
Use (2.63) to write
Y7 = @10+ @155, (2.76)

- 7Tb(1—7Tb> j\b % 5\8 % 5\ o W T —v }7 oy
= |(6) () () e ()

_ 1w (2
wrs = 1—aBl+v A

with
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Use (2.62) to write

P5 = Qw5 201 + @529, (2.77)
with .
. A
T TSR+ ) [b(1+ @)+ mpbe]
Use (2.70) to write
N4
0= 1+@¢>1+ (68 (14 7)) — 1] bps — @y,

and further use (2.77) to simplify to

Py = Wo,1P1 + Wo,2¥s, (2.78)
with ~
1 (68 (L4+7) —1]b b
Wy,1 = - — — — — | A,
’ 1+@  08(1+7)[b(1+)+ mpbd]
14+7) —1]b -
I (68 (1+7) —1]b w

68 (1 +74) [b(1+ @) + mybs]
Use (2.69) to write
0 = @505 + @Wi6Ps + Wh99Py;

_ Wh5 _ Who _

Y6 = —— ¥5 — — Po-
W6 Wh,6

and using (2.77) and (2.78) we can write

P = We1P1 + We,2P2; (2.79)
with _
Wy 5,28) + w991
We1 = — )
W6
_ WpsWs2 + WpoWy 2
We2 = — .

Wh,6

Use (2.66), (2.74), (2.75), (2.77) and (2.79) to write

g = Wg,o + Ws 1P + Ws 2P, (2.80)
with
_ Wy
wg,o = — >
Wy,8

_ We,1 — Wy,5Ws,1
wg,1 = w )
Y,8
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We,2 — Wy, 5Ws5,2

W&Q =

Wy,8
Use (2.67) and the above results to write:
©1 = w10 + @W12Ps, (2.81)
with

- Wyb o+ (w)@3 - wAbA) W3 8Ws,0

1,0 =— = )

Wyoq + (73/\1773 - w/\bA) w3 8ts1 + w)\b75Qw5,2 + @0 66,1

S Wb 2 + (w/\b73 — w/\bA) TW38Ws2 1 Wb 55,2 + Wb 6T76,2

12 =—

Wyb 1+ (w)\b:) - w/\bA) wW38Ws1 1 ’w)\b’5QW572 + w/\b’ﬁw&l'
Finally use (2.68) and the above results to write:

Wa,0 + W2, 1W1 0
- )
Woo + Wo 11 2

Py =

(2.82)

with
Wao = Waso + (Was3 — Wi 4) W3 8Ws0,

Wo1 = [W,\m + (Wrs 3 — Wys4) W3 W1 + Wrs 52w5 2 + W,\S,Gw&l] ;
Woo = Wy o+ (Wrs3 — Wirs4) W3 sWs 2 + Wxs 55,2 + Wrs 60062

Now we could use (2.82) to solve (2.81) for ¢, and use both ¢, and @, to solve for pg,
®e and 5 and then use these to solve for the remaining ones.

3 Log-linear equations

In this section we present all the log-linear relations of the model, in which we linearize
around the zero inflation steady state.

3.1 Full system

The full system of log-linear equation is given by:

N b s
A =10 4+ @ — Eymyg + Xo Bt + (1 —x4) BiAy g, (3.1)
~S R ~b ~8
AN =1 — B+ (1—x,) EiA 1+ X Bt (3.2)
K = (1-ap) [At—xt+ﬂgﬂ—uﬁt+(1+wy) <i/t—zt>} (3.3)

+afB b, [9 (1 + wy) g1 + KtJrl] :
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ﬁt =(1-ap) [At — T+ Yt] +afE, [(9 — 1) w1 + ﬁtﬂ} )

(14 m@) by = m(1—m)py By —mp (14+©) &y
+0 (L+7) [(1+ @) + mpf /o) (0, — 1)
+0 (147 (1 + ) (?JH + a)H)

— Ty [?)tg — & (147 Bf,l] ,

. b s = . .
Y, = mpsp (Ef — ab)\t) + (1 — mp) s (Ef — O'S/\t> + = + ns=b; + Gy,

At:aAtfla
1l—« 1 . N
_ kR
Wt a 1+wy9< ! !
o (T xb” (= - = e~ -
— AT 2X b == —1)b ).
e 1+@ xXt+%t T1ro \ 2 e+ = 1)b

Auxiliary equations:

