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Abstract

We characterize governments’ optimal responses to asset market distur-
bances across a broad class of models with financial frictions. We show that
the Ramsey plan can be achieved by a policy rule targeting a specific rela-
tionship between asset returns, regardless of the underlying disturbances. This
relationship is determined by asset supply and demand elasticities that can be
estimated empirically with standard identification strategies. Absent financial
frictions, the optimal policy stabilizes spreads across all assets. However, in
canonical financial intermediation models, the optimal rule prescribes a time-
varying spread that increases with expected returns on capital to facilitate
intermediation. We apply our framework to study the optimal design of asset
purchase programs, as implied by key empirical estimates of asset supply and

demand elasticities.
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1 Introduction

How should governments respond to disturbances in asset markets? Government
intervention in asset markets has become increasingly complex, expanding the tradi-
tional tools to include policies such as discount window lending facilities, quantitative
easing, Operation Twist, and the Troubled Asset Relief Program. These “asset mar-
ket operations” became commonplace in response to economic disturbances during
the Great Financial Crisis. However, existing models of financial intermediation used
to study these policies are mainly based on detailed microfoundations and analyze
policy responses to a fully specified shock. Policy prescriptions based on such analysis
inevitably rely on the structure of particular microfoundations, leading to concerns
about their broader applicability. Since the deep parameters of these microfounda-
tions are hard to identify and measure empirically and shocks difficult to observe,
implementing these prescriptions is challenging in practice. This paper aims to pro-

vide a policy framework that overcomes these challenges.

We show that in a large class of financial intermediation models and for arbitrary
disturbances, optimal asset market operations entail (up to first order) following a
policy rule that specifies a certain target relationship between expected returns on
assets. The relationship is governed by economic agents’ asset supply and demand
elasticities with respect to returns, with the levels of returns fluctuating to reflect
the underlying disturbances. To the extent that the elasticities can be identified em-
pirically, conditional on the subset of relevant returns they contain all information
relevant to policy design. Since implementing such a policy rule only relies on ob-
serving holdings and expected returns on assets traded in the market, and does not
require observing disturbances themselves, we refer to it as a market-implementable

rule.

What makes such an optimal policy rule possible is a combination of the core idea
behind the sufficient statistics literature (Harberger, 1964; Chetty, 2009) and the
design of robust policy rules in the New Keynesian literature (Giannoni and Wood-
ford, 2003). Building on the sufficient statistics approach, we summarize preferences,
technology, and frictions with a set of asset supply and demand elasticities. These
elasticities are particularly suitable for studying the optimal responses to disturbances

around a Ramsey steady state. Moreover, as is well known in the New Keynesian



literature, optimal responses can often be achieved by a policy rule that targets a
certain relationship between endogenous variables, regardless of the sources of dis-
turbances. In combination with the sufficient statistics approach, we show that the
optimal policy design boils down to a targeting rule where relevant trade-offs are re-
flected in observable asset returns and governed by agents’ asset supply and demand

elasticities.

Our framework features a production economy with a general form of financial inter-
mediation. A representative household has preferences over various forms of financial
assets (of an arbitrary number), while the financial sector issues (or holds) these finan-
cial assets and holds claims on physical capital. Financial frictions are described by a
generic mapping between expected returns and the issuance (or holdings) of financial
assets, allowing for not only canonical frictions due to agency problems (Bernanke
et al., 1999; Gertler and Karadi, 2011; Gertler and Kiyotaki, 2010) but also frictions
due to search and bargaining in the interbank market in state-of-the-art models such
as Afonso and Lagos (2015); Bianchi and Bigio (2022). The government can im-
plement long-run macroprudential policy in the form of taxes on assets. However,
in response to shocks, it can only intervene in asset markets by trading financial
assets—performing asset market operations. We study a Ramsey problem for the
government and characterize its optimal asset market operations around the Ram-
sey steady state in response to a one-time unexpected shock that shifts preferences,

production technology, and financial frictions in arbitrary ways.

We show that the Ramsey plan can be achieved by a market-implementable rule, and
we provide a formula for the rule. The formula describes how expected returns on
financial assets should be linked to a set of “base returns,” including, for example, the
expected returns on capital and financial sector equity. The rule depends on three sets
of elasticities: household’s asset demand elasticities, which encode information about
their preferences; the financial sector’s asset supply elasticities, which encapsulate all
relevant details about financial frictions; and capital supply elasticities determined by
the technology of the economy. To implement the rule, the government can commit to
issuing or purchasing financial assets perfectly elastically, promising financial returns
contingent on the base returns as prescribed by the rule. By making such a commit-
ment, the government achieves the Ramsey plan for any underlying disturbances, as

the base returns fluctuate to incorporate information about the disturbances, while



the financial returns adjust to address the presence of externality in the economy

resulting from financial frictions.

We use our formula to isolate the key trade-off the Ramsey planner confronts. The
planner aims to satiate households’ demand for assets. However, a pecuniary exter-
nality exists in the class of models we study: expected returns on assets affect the
financial sector’s ability to intermediate capital and alter the production possibility
frontier. Absent financial frictions, we show that the planner equalizes returns on
all assets—effectively, the planner follows a version of the Friedman rule. However,
financial frictions give the planner a motive to deviate from this simple rule: When
expected returns on capital are high, the planner can lower the funding cost so that
the financial sector can maintain a certain level of intermediation. The optimal pol-
icy rule thus prescribes time-varying spreads, in contrast to the Friedman rule in a
neoclassical setup. By maintaining the optimal target relationship of one asset return
relative to another, the planner may moderate or amplify the spread relative to a
laissez-faire outcome, depending on the underlying disturbances. We illustrate this
motive in an example where financial frictions take a form similar to originating from
microfoundations such as costly state verification (Bernanke et al.; 1999) and asset
diversion (Gertler and Kiyotaki, 2010).

To illustrate the generality of our approach, we apply our framework to study the op-
timal government asset purchase program in a state-of-the-art macro-finance model
with search and bargaining in interbank market (Bianchi and Bigio, 2022). While
the model features an interbank market with liquidity shocks and detailed settlement
arrangement, we argue that the microfoundation in this model does not allow for
enough flexibility: When the model is calibrated to match steady-state moments,
asset supply elasticities of the financial sector are around a few thousand, which we
argue is implausibly large. This is reminiscent of the large discrepancy between asset
demand elasticities implied by standard macro-finance models and the typical em-
pirical estimates, as highlighted by Gabaix and Koijen (2021) This example not only
demonstrates the use of our approach in identifying features most relevant for policy

design but also emphasizes the need for empirical disciplines on these elasticities.

