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Abstract

We show that the financial sector’s asset supply elasticities are sufficient statistics summarizing
its macroeconomic effects for a large class of financial frictions. These elasticities are crucial for a
wide range of policy questions, ranging from the size of fiscal multipliers to the relative effectiveness
of asset purchases targeting the financial sector versus tax cuts targeting households. Workhorse
macroeconomic models imply different values of these elasticities, generating output responses to
policies that differ by orders of magnitude. We construct empirical measures of these elasticities
and evaluate their policy implications in a quantitative model with household heterogeneity and

illiquidity.
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1 Introduction

Financial intermediation is central to macroeconomics, influencing the transmission of poli-
cies and shocks through asset markets. However, models of financial intermediation often
rely on various microfoundations with frictions governed by parameters that are intrinsi-
cally hard to measure, such as asset diversion rates or monitoring costs. The intricacy of
these models makes it challenging to identify and quantify features of the intermediation
process that are most relevant for aggregate outcomes. This poses an obstacle to integrating
financial frictions into modern quantitative macroeconomic models, which are themselves
becoming increasingly complex. Recent approaches address this complexity by identifying
key features shared across a wide range of models for each “block” of the economy. For
instance, a growing consensus suggests that households’ intertemporal marginal propensities
to consume effectively summarize their aggregate responses across various models (Auclert
et al., 2024). Yet, no similar attempt has been made to derive a counterpart for the financial

sector. Our paper addresses this issue.

Our main idea is a simple observation that financial intermediaries are, effectively, suppliers
of assets: They take one type of asset, such as loans, and transform it into a different type,
such as deposits. As they are suppliers of assets, their supply curves fully describe how they
respond to changes in prices and quantities of assets. To the extent that we know the shape

of their asset supply, details of the intermediation process are irrelevant.

We build on this observation to derive a set of asset supply elasticities that serve as sufficient
statistics to summarize frictions in financial intermediation models. These elasticities allow
us to incorporate financial frictions into state-of-the-art quantitative macroeconomic models
while remaining agnostic about their microfoundations. We derive formulas to isolate the
channels through which these elasticities affect aggregate outcomes, measure them empiri-
cally, and compare them to implicit assumptions in standard macroeconomic models. These
assumptions significantly affect conclusions about policy issues ranging from the impact of
government spending and tax cuts to the effect of asset purchase programs, with output

responses varying by up to orders of magnitude.

We derive these elasticities in a general framework that nests models of financial intermedi-
ation with various microfoundations. Households consume and save in different assets, with
some assets being “liquid” and thus preferable. The financial sector issues liquid assets and

holds illiquid capital, supplying liquidity to the economy under frictions.

We show that financial frictions across various microfoundations—asset diversion (Gertler



and Karadi, 2011), costly state verification (Bernanke et al., 1999), costly leverage (Crdia
and Woodford, 2016), and collateral constraints (Kiyotaki and Moore, 1997)—all share a
common structure: The financial sector’s leverage responds to expected returns over dif-
ferent horizons, with the magnitude governed by two leverage sensitivity parameters and
the dependency on horizon governed by a forward-looking component. These parameters
can be mapped directly to data and, in turn, determine the liquidity supply elasticities that

characterize the financial block of the model.

We embed this financial block into a modern macroeconomic model with household hetero-
geneity, illiquidity, and nominal rigidities. The government influences aggregate outcomes

through spending, taxes, transfers, debt issuance, interest rates, and asset purchases.

We analyze how the financial block affects aggregate outcomes through an intertemporal
supply-demand system of goods and assets. The representation is similar to Auclert et al.
(2021), Wolf (2025), Dévila and Schaab (2023), McKay and Wolf (2023), and Angeletos et
al. (2024), though these works abstract from financial intermediation. In this system, the
financial sector interacts with other model components only through asset returns and quan-
tities. As a result, its elasticities are sufficient statistics that contain all relevant information
up to first-order approximation. Moreover, our sufficient statistics are “portable” and can
be easily used to introduce financial frictions to quantitative frameworks using the sequence

space approach.

Financial frictions influence policy transmission through an asset market channel that de-
pends on cross-price elasticities of liquidity supply with respect to capital returns. Low
elasticities indicate intermediaries view liquid assets and capital as less substitutable. Other
things equal, an increase in liquidity (e.g., from government debt issuance) then leads to large
increases in capital prices, raising aggregate demand through investment and consumption.
Despite their crucial role, macroeconomic models assume a broad range of values for these
elasticities, from zero to infinity. These assumptions are often embedded in model setups or
implicit in functional forms. Our approach makes these assumptions explicit, emphasizing

the need for empirical measurement.

We demonstrate how to empirically discipline these elasticities by estimating the leverage
sensitivities and the forward-looking component for the U.S. banking sector. To address po-
tential identification threats, we construct instruments from structural shocks using proxies
for monetary policy shocks (Bauer and Swanson, 2023) and oil supply shocks (Baumeister
and Hamilton, 2019). Our estimates indicate that the U.S. banking sector’s liquidity sup-

ply elasticities are twice as large as those implied by functional forms in standard financial



intermediation models.

Beyond the specific empirical implementation, our theoretical framework has broader appli-
cability for a large literature in empirical finance that aims to estimate similar elasticities
(Gabaix and Koijen, 2021, 2024; Chaudhary et al., 2024; Jansen et al., 2024), using different
identification assumptions. Our sufficient statistic result provides useful guidance for such
work by clarifying how these elasticities matter for aggregate outcomes and how they should
be measured—for instance, by highlighting the importance of cross-price elasticities, which
existing studies have mostly abstracted from. These elasticities—whether from our estimates
or others—provide useful target moments for calibrating financial frictions in quantitative
models, including those studying their interactions with complex household consumption-
saving behaviors, such as Lee et al. (2020), Bayer et al. (2023), Fernandez-Villaverde et
al. (2023), Lee (2021), Mendicino et al. (2021), Cui and Sterk (2021), and Ferrante and
Gornemann (2022).

We illustrate the quantitative importance of our sufficient statistics with two policy questions:
(1) the size of government spending multipliers, and (2) a “Wall Street vs. Main Street”
debate: Can asset purchase programs stimulate the economy more effectively than tax cuts
to households? We use a standard two-asset heterogeneous agent model calibrated to match
asset holdings and consumption responses in the data. Holding all else constant, we vary the
financial sector’s liquidity supply elasticities from our empirical estimates to values implied

by common model assumptions.

Aggregate outcomes under each policy vary significantly across specifications. Government
spending multipliers can differ by up to a factor of two, with greater variation under a higher
degree of debt financing—as there is a larger impact on asset markets. The “Wall Street vs.
Main Street” debate depends even more critically on these elasticities: Output responses to
asset purchases differ by orders of magnitude, and the effects of tax cuts vary by a factor of
three. Our empirical elasticities are relatively high, implying modest asset market responses
compared to standard financial intermediation models. Consequently, they suggest tax cuts
targeting households can stimulate output more effectively than asset purchases, which rely
heavily on the asset market channel. These results highlight the importance of our sufficient

statistics in providing empirical discipline on financial frictions for policy analysis.

Finally, our approach has limitations. While the elasticities we characterize are invariant to
policies operating through asset prices and quantities, they may not be invariant to macro-
prudential regulations that directly affect intermediation frictions. Studying such regulations

requires microfounded models, and our elasticities should only serve as calibration targets.



Furthermore, our characterization relies on first-order approximation and cannot capture
nonlinear dynamics like those in Brunnermeier and Sannikov (2014). Nevertheless, our ap-
proach incorporates financial frictions into quantitative models, addressing policy questions
often precluded by simplifying assumptions in nonlinear macro-finance models. By providing
a theoretical foundation for measuring financial frictions, it represents a first step toward

quantifying these frictions in nonlinear settings.

2 Financial Intermediation

We consider an economy where the financial sector plays a central role in asset intermedia-
tion. Time is discrete, t € {0,...,00}. The economy consists of three sectors: households,

production, and financial intermediaries.

Households consume a final good, work, and save, choosing between two types of assets, which
we refer to as liquid and lliquid. Liquid assets possess certain features that households prefer.
The production sector combines capital and labor to produce final goods. The financial sector
issues liquid assets and holds illiquid capital, transforming one type of asset into another

under various frictions that depend on prevailing economic conditions.

2.1 The General Form

In each period t, the intermediary holds capital of value wy, issues liquid assets d;, and has
net worth n;. All holdings and issuance are measured in units of final goods in period t. We
use O, to denote the intermediary’s effective leverage, defined as the value of capital holdings
relative to net worth:

wy = Ony. (1)
Intuitively, ©, represents the level of intermediation that can be achieved with each unit of

net worth.

The intermediary’s holding and issuance of assets are subject to a balance sheet constraint:

wy; = dy + ny. From the balance sheet, the net issuance of liquid assets is:
dt = (®t - 1)7’Lt

Let 778 | and rf, be the returns from investing one unit of final goods in capital and liquid
assets from period ¢ to t + 1. The balance sheet implies that holding each unit of net worth
generates return:

N K B B
Tt = @t(rtﬂ - Tt+1) + T



Intermediation is subject to frictions. We formulate the frictions as a generic function O(-)

that maps the path of future returns to leverage:

O, = @({Tﬁp Tfﬂ}szt)- (2)

Returns {rX 75} represent the intermediary’s future investment opportunities and
funding costs, while the function ©(:) captures how financial frictions constrain intermedia-
tion capacity. As we detail in Section 2.2, this general form nests various microfoundations
for financial frictions—such as agency problems originating from asset diversion or monitor-

ing costs—and derives the common implications of these canonical frameworks.

While O(-) describes intermediation per unit of net worth, the evolution of net worth over

time is given by:

ng = G(@tfla th(a Tthntfl)' (3)

Function G(-) captures how net worth depends on past leverage ©;_1, realized returns rX

and P, and past net worth n;, ;. For example, higher past leverage can amplify both
gains and losses, while the spread between returns on capital and funding costs determines

profitability.

