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Abstract

We investigate the redistributive effects of expected inflation in a microfounded
monetary model with heterogeneous discount factors and collateralized debt. In
equilibrium, this heterogeneity leads to borrowing, lending and a tractable distri-
bution of money and capital holdings. Even when inflation is fully anticipated and
nominal lending rates adjust to it, redistribution can arise because inflation affects
capital accumulation and, through collateral constraints, borrowing capacity. We
find t hat t he welfare cost of inflation is larger for lenders th an for borrowers, that
is, inflation acts as a progressive t ax. A lthough inflation al ways re duces aggregate
capital, it can generate a Mundell-Tobin effect for lenders when capital is produc-
tive more broadly in the economy and loan-to-value ratios are sufficiently high,
increasing lenders’ capital holdings and wealth inequality. However, compared with
a model with uncollateralized debt, collateralization reduces net-wealth inequality
by encouraging borrowers to accumulate more capital and by making debt adjust
endogenously with collateral values.
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1 Introduction

Following the Covid pandemic, inflation surged worldwide, reaching 9.1% in the United
States and 10.6% in the Eurozone in 2022. The subsequent persistence of inflation above
central bank targets has reignited fundamental debates about the costs of high inflation,
among them its distributional consequences. This paper studies how expected inflation®
redistributes welfare and wealth between borrowers and lenders through collateralized
debt—a channel of first-order importance given that collateralized loans account for 78%
of U.S. household debt.?

We focus on expected inflation because its redistributive effects through the borrowing
channel are not well understood, unlike the ones due to unexpected inflation. When nom-
inal contracts are fixed in advance, an unanticipated increase in inflation reduces the real
value of outstanding liabilities and transfers wealth from nominal creditors to nominal
debtors, as in Doepke and Schneider (2006). This mechanism, however, relies on surprise
inflation. When inflation instead is fully anticipated, nominal interest rates adjust ex
ante, in principle insulating borrowers and lenders from redistribution through changes in
the real value of debt. This argument, however, relies on borrowing capacity being fixed
in real terms. When borrowing is instead limited by collateral constraints, as in Kiyotaki
and Moore (1997)—that is, when borrowers must pledge capital as collateral—and in-
flation affects capital accumulation, expected inflation also affects the value of collateral
and hence the amount borrowers are able to borrow. The focus of our paper is on this
redistributive channel and on its welfare and wealth implications. We study this ques-
tion in a microfounded general equilibrium monetary model based on Lagos and Wright
(2005) and Aruoba, Waller, and Wright (2011), extended to incorporate heterogeneous
time preferences, capital accumulation, and collateralized borrowing. This framework en-
ables agents to endogenously choose their portfolios of nominal and real assets, as well as
their borrowing and lending positions.

Our model features sequential markets. In the decentralized market (DM), agents
face stochastic trading opportunities, capital is a production input, and money is the
only means of payment. In the centralized market (CM), households consume, work,
choose their portfolios, and borrow or lend. Heterogeneity in discount factors generates
an endogenous distribution of money, capital, and debt: patient households are lenders
and accumulate more money and capital, while impatient households hold less of both
and borrow up to the value of the capital they can pledge as collateral.

We consider two versions of the model. In the baseline specification, capital is pro-
ductive only in the DM. This simplified setting is analytically tractable and isolates the

collateral channel, enabling a closed-form characterization of how inflation and capital

1. Throughout the paper, expected inflation refers to a deterministic inflation rate that is fully antici-
pated by agents, rather than to changes in agents’ beliefs about future inflation.
2. Data are from the Survey of Consumer Finances, 1989 to 2022.



pledgeability affect consumption, capital accumulation, and borrowing. We then study
an extended model in which capital is productive in both the DM and the CM. This
richer specification introduces additional general-equilibrium effects of inflation on capi-
tal accumulation, factor prices, labor effort, and CM consumption, and allows inflation
to induce portfolio reallocation between nominal assets and productive capital. Because
these channels preclude an analytical solution, we analyze the extended model numeri-
cally. We calibrate both versions of the model to U.S. data.

Our analysis delivers four main results. First, collateralized debt creates a specific
redistribution channel. With a fixed borrowing limit, rather than a collateral-based con-
straint, the nominal lending rate adjusts to anticipated inflation while the quantity of debt
remains unchanged. Credit then has essentially no effect on the welfare cost of inflation.
This does not mean that inflation does not matter, since it does affect economic activity
in the DM and in turn welfare. However, the welfare cost of inflation is virtually iden-
tical in the case of a fixed borrowing limit and in the case of no borrowing and lending.
With collateralized debt, by contrast, the amount that can be borrowed varies with the
borrower’s capital holdings. Inflation can therefore affect credit and redistribute welfare
between borrowers and lenders even when the lending rate fully adjusts.

Second, inflation reduces aggregate capital but can also change its distribution, de-
creasing capital holdings for borrowers while increasing them for lenders. In the baseline
model, capital is productive only in the DM, where money is required for trade. Inflation
reduces money demand and DM expenditure, thereby lowering the return to capital asso-
ciated with decentralized-market activity and discouraging investment by both borrowers
and lenders. When capital is also productive in the CM, instead, an additional and poten-
tially offsetting force emerges. As inflation reduces the aggregate capital stock relative to
labor, capital becomes scarcer and its return in the centralized market rises. Thus, while
weaker monetary activity reduces the return to capital in the DM, the higher return in
the CM can make capital relatively more attractive for patient lenders. If debt is collater-
alized and the loan-to-value ratio is sufficiently high, this effect can dominate for lenders,
inducing them to increase their capital holdings even as borrowers’ holdings and aggre-
gate capital fall. In this case, inflation increases wealth inequality. This contrasts with
Aruoba, Waller, and Wright (2011), where inflation unambiguously discourages capital
accumulation.

Third, expected inflation reduces welfare for everyone, but disproportionately burdens
lenders, making it a progressive tax. In the baseline calibration, the welfare cost of 10%
inflation relative to zero is 0.42% of consumption for borrowers, 1.16% for lenders, and
0.72% on average. The extended model shows a similar pattern, though the inflation tax
is less progressive: 0.55% of consumption for borrowers, 1.06% for lenders, and 0.75%
on average. Since the model is microfounded, we can decompose these welfare effects,

which reflect several offsetting forces that differ across borrowers and lenders. When



inflation rises, lenders face greater exposure to the inflation tax since they hold more
money than borrowers, while contraction in collateralized debt reduces their interest in-
come. Borrowers partly benefit from monetary transfers (as the inflation tax subsidizes
them) and lower debt-service costs. In the extended model, capital for lenders increases
with inflation, raising their net capital payoff. The opposite is true for borrowers. In
both specifications, lenders’ greater exposure to money is central to inflation’s progres-
sive incidence. We show that broader access to inflation-protected payment methods, by
reducing this exposure, can weaken or reverse the effect. Collateralization thus creates an
additional redistribution channel, but does not have an unambiguous effect on the degree
of progressivity.

Finally, capital pledgeability redistributes capital across agent types. Because pledge-
ability raises capital’s collateral value, impatient borrowers accumulate more of it. The
resulting increase in aggregate capital lowers its marginal return, which discourages in-
vestment by patient lenders and narrows the capital gap. Wealth inequality does not
necessarily fall, however, because borrowers also take on more debt, and lenders hold
the corresponding financial claims. In our calibrated models, collateralized borrowing is
nonetheless associated with lower wealth inequality than uncollateralized borrowing.

Taken together, these findings show that the distributional consequences of expected
inflation depend critically on the interaction between monetary frictions, capital accumu-
lation, and collateralized credit. In particular, collateralized borrowing creates a redistri-
bution channel that remains active even when inflation is fully anticipated and nominal
interest rates adjust accordingly.

Our mechanism builds on the classic literature studying the interaction between ex-
pected inflation and capital accumulation (Tobin 1965; Sidrauski 1967; Stockman 1981;
Cooley and Hansen 1989, 1991) and on more recent microfounded models of money and
capital (Aruoba and Wright 2003; Lagos and Rocheteau 2008; Aruoba, Waller, and Wright
2011). We extend these frameworks by introducing heterogeneity and collateralized bor-
rowing, which allow inflation to affect the capital holdings of borrowers and lenders dif-
ferently.

Our work is also related to Kiyotaki and Moore (1997) and subsequent contributions
such as lacoviello (2005), Tacoviello and Neri (2010), and Kiyotaki and Moore (2019),
which emphasize the role of collateral constraints in macroeconomic dynamics. We adopt
a similar borrowing structure but focus on the long-run distributional effects of expected
inflation. Related contributions by Ferraris and Watanabe (2008), Venkateswaran and
Wright (2014), and Finocchiaro et al. (2018) study the interaction between collateralized
credit and steady-state inflation, but do not focus on the resulting redistribution between
borrowers and lenders.

Finally, a growing literature embeds household heterogeneity in New Keynesian mod-

els, highlighting the importance of redistribution for the transmission of monetary policy



(Auclert 2019; Kaplan, Moll, and Violante 2018). We complement this literature by fo-
cusing on ex-ante heterogeneity and the long-run effects of expected inflation in a flexible-
price environment with collateralized lending. The endogenous heterogeneity in money,
capital, and debt holdings generated by our model also improves on earlier monetary
search frameworks such as Boel and Camera (2009), which features neither debt nor real
assets.