We demonstrate that the key ingredients for our optimal target rule can be readily
recovered from the data with existing identification strategies developed by empirical

finance literature on asset demand estimation. We use asset holdings from the Flow



of Fund (FoF) data for different entities in the U.S. economy. We interpret “the
aggregate financial sector” in our model broadly to include banks, money market
funds, firms, pension funds, etc., allowing for heterogeneity in their asset supply and
demand structure, where we categorize their asset holdings assets into liquid, illiquid,
and productive assets. We construct granular instrumental variables following Gabaix
and Koijen (2024) by isolating idiosyncratic shocks in each sector and we use them
to identify the asset supply and demand elasticities of other sectors. We show that
the elasticities of asset supply and demand for the aggregate financial sector are
less than 5, which is broadly consistent with evidence from the empirical finance

literature.

Using our estimated model, we study the government’s optimal response to a shock
to the financial sector’s net worth. In response to a 5% decrease in financial sector
net worth, the optimal policy prescribes an increase in returns on liquid assets by 1%
and a decrease in returns on illiquid assets by 2%. Implementing this policy involves
issuing liquid assets and purchasing illiquid assets—a policy similar to the Troubled

Asset Relief Program carried out during the Great Recession.

Our result complements the work by Farhi and Werning (2016), which studies how
state-contingent macroprudential taxes can address aggregate demand externality
under nominal rigidity. In this paper, we focus on the government’s optimal asset
market operations when macroprudential taxes cannot respond swiftly to disturbances
and the main source of externality originates from intermediation frictions. Our aim
to understand how the government can best operate in asset markets is related to
works that study the management of government debt in public finance, such as
Angeletos (2002), Aparisi de Lannoy et al. (2022) and Angeletos et al. (2023). These
works focus on the design of optimal debt structures with distortionary taxes. In this
paper, we highlight the central role of financial frictions in shaping the government’s
best responses to disturbances in asset markets. Finally, our analysis formulates the
Ramsey problem as a planner facing an intertemporal supply and demand system as
Auclert et al. (2024). This formulation allows us to build on the sufficient statistics
result in Chiang and Zoch (2023) and derive optimal policy rules for a large class of

financial intermediation models.



2 Model

2.1 Setup

Time is discrete, with ¢ € {0,...,00}. The economy comprises a representative
household, a financial sector, and the government. There are three classes of assets:
productive assets, financial assets, and the net worth of the financial sector. Pro-
ductive assets consist of the value of physical capital, which can only be held by the
financial sector, yielding returns R, Financial assets, denoted by set B, are in zero
net supply. They can be traded by all agents and generate returns RPZ. The net
worth of the financial sector can be held only by the household, and its returns are
denoted by RY.

We study how the government can best respond to a one-time unexpected shock
at time 0, {w;}, which is a sequence of aggregate states that moves preferences,
technology, and the financial sector’s ability to intermediate assets: With probability

one, w; = w; with probability zero, w, follows a known path given by
wt:(:)‘l—(;)t, thO

Throughout the paper, we use the convention that a generic variable x; is a column
vector and braces {z} denote sequences from s = 0,...,00. We use Oz and 15 to

represent vectors of zeros and ones of dimension |B|.

Household

The representative household derives utility from consumption and holdings of finan-
cial assets and equity, {c;, by, n;}, where asset holdings are denoted in real values with
the consumption goods as numeraire. The household solves the following maximiza-

tion problem:

max EZﬁt’U, ({657b57ns}s§t;wt> (1>
t=0

{bt STt 7Ct};;>i0

subject to budget constraints

Ct + 1;3bt + Ty + \I[ ({b57 ns}sgt; wt) = Wt + (RtB — TtB)Tbt_l + (Riv — thv)nt_l — j—;g



The household supplies one unit of labor inelastically for income w; and pays lump-
sum taxes T;. The household uses income for consumption and for savings in various
assets. Asset holdings are taxed at rate 7% and 71V, and they can potentially incur a
portfolio adjustment cost W ({bs, ns }s<t; wi). We allow the aggregate state w; to shift
the household’s preferences and costs of holding assets. These shifts can generate
“asset demand shocks” such as a flight to liquidity, which allows us to study policy
responses to those scenarios. We use E to denote expectation before the realization

of wy.

Production

Production of output uses labor h; and capital k;_; subject to a constant-return-to-
scale production function F'(h, k;—1; w;). The aggregate state wy shifts the production
of output, allowing disturbances such as TFP shocks. A representative firm chooses
labor input and capital rental to maximize profit, taking wage w; and the rental rate
of capital g, as given:

max F(ht, ktfl; wt) — wtht — thtfl. (2)

heke—1
The accumulation of capital is governed by a capital production function ®(-):
ke = @(Lt; wt)k?t—h (3)

where 1,11 is the investment rate per unit of capital and the aggregate state wy
shifts capital production, allowing for disturbances such as capital destruction shocks.

Holding capital from period ¢ — 1 to period ¢ is taxed at rate 7/ and generates returns
R#:

1
RZL‘H + TtAH = [QtJrl + rnalx {Qt+1q)(bt+1; wt+1) - Lt+1}]- (4)
L+

qi
We denote the value of capital in period t by

af( = tht (5)

which comprises the supply of productive assets in the economy. Tax 7/ allows the

government to control the supply of capital in the economy.



The Financial Sector

The financial sector holds productive assets, al”. It can issue or hold financial assets,
bl". We adopt the convention that positive entries of b} indicate issuance and, there-
fore, constitute the supply of financial assets to the rest of the economy and liabilities
of the financial sector, for example, deposits issued by banks. Negative entries corre-
spond to financial assets held by the financial sector, for example, Treasury bills or
reserves at the central bank. Given the equity of the financial sector, n;, the balance
sheet is given by:

F _ q14F
(Zt _1Bbt +nt.

Frictions in the financial sector are described by how its asset holdings and issuance

depend on returns {RZ, |, R |} per unit of equity:
af = Oiny, bf = ¢in, (6)

where
¢y = ¢({R§4+1’ RsB+1}a wy)

is a function of returns sequences. The financial sector balance sheet implies that
Qt - 12—3¢t + 1

The function ¢, captures how the financial sector’s ability to intermediate and supply
assets depend on expected returns in any equilibrium. As we discuss in Section 2.2,
this formulation of the financial sector allows us to nest a large class of financial
intermediation models. The aggregate state w; represents disturbances affecting the

financial sector’s ability to supply different assets.