In canonical models, O(-) limits the value of assets banks can intermediate per unit of net
worth. Net worth evolves according to G(+), a slow-moving process that responds dispropor-
tionately to realized returns due to leverage, as in Gertler and Karadi (2011) and Christiano
et al. (2014). While these models specify G(+) exogenously in various forms, most are special

cases of our formulation in Equation (3), as we discuss in Appendix C.1.

Some papers explicitly model dividend and equity issuance decisions, such as Karadi and
Nakov (2021) and Akinci and Queralto (2022). While the net worth process in these models
does not take the exact form in Equation (3), we show in Appendix C.3 that they are nested in
the following sense: given ©(+) and the endogenous dividend and equity issuance problem, we
can construct a function G(-) dependent on O(-) that generates identical aggregate responses

up to first-order approximations.

2.2 Nested Models of Financial Intermediation

We demonstrate how our framework nests commonly used models of financial frictions with
appropriate choices of O({rk |, 75 }s>;). We focus on an asset diversion model based on
Gertler and Kiyotaki (2010) and Gertler and Karadi (2011) (GKK) to illustrate the mapping,

then briefly mention other examples.



Example: Asset Diversion Model

There is a continuum of intermediaries indexed by j € [0, 1]. Every period, after receiving
returns from its asset holdings and repaying for its asset issuance, intermediary j exits with
probability f and transfers its retained earnings to its owners. At the same time, new
intermediaries enter with a total of m units of initial net worth to operate with. Conditional

on survival, intermediary j chooses asset holdings and issuance, w;; and d;;.

An agency problem constrains the level of intermediation. After obtaining funding d;; and
investing in assets w;, the intermediary can divert a fraction 1/ of assets and run away. If
this happens, the intermediary will be forced into bankruptcy and lose its continuation value,
vj¢ (nj.). The amount of funding an intermediary can receive depends on the franchise value
vt (n;¢), where n;; is net worth — bank j must be better off continuing instead of running
away. The optimization problem is:

vig (nje) = max Ay (frgeo + (1= f)vjemn (nj41))
Wi t,dj ;Mg 41

such that

where the first constraint is the incentive compatibility constraint resulting from the agency
problem and Ay = A(rf,,rf ) is a function of returns that captures the intermediary’s

intertemporal valuation.

Linearity of the intermediary’s problem in this model implies that v;.(n;:) = mn;., where
7; is the continuation value per unit of net worth for all intermediaries. The incentive
compatibility constraint becomes:

Wit /0 < Ty
When the spreads between returns are positive, the constraint will be binding, and the level

of intermediation is given by
@t = 077t

The optimization problem implies that the continuation value 7, depends on future prof-

itability and survival prospects and takes the following recursive form:

M= N1 (F + (1= Fmsr) x (1 +r2),

N _ K B B
where 7.} | = ©(r}%; —71) + 4, is the return on net worth.



Substituting ©; = 0n; into the recursive relationship, we have:

_ A (fO+ (1= f)Ou1) (1 + 7“5_1)
L= At (fO+ (1= f)Ou) (rEy — 718’

’ (4)
Iterating forward shows how ©, depends on the entire path of future returns {r’ ,, 72},

as in our general formulation in Equation (2).

For the evolution of net worth, each intermediary’s net worth, conditional on survival, evolves

as

Nt = (1 + Tiv)nj’t_l.

In the aggregate, a fraction f of the intermediaries dissolve each period, and a constant
initial net worth m flows in from new intermediaries. The aggregate net worth process has

the following form:

(@11l P ) = (L= ) [L4 7P+ (¢ —rP)Os] my +m. (5)

Nesting Result

Besides the asset diversion model discussed above (Model 1), our formulation encompasses
other commonly used models of financial frictions. While these models differ in their mi-
crofoundations, the frictions on intermediation can all be captured by a function ©(-) with
different properties that reflect the specific microfoundation. We describe three other repre-

sentative cases below with details provided in Appendix C.1:

Model 2: costly state verification as in Bernanke et al. (1999) and Christiano et al. (2014),
where leverage constraints arise from monitoring costs that lenders must incur to verify

intermediary outcomes;

Model 3: costly leverage as in Uribe and Yue (2006); Cirdia and Woodford (2016); Chi et al.

(2025), where intermediaries face convex costs that increase with their leverage ratio;

Model 4: collateral constraints similar to Kiyotaki and Moore (1997); Bianchi and Mendoza
(2018); Ottonello et al. (2022), where intermediation is limited by a fraction of collateral
value backing the capital holdings.

The following lemma formalizes that the microfoundations in these models are special cases

of the general formulation in Section 2.1:

Lemma 1 Given {wy,d;} implied by the intermediation frictions in model j € {1,...,4}

and a net worth process given by (3), there exist O({rk,, 75 }s>i) such that w, = O4ny and



dt = (@t — ].)nt

Proof. See Appendix C.1. n

2.3 A Common Structure

We show that the models nested in Lemma 1 share a tractable structure for ©(-). Having
this structure is essential: a fully general function O(-) would not impose sufficient structure
to yield sharp analytical results. By focusing on this class of models, we maintain substantial
generality—nesting the most commonly used specifications in the literature—while achieving

full characterization of the asset supply system.
Lemma 2 characterizes the structure of intermediation frictions for this class:

Lemma 2 Intermediation frictions ©({r ,r2 }s>:) implied by model j € {1,...,4} have

the following structure around the steady state:

a@t a@t

0O g, DO tg, st
87'5_1 7 rK, ar§+1 v rB, i 2}

where ©,x,0,5,7 > 0 are semi-structural parameters given by steady-state variables and

parameters in model j; the derivatives aé:?ft and 82% are zeros Vs < t.
s+1 s+1

Proof. See Appendix C.1. O

Parameters ©,x, 0,5, describe how the financial sector’s intermediation capacity depends
on expected returns. Parameter ©,x and ©,5 are leverage sensitivities that govern how
strongly ©, responds to expected returns next period, while v is a forward-looking compo-
nent that determines how this response decays for returns further in the future. Different
microfoundations correspond to different ©(+) functions and determine how their derivatives

depend on steady-state variables through the three parameters.

For the asset diversion (GKK) models, we can obtain ©,x, 0,5, by differentiating Equation
(4) and evaluating at the steady state:'

~ _6.-1) - 6©-1) A= HA+rP+ (" -rP)e)?
O =k O =m e 7= aooar O

Intuitively, ©, is more sensitive to returns when steady-state leverage © is high: if an inter-

mediary is highly leveraged, small return changes have large effects on profits, continuation

!The formula depends on the intermediary’s discount factor, A;1. We use 1/(1+ rf5,) as a baseline, and
provide formulas for other alternatives in Appendix C.1.



value, and thus, through the incentive compatibility constraint, on ©;. If intermediaries
expect to survive longer (lower f), they are more sensitive to returns far in the future,

increasing +.

The GKK framework features a flexible forward-looking component v governed by the free
parameter f, but imposes a tight restriction on the two parameters ©,x and ©,s, linking
them to steady-state returns and leverage. This contrasts with costly state verification and

costly leverage models.

In costly state verification and costly leverage models, intermediation does not respond to
returns beyond the next period (y = 0). However, unlike the rigid ©,x and ©,s in the
GKK framework, these models feature an extra degree of freedom to control the leverage
sensitivities. These sensitivities are determined by monitoring costs and the distribution of
idiosyncratic returns in costly state verification models, and by the curvature of the leverage

cost function in costly leverage models.

Collateral constraint models also feature v = 0, as collateral value changes are fully captured
by changes in ’I“t[il and 7"5_1. However, leverage sensitivities ©,x and ©,5 are determined by

steady-state leverage and returns, as in asset diversion models.

Beyond nesting existing models, the subclass of models parameterized by ©,x, ©,5, and v
also contains some useful generalizations of existing microfoundations. For example, a costly
leverage model can be augmented with a dynamic structure similar to asset diversion models
to deliver both flexible leverage sensitivities and a forward-looking component v > 0. We

discuss these generalizations in Appendix C.2.

2.4 Liquidity Supply Elasticities

With the structure in Lemma 2, we characterize the financial sector’s asset supply system

for this class of models.

KB

s S

We use a liquidity supply function, D;({r *,), to describe how much liquidity the
intermediary supplies given returns. Up to first-order approximation, the liquidity supply
function is characterized by its elasticities, which are jointly determined by intermediation

frictions O(+) and the net worth process G(-):

Proposition 1  The cross-price semi-elasticities of liquidity supply around steady state are:

oD jork [0 (5 +0(), s>t
t—

Dy (%GK+@K2( ))c‘; s <t,

Y



where Y(s) = IG@II—@GQ, and Geo, G,x,G,,n are derivatives of G(-) and net worth at the

~ —vGn,
8'Dt/8rsB
Dy

steady state. The own-price semi-elasticities follow the same formula with ©,x and

G,x replaced by —©,5 and G,5.
Proof. See Appendix A.1. |

Intermediation frictions determine how the financial sector’s liquidity supply responds to

. . . . . K . . .
changes in returns. For example, the cross-price elasticities % are positive and in-
creasing in ©,x. High cross-price elasticities indicate that the financial sector is willing to

provide more liquidity in response to an increase in 7. In other words, only a small decrease

K

. is necessary for the financial sector to absorb a given amount of excess liquid asset

inr
supply. In this sense, capital and liquid assets are more substitutable with high cross-price

elasticities.

The formula in Proposition 1 describes how liquidity supply at time ¢ responds to changes in
returns at time s. For s > ¢, an increase in rX directly increases liquidity supply by relaxing
intermediation friction ©, with sensitivity ©,x. Moreover, it relaxes frictions in all periods

before ¢t with decay rate v, increasing liquidity supply through the accumulation of net worth.

K

Function Y (t) summarizes this cumulative effect. For s < ¢, an increase in past return r;

has no direct effect on ©, but affects liquidity supply through net worth propagation: net
worth at time s increases directly by G,x plus accumulation from all prior periods given by

¥(s), both propagating to period t at rate G,,.