The remainder of the paper is organized as follows. Section 2 presents the baseline
model, and Section 3 characterizes the stationary monetary equilibrium. Sections 4 and
5 describe the calibration and quantitative results for the baseline and extended models.
Section 6 introduces an inflation-protected means of payment, and Section 7 concludes.

Proofs and figures are provided in the Appendix.

2 The baseline model

The model builds on Lagos and Wright (2005), Aruoba, Waller, and Wright (2011) and
Kiyotaki and Moore (1997). Time is discrete, the horizon is infinite and there is a large
population of infinitely-lived agents who consume perishable goods and discount only
across periods. Agents are heterogeneous in their degree of patience. For convenience, we
divide the population into two types j = H, L in proportions p and 1 — p respectively,
with 1 > By > B > 0. We refer to agents L as impatient and agents H as patient.

In each period, agents may visit two sequential rounds of trade—we refer to the first
as the decentralized market (DM) and the second as the centralized market (CM). In the
DM, agents draw i.i.d. trade shocks determining whether they can trade, i.e., agents can
either produce, consume, or do neither (idle). Agents are idle with probability 1 — o and
trade with probability o, with consumption and production being equally likely. We refer
to consumers as buyers and producers as sellers. In the CM, everybody can consume and
work to produce a general good that can be used for either consumption or investment.
For simplicity, we first consider an analytically-tractable environment in which goods in
the CM are produced using labor only, and capital accumulated in the CM becomes
productive in the following DM. In Section 5, we consider a version of the model where
capital is also productive in the CM.

Notation is as follows. In the CM, an agent of type j consumes x; > 0 goods and
supplies n; > 0 labor. As in Lagos and Wright (2005), preferences are quasi-linear with
U(z;) —nj. We assume U'(x) > 0, U"(z) < 0, U'(0) = 400 and U’(c0) = 0. In the DM,
consumers of type j derive utility u(g;) from ¢; > 0 consumption. We assume u'(q) > 0,
u"(q) <0, u'(0) = 400 and u/(c0) = 0. An agent’s capital k; accumulated in the CM can
be used in the following DM to produce a different good y; with technology f(k;) = y;.
We assume f/'(k) > 0, f"(k) <0, f’(0) = +o0 and f'(c0) = 0. Capital depreciates at a



rate § with 6 € (0,1). Agents are price takers in both markets.?

We assume there is a government that is in charge of monetary policy and is the sole
issuer of fiat money, with initial stock My > 0. We denote the gross growth rate of the
money supply by m = M,;/M;_,, where M, indicates the money stock in the CM in period
t. The central bank implements its long-term inflation goal by providing deterministic
lump-sum injections of money 7 = (m — 1)M,_1, which are given to private agents at the
beginning of the CM. If 7 > 1, agents receive lump-sum transfers of money; if 7 < 1, the

central bank must be able to extract money via lump-sum taxes from the economy.

2.1 Information frictions, money, and credit

The preference structure generates a single-coincidence problem in the DM, since buy-
ers cannot produce. Three additional frictions further constrain trade: (i) agents are
anonymous (Kocherlakota 1998), ruling out trade credit; (ii) trading outcomes are pri-
vate, preventing social punishments from supporting gift-giving; and (iii) buyers cannot
carry capital to the DM (Aruoba, Waller, and Wright 2011), thus capital cannot serve as
payment. Together with the single-coincidence problem, these frictions imply that sellers
require immediate compensation, making money essential in the DM. By contrast, in the
CM money is not essential, since agents can finance consumption through labor, money
balances, or borrowing.

Borrowing is constrained by limited enforcement. We assume that borrowers can cred-
ibly force renegotiation before default, so lenders cannot obtain more than their outside
option: the liquidation value 6k’ of the pledged capital, where # < 1 captures liquidation
inefficiencies, such as reallocation losses, legal costs, and other frictions that reduce the

value lenders can recover from collateral.* The enforceable repayment therefore satisfies
a < 0K

Assuming repayment when the parties are indifferent, no default occurs in equilibrium.

This formulation is similar to Kiyotaki and Moore (1997).

3 Stationary monetary allocations

In what follows, we focus on stationary monetary outcomes such that end-of-period real
money, capital, and bond balances are time invariant. We simplify notation by omitting ¢

subscripts and use a prime superscript (') to denote next-period variables, when necessary.

3. See Rocheteau and Wright (2005) for a discussion of the role of money in Walrasian markets.

4. We interpret 0 as an effective pledgeability parameter that incorporates both depreciation between
origination and repayment and liquidation losses. Equivalently, if § denotes the fraction of surviving
capital that lenders can recover, then 6 = 6(1 — 9).



Accordingly, we let p; denote the nominal price of DM goods and p, the price in the CM.
In addition, we choose to work with real variables normalizing all nominal variables by
the unit of account ps so that p = p;/ps denotes the relative price.

An agent of type j = H, L starts each period with a portfolio (; = m;, k;, a;, listing
real holdings of money m;, capital k;, and nominal bonds a;, all accumulated in the
preceding period. Then, the idiosyncratic trading shock z = b, s, 0 is realized, where b, s,
and o denote a buyer, a seller, and an idle agent respectively. Subsequently, trade occurs
and after the DM closes, the agent enters the CM with a portfolio (; = m3, k;, a; where
m’ denotes money balances at the beginning of the CM. Real balances evolve within each

period according to:

mlj’» =m; — pqj, M;=1m, +pf(k;) and mg =m, (1)
That is, when agents trade in the DM, real balances of a buyer decrease by pg; whereas
those of a seller increase by pf(k;). Cash left over is used to trade in the CM. Note that
bonds a; and capital k; are not affected by trade in the DM, given that they cannot be
used as a means of payment there. Therefore, a; = a; and ki = k; for j = H, L and
z =0, s,0. Figure 1 describes the timing of the events within each sub-period.

In a stationary economy real asset holdings must be constant, i.e., m; = my, k} = k;
and a} = a;. If M is cash at the start of a period and M’ = 7M is cash available in the
CM, then the gross growth rate of money supply is:

vy M 2)
b2 M
The money growth rate, i.e., the inflation rate, is controlled via lump-sum transfers 7 in
the CM so that:
T=m(r —1) (3)

where the stationary real money stock m = M /p, is defined by:

m = pmy + (1= p)my, (4)

3.1 The CM problem

Given the recursive structure of the model, a dynamic programming approach is used
to describe the problem faced by an agent of type j. Let V;((;) be the agent’s expected
lifetime utility when she starts a period with a portfolio (; before trade shocks are realized.

Let instead W;((7) be the expected lifetime utility when entering a CM with a portfolio



Cf.5 The problem of a type j agent at the start of a CM then is:

Wi(¢) = max  U(x}) — nj + B;Vi(()) (5)

z z / ! !
zZ n?m’ k'’ a’
AR R R

s.t. i =n; — K+ (1= 0)k; +mj — mm); + 7 + pama) — a;
/ /
a; < ij
/

where a; < 0k] is the collateral constraint. The resources available to the agent in the CM

thus depend on the realization of the DM trading shock z = b, s, 0 since she carries over

z

J
lump-sum transfers 7, and a; borrowing at price p, (lending if ay < 0). These resources

m; money balances. Other resources are labor income n?, net capital holdings (1 — 0)k;
can be used to finance current consumption %, to carry over real money holdings m/; and
capital k} into the next period, and to pay back loans a; (or be paid back if a; < 0). Note
that the factor 7 = pl,/ps multiplies m’; and a; because the budget constraint is expressed

in terms of real variables. The problem yields the following set of first-order conditions:®

1 = Uz(z;) (6)
ov!
_ . J
ov!
1= B2 + i +6)° (8)
Toky T
B 8Vj’ A9

= (9)

“ T 6&9 T

where uf is the multiplier on the non-negativity constraint for capital, A} is the multiplier

oU ()
ox

implications. First, (6) implies that all agents consume the same amount in the CM, i.e.,

on the collateral constraint and U, = . The first-order conditions above have several

rg = x; = z*. Second, (7), (8), and (9) imply that the savings and borrowing choices
j
exactly how, we will examine DM trades later. Also, note that the marginal valuations

m’, kj and a; are independent of trading histories but might be type dependent. To see

of money, capital and bonds are type independent as shown by the envelope conditions

below:

ow; ow; oW,
=1 J — 1 J
om: 7 da, and o

J

=1-0.

5. Note that (7 depends on the trading shock z. Agents that received different trading shocks z in the
DM will reach the CM with different money holdings and in turn exert different labor efforts n?.
6. Conditions for n% > 0 are in the Appendix.



CM goods market clearing implies:
X+I=N (10)

where X = z*, investment I = K’ — (1 — 0)K, and aggregate labor and capital N, K
satisfy:

N = p{ G0y +nly) + (L= iy |+ (1= p) { S ) + (1=} (1)

K = pky + (1 —p)ky (12)

3.2 The DM problem

The problem of an agent of type j starting a generic period ¢ with a portfolio (; is:
b O1s o
Vi(G) = 5V (G) + 5V (G) + (1= a)VP(G) (13)
First, we determine DM consumption g;. The buyer’s problem can be written as:

VG = max - u(g;) + W;(¢3) (14)

s.t. pg; < m;
Given (1) and (5), we have the following first-order condition:

ug(g;) = p(1 + X)) (15)

where )\? is the multiplier on the buyer’s budget constraint. If the buyer is constrained
and pg; = m;, then wu,(¢;) > p. If the buyer is not constrained, then pg; < m; and
uq(g;) = p.