Financial sector equity n; represents the residual claim on holdings on its balance

sheet, and the return on equity R} satisfies:

RN = R*,_, — RP"¢,_,. (7)

Government

The government can issue or hold financial assets with positions b, where a positive
entry stands for issuance and a negative entry for holdings. The total resource the

government receives from the (net) issuance of assets is 15b¢. The government budget



constraints are given by:

TG _ pBTiG A K BT N
1Bbt = Rt bt71 — T Q1 — Ty bt,1 — T Ng—1 — Tt. (8)

We assume that the government can operate in the asset markets by adjusting b¢
contingent on the realizations of {w,}. These operations include traditional tools, like
open market operations, and unconventional tools such as quantitative easing and
tightening, the Troubled Asset Relief Program, and Operation Twist. We allow the
government to adjust 7; contingent on {@, }, but restrict the taxes 74, 72, 7V so that
they cannot respond to the shocks. Taxes 774, 72, 7" act as macroprudential policies
as they allow the government to influence the incentive to issue and hold assets,
confronting frictions in the financial sector. The restriction that these taxes are not
state-contingent captures the fact that many macroprudential regulations might not
be adjusted timely in response to unexpected shocks. The restriction is analogous to
this on product market subsidies present in the New Keynesian framework — these
subsidies correct monopolistic distortions in the steady state but cannot respond to

shocks, thus making room for monetary policy.

Definition of Equilibrium

An equilibrium consists of allocations {c;, by, ng, he, ky, 1, al* al”, b} prices {wy, s, ¢ },
returns { R, R?, RN}, and policies {b¢, Ty, 74, 72,7V} such that: {c;, by, n;} solves
the households’ problem (1) given returns and policies; {hy, k¢, ¢} solves the firm’s
problem (2) given wage, rental rate, and capital price; supply of productive asset is
given by (5); the financial sector’s supply and demand of assets, {al", bl'}, is given
by (6); the labor and capital rental market clear; returns on productive assets and

equity are (4) and (7); asset markets clear:
alf =al’, b+ b = by;

and the government budget constraint (8) holds. The goods market clears as a result
of the Walras’ law.



2.2 Nested Models of Financial Intermediation

In Section 2.1, we describe the financial sector with the function ¢(-) that depends
on returns. This formulation allows us to nest a large class of financial intermedia-
tion models with various microfoundations. The nesting result is useful because, for
policies concerning quantities and prices of assets, all relevant information about the
financial sector is summarized by its asset supply and demand. The exact microfoun-
dation is irrelevant as long as we can directly measure the shape of asset supply and

demand.

For canonical macroeconomic models in which financial intermediaries issue only one
asset (|[B| = 1), Chiang and Zoch (2023) show that the formulation contains interme-
diation frictions originating from asset diversion (Gertler and Karadi, 2011), costly
state verification (Bernanke et al., 1999), costly leverage (Uribe and Yue, 2006), and
collateral constraints similar to Kiyotaki and Moore (1997) and Bianchi and Mendoza
(2018).

This paper extends the framework to allow for an arbitrary number of financial assets
B. This extension provides a general policy framework to study how the government
can best operate in various asset markets. In Appendix C, we show that our formula-
tion contains some recent frameworks developed to study these policies. For example,
by specializing to |B| = 3, our formulation of the financial sector nests intermediation
frictions in Sims and Wu (2021), Bianchi and Bigio (2022), Piazzesi et al. (2019),
where the assets in B contain reserves, deposits, and government bonds. Similarly,
by specializing to |B| = 2, our framework nests the type of financial intermedia-
tion studied in Gertler et al. (2012) where assets in B contain deposits and outside

equity.

Function ¢(-) in the class of models discussed above share a similar structure: Given
returns {R4, R®} in any steady state, the responses follow a geometric structure
across the time horizon:

¢37Rj ({RA7 RB}) = LP](RA; RB) X E(RA7 RB)t_s.

t+1

Although our theoretical results do not rely on this property, the structure can be a

useful restriction for empirical estimation, as in Chiang and Zoch (2023).



3 The Ramsey Problem

We consider the policy problem of the government under full commitment. The
government is assumed to have the same objective function as the household, and
it sets policies to choose an equilibrium that maximizes the value of the objective
function. Our goal is to characterize the solution to the planner’s problem in terms
of observable sufficient statistics. To do so, we consider an alternative formulation
of the standard Ramsey problem, building on the sufficient statistics literature as in
Chetty (2009), which traces back to Harberger (1964).

3.1 A Sequence Space Representation

Our first step is to represent any equilibrium as an intertemporal system of supply

and demand for assets.

Lemma 1 Given {R2X |, 72 w5}, there exist functions wy(-), 0i(+), ki(+), and q(*)
that satisfy production and investment optimality and clear the labor and capital
rental markets, with capital supply given by al(-) = q;(-)k:(*).

- - A B _A B _N . -
Stmilarly, given {RZ 1, R 1, 741, To: Tovrs Ts;ws ), there exist asset demand func-

tions by(-),ny(+), and Lagrange multipliers M\ (-) that solve the household’s problem

with welfare v(-).

Lemma 1 shows that given {R24 |, 77 ;w,} and initial conditions, the optimality
of production and market clearing for the factor markets determines all relevant
allocations and prices in the production block. Similarly, the household’s problem
(1) allows us to derive how their optimal decisions depend on returns, wage, and

taxes

B B N N
{Rs+1 — T B — T, ws, T,}.

Using the expression for wages w;(-) and returns RY(-) from the financial sector in
Equation (7), we can express the household’s asset demand, Lagrange multipliers,

and welfare as functions of {R2,, RZ |, 74, 72,78, Ts, ws}.!

'From Equation 7, we can define returns R}, () as functions of {RZ, |, RP ;w,} for ¢ > 0. Initial
return RYY (+) is a function of {R2,, — 724, RE, | — 78, w,}, as it depends on go(-) and RE(").

10



With these aggregate functions, we define the ezcess asset supply as:

€= b + du()nel-) = be(), k= af () = O:()na(). 9)

In any equilibrium, returns and policies must be that the excess asset supply is zero
in all markets:

€ = 0p, Ht:()v

and the government budget constraint holds. A Ramsey planner chooses policies
subject to these equilibrium conditions as implementability constraints. These market
clearing conditions, together with the government budget constraint, guarantee the

feasibility of the goods market.

3.2 The Planner’s Problem

At time ¢t = 0, before observing the realization of {w;}, the planner announces
policies {b%, T, 7*, 72,7}, As discussed in Section 2.1, we allow b, T; to be
stage-contingent—they can depend on realizations of shocks {w;}, and we restrict

4, 72,7 to be the same across all possible realizations of shocks.