In the next section, we show that these liquidity supply elasticities are sufficient statistics
for how the financial sector affects aggregate outcomes. Our characterization provides a
structure for these infinite-dimensional elasticities with several advantages. First, while the
elasticities are infinite-dimensional objects that cannot be estimated nonparametrically, we
show that for the class of commonly used models with distinct microfoundations, they are
governed by only a few parameters. Second, these parameters describe structural relation-
ships between empirically observable objects such as leverage and returns. Therefore, we
can obtain an empirical summary of the underlying frictions by estimating these parameters
with appropriate identification strategies. Third, the elasticities governed by these parame-
ters are policy-invariant to the extent that policies affect the financial sector through changes
in returns. As a result, we can study a broad set of macroeconomic policies without taking

a stance on the exact microfoundation of the underlying frictions.>

2These advantages do not rely on our sequence space approach. Researchers using state-space methods can
use the following two equations (up to first order) for the financial block: ©; = ©,.x fﬁl — 0,5 ftBH + 7041

and ny = G@(:)t,l +G,x ftK +G, 5 ftB + Gpfy_1, where hats denote deviations from steady state.
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3 Financial Intermediation in General Equilibrium

We now embed financial intermediation into a general equilibrium framework. We study
perfect foresight equilibria in which there are no aggregate shocks. Equivalently, all results
hold as first-order certainty equivalence approximations in the presence of aggregate shocks.
We reformulate the economy as an intertemporal supply and demand system to trace how
the financial sector affects the propagation of policies and shocks through changes in asset

prices and quantities.

3.1 Households

Households are indexed by i € [0, 1] and have time-separable and potentially type-dependent
preferences. They derive utility from final goods consumption ¢;; and disutility from labor
hi .. Each household holds illiquid and liquid assets a;; and b;;, which pay real returns rtA
and 72, respectively.® We allow liquid holdings to enter the utility, while illiquid holdings
incur a cost in budget constraints. These features capture notions such as liquidity services or
portfolio adjustment costs, which shape households’ asset demand and affect the transmission

of policy.

Each household solves:

max EZ Bf [ui (cig, big) — vi(hiy)],
t=0

Ci,t,Qi,t,bi ¢

subject to budget constraints
g +big+cip+ Plagy, (1+ Tf)ai,t—l) =(1+ 7"24)@@1:—1 + (1+ rtB)bi,t—l +yir — Tt (Yir),

borrowing constraints a;; > a, b;; > b. Real labor income y;; = z@t%hu depends on
idiosyncratic earnings shocks z; ;, nominal wage per efficiency unit of labor W, and the price
level P;. Households form expectations over idiosyncratic shocks z;;. Labor h;; is taken as
exogenous by each household and determined by monopolistically competitive labor unions

described below. Income tax is given by a tax function T (y;:).

This formulation of the household sector encompasses standard representative agent models
(zi+ = 1 with no preference heterogeneity), assets-in-utility models, spender-saver type two-
agent models, and Bewley-Huggett-Aiyagari-Imrohoroglu type heterogeneous agent mod-

els.

3In Appendix G.3, we show how we can modify the model to allow for long-term nominal liquid assets.

11



3.2 Production

Goods production: A representative firm produces final goods y; with capital k;_; and dif-

ferentiated types of labor, hys, supplied by unions indexed by ¢ € [0, 1]:

W

ey —1
v = k& B0 By = </hejw dé) W

where ey > 1 is the elasticity of substitution between labor types. Given nominal wages

{We.} and capital rental rate Ry, the firm chooses capital and labor to maximize profit:

max Py, — Rk — /Wé,thé,tdg-

ki—1,{het
Labor supply: We introduce nominal rigidity through monopolistically competitive unions.*
Each union supplies h,; = f Zithiesdi, following an allocation rule h;pr = I(24)hes to

combine labor from households, with f 2i4l(zi4)di = 1. Unions set nominal wage growth

Wit = 77, i’tl — 1 to maximize utilitarian welfare subject to adjustment costs:

Z/Bf [Uz (Cists @i, bie) — vihig) — RTWW%VM(%] di,
=0

where h;; = f hidl. Wage adjustment cost is borne as disutility by unions and does not
affect the resource constraint; xy > 0 controls the degree of nominal wage rigidity. Because
unions are symmetric, each household’s nominal wages sum to z;,W;h;:, where W, is the

ideal wage index.

Capital: The aggregate capital stock has the following law of motion:

kft = (]_ — 5 + F (Lt)) kt—l;

where 1, := ””fl denotes the investment rate, x; is the level of investment, 0 is the depreciation

Fer_
rate, and I'(-) captures capital adjustment cost. Let g; denote the price of capital. Holding

capital from periods t to ¢t + 1 earns a return:

R P, 1+T1 —9) —
Tglzlg?f{ 1/ t+1+Qt+1(q'ft‘ (tt41) ) Lt+1_17 (7)

where the numerator captures rental income, capital gains, and the value created by trans-

forming existing capital into new capital through investment.

Mutual fund:

4In Appendix G.1, we provide results for an alternative formulation with price rigidity.
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A passive mutual fund supplies illiquid assets in the economy. The mutual fund is composed
of the net worth of the financial sector and capital of value wys;. Its total value is given
by:

Ay = Wi + Nyg.

Given the composition of the fund, returns on illiquid assets are given by the value-weighted

average of returns on capital 7 and returns on net worth r}":

1k N
rléﬂ = a_t("’tHWM,t + T ) (8)

3.3 Government

The government sets a sequence of government purchases g;, government debt b¥, liquid
rate target 77, total tax revenue T}, and illiquid assets holdings a¥. The government debt
is real and liquid. Monetary policy adjusts the nominal interest rate to achieve the target
real liquid rate for all ¢+ > 0, with 7¥ predetermined. The government collects tax revenue
through the tax system 7¢(v;:) = yi:— (1 — Tt)yi;’\, where A governs the progressivity. Given
{vi+}, tax rate 7 is set to satisfy T}y = [ T(yi.)di.

The government faces budget constraints:

b — (L+rP) ) =af — (L+rMal | + g — T, (9)

3.4 Definition of Equilibrium

An equilibrium consists of policy { gi, b, 1B T}, atG}, prices {Pt, Ry, Wiy, g, rit rk }, and allo-
cations {yy, ke, e, e, Cig, Rigt, Qig, iy, M, diy wy, wary, a b such that: (1) households maximize
utility; (2) firms maximize profits and investment maximizes capital returns; (3) unions max-
imize welfare with adjustment costs; (4) intermediaries’ holdings and issuance of assets is
governed by intermediation frictions and the net worth process; (5) illiquid returns r4 are
consistent with mutual fund composition; (6) the government budget constraint holds, and

(7) markets clear:

/ (C@t + (I)@t) di +x + gt = Y, /bde = dt + th, /ai,tdi + CLtG = Q¢, Wt -+ WpMt = qtk:t.

These conditions clear the goods market (aggregate demand for goods equals output), the lig-
uid asset market (household holdings equal supply from intermediaries and the government),

the illiquid asset market (households’ and the government’s holdings equal the supply of illig-

13



uid assets), and the capital market clearing (intermediaries and the mutual fund’s holdings
equal the value of aggregate capital stock). Figure 1 in Appendix B.1 summarizes balance

sheets in the economy and Appendix B.2 lists all model equations.

4 Aggregate Responses to Policies

We now use the financial sector’s asset supply system to study how it interacts with the rest

of the economy to determine aggregate responses to policies.

4.1 A Demand-and-Supply Representation

We recast the economy as a demand-and-supply system of goods and assets. Given govern-
ment policies and key aggregate variables, we solve the optimization problem for each agent

to obtain their aggregate behavior along the transition path.

Our result in Section 2.4 shows how the financial block of the economy implies a liquidity
supply function, D;, that summarizes how financial intermediaries respond to aggregate

conditions through {rX rZ}. The same logic applies to the household block of the model:

s ) S
Given a sequence of output, taxes, returns, and the initial asset position, we can solve the
households’ consumption-saving problem to obtain a consumption function, C;, and liquidity
demand function, B,.° Similarly, we obtain an investment function, X;, from the production
block. Lemma 3 represents the equilibrium of the model as that of a demand-and-supply

system.

bG

Lemma 3 There exist functions Cy, By, and X;, such that, given policies {gs, Y e SR

the equilibrium output and returns on capital {ys, Ty } _ Solve:

Ct<{y57 TsiTs 7T} ) + Xt({y&?ﬂf}:i(]) + gt = Yt
Bt({y87 Ts3Ts 7T} ) Dt({rfv f 200) + th?
where

RA({ s ; s 7y8}s 07Dt 1({ s ’rsB ?O:O))

Function R corresponds to the accounting identity in Equation (8), and government asset

holdings {a } satisfy the government budget constraint in Equation (9). Moreover, functions
Ci, B;, and X, do not depend on © and G.

®We define the consumption function, C;, to include both final goods consumed by the households, ¢; ;, and
the portfolio adjustment cost, ®(-).
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Proof. See Appendix A.2. m

Compared to the market-clearing conditions in Section 3.4, the two main equations in Lemma
3 correspond to the goods market and the liquid asset market clearing conditions. We impose
capital market clearing to derive the function R and drop the illiquid asset market clearing
condition, as it is redundant by Walras’ law. Given government policies, an equilibrium
is described by sequences {yt,rtk}zo such that (1) demand for final goods equals output
produced, and (2) liquidity demand equals liquidity supply.

The financial block enters the system only through the liquidity supply function D;. Up to
first-order approximation, the liquidity supply elasticities characterized in Proposition 1 are
sufficient statistics that summarize how financial frictions affect aggregate outcomes. The
exact microfoundations behind the frictions do not matter as long as they generate the same
liquidity supply. Since D; can be described independently of the household and produc-
tion sectors, our framework is compatible with a large class of quantitative macroeconomic
models, including representative agent frameworks and models with realistic household het-
erogeneity, such as TANK and HANK models.