The seller’s problem is trivial since capital has already been chosen in the previous
CM and it is the only factor of production in the DM. Thus, the seller’s problem is just
the continuation value, i.e. V7((;) = W;(¢3). Similarly, the problem for an idle agent is
VP(G) = Wi(G).

The DM market-clearing condition is:

pqu + (1 —p)ar = pf(kn) + (1 —p) f (k) (16)

3.3 Savings and borrowing

decisions

To find the optimal portfolio of an agent, we must calculate the expected marginal



values OV /0m;, 0V;/0k; and 0V;/0a;. To do so, we combine (5) and (13) to get:

VilG) =m; + (1= )k + Zulay) + Ule;) — 2+ BV/() (17)
+ k) = ay) + 7 = T} = K+ pana — a
Therefore:
St =1+ 5 lufa) (18)
gg = 1= 3+ 2pfiulky) (19)
22 — -1 (20)

From (7), (8), (9), (18), (19), and (20), the agents’ optimal portfolio choices must satisfy:

m= | e - ) en
1= 5 [0 =)+ Zoflhy)] + it +0x; (22)
Tpe = Bj + Aj (23)

The central observation we derive from the Euler equations above is that money, bonds,
and capital are valued differently in the economy by patient and impatient agents, since
the expressions in (21), (22), and (23) all depend on the discount factor §;. Of course,
agents’ decisions are also affected by asset-specific characteristics. First, the choice of
real money balances described in (21) depends on the real yield on cash 1/7 and on
u4(q;j)/p, which can be interpreted as the expected liquidity premium from having cash
in the DM, given that money is necessary to trade in that market. This premium grows
with the severity of the cash constraint, which is reflected in u,(g;), and the likelihood of
a consumption shock /2. Second, the choice of capital described in (22) depends on the
gross rate of return on capital net of depreciation 1 —  + (¢/2)pfx(k;), the fraction of
capital that can be collateralized 0, and, importantly, on inflation, given that 7 enters (21)
and p enters both (21) and (22). Intuitively, inflation matters for capital choices because
money is needed to trade in the DM, and therefore inflation affects consumption there.
This in turn influences capital accumulation, since capital is a factor of production in that
market. Last, the choice of bonds described in (23) is influenced by the real yield 1/(7p,)
and households’ discount factors which will determine whether the collateral constraint is
binding, as shown below. Note also that (23) reflects the fact that bonds have no liquidity
premium, since they cannot be used to buy consumption in the DM.

At this point, we can provide a definition of equilibrium.



Definition 1. A competitive stationary monetary equilibrium consists of (m;, a;j, k;) sat-
isfying (21), (22), and (23) for j = H, L.

The reason is that once the equilibrium stocks of money, bonds, and capital are de-
termined, all other endogenous variables can be derived. We next characterize borrowing
and lending in any stationary monetary equilibrium with collateralized credit. We find
that the following result holds:

Lemma 1. In any stationary monetary equilibrium with borrowing and lending, impatient
agents borrow and patient agents lend at the price p, = P /m. Specifically,

L—p

arj = HICL and ag = Qk:L

Proof. See the Appendix. O

Why are agents interested in borrowing and lending even if they are always consuming
the same quantity z* in the CM? The reason lies in the heterogeneity in discount factors.
For impatient agents, borrowing at the rate m/5y is cheaper than carrying money across
periods at the cost /5. Thus, with quasi-linear preferences, they would like to borrow an
infinite amount of the general good if at all possible. Because of the collateral constraint,
their borrowing is bounded by 6k; .

Once we know the price p, = Sy /7 at which these bonds circulate in equilibrium, we

can pin down the net borrowing rate:
lg = 7T/BH —1 (24)

which is affected directly by monetary policy via the inflation rate .
We now want to determine the returns on money and bonds that are consistent with

equilibrium.
Lemma 2. Any stationary monetary equilibrium must be such that m > [g.

Proof. See the Appendix. O

This result derives from a simple no-arbitrage condition—in a monetary equilibrium,
the value of money cannot grow too fast with m < g or else type H agents will accumulate
an infinite amount of it, which cannot be a stationary equilibrium. This, together with
(24), implies that the borrowing rate i, = 0 if 7 — (. This is what we will refer to as

the Friedman rule in the remainder of the paper.”

7. See also Boel and Camera (2006) and Boel and Waller (2019) for a similar approach.
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Summing up, both policy 7 and discount factors Sy and £y, affect the expected returns
on money, bonds, and capital, the latter of which influences agents’ ability to borrow due
to the collateral constraint. Since patient and impatient agents price future consumption
differently, we expect their portfolio choices to differ, with effects on their consumption
choices, labor effort and welfare. We investigate this next and we first show that the
existence of borrowing and lending in equilibrium hinges on the concavity of the DM

production function.
Lemma 3. If 7 > Sy and f(k) is linear, k;, = 0 in a stationary monetary equilibrium.

Proof. See the Appendix. O

Thus, when the production function is linear, there cannot be any collateralized bor-
rowing in equilibrium—in this case, the return on capital is too low for impatient agents.
We next characterize stationary monetary equilibria with borrowing and lending when

the production function is strictly concave.

Proposition 1. Let # > Sy and f"(k) < 0. Any stationary monetary equilibrium with

borrowing and lending satisfies

myg > myp >0 and ]{ZH>]€L>0.

Proof. See the Appendix. O

Patient and impatient agents value future consumption at different rates, and thus
assets have different discounted returns for them. As a consequence, the equilibrium
described in Proposition 1 and Lemma 1 is one in which patient agents are savers and
hold more assets—both money and capital—than impatient ones, who are borrowers.
This is different from Boel and Camera (2009) where there is asset specialization by type,
no capital and no borrowing and lending.

Our ultimate goal here is to understand if expected inflation can have redistributive
effects via borrowing and lending. We already know from Lemma 1 that the return on
bonds adjusts perfectly for inflation. So, if any redistribution exists through the credit
channel, it has to operate through the collateral constraint 0k;,. We proceed as follows.
We first identify how equilibrium allocations are affected by collateral constraints and we
then show the role played by inflation. For the comparative statics that follow, we assume

that u and f are strictly concave.

Proposition 2. Let 7 > By, ar, = 0k, and ag = —0kp(1 — p)/p. Then, dp/df < 0,
dqy/d8 >0, dq/df > 0, dky/df <0, and dky/df > 0.

11



Proof. See the Appendix. O

From Proposition 2 we learn that collateral constraints induce borrowers to hold more
capital and increase production. All else equal, the increase in supply creates a downward
pressure on prices in the DM market, thereby reducing the incentive to invest in capital
for the patient agents. Thus, collateral constraints narrow the gap between agents’ capital
holdings.

Next, we investigate how agents’ portfolio choices are affected by inflation.

Proposition 3. Let # > fy, ap = 0k;, and ag = —0kr (1 — p)/p. Then, dp/dr < 0,
dk;/dm <0 for j = H,L and dgg/dr < 0.

Proof. See the Appendix. O

Inflation here reduces investment, just as in Aruoba, Waller, and Wright (2011). As
inflation increases, the real value of money decreases together with DM total consumption,
since money is necessary to buy in that market. As demand for consumption is reduced,
less capital is necessary for production. While the effect on patient agents’ consumption is

always negative, in the following proposition we show that the effect on impatient agents’

consumption depends on the coefficient of relative risk aversion p = —ZL(((]q))q and the
q
elasticity of the production function with respect to capital e = £ ’}E?)k

Proposition 4. Assume f(k) is isoelastic. Let m > By, ar, = 0kr, ag = —(1 — p)0k/p

and i = %% (277") Then, dqp/dm <0 if u > %

Proof. See the Appendix. n

Summing up, expected inflation affects prices, consumption, money holdings, capital
accumulation, and consequently borrowing and lending via the collateral constraint. The
overall balance of these different effects on agents’ welfare is ambiguous and must be

determined quantitatively, as we do next.

4 Quantitative analysis

4.1 Calibration

In this section, we calibrate the model for the United States. Data are annual. The nom-

inal price level P is CPI, aggregate nominal output PY is nominal GDP, and the nominal

8. This condition is not stringent for standard parameter values and is satisfied by our chosen calibra-
tion in the next section.
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money supply M is M1.? For ease of comparison with other studies based on Lagos and
Wright (2005), we consider the following functional forms: U(z) = Bln(z), f(k) = k%,
u(q) = In(q). Therefore, the vector of parameters to identify is (p, g, Br, 9,0, o, 0, B).

We proceed as follows. We set the proportion of patient agents p to 0.40, in line
with Boel and Camera (2009). We consider discount factors Sy = 0.965 and 8, = 0.91,
consistent with the empirical estimates of distributions of discount factors in Lawrance
(1991), Carroll and Samwick (1997), and Samwick (1998). We use a depreciation rate
0 = 0.07 as in Aruoba, Waller, and Wright (2011). We set § = 0.85, which is consistent
with the loan-to-value ratio in lacoviello and Neri (2010), among others.