Optimal policies and returns on assets in a Ramsey equilibrium solve:

A
min Pla}% N aC ({Rs-i-l: s+17 Ts+1> s+17 s+17TS7wS}) (10)
et ,Et Rt+1,Rt+1,Tt+1,Tt+1,7‘t+l7bt T

t T BTG
‘HEE ﬁ{’)’tet—i_ntﬁt"i_ ft(lgb + T+ 7al + 70 4+ 7V ey — R bt—l)}v
t 0 N ~~ s
market clearing government budget constraint

given initial conditions {RF b%,,b_1,n_1,0_1,¢_1,k_1}.

We use &, v; and 1, to denote the Lagrange multipliers of the asset market clearing
conditions and the government budget constraints. The first-order condition with
respect to b” represents the planner’s trade-off in supplying or absorbing assets from

the market, which can be written in the following form:

Bé(RE —Th) — &g = v — B&aThy. (11)

The left-hand side represents the fiscal cost the government incurs from issuing the

assets, including the payment in period ¢t + 1 and the proceeds from issuance in

11



period t; the right-hand side represents the social value of excess asset supply, cap-
turing how a unit of extra asset supply affects the household’s welfare through returns
{RA ,, R5,|}. Both sides are presented as net of the impact of asset issuance on tax

revenue, as captured by B€t+17-tlj_1~

The optimality condition in Equation (11) provides a foundation for designing an
optimal policy rule: returns on assets should reflect the social value of excess asset
supply. In particular, if the social values of two assets are the same, returns on the
two assets should equalize, illustrating the logic behind the Friedman rule. As we
will see, this logic behind the Friedman rule will prevail when (1) the government is
equipped with all macro-prudential taxes, which happens when the shock {w,} does
not occur, or (2) there is no pecuniary externality in the financial sector—when ¢
is not a function of returns, and household’s net worth choice results in a standard
Euler equation, with no terms reflecting adjustment costs or non-pecuniary benefits.
However, with the presence of financial frictions, the planner will generally want to
deviate from the Friedman rule in response to shock {w;}, as a policy that generates
spreads between returns will allow the planner to correct for the externality in the
financial sector. The goal of our analysis is to characterize the appropriate corrections
with a set of observable elasticities that contain sufficient information about the

underlying preferences, technology, and frictions for policy design.

Our formulation of the Ramsey problem is close to the dual approach in public fi-
nance but differs in a subtle way. A standard procedure in the dual approach is to
solve for equilibrium prices as a function of policy instruments using market clear-
ing conditions and to substitute the resulting expressions into the objective function.
Our formulation retains market clearing conditions as constraints for the planner and
keeps equilibrium returns as choice variables, representing the Ramsey problem as
a saddle-point problem. The advantage of our formulation is that the saddle-point
can be characterized in terms of elasticities of functions such as b;, 6;, and ¢; with
respect to returns on assets (through functions €; and k;). These elasticities can be
measured in the data, allowing us to describe optimal policies in terms of empirically

observable objects.

12



3.3 Ramsey Steady State

The Ramsey planner takes into account the social value of asset supply and optimally

designs the issuance of financial assets b along with taxes 7/, 72 and 7.

Absent aggregate shocks, we define a Ramsey steady state as follows:

Definition 1  Given w;, = @ for allt > 0, a Ramsey steady state consists of returns
RA REB, policies b, T, 74,78, 7N and multipliers 7,7, and €, which solve the saddle-
point problem (10) for all periods t, with the initial condition given by the steady-state

returns, policies, and allocations.

With the planner’s problem described in (10), the Ramsey steady state is character-

ized by the following lemma:

Lemma 2 A Ramsey steady state satisfies
B(RP —7P) =15, BR*+7Y)=1, BRN -7)=1, (Friedman) (12)

with market clearing conditions: b% + ¢n = b, a’ = On, and the government budget
constraint
156 + T+ 74" + 7276+ 7¥n = RP'b°.

The multipliers are such that 4 — BETE = 0p, 7+ BETA =0, and £ = .
Proof. See Appendix A. O

In the Ramsey steady state, all returns are effectively equalized with 371 after ad-
justing for taxes, featuring a generalized version of the Friedman rule. In particular,

the multipliers are such that the social value of asset supply is zero.

In the steady state, the government meets the household’s demand for financial assets
with the issuance of b¢. While this impact returns and distorts the financial sector’s
holdings of capital due to pecuniary externality through ¢;, the government uses
macro-prudential tools 74 and 7% to restore the level of capital to the optimal level.
Taxes 74 and 77 are designed so that the private sector internalizes the pecuniary
externality. Tax on net worth, 7V, on the other hand, ensures that the household’s

holding of net worth is optimal. These taxes, along with lump-sum tax 7', guarantee

13



that the values of resources are equalized between the household and the government:

E=\

4 Optimal Asset Market Operations

We analyze the government’s optimal responses to shock w; around the Ramsey steady
state, focusing on the first-order expansion of the Ramsey plan. For any variable, we
denote its deviation from the steady state as @; = x, — ;. We use f;,, to denote
the Jacobian of function fi(x;) with respect to x, evaluated at the steady state.
Given a shock realization {ws}, an equilibrium consists of asset returns f%;ﬂl, RSB+1

that satisfy the asset market clearing conditions for each period t¢:

o0
€, HA B F A
b, + § (et,Rf+1Rs+1 + 5t,R§+1Rs+1 +ernTs + ft,wsws) =0,
s=0

o

AA i B - ~Y
E (“t,RSAHRsH + Kt,RSB+1Rs+1 + ke, Ts + “t,wSWS) =0,
s=0

and government policies I;f and T, that satisfy the government budget constraints.

The optimal state-contingent policy requires specifying I;f and T} as (linear) func-
tions of {w;} to maximize the household’s welfare function v(-). However, a policy
prescription stated in this form is impractical: Implementing such a policy requires
measurements of unobserved asset market disturbances r; ., ws and €, ws. Since
these disturbances can arise from various sources and affect the economy in arbitrary
ways, measuring them and identifying their transmission mechanisms are infeasible.
To circumvent these challenges, we seek an alternative design of the optimal policy

that achieves the Ramsey plan.

4.1 Market-Implementable Rule

We seek to find a policy rule that specifies what the government should implement
to achieve the Ramsey plan. For such a rule to be useful, we require that it satisfies
two criteria: (i) The rule specifies relationships between prices (or quantities) readily
observable in the markets, such as expected returns of assets. (ii) The relationship

between these variables should only depend on a set of “market elasticities”:

14



Definition 2 A market elasticity xs o, s either a price elasticity or an income elastic-
ity of allocation x5 € {al*, al’, by, bY ng, hs} with respect to o, € {R{\,, RE.,, R 1, wy, T;}.

s 778

These elasticities can be estimated using standard identification strategies. For asset
markets, these elasticities are closely related to active research in empirical finance on
asset demand estimation, following Gabaix and Koijen (2021) and Gabaix and Koijen
(2024).