The household sector is summarized by the consumption function C; and the liquidity de-
mand function B;. While C; plays a key role in the goods market—sharing the same emphasis
as Auclert et al. (2024), Auclert et al. (2021), and Wolf (2021)—our result also highlights
households’ liquidity demand B, as an equally important feature. In Appendix E, we char-
acterize several canonical household specifications nested in our framework to illustrate their
distinct implications on liquidity demand, including limiting cases ranging from perfectly

elastic to perfectly inelastic.

Through the asset market, households’ liquidity demand interacts with the financial sector’s
liquidity supply to jointly determine how policies affect aggregate outcomes {y;,7}. We

now discuss the scope and limitations of this approach.

Applicability and Limitations

While our characterization in Section 2.4 focuses on asset supply implied by a particular class
of models, the sufficient statistics result in Lemma 3 applies as long as the financial sector

KT,Boo

S,re 12,), regardless of its specific form. Similarly, our baseline

delivers a function D, ({r
framework focuses on a single liquid asset but can be extended to accommodate multiple
assets with heterogeneous characteristics—such as reserves and treasuries with varying ma-

turities. See Chiang and Zoch (2025) for a multi-asset extension.
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Our sufficient statistics approach faces more substantial limitations in two contexts. First,
the elasticities we characterize are invariant to policies that take effect through changes in
prices and quantities of assets, but they may not be invariant to policies such as macropru-
dential regulations that can alter the shape of the asset supply system. Such regulations
directly affect intermediation frictions and change the financial sector’s sensitivities to re-
turns, thereby altering the asset supply system itself. Studying these regulations requires
microfounded models, and our elasticities should serve as target moments for calibration

rather than policy-invariant parameters.

Second, when financial intermediaries are not price-takers, we must incorporate properties
of asset demand to describe the financial sector’s liquidity supply. Asset demand is likely
to depend on modeling choices of the household sector and additional variables such as
household income or transfers. This complicates the sufficient statistics representation and

undermines the portability of the financial block.

4.2 Aggregate Responses

We study first-order aggregate responses to government policies around the steady state.
We focus on policies such that {dg;, dTy, drP, db¥, da}%°, converge to zero as t — oo and
characterize the equilibrium in which aggregate responses also converge to zero. We use bold
notation for sequences: y represents {y; }5°, with first-order deviation dy; notation for T', b¢,
and g follows similarly. For returns, »* represents {r{},}:, with deviation dr’; notation

B is analogous. The return sequences start from period 1 because 7’63 is predetermined

for r
and r{’ can be expressed as a function of output and expected returns; rf (y, 7%), as defined

in Appendix A.3.

We characterize the equilibrium in two steps. First, we solve the liquid asset market clearing
condition for returns on capital dr’, taking policies and output dy as given. Second, we
substitute this solution into the goods market clearing condition to solve for equilibrium

output responses dy.
Excess Liquidity and Asset Markets Responses

To study asset market responses, we define excess liquidity as the difference between liquidity

supply and demand:
St<y7 rKa rBa T7 bG) = Dt(ré((ya TK)7 TK) TB) + th - Bt(y7 TA(TKa rBa y)7 er T)7

where 74 (rX 1P y) denotes the vector form of functions R (+) from Equation (8). We use
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€,x to denote derivatives of & with respect to r, where €,x(t,s) represents how excess

liquidity in period ¢ responds to rﬁl. Other derivatives follow the same convention.

Equilibrium in the liquid asset market requires zero excess liquidity. Proposition 2 char-
acterizes how returns on capital adjust to clear the market in response to shifts in excess

liquidity due to policies and output.

Proposition 2 In equilibrium, returns on capital satisfy

dr’ = —€ ¢ (db% + erdT + €,5dr” + €,dy ). (10)

TV
shifts in excess liquidity

Moreover, if ©,x,0,5 — 0o with ©,5/0,x — ¢, then dr’ — ¢dr®.
Proof. See Appendix A .4. m

To understand the result, consider a special case where households’ liquidity demand B; is
perfectly inelastic with respect to returns. In this case, €,x is determined by the financial
sector’s cross-price elasticities of liquidity supply (Proposition 1). Suppose further that the
financial sector features constant net worth n, = n and no forward-looking component, v = 0.
Then Proposition 1 implies er_; = (n©,x)~ I, and Proposition 2 implies a positive shift in
excess liquidity decreases dr{il proportionally to (:);,i For example, an increase in b" raises
excess liquidity. Since household liquidity demand is fixed, the financial sector must absorb
this increase by holding more government debt and reducing its net liquidity supply. This
requires lower expected returns drtfil, accompanied by higher capital prices. This mechanism
is stronger when the leverage sensitivity ©,« is low (liquidity supply inelastic) and capital

and liquid assets are less substitutable for the financial sector.

Two polar cases of the financial sector’s liquidity supply provide important benchmarks.
When liquidity supply is perfectly elastic (6,x,0,5 — 00), assets are perfect substitutes
for the financial sector. The perfect link between asset markets allows the government to
fully control returns on capital 7/, through monetary policy 7"51- Changes in government
debt, taxes, and output have no effect on [, and households’ liquidity demand B; plays
no role in equilibrium outcomes. Conversely, when liquidity supply is perfectly inelastic
(6, = ©,5 = G = 0), asset market responses are determined entirely by households’

liquidity demand B;.

These limiting cases correspond to common assumptions in models studying fiscal and mon-

etary policies. As we discuss in Appendix G.4, the perfectly elastic benchmark aligns with
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Auclert et al. (2024), while the perfectly inelastic benchmark aligns with Kaplan et al. (2018).

These assumptions lead to drastically different implications for policy.

The same logic applies to households’ liquidity demand. If B, is perfectly elastic with respect
to returns, financial sector features have no effect on aggregate outcomes. If B; is perfectly
inelastic, asset market responses are determined entirely by the financial sector. These
special cases demonstrate how asset market responses depend on the joint properties of
households’ liquidity demand and the financial sector’s liquidity supply. However, as we
show in Section 5, when households’ consumption-saving behaviors are calibrated to match
standard microdata moments, their liquidity demand is orders of magnitude less elastic than
our measures of the financial sector’s liquidity supply. Quantitatively, asset market responses
are therefore mostly determined by the financial sector’s cross-price elasticities derived in

Proposition 1.
Aggregate Output Responses

We combine asset market responses with the goods market clearing condition to solve for
output responses. To understand the goods market, we define aggregate demand, V;, as the

sum of consumption, investment, and government spending:

\Ijt(y7 TK? rB7 Ta g) = Ct(y7 TA(ya TK) TB)a er T) + Xt<y7 TK) + Gt
where W,k is a matrix of derivatives and W, x(¢,s) represents how aggregate demand in
period t responds to rﬁl. Other derivatives are defined similarly.

Equilibrium in the goods market requires aggregate output to equal aggregate demand.
Totally differentiating the goods market clearing condition and substituting the expression

for dr® from Proposition 2 yields the following result:

Theorem 1  Given {dg,dT,dr?, db%}, the output response is

dy =(1- W, —Qe,) " (dg+ OrdT + U, 5dr® + Q(dbC + e7dT + €,5drP) ),

J/ J/

Vv Vv Vv
(3) modified Keynesian cross (1) goods market channel (2) asset market channel

where £ := W, x(—€ 4).0
Proof. See Appendix A.5. O

Government policies affect output through three channels: (1) The goods market channel

We use (I — ¥, — Qe,)~! to denote a generalized inverse matrix M such that M(I — ¥, — Qe,) = 1. See
Auclert et al. (2024) for details.
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shows how government purchases, taxes, and the liquid rate directly affect aggregate de-
mand, capturing standard Keynesian logic. (2) The asset market channel describes how
government debt, taxes, and the liquid rate affect aggregate demand through asset mar-
kets. (3) A modified Keynesian cross captures the feedback between aggregate demand and

income.

Transmission through asset markets depends on an asset market propagation matriz €2,
which represents how shifts in excess liquidity affect aggregate demand. It consists of two
components. Matrix —e;,% describes how shifts in excess liquidity due to policies affect
returns on capital ¥, representing the asset market responses in Proposition 2. Matrix
W, x describes how changes in 7% affect aggregate demand. For example, a negative entry
W« (t,s) with s > ¢ reflects how a decrease in expected returns 7% | increases consumption

and investment at time ¢ through a higher current capital price.

Transmission through asset markets depends on the asset market propagation matrixz €2,
which represents how shifts in excess liquidity affect aggregate demand. It consists of two
components. Matrix —6;1% describes how shifts in excess liquidity due to policies affect re-
turns on capital 7, representing the asset market responses in Proposition 2. For instance,
when the government increases liquid asset supply, the price of capital rises relative to liquid
assets and therefore has a lower expected return. However, this effect is dampened when
the financial sector is more elastic (i.e., has a larger cross-price elasticity of excess liquidity
supply). Matrix W,x then describes how these changes in ¥ affect aggregate demand. For
example, a negative entry W, x (¢, s) with s > ¢ can reflect how aggregate demand (consump-
tion and investment) increase with a lower expected return r; through a higher capital
price. Overall, when the financial sector features larger cross-price elasticities, the damp-

ened impact on asset returns carries through to a smaller effect on aggregate demand.

The asset market propagation matrix €2 is shaped by features of the financial sector: Inter-
mediation frictions represented by ©,x determine the cross-price elasticities of the financial
sector’s liquidity supply D;. Liquidity supply affects the response of excess liquidity through

€,x and ultimately shapes asset market propagation through 2.

Besides governing the asset market channel, the asset market propagation matrix also modi-
fies the Keynesian cross feedback. An increase in aggregate income not only affects aggregate
demand directly but also shifts excess liquidity through €,. For example, when households
receive higher income, they increase their liquidity demand, reducing excess liquidity and
lowering aggregate demand through asset market responses. Therefore, the same force that

amplifies demand through the asset market channel can dampen the Keynesian cross feed-
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back.

5 Bringing the Model to the Data

We now bring the model to the data. We first estimate the parameters governing financial
frictions and compute the financial sector’s liquidity supply elasticities. We then calibrate the
remaining model components, discuss the quantitative implications for household liquidity
demand, and prepare for a quantitative assessment of how liquidity supply and demand

shape aggregate responses to policies.