We calibrate the remaining parameters «, 0 and B by matching three moments simul-
taneously. First, we fit the ratio L = M/PY, i.e., the inverse of money velocity. Second,
we match the theoretical share of DM consumption with its empirical counterpart. The
latter is calculated as the share of cash consumption transactions, using data for the pe-
riod 20152019 from the Diary of Consumer Payment Choice from the Federal Reserve
Bank of Atlanta. Last, we match the theoretical ratio of collateralized debt over GDP
with its empirical counterpart. The latter is computed as the ratio of mortgages and auto
loans originations to GDP, using data for the period 1999-2019 from the Quarterly Report
on Household Debt and Credit from the Federal Reserve Bank of New York. Following
this approach, we pin down B = 3.12, ¢ = 0.689 and o = 0.589. Table 1 summarizes our

calibration.

Table 1: Calibration

Parameters taken from the literature:

Br 0.965 Lawrance (1991), Carroll and Samwick (1997), Samwick (1998)
fr 091 Lawrance (1991), Carroll and Samwick (1997), Samwick (1998)
d 0.07 Aruoba, Waller, and Wright (2011)

¢  0.85 Iacoviello and Neri (2010)

Parameters calibrated simultaneously:

B 312
o 0.689
a  0.589

Notes: Calibration results are for the baseline model, where capital is an input only in the DM production
function. Sy and (7 are discount factors for lenders and borrowers respectively; 6 is the loan-to-value
ratio; 0 is the depreciation rate; B, o and « are calibrated to simultaneously match money velocity, share
of cash consumption and the ratio of collateralized loans originations/GDP.

Figures 2, 3 and 4 illustrate the quantitative implications of the baseline model for

capital distribution and wealth inequality, and how inflation affects these results. We

9. M1 is in billions of dollars, December of each year, not seasonally adjusted. For 1929-1958, it is
from Friedman and Schwartz (1982) (pp. 708-718, col. 7). For 1959-2019, it is from the St. Louis Fed
FRED Database. For 1929-2019, nominal GDP and CPI are from the St. Louis Fed FRED Database.
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define net wealth for type j agent as:
W =m; +k; —a;,

where a; > 0 denotes borrowing and a; < 0 lending. Hence, our measure of wealth
includes money, capital and net bond positions. Since type H agents have higher income

than type L agents, the Gini coefficient in this economy is:

p(1 —p)(Wy —Wp)

Gw = )
U oW+ (1 p)Wy,

Importantly, a narrower gap in capital holdings does not necessarily imply a narrower
gap in net wealth, since net wealth also includes borrowing and lending positions. We
therefore distinguish the effect of pledgeability on capital holdings from the comparison
of wealth inequality across credit arrangements.

Figure 2 shows that greater capital pledgeability 6 increases capital holdings for bor-
rowers (L agents), while reducing those of lenders (H agents). The intuition is as follows.
When pledgeability rises, credit-constrained impatient agents can obtain more loans for
a given amount of collateral. This raises the value of capital for borrowers and strength-
ens their incentive to accumulate it. The resulting increase in aggregate capital, in turn,
lowers its marginal return and reduces the incentive of patient agents to invest. Greater
pledgeability therefore narrows the gap in capital holdings between borrowers and lenders.

To isolate the interaction between inflation and collateralization, we compare three
credit arrangements: (i) collateralized borrowing, in which borrowing capacity is tied to
capital holdings; (ii) uncollateralized borrowing, with a fixed borrowing limit A; and (iii)
no borrowing or lending. In all three cases, inflation reduces capital holdings for both
types of agents (Figure 3). Capital holdings coincide in the uncollateralized and no-credit
economies.

The implications of inflation for wealth inequality (Figure 4), however, differ across
the three credit arrangements. With uncollateralized debt, borrowing remains fixed while
inflation reduces money and capital holdings. Borrowers’ liabilities and lenders’ corre-
sponding assets therefore become larger relative to total wealth, raising the Gini coeffi-
cient. With collateralized debt, by contrast, borrowing shrinks together with borrowers’
capital holdings. Since lenders’ bond holdings are the counterpart of borrowers’ debt,
their asset position also contracts. This adjustment in debt positions cushions the effect
of inflation on net wealth and leaves inequality nearly unchanged even as inflation in-
creases. Inequality is also virtually unaffected in the no-credit economy, where the debt
channel is absent. In our calibration, collateralized borrowing is therefore associated with
lower wealth inequality than uncollateralized borrowing and with a weaker response of in-

equality to inflation. Relative to the no-credit economy, however, collateralized borrowing
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generates higher net-wealth inequality in the baseline model.

In sum, debt collateralization affects both the distribution of capital holdings across
borrowers and lenders and the distribution of net wealth. These two distributions need not
move in the same direction because net wealth also includes money as well as borrowing
and lending positions. In our quantitative exercise, collateralization narrows the gap in
capital holdings by inducing borrowers to accumulate more capital. Wealth inequality
is lower under collateralized than under uncollateralized borrowing, but remains higher
than in the no-credit economy in the baseline calibration.

Lower wealth inequality due to debt collateralization does not imply that everyone is
better off. As shown in Figure 5, collateralization redistributes welfare from lenders to
borrowers. Meanwhile, inflation remains harmful to both groups under all credit arrange-

ments. We now formally quantify these welfare costs.

4.2 The welfare cost of inflation

Our measure of the welfare cost of inflation follows Lucas (2000) and determines how
much total consumption an agent of type 7 = H, L would be willing to give up to have
v — 1 instead of m — 1 inflation." Fixing 7, we let ¢, kjr, Dr, mjr and m, denote
equilibrium quantities. Then, we use (5) and (13) to define equilibrium ex-ante welfare
‘_/j for an agent of type j:

(1= B)V;(Gr) =5 ulgjn) + U(a") — 2" — 3k (25)

+ nN[Q

3P (kym) = @yz) + (7 = 1) = my2) = o1 = Br)
Inflation 7 affects ex-ante welfare in several ways. It impacts DM consumption,
Su(gjz), and also capital accumulation in the CM, thus affecting the labor effort nec-
essary to make up for the depreciated capital 0k;,. These are the only distortions induced
by inflation in a representative-agent setting, since in that case the second line in (25)
vanishes because mjr = My, kjxr = kr, ¢jxr = ¢ for j = H, L, f(k;) = g, and there is no
credit. Instead, with heterogeneity, inflation generally affects VJ through three additional
channels. First, it impacts expected net earnings in the DM, §px(f(kjx) — qjx), which can
be nonzero since agents may produce and consume different amounts. Second, given that
money balances are heterogeneous, inflation also redistributes monetary wealth because
of inequalities in the inflation tax (7 — 1)(m; — m;,). Third, which is new in our model,

inflation affects the collateral constraint and thus the amount impatient agents borrow

10. In our analysis, we compare stationary equilibria and therefore abstract from transitional dynamics.
In particular, welfare is evaluated for an agent entering each stationary equilibrium with the corresponding
stationary portfolio ;. The resulting welfare costs should thus be interpreted as long-run, steady-state
welfare comparisons rather than as the welfare effects of an unanticipated transition from one inflation
rate to another.
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in equilibrium a;, = 0k;.. Note that the cost of borrowing adjusts perfectly for infla-
tion, given that p, = By /7 and 7 is known to agents since we are considering expected
inflation.

If we reduce inflation from 7 to v, but also change the consumption of both CM and

DM goods by a factor A, ex-ante welfare for an agent j becomes:

(1= B)V3(G) =5u(Bpap) + U(Apa7) =y, (26)
:%“(Am%) +U(Aj2") — 2" = Ok, (27)
+ 3 (I (ki) = )] + (v = DMy = my,) = aj, (1~ Ba)

We measure the cost of 7 — 1 inflation as opposed to v — 1 inflation for a type 7 agent
as the value A, that solves Vj.((jr) = Vj((j,). That is, agents would be willing to give
up 100(1 — Aj,) percent of consumption to have v — 1 rather than 7 — 1 inflation.

Table 2 reports the welfare costs of 10 percent expected inflation as opposed to both
zero inflation and the Friedman rule for both borrowers (type L) and lenders (type H),
as well as the average welfare cost of inflation for that economy. Note that, given Lemma
1, the Friedman rule in our framework corresponds to m = Sy and therefore, using the
calibrated values in Table 1, to a net inflation rate # — 1 = —3.5 percent. The first
row in Table 2 reports the results for the case when borrowing is subject to a collateral
constraint, i.e., a; < 0k}. The second row focuses on the case of a fixed borrowing limit,
i.e., af < A The last row displays results for the case where credit is shut down, i.e.
0 = 0. Under all scenarios, we use the calibrated parameters listed in Table 1 to quantify

welfare costs.

Table 2: Percentage welfare cost of 10% inflation relative to zero inflation and the Friedman rule.

Zero Inflation Friedman Rule
Model Type L Type H Average Type L Type H Average
Collateralized borrowing 0.42 1.16 0.72 0.53 1.62 0.96
Uncollateralized borrowing 0.55 1.14 0.79 0.72 1.59 1.07
No credit 0.55 1.14 0.79 0.72 1.59 1.07

Notes: Results are for the baseline model, where capital is an input only in the DM production function.
Welfare costs are expressed in consumption percentage points. At the Friedman rule, the net inflation
rate is Sy —1 = —3.5%. In the models with borrowing—both collateralized and uncollateralized—type H
agents are lenders and type L agents are borrowers. The average welfare cost of inflation is the weighted
average of the welfare costs for type H and type L agents.