N ~b ~8
—b —S
B, = s (ct - Jb)\t> — S <ct — Os)\t>

3b NG
~ )\ ~b )\ ~8
At = Wbi/\t + (]_ - 7Tb) 7)\“
1 <7b 14+v
= ,éb;; A ’ b @D;% 5\8 1?} ~8
At =Ty 171+y /\t + (1 - 7Tb) 1(71)+u )‘tv
pRT pR T

(3.4)

(3.5)

(3.11)

(3.12)

(3.13)
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The exogenous variables all follow an AR(1) process as follows:
§ = peSi1 T &
In the above equations we consider the following definitions
i =In((1+4)/(1+7%)),

we=In(1+w)/(1+0)),

my = In1l;,
A= (AT/X)
, =In (Y,/Y),
G =1n (F/F),
K, =hn(K,/K),

by = In (b, /b

and
X,=00+7)[0+(1—0)n,].
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3.2 Simplified log-linear system
Aggregate demand
Define

L8

A N
Qt = At — )\t,
~ ~b ~8
A = A + (1 —m) A,
3= (1 4 @) + (1 — ) 8 = 8+ Tl
so that we can combine the two Euler equations into
Qt - C:)t —l— SEtQt+1,

A =7 — Eymir + Exhier — Yo B,
with

Define
P b =S
ScCt = TpspCy + (1 — mp) 8565,

gt = ScC + Gt,
so that we can write the AD as
Y, :gt‘i‘ét_a'(j\t‘i‘sﬂﬂt)a
with
SpO0p — S04

sq=mp (1 —m) =

We can thus solve for ;\t

~

)\t = —5'_1 <Yt — gt — ét) — SQQt7
and plug this into the average Euler to get the IS relation

Y, = Etf/;‘,+1 — 0 (" — Eymy) — EyAgiy — EtAét+1
—0508 + 7 (sq + Vq) B,
with
Agy = g¢ — Gi—1,
Aét = é’t — Etfl.

Aggregate supply
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Combine the equation defining inflation and those defining F, and K; to get

Ty = /BEtTrtJr]_ +€ (JJyY/;g — S\t + /jL;U — V;Lt -+ ’f_t — (1 + wy) Zt:| s (351)

with ) ) 5

—al—«
= ) 3.52
¢ a 14wl ( )
Further notice that R

)‘t = (’71) — 7Tb) Qt -+ )\t, (353)

with )

j\b v
Yo = b i? : (3.54)

¢b A

Using (3.47) and (3.53), we can thus write the Phillips curve as

Ty = 5Et7rt+l ‘|‘€ |:(Cdy + 5_1) }A/;g — 5'_1 (gt + \ét> + ,&;U — l/ilt + 'f_t — (1 + (JJy) Z¢
+E&(sq + T — 1) ,

or, equivalently,

Ty = BEmi + up + K (Yt - Ytn) — 66 E + E(sa + ™ — 7,) s (3.55)
with ) ) B
V= (wy+07") [ g+ vhe+ (14 wy) 2], (3.56)
ue =& (1 +74) (3.57)
k=& (w,+77"). (3.58)

Law of motion of debt
Consider the equations determining w;

d}t = wbi)t + (A)Xit + WEét, (359)
with , ( ) ( )
»xX'(b) +n(n—1 f}—f
= 3.60
Wh 1 +@ 9 ( )
1
= — 3.61
wX 1 _|_ (I), ( )
1
We = —— E (362)
L+wp,
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We can now simplify the expression of B,

. ) Bog - By
B; = s. Q 3.63
! SCt+7Tb<1—7Tb) t+7Tb(1—7Tb) ! ( )
B (i = vhe+ (L ) (Vi - =) |
- —v w -z
T (1 . 7rb) Ky t Y t t )
with
3 =1 Y\
Bo=ud i (%) P m-w), (3.64)
~ =1 _ }_/ Irwy _
B,=v\ p*H™" <7> Y (v, — ), (3.65)
BQESQﬂ'b—SbO'bﬂ'b<1—7Tb)—BQ—i—Bu(’Yb—ﬂ'b), (366)
B, = B, — sq. (3.67)
Now plug in the law of motion of b,
A ) (1 + fd) it
b, = — 7 |(1+& o | (d
t 1+7Tb(z) |:( +w)+7l'bpb} (Zt—l 7Tt)
iy (1= mp) —— ¢ By [ = vhe + (14 w,) (Vi = )]
m(l—m7 Gy — —v w —z
’ ’ p(L+m@) " p (L+mw) e ' AT
B A B « 1+&
0, + 5, mlre),
Py (1 + myi) Py (1 + myi) 1+ my
6 (1+7)(1+m) e . .
by L)——[bg—(s 147 bg_],
+ 1T 7o <t1+wt1 o (L4 m) Lt (1+77) by
and using (3.47) we can further write
ZA)t = 0, (?A,tdil — 7Tt) + QY}A/; + QQQt + dejt + Op (i)tfl + (2th1> (368)
+0¢ [ﬂb (1 — ) 8.6, + Brg (gt + ét> — B, [ﬂff’ —vhy — (1 +w,) th
—Th0¢ [I;f -4 (1 + fd) l;tg_l} ,
with ( d)
o(1+7 it
=—— > |1+ = 3.69
o= 0w e m). (3.69)
oy = —0¢ (Bu(l+w,) + Bro ), (3.70)
0q = Q£ (BQ — B)\SQ> 5 (371)
l+c
= _m(1+&) (3.72)