5.1 Empirical Summary of Financial Frictions

To provide an empirical summary of financial frictions, we estimate functions ©(-) and G(-)
for the class of models characterized in Section 2 up to first-order approximation, using

identified structural shocks.

We assume the following empirical counterparts for O(-) and G(-):

de, = Z 7 (B Eildrs,] - O,0Bildrf,]) +of, (11)
dlogn; = erdrt + éndlog ne_1 + UtG. (12)

The residuals v© and v represent either measurement errors or structural shocks to the level
of intermediation or net worth. We restrict the functional form of the net worth process to

reduce the number of parameters to be estimated.”

We describe how we measure each empirical component below and provide details in Ap-

pendix D.1.

Measurement

We focus on the U.S. banking sector. We obtain balance sheet positions from the Call
Reports and the market value of equity from CRSP.

Net worth: We use the market value of equity for bank-holding companies to represent
financial sector net worth. We aggregate the market value of equity across bank-holding

companies at a monthly frequency.

"The mapping to derivatives of G(-) is: 2G,x = G,n0, 1G,s = —G,~ (0 — 1), and 1Gg = Gon (rK —rB).
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Leverage: We measure the net liquid asset supply (liquid liabilities minus liquid assets) of

bank-holding companies, d;, and calculate the effective leverage as

net supply of liquid assets (d;)

ffective 1 0, =1 .
effective leverage (6) * market value of bank equity (n;)

Liquid liabilities and assets on the banking sector balance sheet include deposits (checkable,
time, and savings accounts), money market fund shares, and government liabilities such as

cash, reserves, and Treasury debt.

Returns: We compute returns on net worth 7 as value-weighted averages of realized returns
of bank-holding companies. We use the yield curves on U.S. Treasury bonds to construct
liquid rates over different horizons, E[dr?,]. For expected returns on capital, E[drf,], we
rely on the yield curves of high-quality corporate bonds (grade A and above). To better rep-
resent returns on the banking sector’s asset holdings, we adjust the yield curve proportionally
so that its fluctuations are similar to Moody’s BAA bond yield index at the corresponding

horizon.

We adjust net worth for inflation, and nominal yields are converted to real yields using
inflation expectations data from the Cleveland Fed. We remove a quadratic trend from
all variables (or their logs) and set the steady-state values of each variable to its long-run

average:

Steady-state returns and leverage: Liquid rate r® equals 0%, consistent with the average
one-year real Treasury yield in our sample. Return on capital % is 3.5% per annum, cor-
responding to the average real yield on BAA bonds. The average effective leverage © is
4.

Threats to Identification

One threat to identification is that the error terms v and v¢ in Equations (11) and (12)
may contain exogenous “leverage shocks” and “net worth shocks” that affect the banking
sector’s ability to sustain a certain level of leverage and the accumulation of net worth. For
example, changes in leverage and net worth can represent changes in macroprudential policies
or financial intermediaries’ business strategies. Exogenous changes to the idiosyncratic risk
profile in Bernanke et al. (1999) studied in Christiano et al. (2014) would also appear in
the residual v°. Because these shocks affect holdings of capital and liquid assets, expected
returns adjust in general equilibrium and lead to omitted variable bias. Therefore, in the
presence of these shocks, identification of the semi-structural parameters in Equations (11)

and (12) requires instrumental variables.
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Identification Strategy

Valid instruments I? and I¢ for Equations (11) and (12) must satisfy exclusion restric-
tions:

E[vP x IP] =0, E[f x IF] =0,

and relevance conditions: that they generate non-collinear variations in E[drf |, E.[drf ]

and ¥, n;_;, respectively.

We construct instruments from two shock proxies: (1) a proxy for monetary policy shocks
from Bauer and Swanson (2023), and (2) a proxy for oil supply shocks from Baumeister and
Hamilton (2019).

For the net worth equation (12), we use contemporaneous values and three months of lags of
the monetary policy and oil supply shock proxies as instruments I for 7V and n;_,. These
instruments are valid under the assumption that changes in equity and dividend issuance
(vY) do not occur within the narrow windows around FOMC announcements or coincide

with oil supply changes.

For the leverage equation (11), the identifying assumption is that changes in leverage due
to macroprudential policy, banks’ idiosyncratic risk profile (Christiano et al., 2014), or their
business strategy (v°) do not occur during the short windows around FOMC announce-
ments and oil supply changes. To better use the shock proxies to generate variation in
expected returns across different horizons, we employ an SVAR model to derive return vari-
ations E[dr(%,] and E;[dr;,]: We identify structural shocks by assuming they are the only
shocks affecting the proxies contemporaneously, extract return variations attributable to
these shocks, and then use these variations corresponding to 1, 5, 10, and 30-year horizons
as our instrument I°. The structural shocks account for 10-20% of total variation in expected

returns, confirming instrument relevance (see Appendix D.1).

5.2 Estimation Results
We estimate parameters ©,«, 0,2, 7, G,~, and G, with moment conditions of the form:
E[vP x IP] =0, E[uf x IF] =0.

For both estimation equations, we consider two alternative specifications. First, as a base-
line case, we assume that v® v consist purely of measurement errors, and use I9 €

{B.[dr ], Bildrp,]} and IF € {r},ni_1} for the estimation. We refer to these specifica-
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tions as the ordinary least squares (OLS) benchmarks.® Second, to address the identification
threats that v? and v are structural shocks that affect equilibrium outcomes, we use the
instruments discussed in Section 5.1. The estimation results are reported in Table 1, and

details are provided in Appendix D.1.

Table 1: Estimates of ©,x,0,5,7, G,~, and G,,

(1) OLS (2) IV

size of cross-price, ©,x 28.91 24.26
(15.68) (13.64)

size of own-price, ©,5 25.10 25.31
(19.68) (19.03)

forward-looking, ¥ 0.98 0.98
(0.01) (0.01)

response to realized return, G,~ 0.478 0.736
(0.087) (0.270)

net worth persistence, G, 0.969 0.970
(0.011) (0.039)

Note: Estimation of éTK, C:')TB ,7 uses iterative GMM for optimal weighting matrix; standard errors use het-
eroskedastic and autocorrelation consistent estimators. Estimation é,zv,én uses OLS and TSLS; standard

errors use Newey-West estimators. Sample period: January 1999 to December 2019, monthly observation.

The first three rows of the table show the parameters for O(-). Estimates of ©,x and ©,s
imply the effective leverage of the banking sector increases by around 25 percentage points
in response to one percentage point increase in the spread between the two returns. The
forward-looking component 7 is 0.98, which implies a “half-life” of around two and a half
years: the response to a spread increase two and a half years ahead is half as strong as the
response to a change in the current period. The total response of banks’ effective leverage is
a discounted sum of responses to all future spreads. The last two rows of the table show the
parameters for G(-). Parameter G~ is around 0.7, which implies that when returns on net
worth are 1% above the steady state, net worth next period will be 0.7% above its long-run

trend. The persistence of net worth gives a half-life of around two years.

In Appendix D.1, we generalize our empirical specification to measure the extent to which
our estimates vary with the aggregate state of the economy. This provides us with useful
information to gauge the situation under which our result is useful. We do not find statisti-

cally significant results in support of state dependency, as the standard errors for the state

8Strictly speaking, the estimation for ©(-) is non-linear and not an OLS regression.
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dependency parameter are large.

Finally, while we restrict the functional form for G(-) in our estimation, in Appendix F.3, we
allow for a fully flexible GG function and demonstrate that our policy conclusion is insensitive

to a wide range of values for Gg, G,x, G,5, and G,,.

5.3 Implied Liquidity Supply Elasticities
We convert the empirical estimates into model counterparts in Table 2:

Table 2: Implied Model Parameters

Parameter G, G, x G, 5 Go v O,x O,
Value 0.912 1.49 —1.11 0.003 0.95 2426 —25.31

Note: The conversion maps the empirical net worth process to the general function
G(+) and adjusts for the frequency from monthly to quarterly to be consistent with the

rest of the model.

Figure 1 shows the semi-elasticities of liquidity supply based on these estimates and the
formula in Proposition 1. Each line represents how liquidity supply responds to an increase
in returns in a different period s. The cross-price elasticities show that liquidity supply
increases before period s, reflecting the forward-looking component. After period s, liquidity
supply drops sharply but remains elevated due to propagation through net worth. The size
of the initial response % implies an 8.1% increase in liquidity supply in response to a
one percentage point increase in r. The own-price elasticities have a similar pattern with

the opposite sign.

Cross-price Own-price
0,
28
©
D 61
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Figure 1: Semi-elasticities of liquidity supply. Left panel: cross-price semi-elasticities with respect to rX.

Right panel: own-price semi-elasticities with respect to rZ. Each line corresponds to a different period s
and shows the semi-elasticity of liquidity supply in quarter ¢.
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Comparison: Common Assumptions in Macro Models

To put our measures of the liquidity supply elasticities into context, we compare them to three

common assumptions in workhorse macroeconomic models that feature, respectively,
1. a perfectly inelastic liquidity supply,
2. a perfectly elastic liquidity supply, and
3. liquidity supply implied by the asset diversion frictions as in Gertler-Karadi-Kiyotaki.

The first two benchmarks correspond respectively to the assumptions in Kaplan et al. (2018)
and Auclert et al. (2024), as we discussed in Section 4.2. These polar cases are useful
benchmarks because they are currently some of the most popular models for quantitative

analysis of monetary and fiscal policy.

The third benchmark (GKK and its variants) constitutes the majority of macroeconomic
models with financial frictions. As discussed in Section 2.2, GKK imposes a tight restriction
on the liquidity supply elasticities, linking them to the intermediary’s steady-state returns

and leverage (Equation (6)).