Our quantitative analysis reveals a few key findings. First, the welfare cost of inflation

is the same in a model with an uncollateralized borrowing limit A and in a model with no

11. For the calculations reported in Table 2, we set A to the level of the collateral constraint at 10
percent inflation. We can show that this specific level chosen for A is irrelevant for our calculations of
the welfare cost of inflation. These results are available upon request.
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credit. That is, expected inflation does not generate redistributive effects via the credit
channel if borrowing is uncollateralized. When borrowing depends on an exogenous limit
A, following the proof of Lemma 1 it is straightforward to show that type L agents borrow
up to the limit A. Since in this case p, = fg /7, ap = A and ag = —A(1 — p)/p, neither
the cost of borrowing nor the loan principal depend on inflation.

Second, collateralized borrowing reduces the welfare cost of inflation for borrowers and
increases it for lenders, compared to the other credit arrangements in Table 2. Quantita-
tively, the effect is substantial. When a loan is collateralized, the welfare cost of 10 percent
inflation relative to zero inflation decreases by 24 percent for borrowers and increases by
2 percent for lenders compared to the case of a fixed borrowing limit and to the case of
no credit.!?

Third, overall inflation acts as a progressive tax, meaning that, even if inflation de-
creases welfare for everyone, the burden of inflation falls more heavily on lenders. To
understand why, Figure 6 decomposes the welfare effects of an increase from 0% to 10%
inflation. Due to the structure of the model described in Section 2, we can separate
the DM and CM effects. Inflation hurts borrowers and lenders similarly in the DM
but affects them differently in the CM, and this difference makes its incidence progres-
sive. In the DM, inflation reduces consumption and production, lowering the DM surplus
$lu(q;) +p(f(k;) — q;)] by comparable amounts for both groups. In the CM, three chan-
nels operate. First, the inflation tax (7 — 1)(m; — m;,) benefits borrowers, who hold less
money than average, but hurts lenders, who hold more. Second, lower capital accumu-
lation shrinks borrowers’ stationary debt and thus their interest expenses —a;.(1 — Br),
which raises their welfare, while lenders earn less interest income and lose by the same
logic. Third, lower capital holdings reduce depreciation costs, —dk;,, so both groups gain
from what we call the net capital payoff.'> For borrowers, all CM channels work in the
direction of partly offsetting the DM loss. For lenders, both the inflation-tax loss and the
reduced interest income reinforce it. Thus, lenders bear the larger net welfare loss, which

is why inflation ends up being a progressive tax.

5 Extended model

Up to this point, we have assumed that capital is a factor of production only in the DM.
This assumption, made mainly to retain analytical tractability, abstracts from additional
general-equilibrium channels through which inflation can affect capital accumulation, fac-
tor prices, CM consumption and labor effort, and ultimately welfare. In this section, we

relax this assumption and allow capital to be productive also in the CM, as in Aruoba,

12. Similar results are obtained when comparing 10 percent inflation to the Friedman rule: a 27 percent
decrease for borrowers and 2 percent increase for lenders.

13. In our baseline model, capital is productive only in the DM, so its net CM payoff is just the
depreciation cost. We relax this assumption in Section 5.
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Waller, and Wright (2011).

We assume that in the CM a competitive, stand-in firm aggregates capital and labor
to produce output according to a production function F' (K, N). Then, the returns on
labor and capital are w = Fy (K, N) and r = Fx (K, N), where N and K are defined in
(11) and (12), respectively. The problem in the CM in this case is analogous to the one
in (5), except that now we need to take into consideration the returns on capital r and

labor w:

WiG) = max Ula) -+ BV/(C) 23)
315k
s.t. a5 = wnj — K+ (147 —0)k; +m; —mm) + 7 + p,ma; — a;
/ /
a; < Ok;
/

We get the following first-order conditions:

1 !
U (wy) (29)
s 3le
1 ov! "
— =Bt MR (31)
J

_Pa _BOVE N (32)

w T 0a; T

From (29), we get that xy = x;, = Z. As in our baseline model, both types of agents
consume the same amount in the CM market, but now monetary policy can affect their
consumption via its effect on labor earnings. As before, the marginal valuations of money
and capital are type independent, as shown by the envelope conditions below:*
ow, 1 JW; 1 ow, 1
L = l=——and —2=—(1+7r-9)

(9mj w’ Oa; w Ok; w

The DM problem is analogous to the one described in (13), except that now the
continuation value will depend on w and r as well. From (1), (14) and (28), the first-

order condition in the DM buyer’s problem is:

ug(g;) = p (i} + A§> (33)

14. Assuming that factors of production are aggregated by a competitive firm is essential for this result.
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While the envelope conditions for the DM problem are:

oV _ i a uq(Qj) . l

om; Cw + 2 ( P w (34)
av; 1 o

v, 1

% = (36)

If we combine (30), (31), (32), (34), (35) and (36), the agents’ optimal portfolio choices

must satisfy:

m 0 (uq(gj)w
Bj:l+2<p_1> (37)

1= 3[4 = )+ Spfulin)] + wloxs + (39)

paT = Bj + wA] (39)

The intuition behind equations (21), (22) and (23) carries over, with two additional
elements. First, the liquidity premium in (37) now depends on the CM wage w. Since CM
consumption satisfies U’'(z) = 1/w, monetary policy can affect CM consumption through
its general-equilibrium effect on wages.

Second, as shown by (38), capital return now consists of the CM return 1 +r —§
and the expected DM return (0/2)pfi(k;). Inflation can affect these two components
differently. In the DM, inflation reduces monetary expenditure and affects the relative
price p, thereby changing the value of capital used in DM production. At the same time,
changes in aggregate capital and labor affect the rental return r in the CM. The two
components can therefore generate offsetting incentives for capital accumulation. For
patient agents, whose collateral constraint does not bind, capital choice is governed by
these productive returns. For impatient agents, capital has the additional value of relaxing
the collateral constraint, as captured by the term wfA{ in (38).

At this point, we can provide a definition of equilibrium.

Definition 2. A competitive stationary monetary equilibrium consists of (m;, a;, k;) sat-
isfying (37), (38) and (39) for j = H, L.

Following the same argument as in Lemma 1, in any stationary monetary equilibrium

with borrowing and lending, impatient agents borrow and patient agents lend at the price
Pa = Bu /7. Specifically, ar, = 0kr, ag = —(1 — p)0kr/p, A} = (By — Pfr)/w and A} = 0.
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5.1 Quantitative analysis

We proceed with the quantitative analysis. We consider the same functional forms as in
Section 4, with the addition of a standard Cobb—Douglas production function in the CM:

F(K,N)=KYN""

With this specification, the CM rental return depends on the aggregate capital-labor ratio:
a decline in K/N raises the marginal product of capital. We keep all other parameters
as in Section 4, and set ¢y = 0.33, which corresponds to a capital share of approximately
one third. This makes the general-equilibrium channel described above transparent.

Figures 7, 8, and 9 illustrate the effects of collateralization and inflation on capital
accumulation and wealth inequality in the extended model. As in the baseline model, an
increase in 6 raises k;, while reducing kg, indicating that greater pledgeability affects bor-
rowers and lenders asymmetrically (Figure 7). The effects of inflation on the distribution
of capital, however, differ in part from those in the baseline model. Although aggregate
capital continues to decline with inflation, its distribution across household types changes.
In particular, Figure 7 shows that the effect of inflation on patient households’ capital
holdings depends on the degree of pledgeability. Under uncollateralized borrowing or in
the absence of credit, inflation reduces capital holdings for both types of households. Un-
der collateralized borrowing, however, sufficiently high values of # lead to an increase in
kg, even as kj, declines. At the calibrated value of 8, Figure 8 confirms that this reversal in
the response of kg to inflation occurs only under collateralized borrowing. This reversal,
relative to the baseline model, reflects the interaction between the DM and CM compo-
nents of the return to capital discussed above. Importantly, the decline in k;, more than
offsets the increase in kp, ensuring that aggregate capital continues to fall with inflation.

This mechanism differs from that in Aruoba, Waller, and Wright (2011). In their
setting, inflation unambiguously discourages investment by acting as a tax on monetary
transactions and reducing the demand for goods produced with capital. In our setting,
heterogeneity and collateralized borrowing generate a richer interaction between inflation,
collateral values, and portfolio choice.

While collateralization narrows the gap in capital holdings by encouraging borrowers
to accumulate more capital, its effect on net wealth depends on the full portfolio of money,
capital, and debt positions. As in the baseline model, under our calibration, we find that
wealth inequality is lower with collateralized than with uncollateralized borrowing. In the
extended model, however, wealth inequality is also lower with collateralized credit than
in the no-credit economy, in contrast to the baseline (Figure 9). A further departure from
the baseline is that inflation increases wealth inequality under collateralized borrowing.
That’s because inflation reduces capital holdings among impatient households but, when

pledgeability is sufficiently high, increases those of patient households. This divergence
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in capital accumulation widens the gap between the two groups and, together with the
associated adjustments in their broader portfolio positions, increases the net-wealth Gini
coefficient.