Definition 3  If a policy rule satisfies criteria (i) and (ii), we refer to it as a “market-

implementable rule.”

A market-implementable rule has two desirable properties. First, it shares the strength
of the sufficient statistics approach (Chetty, 2009), which summarizes relevant infor-
mation about preferences, technology, and frictions through estimable elasticities.
While this literature typically avoids prescribing optimal policy, the approach is par-
ticularly valuable for our purpose as we focus on optimal responses to disturbances
around a steady state where the relevant elasticities can be measured. Second, such
a rule shares the virtues of “robust policy rules” in the New Keynesian literature,
developed by Giannoni and Woodford (2003) and Woodford (2011), allowing the
government to implement the Ramsey plan without specific knowledge of underlying
shocks. Our criteria impose an additional requirement that variables and their target
relationships must be readily observable and estimable in markets—a property often
absent in New Keynesian policy rules but crucial for practical implementation. This
emphasis on market-implementability helps overcome common policy design chal-
lenges, such as difficulties in measuring deep parameters of a model or variables such

as the output gap or natural interest rate.

4.2 Social Value Accounting

To describe our result, we adopt the following notation: For multipliers and returns,
we use vectors such as € == [3',] and RP = [8"'RE,|] to denote the first-order
expansion of the sequences, discounted at rate 3; a matrix such as €gi = [€, pi |

. s+1
describes how €, in period ¢ responds to expected return R, ;.

From Equation (11), an optimal choice of asset issuance b“ satisfies the following
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Euler equation up to first-order expansion:
Aé@ 15+ R =7, (13)

where A€ = [B1(&1 — &)], 7 = 1B (A — BétH‘T'B)] and ® denotes the Kronecker
product. The optimality condition trades off the fiscal cost for the government of
such an arrangement on the left-hand side and the social value of asset supply on the
right-hand side.

Our goal is to show that regardless of the underlying shocks, we can express v and Aé
as (linear) functions of returns, where the functions consist of only estimable market
elasticities. Therefore, we can transform the optimality condition in Equation (13)

into a market-implementable rule.
Lemma 3 Under the Ramsey plan:

(i) The social value of asset supply is given by

AT =) [RATFg‘ — RP'TE - RNTTY }

(ii) The marginal value of governmental resources satisfies

where matrices TY and I"jAT,‘v’j € {A, B, N}, consist of market elasticities evaluated

at the Ramsey steady state, given in Appendix A.5.
Proof. See Appendix A. ]

Intuitively, matrices T and I‘jAT capture how government policies affect households’
exposure to return disturbances through various channels. Consider first an increase
in government asset supply: it affects asset returns directly in the financial asset mar-
kets and indirectly through spillovers in the capital market. These changes then in-
fluence households’ portfolio decisions, altering their exposure to return disturbances
in both markets. The matrices I') account for these interconnected effects through
asset demand and supply elasticities while compensating appropriately for the in-
come effect from changes in returns. Similarly, when the government redistributes

resources intertemporally through taxes and transfers, I‘jAT captures how this affects
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household exposure to return disturbances, both directly through changes in house-
hold asset demand and indirectly through the asset return adjustments triggered by
these changes in household asset demand. Under the Ramsey plan, this effect on
exposure I‘QT is taken into account when equating the government’s intertemporal

valuation of resources Aé’ with the household’s valuation AX.

The key observation from Lemma 3 is that both 4 and A£ can be determined without
knowing the exact realizations of w, conditional on asset returns and AX. This
feature reflects that around a Ramsey steady state, matrices I’/ and I‘]‘AT together
with return disturbances appropriately capture the effects of policy, as the effects of
w on the transmission of policy do not have a first-order impact on welfare. However,
this does not mean that shocks are irrelevant. Rather, all relevant information about
the underlying shocks is absorbed in asset return disturbances R4, R?, and RY, as

these returns adjust to clear the asset markets.

Lemma 3 expresses both the social value of asset supply (%) and the government’s
intertemporal valuation (Aé’) in terms of observable asset returns. While 4 depends
solely on returns, Aé also incorporates the household’s intertemporal valuation AX.
Although A is not directly observable in markets, there are many instances under
which there exists an asset (or a set of assets) that allows us to “span” the household’s

intertemporal valuation, as stated in the following assumption.

Assumption 1 There exists a linear function £(-) such that

AX = —) £(RP RM).

Intuitively, Assumption 1 holds when a “standard” Euler equation exists for the

household with respect to some return R IRt
Xt - ;\t+1 + S\R:Jrl.

This can occur in several cases. First, if holding a particular asset (say, By) incurs
no utility or portfolio adjustment costs, then E(RB RN ) = RPo, Similarly, if holding
equity is costless, then £(RP®, RN) = RN. Even when no single asset satisfies a
standard Euler equation, one may exist for a “synthetic” asset with return f%f =

aTRfH for some portfolio weight a, as we demonstrate in Appendix B.3. Finally, a

17



useful special case is when the household has a quasi-linear preference:
u ({cs, by, ns Fs<ri wi) = ¢+ v(by wy). (14)

In this case, \; = 1 and E(RB RN ) = 0, which satisfies Assumption 1.

4.3 The Optimal Market-Implementable Rule

Given Lemma 3 and Assumption 1, we derive a market-implementable rule that

implements the Ramsey plan.

Theorem 1 Under Assumption 1, the Ramsey plan can be achieved by a market-

implementable rule of the following form:
—0(R° RN)® 15+ R® =T\ R* -TLR” —TT R",

where f‘j =T + I‘jAT ® 15,¥j € {A, B, N} are matrices that consist of market

elasticities given in Appendiz A.5, evaluated at the Ramsey steady state.
Proof. See Appendix A. O

Theorem 1 expresses the planner’s optimality condition in Equation (13) as restric-
tions on asset returns that a Ramsey plan needs to satisfy. The left-hand side rep-
resents the value of a sequence of operations: receiving one unit of goods at time t,
investing in one of the assets in B until ¢ + 1, and paying back ™! units of goods
at t + 1. The transfers of goods are valued at AX while holding the asset generates
a return R, On the right-hand side, f‘j captures the total effect of such operation
on the household’s exposure to return disturbances, with I and I'y, from Lemma
3 accounting for changes in exposure due to asset supply and the government’s in-

tertemporal redistribution through taxes and transfers.