1+7Tb(ZJ ’
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1
Oc = (7 T v 3.73
e= i+ o) (373)
6(1+7)(1+w)
= . 3.74
O 1+ Ty ( )
3.3 Complete simplified system of log-linear equations
We can write the required equations as
199 =34 4 iy, (3.75)
Qt - (’Dt + 8EtQt+17 (376)
Y/t = EtY/t—&—l — 0 (itvg — Etﬂt+1) - EtAgt—i—l - EtAét—l—l (377)
—5'SQQt +0o (SQ + wQ) EtQt+1,

0 = BE Ty + s + K (Yt . Y[”) 5B, 4 € (s 4+ T — 1) S (3.78)
C:]t = ngt + wx/)%t + WEét, (379)
ZA)t = 0, (ig—l — 7Tt) + QY}A/; + QQQt + Qw(th + Op <Bt_1 + (:Jt_1> (380)

+0¢ [m, (1 — 7p) 8.6; + Bag ™ (gt + §t> ~ B, [ — vhe — (14 wy) ztﬂ

—Tb0¢ [133 — 5 (147 6?,1} ,
with R ) B

Vi=(wy+67") [0 g+ vhe+ (1+wy) 2], (3.81)
.G = TyspCh + (1 — ) 55C5, (3.82)
ge = sc6 + Gy, (3.83)
w = (il + 7). (3.84)
Agi = g1 — g1, (3.85)
Aét = ét — ét—l- (386)
§ = peki1 t e (3.87)
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4 Quadratic approximation of the welfare function

4.1 Welfare function

The loss function can be written as
N O )7 @ v (N (Y
U == 1 — — = Hil’ —_ A
o 1_0-b_1 + ™) 1—o;! I+v \ A ' (At> ;

where I used

4.2 Quadratic approximation: efficient steady state and no spread

Efficient steady state implies that
and

Zero spread implies

Further consider that Y’ (B) == (I_)) =0.
The first term of the objective is then

0p = m(C)7" @) (¢ -2)

L (O @) T (= ) emey (€)@ (- ) (€ - )

+ti.p. + O (€]

b =b b b\ 2 b __ b b b
1 s ldg-—c 1 (¢ —c¢c (¢ —c cy —-C
U, = mAe [ 3 3% < = ) + 0, ( @ > < ol

Ul = md A {éf + % (1—0,") [&)+ (0n—1) 52}2} +tip. +O(€]), (4.1)

+tip. + 0O (€)°)
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where I used the fact that

o 1.
=cexpd, = = =C§+§(C?)2+O(”€H3)

R (c?—ébf:(@g)uo(usn?’%

The second term can equivalently be written as

7 N ) oas 1 — A8 —s .
U2 =(1—m) e N {ct + 5 (1 — o, 1) [¢; 4+ (05— 1) ct]Z} +tip. +0O (||§||3) ) (4.2)
The third term is
= 14w = 2
s Y o (Y Y Y,-Y 1 Y, - Y
Ui = (z) R S R A G ¢
v (Y oy . — 7 H-HY,-Y
Sea () ey [are 2T R
= 14wy
_1-% - (g) (A —1)
v
A A S B BN 1 m) SO VIS S T L
— — — T — T _— —_— = — —
1+v Z 2 ’ Y\, 0, A A

and notice that the first derivatives w.r.t. A? and A} are zero in steady state. We can further
simplify it to:

- [~ 1 ~ 2 -1 A
03 = —AY{Yt+5(1+wy)3ﬁ2—quﬁft+(1+wy) 1At} (4.3)
1—Wb(1—7b)<¢>i(w)iA2
—\NY—>—— = — ] Q
2 u(l—i—wy) Q/Jb ws b

(1 +wy) 2 + vhy
Wy '

with

qt (4.4)
Now consider a second order approximation to the market clearing condition:
Y; :WbchL(l—Wb)cf—i—Gt+Et(bt),

hence

+ti.p.+ O (|€]°)
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N 1~ 1 1 A ~ .
Gt 292 = ma, (eg = (62)2) 4 (1—m) s, (ct 3 (65)2) INCANEC) (1 n nbt>(4.5)
+tap. + O ([€]°) -

Further recall that

Qtz)\t—)\t:agl(éf—éf)—agl(éi’—éi’),

~b
N
¢, =G — opA,

&= — o\,
The first order approximation to the resources constraint yields
Yy = mpsplt + (1 — ) 5565 + Gy + 2+ O (JI€]]P) (4.6)

and using the definition of ¢;, we can write

Yo~ g~ e =mysy (6 — &) + (L —m) s, (& — &)+ O (|IEl”) (4.7)

and R ~ R
(@ =) =07y |(Vi— 90— 2) = (1= m) s,0.] + O (JlElP) (4.8)
(& —¢c)=0c "o, [(Yt — g — §t> + ﬂbsbabflt} +0 (||f||2) . (4.9)

Sum now the first two terms in the utility:

- - —_ 1 1
Utl + Ut2 = )Y {ﬂ'bsb (é? + 5 (62)2) + (1 - 7Tb) Ss (éf + 5 (éf)Z }

1-—
Y {msop ! (@~ @) + (- m) sy (@ - 7))
+tip. + O (|Ef)

~ ~ _ ~ 1- =~ ~
O} + 02 = AY{Yt+5Yt2—Et (1+nbt>}
lse 1 (v = 1517
—5)\Y TpSp0p [0 <Yt — g — :t> — (1 —mp) 85050 Qt}
1-— _ 1 (< = ——1FA 2
—5)\Y (1 —mp) 850 [a <Yt — g — :t) + TS LT Qt}
+tip. + O (||E]f)
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&
~ ~ _ ~ 1~ i~ ~
U+ U = AY{Y;+§Y£—Et (1+nbt)} (4.10)
1.5 % ¥, 0\ 2 1-— sVs] A
3V {0—1 (Yt—gt—Y_lEt> L [meso] [( . Tp) 550 ]Qf}

+tap. + O ([€])
and combine with the third term to get:

- N N 1 A -~ -
U = AY{}Q+§Y£—Et(1+nbt)}

1-_ ~ =\ 2 1-— A
_5)\}/{5—1 (Yt—gt—Et> L [mosuo) [(U Wb)SsUs]Qf}

__ [ 1 N ~ -1 ]
—/\Y{Kg—l-5(1+wy)Yt2—WyQth+(1+wy) 1At}

Lom-m) (¢)" ()" o
M 0T <wb> (w> K

+tap. + O (||€])

110

i W e N
U = —7{wy<Yt—Qt> +0 1<Yt—9t—

“XE; (b) + tip. + O (€],

SRt 2 A

Y

with

iy = ol mlse] om0 (0

Further write

We can then write
~ \Y N2 - .
U = -5 {(wy +a') (Yt — Y;) + A2} +

+ti.p. + O ([€]7) -
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with ) R N
V=Yt (w,+a ) o7E (4.13)
Now we can get a second order approximation for A;:
(At — 1) = (At,]_ — 1)
1
a0 (1 +wy) (T = 1) + af (14 wy) [0 (14 wy) = 1] 5 (T, - 1)?
—af (1 +wy) (II; — 1)
—1 1 1
—af (14 wy) (9_2)_04(9 )<6( +wy)—1)}—(ﬂt—1)2

1—« 0—1 2
+O (l€l)
=
Ar=alA_ +0(1+w,) 1+ 0w, : fa%wt +0O () - (4.14)

Further notice that

_5\}7 iﬁSt At—i—s

1+ w,
_ —AYZﬁSt Wit g ) 2Lz | Lo (e
14w, Y1—a2 tts
o al;_

- Y ) AYZBS ey -+ 0 (el)

— - 14w, 1+w

I o a 1 5— A

= —)\Y;ﬁ 01+ 0w,) T~ aﬁAYZﬂ e Tho, TP +0 (1)