The compositional effects on capital accumulation translate into welfare outcomes
(Figure 10). As in the baseline, collateralized lending increases borrowers’ welfare but
reduces lenders’ welfare. Inflation again lowers welfare for both types, though through
different channels as explained in what follows.

To quantify the welfare costs of inflation, we follow the same approach as the one in
Section 4. When capital is a factor of production also in the CM market, the analogue of
(27) becomes:

(1= B)Vi(G) =5uldpap) + U(A3,) =y, (40)
= %U(Aﬂ%v) + U(Ajy2y) — ;xv + J(TW = 0)ksy (41)
1 1
+ ;f;[(f(kj ) = ¢i2)] + wj(W — 1) (my —myy) = wjaﬂ(l ~ Bu)

Table 3 reports the welfare costs of 10 percent expected inflation as opposed to both
zero inflation and the Friedman rule for both borrowers (type L) and lenders (type H) as

well as the average welfare cost of inflation for the economy.

Table 3: Percentage welfare cost of 10% inflation relative to zero inflation and the Friedman rule.

Zero Inflation Friedman Rule
Model Type L Type H Average Type L Type H Average
Collateralized borrowing 0.55 1.06 0.75 0.78 1.54 1.08
Uncollateralized borrowing 0.08 1.66 0.71 0.12 2.40 1.03
No credit 0.06 1.70 0.71 0.08 2.46 1.03

Notes: Results are for the extended model, where capital is an input in both the DM and CM pro-
duction functions. Welfare costs are expressed in consumption percentage points. At the Friedman
rule, the net inflation rate is Sy — 1 = —3.5%. In the models with borrowing—both collateralized and
uncollateralized—type H agents are lenders and type L agents are borrowers. The average welfare cost
of inflation is the weighted average of the welfare cost for type H and type L agents.

As in the baseline, inflation acts as a progressive tax, imposing a larger welfare cost
on lenders than on borrowers. This effect is not unique to an economy with collateralized
debt. Even without credit, lenders bear a substantially larger welfare cost when inflation
increases, reflecting their greater exposure to money. Collateralization, however, shifts
the incidence of inflation: unlike in the baseline, it raises the welfare cost for borrowers
and lowers it for lenders.

To build intuition for these welfare effects, we decompose the welfare change associated
with an increase from 0% to 10% in inflation in an economy with collateralized borrowing
(Figure 11). Relative to the baseline, the extended model includes an additional compo-

nent, U(Z) — Z/w, capturing net benefits from CM consumption. The net capital payoff,
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(r — 0)k;/w, also changes, since it now includes rental income from CM production, net of
depreciation, and therefore now depends on both capital holdings and endogenous factor
prices. The remaining components (DM surplus, the inflation tax, and interest expenses)
retain the same economic interpretation as in the baseline, but their monetary payoffs are
now scaled by the endogenous wage to express them in units of labor effort.'

In the extended model, lenders’ welfare costs of inflation are smaller than in the
baseline. As seen in Figure 11, inflation reduces their DM surplus by less (this component
accounts for 76% of their welfare change), while their net capital payoff rises. This rise
reflects both higher capital holdings and changes in the return to capital, and it partly
offsets their other welfare losses. Borrowers, by contrast, face larger welfare costs than
in the baseline. When inflation rises, they reduce their capital holdings, which lowers
their net capital payoff and contributes to the decline in their net benefit from the CM
consumption component. These losses more than offset the gains from the inflation tax

and lower debt-service costs.

6 Two means of payment

In the data, lower-income consumers are constrained in terms of the type of payment
instruments they can use, while higher income consumers are not—see Shy (2020). To
address this issue, we extend our baseline model in Section 2 and assume that patient
agents can, with probability n, participate in an unsecured-credit segment of the DM,
while impatient agents trade only in the cash market. In the credit segment, patient
buyers purchase from patient sellers using unsecured credit, with transactions settled in
the following CM.'6 We abstract from any issues related to default and revolving debt
within the unsecured credit market, so that patient agents do not pay interest on the
balances they carry from the DM to the CM. All algebra derivations can be found in the
Appendix. The optimality conditions for the H-types are now:

" — B [1 + 2 (1= ) () - p>] (42)
TTPq = BH + )\?{ (43)
L= Bn | (1= 0) + % fulkar) (L= m)p + )| + 1y + O (44)

where p denotes prices in the unsecured credit market. Ceteris paribus, access to unse-
cured credit decreases money’s liquidity premium for patient agents, and in turn their

incentive to hold money. This shifts the burden of inflation towards impatient agents.

15. The formulas for the individual welfare components are reported in the notes to Figure 11 in the
Appendix.
16. Our modeling of credit follows Aruoba, Waller, and Wright (2011).
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Table 4 shows that, as long as type H households keep using money to pay for a suffi-
ciently large share of their transactions, inflation remains a progressive tax. For higher
values of 7, inflation becomes a regressive tax.

Table 4: Percentage welfare cost of 10% inflation relative to zero inflation and the Friedman rule when
type H has access to an inflation-protected means of payment.

Zero Inflation Friedman Rule
Financial market access Type L Type H Average Type L Type H Average
n=.1 0.41 1.10 0.69 0.52 1.54 0.93
n=.3 0.42 0.86 0.60 0.52 1.17 0.78
n=.5 0.47 0.36 0.43 0.57 0.34 0.48

Notes: results are for the model where type H agents have access to an inflation-protected means of
payment with probability 7. Welfare costs are expressed in consumption percentage points. At the
Friedman rule, the net inflation rate is Sy — 1 = —3.5%. Type H agents are lenders and type L agents
are borrowers in the collateralized lending market. The average welfare cost of inflation is the weighted
average of the welfare cost for type H and type L agents.

7 Conclusion

Our paper contributes to the debate on the redistributive effects of expected inflation
using a framework where money, capital and collateralized credit coexist. In our model,
heterogeneity in discount factors generates endogenous differences in money, capital, and
debt positions. Because borrowing is constrained by capital holdings, inflation affects the
quantity of credit through its effect on capital accumulation. As a consequence, fully
anticipated inflation can generate redistributive effects between borrowers and lenders
through collateralized borrowing, even when nominal lending rates adjust to inflation.

We find that, in this environment, expected inflation reduces welfare for both borrow-
ers and lenders, but the welfare cost is larger for lenders, so inflation acts as a progressive
tax. At the same time, collateralization narrows the gap in capital holdings by induc-
ing borrowers to accumulate more capital. In principle, this effect does not necessarily
imply that greater pledgeability lowers wealth inequality, since net wealth also includes
borrowing and lending positions. In our calibration, however, we do find that collateral-
ized borrowing generates lower wealth inequality than an uncollateralized fixed borrowing
limit. In our extended model, inflation can increase wealth inequality by reallocating cap-
ital toward patient lenders even as aggregate capital declines. Finally, we show that
the progressive incidence of inflation depends on lenders remaining sufficiently exposed
to money. Broader access to an inflation-protected means of payment can weaken, and
eventually reverse, this result.

More broadly, our results show that the long-run distributional effects of expected
inflation hinge on the interaction between monetary frictions, collateral constraints, and

portfolio choice.
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Appendix

Throughout the Appendix, we adopt the notation f'(z) = df(x)/dz and f"(z) = 0*f(x)/0x>.

A. Proofs

Conditions for n]"’ >0

We now derive a sufficient condition that guarantees n3 > 0 in the equilibrium described
in Proposition 1.

*

. ey ;L ;L ;L .
Labor across DM states. In a stationary equilibrium, m; = my, ki = k;, a; = a;, 5 = a7,

7 = (7 — 1)m, and wp, = By by Lemma 1. The budget constraint in (5) then implies
n; =" +6kj —m; +mm; — (m — L)m + (1 — Bu)a;.
From (1), m9 = mj, m} = m; — pq;, and m$ = m; + pf(k;). Hence
ng =" 4 ok; + (7 — 1)(m; —m) + (1 — Bu)ay,

nf =nd+pg,  nj=n—pf(k;).

As shown in the proof of Proposition 1, ¢; > 0 and k; > 0. Under the additional condition
f(0) = 0 imposed below, f' > 0 implies f(k;) > 0. Therefore

b
n; <ni <n;.
Thus, sellers work the least, and it is enough to establish n? > 0 for j = H, L, where

ng =" + 0k — pf (k) + (x = 1)(m; —m) + (1 = Bu)a;.

Notation. Equation (21) for j = H can be written as

2
u'(qu) = pen, CH51+<7T_1> >1,
o BH

where cy > 1 because 7 > fy. If m# > By, then ¢y > 1, so v/(¢qg) > p and, by (15),
A% > 0. Hence the type-H cash constraint binds and

My = pqH-

At m = By, where my is determined only up to my > pgy, we focus on the equilibrium

selection my = pqy.
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From (23) and Lemma 1,
Ay =0, AL =0u—be

Since k7, > 0, complementary slackness implies p% = 0. Equation (22) for j = L therefore
gives

pf' (k) = Ar,

where

AL

—(1-9)|.

2 [1-0(8y — Br)
g Br

Since 6 < 1 and By < 1,

1—0(Bg — Br) >1—Bu+ pr > Pr.