To implement the Ramsey plan with the policy rule, the government can commit to
target returns R® based on the realizations of R4 and RY. This commitment can
be supported by a perfectly elastic supply or demand schedule of b“ given ﬁB, RA,
and RY. Because the rule does not depend on w, the government maintains the
same relationship between returns, even as different realizations of w lead to different

equilibrium returns and asset trades.
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This policy rule depends on the underlying structure of the model only through
matrices f‘j. The exact microfoundations are irrelevant to the optimal policy rule
as long as they imply the same market elasticities. Since these elasticities can be
estimated using standard identification strategies, Theorem 1 allows us to prescribe
optimal policy within our framework without relying on specific functional forms or

microfoundations.

5 The Role of Financial Frictions

We now apply Theorem 1 to a series of examples to illustrate how financial frictions

shape the design of the optimal policy rule.

5.1 Neoclassical Growth Benchmark

First, we provide a benchmark case where key features of the financial sector are
absent. Specifically, we consider an economy where (1) financial intermediation do
not respond to changes in returns: ¢(-) = ¢ for a constant vector ¢, and (2) the
household derives no utility and faces no cost in holding net worth, and returns on

net worth equals the intertemporal price.

Corollary 1 If ¢(-) = ¢ and AX = —ARY, then
RP = R"® 15

constitute a market-implementable rule that achieves the Ramsey plan, and RN = RA

in equilibrium.

The optimal policy rule prescribes that the planner maintains a constant spread
between all returns, following a version of the Friedman rule for any realizations
of shocks w. Since all returns are equalized, we have RN = RA Through their
holdings of net worth, the household effectively controls the capital stock as in a
neoclassical growth model. At the same time, the planner issues the necessary amount
for each type of asset to satiate any additional motives for the household to hold these

assets.

Corollary 1 allows us to isolate the role of financial frictions in designing the optimal

policy rule: In the absence of pecuniary externality in ¢(-), the planner maintains
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constant spreads between all assets. This benchmark clarifies that in our framework,
the optimal policy rule would maintain variations in spreads solely due to frictions in

the financial sector.

5.2 Frictions in Financial Intermediation
To isolate the role of financial frictions, consider a special case where the household
has a quasi-linear preference as in Equation (14):

u ({cs, bs, ns Fs<t; wi) = ¢ + v(by; wy).

The financial sector net worth is fixed exogenously: n; = n, and there is no portfolio
and capital adjustment cost: U(-) =0 and k; = (1 + ¢, — §)ki—1.

Corollary 2 With quasi-linear preference, fized net worth, and no portfolio and

capital adjustment cost, the optimal market-implementable rule is given by
~ « T ~
RP = (ﬁORBb;z@ R4,

where

éRB = 0RB -+ ORA(—K,RA)ilKIRB.

To build intuition, we simplify the setup to the case where |B| = 1 with the level of

intermediation per net worth is given by:
A B
V(R — Rly), V() > 0.
This form of financial friction arises from microfoundations such as costly state verifi-
cation (Bernanke et al., 1999) or costly leverage (Cirdia and Woodford, 2011).
With these simplifications, asset supply and demand reduce to a static system where
holdings and issuance respond only to returns one period ahead:

€ = =0, & =a” =0, Vs#t

J j J j
S7Rt+l sz{+1 SvRt+1 S,Rg+1

The optimal policy rule is given by

. ! n’ .
L PR

bRB 771,19/ —a
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Because ¢, bgps > 0 and ELgA < 0, the policy rule prescribes that the planner targets
a negative relationship between fifﬂ and ]%EH When Rﬁl > 0, the planner aims
to increase exposure to Rﬁl. Given that 0zz = —10' < 0, this can be achieved
by decreasing excess asset supply and lowering the financial sector’s funding cost.
This effect is magnified when the financial sector’s intermediation capacity is highly
sensitive to its funding cost (large ¥') and when household asset demand is inelastic
(small bzs). However, reducing asset supply has costs since assets provide utility to

households, as captured by v(-). From the household’s Euler equation:
1= BR2, + uv(by),

the welfare cost of reduced government asset supply is reflected in the premium on

the asset, given the household’s response b, and disturbance @;:
RE = — Dby + Dooly).-

Optimal Policy with Forward-Looking Frictions

A similar logic extends to a setup where financial frictions generate an intertemporal

asset supply system. Consider frictions of the form
HS,R{‘H = —HS,RB =19 x Et_sl{tzs},

with ¢ > 0. This forward-looking friction resembles those in asset diversion models
as in Gertler and Kiyotaki (2010), as shown in Chiang and Zoch (2023).

For simplicity, assume that capital supply is perfectly elastic (agA — —o0) and re-

turn on capital R4 is exogenous. The intertemporal asset supply system implies the
following optimal rule:

i o
»B § —t—s DA
RB s=0

and zero for all ¢ < s. Unlike the static case in Equation (15), when the optimal target
for Rﬁl reflects return disturbances Z%fH for all s < ¢, since lowering R, enhances
the financial sector’s intermediation capacity across these periods. The weight Z!~¢ on
returns in prior periods diminishes with time horizons as their impact on the financial

sector decays.
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Optimal Policy v.s. Laissez Faire

The optimal policy rule in Equation (15) prescribes a negative relationship between
ffﬁl and Rtﬁl' However, depending on the underlying disturbances, the government
may need to trade assets to either stabilize or amplify the spread between returns
compared to a laissez-faire economy to maintain the relationship given by the optimal

rule.

To understand how the spread between returns behaves under the optimal policy in

contrast to laissez-faire, consider the market clearing conditions:
&gARﬁl + Koy = nﬁ,(Rfﬂ - REH)
BtG + nﬁ'(RﬁH — RtBil—l) + ew@t = Z)RBRtBit,-l'
Under the optimal policy rule, the government commits to an asset supply schedule

that targets Equation (15) with resulting trades ?Jf that clear the market. Under

laissez-faire, the government remains inactive with b = 0.

The equilibrium spreads under laissez-faire and optimal policy are respectively:

_K 7
gL Upa€y + bpBky

sprea == — — — Uy
bpe(nV' —als,) —ak,nd’

JOP _ (_BRB(TL@, — &gA) — dgAmg’)/iw .

" e (0 — a2 — k()2 "

sprea

To understand the equilibrium outcomes under optimal policy and laissez-faire, we
consider two conceptually distinct scenarios. First, consider a disturbance that causes
a decrease in excess financial asset supply (e,0; < 0 and k,w; = 0). In this case, the
spread increases under laissez-faire. However, by committing to the optimal policy
rule, the government would perfectly stabilize the spread by supplying l;f necessary to
offset the decrease in financial asset supply (or increase in demand). Second, consider
a disturbance that causes an increase in excess capital supply (k,w; > 0 and €,w; = 0).
In this case, the spread increases under laissez-faire. Yet, from the formula, we can see
that the optimal policy rule prescribes the government to increase the spread above

and beyond the level of laissez-faire to facilitate intermediation.