Given the steady state values reported in Section 5.1, the implied values of ©,x and O,
are, respectively, 11.9 and 12.0. We use the functional form for G(-) implied by the GKK
model (Equation (5) in Section 2.2), with the exit rate f calibrated to imply the same value

of the forward-looking component ~y as our empirical estimate of 0.95.° The semi-elasticities
BDo/arf
Do

3.97. As we show in Section 6, the differences between our empirical measures and these

implied by these parameters are half of those in our baseline, for example, equals

benchmarks are important as they lead to diverging policy conclusions.

Discussion

While our empirical strategy provides discipline for measuring liquidity supply elasticities,
several assumptions and potential limitations merit discussion for interpreting our results

and guiding future empirical work.

Asset aggregation: Our measure of liquid assets aggregates various types of securities (de-
posits, money market shares, government liabilities) that may differ in their liquidity proper-
ties. The composition of these assets evolves over time, and therefore, the liquidity properties

of our liquid asset aggregates may also change.

9The calibrated value of f is 0.0955.
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Intermediary Heterogeneity: We focus on the banking sector as representative of financial
intermediation, but there are other important players in asset markets, including shadow
banks, money market funds, and other non-bank financial intermediaries. Their liquidity

supply elasticities may differ from those of traditional banks.

Structural shocks and specification: Our instruments address the endogeneity problem origi-
nating from unobserved structural shocks in Equations (11) and (12). However, this assumes
the functional forms are not misspecified. For example, if the true data-generating process
includes other macroeconomic variables that directly enter these functions, our estimates
could be biased, as past monetary policy shocks or oil shocks may affect these endogenous

variables.

5.4 Production, Government, and Households

Production: The elasticity of output with respect to capital « is set to 0.35. Depreciation rate
§ is 5.83% yearly. Capital production function is T' (1) = 714 "' 4 Iy, where 71,7, generate
steady-state investment-to-capital ratio equal to § and the price of capital equal to 1. We
set Ky = 0.5 so that the elasticity of investment to capital price is 2. Unions allocate labor
uniformly among households: I(z;;) = 1/ f zi¢di. Since monetary policy targets real liquid
rates, the slope of the wage Phillips curve does not matter for output responses. Therefore,
the exact values of the elasticity of substitution between labor varieties, ey, and nominal

wage rigidity, Ky, are inconsequential.

Government: We set steady-state net tax revenue to 15% of output and the tax system’s
progressivity parameter, A, to 0.18. Net liquid assets supplied by the government (and held
by the private sector) is 21% of steady-state output, consistent with liquid asset positions
in the data, as shown in Appendix D. We assume the government holds no illiquid assets
in the steady state. The level of government purchases implied by the government budget

constraint is 15% of output.

Households

Preferences: There are two types of households, indexed by s with population share p and

1 — p. Period utility functions have the following form:

1
7o —1 Rt

_g T
1—0'5 1-'-;

us (¢) —vs (h) = 0s>0, ¢ >0.
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We introduce heterogeneity in the discount rate s and the intertemporal elasticity of sub-
stitution 1/, so that we can match household balance sheet positions, returns, and con-
sumption patterns. Following a simplified version of Aguiar et al. (2024), we set 1/05 to
{2,1/2} for s € {1,2}, and calibrate internally the share of agents with high intertemporal
elasticity of substitution p and the discount rates S5 of both types. The Frisch labor supply
elasticity, ¢, is set to 1. Parameter ¢ is set so that steady-state average hours worked equal
one-third.

Income process: We use a discrete-time version of the income process described in Kaplan
et al. (2018), which targets eight moments of the male-earnings distribution from Guvenen

et al. (2021). Income process is the same for both household types.

Assets: Adjustment cost of illiquid assets is similar to Auclert et al. (2021):

X1 ait_(l‘f’r?)aitfl X
(@i, aig1,77) = = | ’ it :
t(aie, 1,77 " G + X0 [a;t—1 + Xo]

We set x¢ to 0.1 and calibrate parameters y; and Yy, internally to determine and slope and

curvature of the adjustment cost function. We assume asset positions cannot be negative:
a=0b=0.

With the five parameters (1, 8o, i1, X1, X2, We target five moments: the steady-state ratios of
liquid and illiquid assets to GDP, the shares of wealthy (WHtM) and poor hand-to-mouth
(PHtM) agents (25% and 15%), and the first quarter marginal propensity to consume out of
$500 transfer (MPC) (20%). Table 3 shows that the model replicates target moments and

reports calibrated parameter values.

Table 3: Households Calibration

Target Moments Model Data Parameter Value
Net Liquid Holdings to GDP 0.61 0.53 51 0.983
Net Illiquid Holdings to GDP 3.37 3.44 Ba 0.943
Poor Hand-to-Mouth 15% 9-17% ] 0.172
Wealthy Hand-to-Mouth 24% 12 - 33% X1 23.34
First quarter MPC 20% 15 - 25% X2 2.0154

Data Source: See Appendix D.2 for liquid assets and illiquid assets positions; shares of HtM house-
holds: Table 3 in Kaplan et al. (2014); MPC: Kaplan and Violante (2022).

Our household sector features a canonical two-asset heterogeneous agent model calibrated
to match standard targets. Households’ consumption responses to an increase in disposable

income (MPC) are large, as commonly emphasized in the literature.' However, the same

10While we target a quarterly MPC of 20% for the first quarter, consumption in subsequent quarters declines
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portfolio adjustment frictions that generate illiquidity and large consumption responses for
WHtM households also imply that these households face difficulties in adjusting asset po-
sitions in response to returns. As a result, with the portfolio adjustment cost calibrated to
match empirically plausible MPC, households’ consumption responses also inform us about

their liquidity demand with respect to returns.
Implied Liquidity Demand

Figure 2 compares household liquidity demand from our calibration to our estimates of the
financial sector’s liquidity supply, along with the excess liquidity supply. Each line represents

responses to an increase in X taking into account its effect on the sequence of illiquid returns

{ri}.
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Figure 2: Entries OfN—BTK,DTK7 and €,.x matrices (see Appendix B.3 for their definitions). Left panel:
liquidity demand (—B,x). Center panel: liquidity supply (D,.x). Right panel: excess liquidity (e,x ). Each
line corresponds to a different period s and shows responses in quarter ¢ with respect to rX.

Liquidity demand responses are an order of magnitude smaller than liquidity supply re-
sponses. This implication is consistent with existing empirical evidence, such as Gabaix et
al. (2024), which suggests that insensitivity and inertia in asset allocations are prominent fea-
tures of the household sector, including even ultra-rich households. As discussed in Section
4.2, the contrast between the elasticities of liquidity demand and supply has an important
implication: When liquidity demand is inelastic with respect to returns, asset market re-
sponses are mostly determined by the financial sector through its cross-price elasticities of
liquidity supply. Since workhorse macro models feature a wide range of assumptions on
these elasticities, they generate substantially different conclusions for a variety of policy

questions.

quickly, resulting in annual MPCs of around 30% for the first year and 10% for the second year, lower than
the 45% and 14% reported in Auclert et al. (2024).
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6 Policy Implications

Our sufficient statistics impose empirical discipline on assumptions about the financial sector
and have crucial policy implications. We use two policy questions to demonstrate its impor-
tance. The first question concerns the government spending multipliers: How do changes
in government spending affect aggregate output? The second question is central to the
Wall Street vs. Main Street debate: Can asset purchases stimulate aggregate output more

effectively than tax cuts?

Through our sufficient statistics, we systematically compare policy implications of common
assumptions about the financial sector, as discussed in Section 5.3, and contrast them with
our empirical measures. We calculate aggregate responses to policies under these assump-

tions, keeping all else equal in our calibrated model.

6.1 Government Spending Multiplier

We show that the size of the government spending multiplier depends crucially on the implicit
assumptions about the financial sector. Consider the government implementing a policy path
{db€, dg,, drB dal,dT,} with

Ao =150, dbE = po(dbC, +dgy), i = dag = o,

and tax revenue d7T} is set to satisfy the budget constraint. Parameter sy controls the size
of spending, decaying at rate 7; the extent of deficit financing is governed by pye. We set
17 = 0.5 so that most spending is completed in one year; size sq is such that debt peaks at
1% of annual GDP.'! We use p,c = 0.95 as a baseline, which implies government debt peaks
in one year and is reduced to half in five years. As we discuss below, the main message
remains the same for different levels of deficit financing. Figure 3 shows the resulting policy

paths.

HFor ease of comparison, we scale all policy experiments in this section so that they represent the same
budgetary commitment: the government issues debt amounting to 1% of annual GDP and allocates the
proceeds to either government spending, asset purchases, or tax cuts.
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Figure 3: Policy paths for the government spending experiment. Left panel: government debt. Center panel:
goods purchases. Right panel: taxes.

Output Responses

Figure 4 shows how output responses to government spending depend on assumptions about
the financial sector. Each line represents a version of our model with a different specification
of the financial sector’s liquidity supply elasticities. The blue and black lines indicate re-
sponses with perfectly inelastic and elastic supply. The red line represents output responses
with elasticities implied by our empirical estimates for ©(-) and G(-). Yellow shades from
dark to light represent models with decreasing values for leverage sensitivity ©,x from our
empirical estimate (©,x = 24) to that implied by a Gertler-Karadi-Kiyotaki type model

(6,5 = 12).

Output responses on impact differ substantially across different assumptions about the finan-
cial sector, ranging from 2.9% to 4.6% of steady-state output, with inelastic liquidity supply
associated with stronger responses. The impact government spending multiplier ranges from

0.9 to 1.8, and the cumulative multiplier from 0.6 to 2.5.2

2The cumulative multiplier is calculated as Yoo (1 + r5)~*dy,/ > 12 (1 + r8)~tdg,. If we use r¥ instead,
the corresponding numbers are 0.7 and 2.5

30



Output response

s Empirical
—
> == = [Elastic
a4 !
— Inelastic
>
o GKK
Q3 L
T \
-
« \
32 s
©
o \
-~ ~
(/)‘| ~
S SIS
R ST
0 N . . e Em e E e ,EE—
0 5 10

Quarters

Figure 4: Output response to government goods purchases with n = 0.5, ppe = 0.95. Red: empirical estimate
(©,x = 24). Black: perfectly elastic liquidity supply (6,x — 00). Blue: perfectly inelastic liquidity supply
(D,x = 0). Dark to light yellow: high to low ©,x (from ©,x = 24 to ©,x = 12 in GKK). Figure 6a in
Appendix F.2 shows the responses of consumption and investment.