Hence

1 —0(8g — fpr) o1,
BL
so that Ay, > 0.
Finally, define
Q= supqu'(q),
q>0
and 1 1~ p(1— By) 5
—PU —PH POPH
=—+{1-p)(1- =1 :
= (L= )= )+ LISy = 14 2

Lemma 4. Let the assumptions of Proposition 1 hold, let f(0) =0, and assume Q < oco.

At m = By, consider the equilibrium selection my = pqy. If
z* > Qmax{ry, kr},

then n >0 for all j € {H, L}, z € {b,s,0}, and 7 > Bp.

Proof. We first establish three bounds that will be useful below.
First, since v/ (qy) = pcy and my = pqy for the equilibrium selection considered

above,
/

_ quu (gr) <Q,
CH

mpy

because ¢y > 1.

Moreover, for 7 > 1,
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and
. m—1 ofBy
lim = —.
T—=00  Ccpy 2

Hence

0By

(m—1D)mpg < TQ for all # > 1.
Second, from the proof of Proposition 1,

O<C]L<C]H, 0<mp <mg and O<I€L<k’H.

Since f(0) =0 and f’ >0,
0 < f(kr) < f(kn).

The DM market-clearing condition (16) therefore implies
pf(ku) < pf(kn) + (1= p)f(kr) = pgr + (1 = p)ar < qu-

Moreover,
f(ke) < pf(ku) + (1 —p)f(kr) < qu.

Multiplying by p gives

my _ Q _
pf(ke) <P = < 20 pp(ke) < pay = my < .
p p T p
Third, strict concavity of f together with f(0) = 0 implies
f(kr) > f'(kp)ke.
Multiplying by p > 0 and using pf’(kr) = Ar, we obtain

pf(kr) > Apkg,

and hence

pf(kL) < g

k .
LT T A

Type L. Using ay = 0ky, seller-state labor is
ny =" +0kp — pf(kr) + (7 — 1)(my, —m) + (1 — B0k
Since 6k, > 0 and (1 — fBy)0k, > 0,

ny > x* —pf(kp) + (7 —1)(my —m).
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Moreover, from m = pmy + (1 — p)my,
mrp —m = —p(mH - mL)-
If By < 7w <1, then (7 — 1)(my —m) > 0, so by (46),

ny > " — Q.

Since kr > 1, this also implies

ny > " — kSl

If > 1,since 0 <mpy —mp < my,
(m—=1)(mg —m) > —p(m — 1)my.

Using (45) and (46),

ni>x*—<1+pU§H>Q:x*—nLQ.

Therefore, for all @ > By,

ny > x" — kL.

Type H. Using )
ag = —;p(gkL
p

and

my —m = (1 — p)(myg —mg),
seller-state labor is

i = " + 8k = pf (k) + (7 = (1 = p)ma = mz) = ~—L(1 = G}
Since dky > 0,
wy > 2 = pf (k) + (7 — (1 = p)(mu —my) — 1‘pp<1 — B )k

If 7 > 1, the inflation term is nonnegative. If instead Sy < 7 < 1, then

(m = DA = p)(mu —my) > —(1 = Bu)(1 = pymy > —(1 = Br)(1 — p)2.
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Thus, in either case, using (46) and (47),

1—p(1—Bu)f| 4
A &

1 _
ny > — ;—1—(1—/))(1—51{)—1— =" — kgl

Hence, if

x> Qmax{ky, KL},

then
ny >0 and ny > 0.

Since nf < ng < nb, it follows that n? > 0 for all j € {H, L} and z € {b, s, 0}. The bounds

are uniform in 7, so the result holds for all 7 > SBy. O

For the functional forms used in the quantitative analysis, u(¢) = Ing and f(k) = k%,
we have Q = 1 and f(0) = 0. Under our benchmark calibration, Ay ~ 0.341, ry, ~ 1.133,

and kg ~ 2.652. Since * = B = 3.12, the sufficient condition in Lemma 4 is satisfied.

Proof of Lemma 1

From the Euler equation in (23) we have that the following condition must hold:
Br+ AL = Bu + Ay

Since By > B, it must be that A > A4 > 0. If A > X% > 0, then by complementary
slackness both collateral constraints bind, so that a; = 0k; > 0 for j = H, L. The bonds
market-clearing condition then implies ag = ay = 0, and hence there is no borrowing or
lending. If instead A\ > A% = 0, then a; = 0k, and given the bonds market-clearing
condition:

pag + (1 —plap =0 (48)

we have that ay = —0k(1 — p)/p. From (23) and A}, = 0 we have that mp, = Sy, and
therefore p, = Sy /7. O

Proof of Lemma 2

We know from (15) that u/(q;) > p for j = H, L. This, together with (21), implies that
7w > Py O
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Proof of Lemma 3

If f(k) is linear and f’(k) = v with v > 0, then the Euler equations for capital in (22) for
j = H, L become:

k i o
ﬂlL —(1-6)+ gp7+ ,UZ + (ﬁHﬁL Br) (49)
1 o M
5;_(1_6)+§p7+? (50)

From (49) and (50), we get that the following condition has to hold:

(B — B~ 06w) _ ph i
BrBu Br  Bm

which implies g% > 0 and therefore k;, = 0. [J

Proof of Proposition 1

Let m > By. Since By > B, from (21) we know that

UQ(QH) < uq(QL)

and therefore gy > qr. Moreover, since @ > By > [, (21) implies u,(qz) > p. From
(15), this implies A} > 0, so the cash constraint of type L binds and

mr = pqL.

For type H, the cash constraint implies my > pgy. The Inada condition u,(0) = 400
implies ¢, > 0. Hence,

myg 2 pqg > pqr, = myg > 0,

and therefore

myg > myp, > 0.

Next, the Inada condition f;(0) = +o0 implies that capital holdings are strictly pos-
itive for both types. Indeed, at k; = 0 the marginal return to increasing capital is
unbounded, whereas its marginal cost is finite. Hence £; = 0 cannot be optimal for either
j = H, L. Therefore,

kg >0 and kr >0,

and complementary slackness implies



From (23) and the proof of Lemma 1, we have
)‘(Ili =0 and )\Ci = BH — 6L-

Combining these conditions with (22) gives

(Br — B)(1 = 05n)
Bubr

Since Sy > B and 00y < 1, the left-hand side is strictly positive. Hence

= %p [fe(kr) — frlkm)] -

fulkr) > fu(kn).
Since f”(k) <0, f is strictly decreasing, and therefore
kr < kpg.
Together with the positivity result above,
0 <k <kq.
O

Proof of Proposition 2

If we differentiate (16), (21) and (22) with respect to 6 for j = H, L we get:

2 p db p? df
dkg _ dp f'(kn)
do di pf" (k)
dky _ dp f'(kr)  2(8 — PBr)
d9 — dOpfr(kp) opBrf” (kL)
dqn dqr, dkr,

dk
pg T (L= )y = pf ()~ 2t (L= p)f (ke)

" . . / .
o= [Yla)dy _wla)dpl g oy
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If we plug (52) and (53) into (54), we find that the following conditions have to hold:

o |u"(qu)dgu  v(qu) dp
2 p df P df
o |ular)dar  wla)dp| _
2 p df P df
dgp dgr, f'(kn)? f'(kr)* | dp
— 4+ (1 - 1-— — =7(k
o DG i 0 i) = T
The system of equations can be rewritten as:
[ o u"(qn) 0 _ou'(gm) [ dau ] ]
2 p 2 p? do 0
0 ou”(qr) _EUI(CIL) dar | _ 0
2 P 2 p2 do
dp T(k
o L—p  T(kukr) || g | (e |
where Flkn? Pk ?
(kg kr) = il 1 L
it k) = 0 oy 0 Pt
e 28, — B)
Yk ) = (1 — o) f (k)L 2H)
(k) = (L —=p)f( L)opﬁLf”(k:L)
so that I'(kg, k) < 0 and Y(kz) > 0.
We can calculate the following determinants:
02 " u U
‘DG‘ _ 47])2 UII(QH)UII(QL)F(kH,kL) + (QL)p (CIH) + (1 _p) <QH])9 (QL)

so that |DY| < 0;

so that |DY%| < 0;

so that |DY| < 0;

so that |Df| > 0.
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Using Cramer’s rule, we know that:

dp DY dky _dp f'(ku) dgg _ |DY| dgr _ |D

do  |DO" do dOopf'(kg)’ do  |D°|’ df  |D?