In practice, economic disturbances typically affect both financial assets and capital
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supply simultaneously. For instance, an exogenous decrease in the household financial
sector n; leads to both decreased excess financial asset supply (e,0; < 0) and increased
excess capital supply (k,w; > 0). The resulting spread movements and optimal policy

reflect the balance between these two forces.

5.3 Interbank Market with Search and Bargaining

Bianchi and Bigio (2022) develop a state-of-the-art model of the banking sector that
issues deposits, holds reserves and government debt, as well as some productive cap-
ital. Inside the banking sector, banks face idiosyncratic liquidity shocks and need to
settle balances with reserves in an interbank market with search frictions. The pres-
ence of interbank market frictions allows the government to affect relative returns
on assets by changing the relative supply of bonds and reserves, if banks are not
satiated with reserves. This enables the government to influence aggregate holdings

of productive assets: open market operations have real effects.

Through the lens of our framework, their banking sector corresponds to a specific
function 6, ¢, as we show in Appendix C. We can thus apply our result in Theorem
1 that describes how frictions in the financial sector determine optimal open market
operations through the sensitivities of # and ¢ with respect to returns. Because
returns farther in the future do not affect the financial sector’s choices in this setup,
we show how the financial sector’s holdings and issuance of assets and liabilities
respond to next-period expected returns in Table 1.

RA  RE

loan reserve

B B
Rdeposit Rgovbnd

Oloan | 4800 | -470 -9.2 -3900

¢reserve ‘315 '55 05 310

qbdeposit 0 0 0 0
Bgovbnd | D100 | -460 9.8 4200

Table 1: The financial sector’s responses to returns in Bianchi and Bigio (2022). We use the extended
version of the model calibrated to match 2006 as the steady state. See Section 5 of Bianchi and
Bigio (2022) for details. Note: positive values for sensitivities of ¢ mean that liabilities of this type
increase (holdings of this type decrease). Columns do not sum up to up due to zero due to rounding.

The most prominent feature of Table 1 is large sensitivities, indicating a high degree
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of substitutability between certain assets. Similarly, large sensitivities emerge in other
models featuring reserves and government bonds, e.g., Piazzesi et al. (2019) and Sims
and Wu (2021). Assuming n, = 7, and a standard calibration for the household
asset demand, these values imply extreme responses in RE and sizes of open market

operations in response to R4.

Given the central role of the sensitivities of # and ¢ in shaping optimal policies, we
need empirical discipline on these key objects. As we show in Section 6, the large
sensitivities implied by these models are at odds with the empirical measures of their
counterparts. This message echoes that from Gabaix and Koijen (2021), who argue
that standard portfolio choice models predict virtually flat demand curves for bonds

and equity, at odds with the empirical evidence in favor of low elasticities.

6 Taking the Model to the Data

Our goal for this section is to demonstrate that elasticities relevant to the optimal

target rule in Theorem 1 can be obtained by established empirical methods.

We measure the sensitivities of the aggregate functions describing the financial sector
f and ¢, using data on their balance sheets and expected returns. To address the
simultaneity bias, we identify relevant elasticities with the Granular Instrumental
Variables (GIV) approach proposed by (Gabaix and Koijen, 2024). Finally, we esti-
mate the capital supply using the instruments we construct for the financial sector,

and we calibrate the household sector.

We estimate a disaggregated version of the financial sector, allowing for the presence
of multiple entities with different sensitivities, and aggregate them to obtain the
aggregate function 6 and ¢. We discuss details of our aggregation procedure in

Appendix D.

6.1 Asset Supply and Demand Estimation
Empirical Specification

The financial sector consists of J entities. Let bf » denote financial asset b € B issued

by the entity j in period j. The net worth of entity j (less the holdings of other
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entities) is denoted by n;;. Holdings and issuance of assets per unit of net worth are

defined as ¢y = {dj: )71 Where @5, = b1y, /0.

Each ¢;; is parameterized by a vector of characteristics f; of dimension F:

15
Gine = Gin(t) = > bure (f7) (Rﬁi-l - Rfé,m) + Mot + Ejps
m=1

where ¢;,(t) denotes a deterministic trend of ¢;,,. We use }?iffl,t ., and RA | to
denote deviations of returns from their trends, n,, are aggregate shocks, and €, are

idiosyncratic shocks i.i.d. by entity-asset-time.

We rewrite our specification of ¢, in terms of its deviations from trends, ¢,; =
1 J .
{¢j7b7t}j:1‘

B
Gjpt = — Z on.rz (f5) (Rf—i-l - Rﬁ,t—i—l) + Mot + €yt (16)
m=1

The specification above imposes several types of restrictions. First, to apply the
standard granular instrumental variable approach, we assume entities in the financial
sector respond only to expected returns one period ahead. Second, they respond to
spreads between R{‘H and Rfil, instead of the returns separately. Therefore, the
response of ¢;,; to R;“H is equal to —Z‘f'zl ¢p g5 (f;). Finally, we assume that
sensitivities ¢, gz (f;) have a factor structure, where qu§b7 RE = {Q\g&h RE H” | denote the

loadings:

®b,RE (f5) = 527,%51%

. . . .y - - B
Given a choice of factors, our task is to recover matrices ¢, = (@1 g5, , P5,rB ]Lzll,

Vm € B. To obtain consistent estimates in the presence of unobservable shocks 7+
and €, that determine equilibrium values of spreads, we need to use instrumental

variables.

For each asset b € B, we follow the GIV approach by Gabaix and Koijen (2024) to
construct instrumental variables Z;;, which we detailed in Appendix E.2. The idea
of the GIV approach is to identify parameters of interest by exploiting idiosyncratic

shocks €5, when each of these idiosyncratic shocks is “large enough” to generate
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non-trivial movements in equilibrium spreads.

Py, b1
E : — | S| |2 - Z\B|,t] = Opx g (17)
Pos .+ P\

where P = (f7f)~'fT is a projection matrix with £ = [f,--- f;]7 and S, == {R, —

: B
RE WP denotes the spreads.

Data

We use quarterly Flow of Funds data, with the sample period 1993Q1-2023Q4 to
obtain information about asset holdings of various entities. We give an overview

below and provide details in Appendix E.1.