Decomposition

To understand why assumptions about the financial sector lead to widely different outcomes,
we use Theorem 1 to decompose output responses into the goods market channel, the asset

market channel, and the modified Keynesian cross, as shown in Figure 5.
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Figure 5: Decomposition of output responses to government goods purchases with n = 0.5, ppe = 0.95 using
Theorem 1. Left panel: goods market channel. Center panel: asset market channel. Right panel: GE effect
(the difference between total output responses and the sum of the goods market and asset market channels).
Red: empirical estimate (©,x = 24). Black: perfectly elastic liquidity supply (©,x — o). Blue: perfectly
inelastic liquidity supply (D, = 0). Dark to light yellow: high to low ©,x (from ©,x = 24 to ©,x = 12 in
GKK).

The goods market channel reflects direct responses of aggregate demand to dg and dT'. Since
these responses do not depend on the financial sector, all specifications generate the same

outcome.

By contrast, the same policy generates significant differences in the asset markets due to dif-

ferent assumptions about the financial sector, as shown in the middle panel. As government
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debt and taxes shift excess liquidity, variation in the financial sector’s liquidity supply elas-
ticities generates a wide range of responses through the asset market propagation matrix €2.
By changing O,x from our empirical estimate to that imposed by a GKK model, aggregate
demand rises by an order of magnitude, and the contrast is even more drastic between the

perfectly elastic and inelastic benchmarks.

Finally, we present the modified Keynesian cross as the general equilibrium (GE) effect,
which is the difference between total output responses and the sum of the first two channels.
A prominent aspect of this channel is a strong dampening response when liquidity supply
is perfectly inelastic (blue line): While shifts in excess liquidity generate strong aggregate
demand through the asset market channel, increases in aggregate income shift up liquidity
demand, reduce excess liquidity, and dampen the total output responses. The dampening
force reduces the output response on impact by up to 50%. The same dampening force is
also present in other specifications, but it is dominated by the standard Keynesian feedback

when liquidity supply elasticities are high.

The Size of Multipliers

While Figure 4 shows output responses to government spending with a specific path of
government debt and taxes, Figure 6 shows that our main message holds for a wide range of

debt financing schemes, as parameterized by pyc.

Across all degrees of debt financing, the government spending multiplier is always signifi-
cantly larger when the financial sector features an inelastic liquidity supply (blue line) than
an elastic supply (black line). In both cases, our model converges to canonical HANK frame-
works that are commonly used for analyzing fiscal and monetary policies, as we discussed
in Section 4.2. The only difference between the two is their assumptions about the financial
sector. Yet, they generate government spending impact multipliers that vary by almost a
factor of two as shifts in excess liquidity generate different asset market responses. The dif-
ferences are even larger for cumulative multipliers. Even in the case without debt financing
(ppe = 0), assumptions about the financial sector matter as taxes imposed by the government
shift households’ liquidity demand. With a greater degree of debt financing, assumptions
about the financial sector lead to larger variations in the multipliers, as the issuance of gov-
ernment debt generates larger shifts in excess liquidity. Figure 6b in Appendix F.1 shows a

similar when we fix p,¢ = 0 and vary the persistence of spending, 7, instead.
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Figure 6: Government spending multipliers for n = 0.5 and pye € [0,0.95]. Left panel: impact multiplier
(dyo/dgo). Right panel: cumulative multiplier (3_;o (1 + r®)~tdy,/ > 72 (1 + rB)7'dg,). Red: empirical
estimate (0, x = 24). Black: perfectly elastic liquidity supply (©,x — o0). Blue: perfectly inelastic liquidity
supply (D,x = 0). Dark to light yellow: high to low ©,x (from ©,x = 24 to ©,x = 12 in GKK).

6.2 Asset Purchases vs. Tax Cuts

Our second policy question concerns the Wall Street vs. Main Street debate: Can asset
purchases stimulate aggregate output more effectively than tax cuts? We compare two

alternative policies for the government.

The first policy, given by {dgf ,dgy, diP  da’ ,th}, features an asset purchase program in
which the government issues liquid debt dBtG and holds illiquid asset dal of the same value:
da¥ = dl~)tG The government keeps dg; = di? = 0, and adjusts tax revenue dT, to satisfy its

budget constraint. This policy implies net asset purchases:

dA; = dal — (14 r*)daf ;.

For the second policy, given by {db¥, dg,, diif’, da’, dT,}, the government keeps illiquid asset
holdings at ddf = 0 and pays out dA; as tax cuts: dT, == dﬂ — dA;. It maintains the same
path for debt, db¢ = db¢, and dg, = dirP = 0.

To parameterize the policy paths, we assume the government debt follows
db¥ = pye (dbS | + s;),  s¢ = n'so.

As in Section 6.1, we set ppe = 0.95 and 1 = 0.5, so that government debt peaks at 1% of

annual GDP in one year, and we calculate the implied paths for asset purchases and tax

13Since a® = 0 in the steady state and net asset purchases are given by A; == af — (1 +r{)a |, and the

formula for dA; follows from a first-order approximation with dr{*a® = 0.
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cuts. Figure 7 shows the paths for the two policies for government debt, net asset purchases

(dA; and 0), and tax revenue (th and dﬁ)

Government debt Net asset purchases Tax

I

w

N

-

1
1
1
1
=21 — Asset purchases
1 = Tax cut
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Quarters

% of steady state output

Figure 7: Policy paths for the asset purchase and tax cut experiments. Left panel: government debt. Center
panel: net asset purchases. Right panel: taxes. Solid lines: asset purchase program; dashed lines: tax cut
program.

Output Responses

Figure 8 compares how different assumptions about the financial sector’s liquidity supply

elasticities affect output responses to asset purchases and tax cuts.

Output response
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Figure 8: Output responses to asset purchases and tax cuts with n = 0.5, ppc = 0.95. Left panel: asset
purchases. Right panel: tax cuts. Red: empirical estimate (©,x = 24). Black: perfectly elastic liquidity
supply (©,x — o0). Blue: perfectly inelastic liquidity supply (D,x = 0). Dark to light yellow: high to low
O,« (from ©,x = 24 to ©,x = 12 in GKK).

For asset purchases, output responses on impact differ by orders of magnitudes, ranging from
0.03% to more than 3.2% between perfectly elastic and inelastic liquidity supply; for tax cuts,
output responses differ almost by a factor of three, ranging from 0.5% to 1.4%. Despite the
difference being substantial for both policies, the effects of asset purchases are noticeably
more sensitive to assumptions about the financial sector than tax cuts. To understand the
contrast between the two policies, we decompose output responses into the three channels

using Theorem 1.
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Decomposition

Figure 9 shows the decomposition for asset purchases and tax cuts, with each column repre-
senting a channel. The left column shows the goods market channel. Asset purchases have
little effect through this channel as their impact on tax revenue is limited. Tax cuts, on the
contrary, generate substantial responses due to households’ high MPCs. The effect of tax
cuts emphasizes the importance of household heterogeneity and illiquidity. These features
break Ricardian equivalence and generate substantial effects from deficit-financed tax cuts.
However, since households’” MPCs do not depend on the financial sector, all specifications

generate the same outcome through the goods market channel.

By contrast, through the asset market channel, assumptions about the financial sector gen-
erate a wide range of outcomes in response to shifts in excess liquidity generated by the two
policies. Comparing the two policies, the asset purchase program generates stronger effects
through asset markets as it generates larger shifts in excess liquidity. However, as it relies
more on the propagation through asset markets, it is more sensitive to the assumption about
the financial sector than tax cuts, explaining the wider range of output responses for asset

purchases in Figure 8.
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Figure 9: Decomposition of output responses using Theorem 1. First row: asset purchases; second row: tax
cuts; both with n = 0.5, pp¢ = 0.95. Left column: goods market channel. Center column: asset market
channel. Right column: GE effect (the difference between total output responses and the sum of the goods
market and asset market channels). Red: empirical estimate (©,x = 24). Black: perfectly elastic liquidity
supply (6,x — 00). Blue: perfectly inelastic liquidity supply (D,x = 0). Dark to light yellow: high to low
O,x (from ©,x = 24 to ©,x = 12 in GKK).
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Relative Effects of Asset Purchases vs. Tax Cuts

To study how our conclusions about the effectiveness of the two policies depend on assump-
tions about the financial sector, we calculate the difference in output responses to asset

purchases and tax cuts:

dyasset . dytax — (I _ ‘I’y — Qey)il ( \I’TdA + Q ETdA )
—_—— —— S——

(3) modified Keynesian cross (1) goods market (2) asset market

The difference is positive when asset purchases have a stronger effect on output and vice
versa. As the difference depends only on dA, our conclusion about the relative effects does
not hinge on our assumption about dg, dr®, as long as both policies feature the same paths.
Therefore, we effectively control for responses due to other policy variables by focusing on

the difference.

Figure 10 represents the difference in output responses. On one end, when the financial sector
features perfectly inelastic liquidity supply, asset purchases have a stronger effect than tax
cuts: the difference in output response amounts to 1.8% of steady-state output on impact. A
Gertler-Karadi-Kiyotaki type model gives a qualitatively similar prediction: Asset purchases
are more effective in stimulating output, with a 0.4% difference. On the other end, when the
financial sector features a perfectly elastic liquidity supply, the asset market channel vanishes,
the effect of tax cuts dominates through the goods market channel, and the difference is
—0.5% on impact. Compared to this benchmark, our empirical elasticities generate a non-
negligible response to asset purchases. Still, our estimates of these elasticities are relatively
high, which implies modest asset market responses compared to the goods market channel.
As a result, they predict that policies targeting households directly, such as tax cuts, can
stimulate output more effectively than policies that rely mostly on the asset market channel,

such as asset purchases.