Therefore, WedI;ave that Zz < 0, Ci[k: Zk(], CZI: > 0 and OZJQL > 0. Since (flqé > 0 for
= H, L but —2= i hat —= > 0.
J , L but 70 < 0, it must be that 70 > 0. O

Proof of Proposition 3

If we differentiate (16), (21) and (22) for j = H, L with respect to m we get:

1 o |u'(g;)dg; u'(qs)dp

— =— — - (60)

B 2 p dm p? dm

dk; dp f'(ky)

iV R 1

dm drpf"(k;) (61)
d d o dk o dk

P (1= )T = (o) S (1= p) f () S (62)
dm dm dm dm

If we plug (61) for j = H, L into (62), we find the following system of equations has to
hold:

o u’(qu) o _oulam) | [ dam 1]
2 p 2 p? dm Bu
0 ou(qr) ou(qr) dap | _ | 1
2 p 2 p? dm BL
dp
o l—p  TDlkmkr) || 7z | L 0 |

for which the determinant is:

D| = Ipz lu”(CIH)u”@L)F(kHv k) + PUN(QL);/(QH) +(1- p)wl(%z)iml (99)

and |D| < 0. We also define the following determinants:

2p | Bu Br B p

From (21) for j = H, L we have that (8y — 8.)(1 — 0/2)2p/o = Bru/(qr) — But' (qu) so
that v/'(qr)/Bu > v (qu)/Pr and |Dg| > 0.

|Dy| = 2 lluﬁ(QL)F(kH, kr) —(1—p)

o u"(qr) o u'(qn)
~Pa5, —(1—p)% " (65)

|Dp| =

so that |D,| > 0.
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_ Lou'(gm) ( f'(ku)? (R o (W(a)  w(an)
Dl =5 g <pf”(k:H)+(1 p)f”(k;L)> p ( ) (66)

Using Cramer’s rule, we know that:

dp _ |Dy| dk; _ dp f'(k;) dgm _ |Du| dqr _ |Di

dr — |D|’ dr drpf'(k;)’ dm |D| " dn |D|

Therefore, we know that d—p <0, dk—H <0, ﬁ <0 and — dan <0. 0
dm dm dm dm

Proof of Proposition 4

From (63) and (66), we know that dqr,/dr = |Dr|/|D| < 0 if |Dr| > 0. Assume that the

production function is isoelastic, so that € f(k) = f'(k)k. By differentiating this condition,
[ (k)k

we have that oy =€ 1 and therefore:
PP PRk FH) L P RPUY e
O L O T T RARAE A o

Then, from (66) and (67), |Dy| can be written as:

Dul =555 (u’%qH)&.fl (P k) + (1= p) (k) = - (o (a2)r — u’<qH>6H>)
Therefore:
D1l > o (o) o = o ) = a))

The condition above can be simplified to:

cl 1 1 " 9 BH_BL o\ 2
|DL|>_2P5L< (QH)1_809H+P B (1—> )

Therefore, |Dy| > 0 if:

o\ 2
1——-]—-—<0
2)0

1 " € BH _BL (
pu (QH>1_€/)QH+/) B

and

u(qu)pgn _ 1—¢ Bu—Pr (2—0
P - e ¥ Bu ( o )
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Note that since u'(gy) > p from (15), then:

—u"(am)pqu o —u"(qu)pan

> = pi,
p u'(qm)

where 1 denotes risk aversion. It follows that if:

0> 1—¢epfu—pr (2—0)7

£ BH g

then |Dy| > 0. O

Calibration of the baseline model

Here we report the calibration targets for the baseline model. First, we fit the ratio
L = M/PY, i.e. the inverse of money velocity. The theoretical expression for the inverse
of money velocity in the model is L = m/(§p(pqu + (1 —p)qr) + B +6(pky + (1 —p)kr)),
where the numerator denotes average money holdings and the denominator is the sum of
output in the DM and the CM. Since average money holdings are m = p(pgy + (1 —p)qr),
the ratio in equilibrium becomes:

1

b T Bk O o

2 p(pqu + (1 —p)qr)

Second, we match the theoretical share of DM consumption, with its empirical counter-

part. The latter is calculated as the share of cash consumption transactions using data
for the period 2015-2019 from the Diary of Consumer Payment Choice from the Federal
Reserve Bank of Atlanta.

The theoretical expression for DM consumption is A = ($p(pgu+(1—p)qr))/(5p(pau+
(1 — p)qr) + B), where the numerator is DM consumption and the denominator is the

sum of DM and CM consumption. Simplifying, we get:

1
A= 2B (©9)
1+

op(pqu + (1 — p)qr)

Last, we match the theoretical ratio of collateralized debt over GDP, with its empirical
counterpart. The latter is computed as the ratio of mortgages and auto loans originations
to GDP, using data for the period 1999-2019 from the Quarterly Report on Household
Debt and Credit from the Federal Reserve Bank of New York. The theoretical ratio ¥ in

equilibrium is:

(1 —p)Oky
g
5 PPk + (1= p)kg) + B+ (pkn + (1 = p)kr)

(70)
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Model with two means of payment

The problem in the CM for an agent that participates in the DM cash market is analogous

0 (5). The problem for an agent that participates in the DM credit market is:

s.t.

Wi(G) =, max, | U@) =75+ BV/(() (71)
A A R J
t5 =15 —kj + (1= 0)k; +m,; —mm| + 7 + pama; — a; — L
a; < Ok
K, >0

where (% denotes the payment made in the CM for the loan taken during the DM by

an agent of type 7 who received a trading shock z. Moreover, fj = my, kj,a;, 5. The

J

problem in (71) yields the same first order conditions as in (6), (7), (8) and (9) and the

envelope conditions

3%21_6 and oW

=1
Gm- ’ 8CL]' ’ (9]@ (%j

The DM problem for an agent of type j is:

ViG) = (1= m) |2 [u (@) + WG] + TWi(¢5) + (1 = ) W5 ()]

% Jut@) + W] + Wi + (1 = W)

1 5

s.t. pg; < m;

where m? is defined in (1) and loan balances evolve according to:

(5 =104, l;=—pf(k;) and £5=0

The first order condition for the DM problem in the cash market is the same as (15). In

the loan market, instead, the first order condition is:

ug(q;) = —pWe =D
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The envelope conditions read:

o,
om;
o,
ok
o,
%0,

=1+ 2‘;(1 —n;) [W'(g5) — p]
=1-6+(1— nj)%pfk(kj) + m%ﬁfk(k‘j)

=-1

We can combine envelope and first-order conditions to write the latter in a more compact

form, as follows:

T o1k G- (Y )

52

o o, “
1= 5 (1= 8)+ (L= ) Tpfulhs) + m5pfe()] + -+ 02
TPe = 5j -+ )\j

Finally, the market clearing conditions in the DM market are:

(L=nm)pgu + (1 =nr) (X =p)ar. = (1 —nm)pf (kg)+ (1 —nr) (1 —p) f (kL)
napda + (1 —p)ie = napf (ku) +nc(L—p)f (kL)

We assume that only type H agents have access to credit, so that ny > ny, = 0 and
N = 1.
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B. Figures

Figure 1: Timing of events in a period

Trade shock:

z = buyer, seller, idle Monetary transfers
t DM CM t+1
| | |
I 1 1
States: {m;, k;, a;} States: {m3, k;, a;}
Choices: {¢;} Choices: {z3,n%, m}, ki, a’}

Notes: The timing of events is the same in the baseline model and in the extended model.

B1. Baseline Model

Figure 2: Capital holdings and pledgeability (baseline model)

1.8 3.5
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0 0.1 02 0.3 0.4 %5 0.6 0.7 0.8 0.9

Notes: Capital holdings k; and kpy against the pledgeability parameter 6 in the baseline model with
a collateral constraint. Solid and dotted lines correspond to the cases with gross inflation 7 = 1 and
m = 1.1 respectively.
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Figure 3: Capital holdings and inflation (baseline model)

2 3
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Notes: Capital holdings k;, and kp against the gross inflation rate 7. Solid line: baseline model with

a collateral constraint. Dotted line: model with uncollateralized borrowing (i.e., with a fixed borrowing

limit A) and model without borrowing and lending.

Figure 4: Wealth inequality and inflation (baseline model)
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Notes: Wealth inequality as measured by the Gini index against the gross inflation rate 7. Solid line:

baseline model with a collateral constraint. Dotted line: model with uncollateralized borrowing (i.e.,

with a fixed borrowing limit A). Gray line: model without borrowing and lending.
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Figure 5: Welfare and inflation (baseline model)
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Notes: Welfare for L and H agents against the gross inflation rate 7. Solid line: baseline model with
a collateral constraint. Dotted line: model with uncollateralized borrowing (i.e., with a fixed borrowing

limit A). Gray line: model without borrowing and lending.

Figure 6: Decomposition of welfare changes when inflation increases from 0% to 10% (baseline model)
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B2. Extended model

Figure 7: Capital holdings and pledgeability (extended model)
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Notes: Capital holdings k7, and ky against the pledgeability parameter 6 in the extended model with a
collateral constraint. Solid and dotted lines correspond to the cases with gross inflation 7 = 1 and with
7 = 1.1 respectively.

Figure 8: Capital holdings and inflation (extended model)
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a collateral constraint. Dotted line: model with uncollateralized borrowing (i.e., with a fixed borrowing
limit A) and model without borrowing and lending.
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Figure 9: Wealth inequality and inflation (extended model)
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Notes: Wealth inequality as measured by the Gini index against the gross inflation rate 7. Solid line:
extended model with a collateral constraint. Dotted line: model with uncollateralized borrowing (i.e.,
with a fixed borrowing limit A). Gray line: model without borrowing and lending.

Figure 10: Welfare and inflation (extended model)
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Notes: Welfare against the gross inflation rate . Solid line: extended model with a collateral constraint.
Dotted line: model with uncollateralized borrowing (i.e., with a fixed borrowing limit A). Gray line:
model without borrowing and lending.
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Figure 11: Decomposition of welfare changes when inflation increases from 0% to 10% (extended model)
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