/_\}7 > ¢ 2 ~ /_\Y > 79(1—{—6’(,‘)) a ] 3
—5 2.7 Apps=——7-) B S 2 +tip. _
9 Zﬁ 1w, 5 Zﬁ (1= ap) o s T LD + O (|I€11)

s=0 s=0

so that we can write the period welfare as
~ N N N 0 __ 2

+tap. + O ([€]) -

by (4.15)

with Y;* defined in (3.56).
We can then say that maximizing this welfare functional is equivalent to minimizing the
following loss function

~ ~ N\ 2 A =
L= 24 Ay (Y= V) 4 2002 + AsZib, (4.16)
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Yt* = f/;n + wyj— o 1§t’
Ay = gwy,
A = 55\9,
Az = 277%

5 Calibration

_ [mssoo] [(1 = m) s504] | ™ (1 =) <¢ >i

The paper discusses the strategy for the calibration. Here we present the exact values
for all the parameters.
Notice that unless otherwise mentioned, all exogenous disturbances follow an AR(1)
process with autocorrelation coefficient equal to p,, which in the baseline calibration is set
to 0.9. The only expection to this is the autocorrelation coefficient of the monetary policy
shock, in the case of a Taylor rule, in which case we consider an autocorrelation coefficient

of 0.6.

Exogenous, takes resources The spread in the FF model is exogenous and consumes
resources, i. e. % =0, Y =0, Z = @ and n = 1. The full list of parameters is:

¢! 0.75 1+o (1.02)Y* sz 0.0159 g-' 0.16
o) 0.66 ) 0.975 p! 0 o 89286
Wy 0.473 T 0.5 Se 0.7 op 13.802
v 0.1048 D 3.2 sy 0.7821 oy 2.7604
@—-1"" 015 n 1 ss 06179  oy/o, 5
P 1.15 »x 0 sp/ss  1.2657  M\p/As 1.2175
7d 0.01 T 1 v, 1.1492 Z 1
I6 0.9874 a 0.2 v,  0.9439 H 1
Y 1 54 0.2841 U/, 1.2175 pe 0.9

Endogenous, takes resources The spread in the FF model is endogenous and takes re-
sources, i.e. 7 > 1 (such that the spread elasticity to debt is 1/4), >z = 0 and y = 0.
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The full list of parameters is:

¢! 0.75 1+o (1.02)7* sz 0.0003 a7 0.16
a 0.66 § 0.975 p? 0 o 8.9286
Wy 0.473 i 0.5 Se 0.7 o,  13.8019
v 0.1048 D 3.2 sy 0.7821 oy 2.7604
@—-1"" 015 n 51.623 s 06179  o,/0, 5
P 1.15 P 0 sp/ss  1.2657 M/ 1.2175
7 0.01 n 1 Vv, 1.1492 7 1
3 0.9874 a 0.2 v, 0.9439 H 1
Y 1 s, 0.2997 Y/, 1.2175 pe 0.9

6 Models and specifications

In all exercises we consider three versions of the model:

FF Full model with heterogeneous households and a spread between saving and borrowing
interest rates.

NoFF Model with heterogeneous households but no spread between saving and borrowing
interest rates.

Normal Model without heterogeneous households or spread between saving and borrowing
interest rates. This is equivalent to standard New-Keynesian model.

The parametrization differences are:
e in NoFF and RepHH we consider § = (1 + fd)fl ,

e in RepHH we consider C* = C* = C and 0, = 05, = 0.

7 Policy rules

In each case we consider the following alternative policies:®

Optimal This is the optimal policy.

Taylor This is the basic Taylor rule

. Gy
ztd = ¢, T+ Zth + &, (7.1)

where &8 = p&l_| + €, ¢ =2, ¢, =1 and p = 0.75.

8 Any variable &, is defined as #; = In(z;/%) except for the interest rates, which are defined as iy =
log ((1414¢)/(147)) and the spread is given by @w; = log ((1 4+ wy) / (1 + @)).
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PiStab Inflation stabilization:
Ty = 0. (72)

FlexTarget This is the optimal target criterion proposed in Benigno and Woodford (2005)
and discussed in the paper. It takes the form of

0=+ Ao (¥ — Y1) (7.3)

where )\, the optimal weight is defined in Benigno and Woodford (2005), and y; is
the output gap measure relative to the optimal target defined as well in Benigno and
Woodford (2005), except that here we replace the autonomous spending disturbance

g with g, + =, to reflect the fact that exogenous increases in the intermediation costs
increase autonomous expenditures.
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