The weak effects of the asset purchase program implied by our empirical elasticities can also
shed light on similar policies such as Quantitative Easing or Operation Twist—although
we do not explicitly model the maturity structure of Treasury debts. To the extent that
long-term government bonds share characteristics with illiquid assets in our framework, the
effects of QE would similarly depend on the cross-price elasticities through the asset market
channel. Large estimates of the cross-price elasticities would suggest more modest effects
than standard calibrations predict. Our empirical estimates therefore offers a potential way
to reconcile the large effects of QE found in some quantitative models, e.g., Cui and Sterk

(2021), with the more mixed empirical evidence (Krishnamurthy and Vissing-Jorgensen,
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2011; Weale and Wieladek, 2016).
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Figure 10: Difference between output response to asset purchases and tax cuts. Positive values mean that
responses to asset purchases are larger. Red: empirical estimate (©,x = 24). Black: perfectly elastic
liquidity supply (©,x — 00). Blue: perfectly inelastic liquidity supply (D,x = 0). Dark to light yellow:
high to low ©,x (from ©,x = 24 to ©,x = 12 in GKK).

7 Conclusion

In this paper, we show that, for a large class of macro models with financial frictions, the
financial sector’s asset supply elasticities provide sufficient information about the underlying
financial frictions. By focusing on these elasticities, we can strengthen empirical discipline
on these frictions. Such discipline is highly policy-relevant, as we demonstrated in our policy
analysis. Moreover, with minimal assumptions on the detailed microfoundation, we can
integrate this class of financial intermediation models into state-of-the-art quantiative macro
models with rich features such as household heterogeneity and illiquidity. This integration
allows us to study a set of important policy questions that standard macro-finance models

with a simplified household sector are not suited for.

Generalizing the financial sector’s asset supply system to include various types of assets and
intermediaries is a natural step for a comprehensive framework to study the transmission of
policies and shocks through asset markets. Normative analysis based on such an asset supply
system will allow us to understand how characteristics of the financial sector should shape a
wide range of government policies, such as open market operations, quantitative easing and

tightening, and Operation Twist. We leave these topics for future research.
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A Proofs and Derivations

A.1 Proof of Proposition 1

Proof. Totally differentiating d; = (©, — 1)n; at steady state yields

th = d@tﬁ + (@ - 1)dnt,
where net worth evolves as

dn; = GedO;_1 + Goxdrf + Gsdr? + Gpdng_;.

Iterate backward:

t—1
dn, = é@ Z GZd@t,l,u + G;ﬁsl{sgt} (GTKthK + GTBdT'tB).

u=0

Consider a change in return dr’ with drX =0, Vt # s and dr? = 0, Vt > 0.

From Lemma 2,

d@t,ufl ’YS_H_U@TK, t>u>t— S,

drf 0, t<u, u<t-—s.
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Define o(s) = 1;3%"2 X 1s>0, then

=1 Yo ()0, xdrk, s>t
u=0 Gt 20(s)0,xdrk, s < t.
Define ¥(t) :== 1Ggo(t) and use D; = (0, — 1)n, the liquidity supply elasticity is:

oD;/ork 710,k (ﬁ + 7Z(t)) , s>t
f=s s<t

Y

A.2 Proof of Lemma 3

Proof. We define aggregate functions for the household, production, and financial blocks.

Households

First, the household problem maps after-tax income and returns, {yi’t — T (yis), v, rB }C:):O,

to consumption, savings in each type of asset, and the associated adjustment cost.

Second, we link y;; — 7 (v:+) to aggregate output, v, and total tax revenue 7;. From the
firm’s problem, we have %ht = (1 — a) y;. Because labor unions are identical, hy = h;, and

the labor demand rule implies h;; = I(z;¢)h and i+ = 2i4l(2;) (1 — @)ys.
Given the tax system, after-tax income for household i is
yio = T(ia) = (1= 1) (20l (20)(1 — a)ye)

To generate tax revenue T}, tax rate 7; satisfies

/ymdz’ —T,=(1- Tt)((l - a)yt)l/\/ (Zi,tl(zi,t»li)\di-

Therefore,
(1-a)y =T,

(1- a)yt)lf/\f (zi,tl(zi,t))lﬂ\dz’

and individual after-tax income is:

1_7—15: )

Yit — T(yi,t) =

f (Zi,tl(zi,t))
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As a result, individual household policy rules can be expressed as functions of the idiosyn-
cratic state {z; .} and {y,,r2, rB T,}2°,. Given the initial distribution of assets and produc-

tivity, aggregation yields the aggregate functions:

({y5757s7 } ) ({y57sas7 } ) ({y57svs7 } )

where the consumption function is defined to include the adjustment cost:

({%a T Ts } ) — /Ci,t + q)(ai,hai,t—brf)di'

Production

From the law of motion for capital, the investment ratio is

ke — (1 —0) ki
.:Ct _ P ( t ( 5) t 1) — L(,I{;t7 ,I{;t_l). (13)
ket ki1

Substitute it into the first order condition for «;, we have

1

OC)] =1 q (ke ke—r) - (14)

qs =

This yields the return on capital:

yt“ + G (ki ke) (kHQl) — vk, e)
T q (kt, kt—l)

_1’

which determines capital in each period as a function K, ({ys, T }s 0) given k_;.

Use it in Equation (13) and (14), we have the investment and capital price functions:
Xt({y& s s:O) and Qt({y87 s s:O)'

Illiquid Returns

For function R{(+), we use Equation (8):

1
A K N
i1 = a_(rt+1WM,t + 735+1”1t)~
t

Return on net worth is given by

K B
N T — e
Tiv1 = .

Ny
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The balance sheet of the mutual fund implies a; = w4 + wy — d, and the capital market
clearing requires that wy;; + wy = q;k;. Therefore, we have

A

_ K B
Tiy1 = (i1 Qeke — 151 dy).

Gk — dy

Using functions Q; ({ys, rf}zio), Ke ({ys, rf}zio), and D;,

TtJrth ({y57 s }s 0) ’Ct ({y37 f}s 0) TﬁlDt
Qt ({y57rs s:0> ICt ({y&rs 5:0) Dt .

Rtﬂ ({ Ts s ’yS’Dt}s 0) = (15)

Market Clearing

From the definition of the aggregate functions, the goods market clearing and liquid asset

market clearing conditions are given by

<{y87 TsiTs 7T} ) + Xt({y&rf io) + Gt = Yt, (16)

B ({ysrisrd T} 2) = Do ({rf,r 3 2,) + 08 (17)

Given {gs, 5y T's ,bSG _o» let {ys, 75}, be a sequence that satisfies Equations 15, 16, and
17. We solve a¢ from Equatlon (9), so the government budget constraint is satisfied. Because
the aggregate functions for households are derived under household budget constraints, by

the Walras law, the illiquid asset market clears

A (el r B T) = Q ({ws ni 3 50) K ({3 o) = Do (o} 2g) — o

Therefore, the sequence {y,, 7}, constitutes an equilibrium. O

A.3 Time 0 Returns

We express ¥ as a function of output and expected returns:

. k
e aky—f’l + G (ko, k_1) <,€—f1> — t(ko, k_1) L

(j (k—b k—Q)

where only yo and kg are not predetermined. From the proof of Lemma 3, we have ky =

Ko ({ys, 7“5_1}?;0). This allows us to write ré( as a function of {ys, rf}io

44



A.4 Proof of Proposition 2.

Proof. Recall the definition of excess liquidity supply
gt(y7 TK? TB? T7 bG) = Dt(r(l){(ya TK)a TKa TB) + th - Bt<y7 70A<ya TKa TB)) TB? T)

Market clearing requires: & (y,r, 72, T,b%) = 0. Totally differentiating this condition in
every period yields

€ xdr¥ + e,dy + erdT + db® + €,5drB =0,

where €,x := D,x —B,x, €5 :=D,s — Bz, €, =D, — By, er := —Br, with the matrices
defined in Appendix B.3. Rearrange and left-multiply by the inverse of —e€,x to obtain
Equation (10).

For the second part of Proposition 2, note that if ©,x,0,5 — oo and 0,5/0,x — <,

Proposition 1 implies

oD, 1 Y(s)GE#(0 — 1)n, s <t,

—_ " _
Orl ©,x AL (1 + (O — 1)72(t))n, s>,

oD, 1 —¢X(8)GE5(O — 1)n, s<t,
— -
OB O | _gyst (1 L (O- 1)72(75))71, s>t

Thus, D,x =~ — Dy, DTBﬁ — —¢Dy », where

erK T

Doo,r = ~
st=l (1 + (6 — 1)72(15))71, s>t.

Assume that the derivatives of B; are bounded. Divide the linearized liquid asset market
clearing condition by ©,x. As ©,x,0,5 — oo with ©,5/0,x — ¢, for all bounded sequences
{dy, drX dr?B, dbG}7 the limit of the liquid asset market clearing condition is

qk

(I —B,a(r® — TB)—(qk — )

) Dy (drK — gdrB) =0.

The condition is satisfied for dr® = ¢dr?.
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A.5 Proof of Theorem 1.

Proof. The aggregate demand is defined as
\Ijt(y7 TK? TB? T7 g) = Ct(y7 TA(y> TKv TB)a ,,,B, T) + Xt<y7 TK) + gt'

Goods market clears if W;(y, 7™ r5 T, g) = y;. By totally differentiating this condition in

every period we have
U cdr¥ + v, dy + WrdT + db® + W sdrB +dg = dy

where W, x .= C,x + X,x, ¥,5 = C, 5, v, = Cy + Xy, Ur = Cr, and the matrices are
defined in Appendix B.3.

Let € := ¥, x(—€_«), and use Proposition 2 to write

Q (e,dy + erdT + db® + €,2dr?) + U, dy + ¥7dT + db® + U, zdr® + dg = dy.
Finally, rearrange it as

dy =(I-¥, - Qe,) " x ( dg + WrdT + W, 5dr® + Q(db” + erdT + eTBdrB)),

which is the formula in Theorem 1. ]
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