Entities: We work with J = 6. We group sectors in the Flow of Funds into the follow-

Y« W YW

ing broad categories: “firms”, “banks,” “mutual funds,” “pension funds”, “insurance

companies,” and “other finance.”

Financial assets: We set |B| = 2 and call the two financial assets “liquid” and “illig-
uid”. We group checkable deposits, currency, federal funds and security repurchase
agreements, money market fund shares, time and savings deposits, Treasuries, and
municipal securities as a liquid asset. The illiquid asset is comprised of agency- and
GSE-backed securities, corporate and foreign bonds, mortgages, consumer credit, and
loans. We calculate the net worth n;, of entity j by subtracting its holdings of equity
of other entities from the net worth of entity j reported in the FoF.

Returns: We use real 5-year Treasury yield as the rate of return on the liquid asset
and the real BAA yield as the rate of return on the illiquid asset. To calculate R
we proceed in two steps. We measure the expected rate of return on equity RN by
regressing the realized rate of return on dividend yield on S&P500 (Fama and French,
1988). We then recover R by applying Equation (7), using data on asset holdings

of nonfinancial business.

Factors: For factors f;, we adopt a two-factor structure (F' = 2). The first factor is
simply a vector of ones. For the second factor, we use the first principal component

of a matrix containing time averages of each entity’s portfolio shares.
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Estimation Results

|B]

m_1, using the generalized method of moments with the

|B]

m=1>

We estimate matrices {¢n,
moment conditions in Equation (17). Given {;bm we calculate ¢y, g5 (f;) for each

entity, and aggregate them using the average net worth shares of each entity:

Jo_
n .
¢b,Rg = — ¢b,R§; (fj) )
n
j=1

= . 1N\ T = 1 : |B|
where 7; == 7 >, nj; and 7 = ——. We obtain ¢, ga as —) "', ¢, gz and use

j=1"3

the balance sheet condition to recover fpa = ZLBl ¢pra and Ops = ZLB‘ PR -

Table 2 shows the resulting estimates of sensitivities.

A B B
R Rliquid Rﬂliquid

0 0.035 | 0.06 -0.09

Pliquia | 0.03 | -0.31 0.28
Piiquia | 0.005 | 0.37 -0.38

Table 2: The estimated responses to returns. Note: positive values for sensitivities of ¢ mean that
liabilities of this type increase (holdings of this type decrease).

The signs of the estimated sensitivities are intuitive: higher R4 increases demand for
productive assets. To finance holdings of productive assets, the financial sector issues
liquid assets and reduces holdings of illiquid assets. Similarly, for liquid and illiquid
assets, when the expected return for an asset is higher, the financial sector reduces
its issuance (or increases its holdings) of this asset. The size of our estimates for
these sensitivities is low. This finding is consistent with the evidence in Gabaix et al.
(2024) and in contrast to those in Table 1 that we obtain from a calibrated structural

model.
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6.2 Household and Production

Capital Supply Estimation

We use the GIV constructed in Section 6.1 as sources of exogenous variations in

capital demand and use them to estimate the elasticity of capital supply.

To construct a series of capital k; in the economy, we use the balance sheets of J =6
entities and the capital market clearing condition to calculate their value of their
capital holdings as:

kit = (A5¢;+ + 1)n;q.

We use the shocks recovered in the estimation of the parameters describing the fi-
nancial sector in 2SLS regression of k; on R{, to estimate the sensitivity of k; with

respect to Rfﬂ. The point estimate equals 1.12.

Households Calibration

We assume the household’s utility function has the following form

1B
u ({cs, bs, s sty wi) = ¢ — Z%(bi,t - 5@')2 —Gu(ne — 1 — Wt)Q;
i=1

and we assume that there is no portfolio adjustment cost: I'(-) = 0. Given these
assumption, the functions b;(-) and n(-) depend only on expected returns next period
and all their cross-price elasticities are zero. The disturbance w; shifts demand for net
worth. We normalize w to 0. We set § = 0.99 and calibrate parameters of the utility
function such that at the steady state the semi-elasticities with respect to expected

returns are equal to 1.

7 Policy Implications

7.1 Optimal Target Rule

The formula in Theorem 1 implies that the optimal policy maintains a tight relation-
ship between returns on financial and productive assets. We evaluate the formula

using the estimated sensitivities of the financial sector and parameterization of the
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households and production sector.

B
Rliquid,t+1

*

. 0.16
= LRy, L= [—o 36] .

Rilliquidi—‘rl
The optimal policy involves widening spreads when returns on productive assets are
high. The planner encourages the financial sector to increase holdings of productive

assets. This logic closely resembles the one presented in Section 5, with |B| = 1.

The sign of comovement between returns on productive assets and various types of
financial assets reflects the degree of substitutability. Table 2 shows that illiquid
assets are substitutes for productive assets. The target returns set by the planner
act to encourage the financial sector to rebalance its portfolio from illiquid financial

assets to productive assets.

7.2 Responses to Financial Net Worth Shocks

To further understand the implications of the optimal policy, we study responses to a
shock that reduces the net worth of the financial sector. This shock, labeled “equity
shock” by Christiano et al. (2014) is often considered to be one of the main drivers of
the Great Financial Crisis (Gertler and Kiyotaki, 2010; Gertler and Karadi, 2011).2
We implement the equity shock as a transitory level shift in the household sector’s
willingness to hold financial net worth. Given our parameterization of the utility
function, we have
_ L.
ny(we) = ng(5 @) + awt.

To parameterize the net worth shock, we assume that it follows @, = p,w;_1. The
value of @y corresponds to a destruction of 5% of steady-state net worth, and we set
the persistence parameter p,, = 0.75. From Equation (9), we can calculate the impact

of net worth shocks on the excess supply of productive and financial assets:
K;w(;J = {—é@t}, éw(;l = {éd)t}

To illustrate the effect of the government’s asset market operations, we compare

two government policies: (1) the economy’s response to these disturbances under

2The shock is usually modeled as an event that increases the rate of capital depreciation or reduces
capital quality as in Merton (1973).
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the optimal target rule and (2) the government does not intervene in asset markets,

setting b = 0g, Vt.

Figure 1 shows how the economy responds to the disturbances in the asset markets.
The left column shows the response under the optimal target rule, and the right

column shows the responses with no asset market intervention.

Optimal policy No response
5.0’ \ 50’ -Capltal
" \ =Liquid
= 2.5 S d 2.51 | llliquid
@ S .o S~ o
T 0.0] — | — T === = = —
5 10 15 20 5 10 15 20
0.2 0.2
8 01 \ 0.11
€ 0.0/ 0.0
3
T -0.1 -0.11
-0.2 ‘ ‘ ‘ — -0.2 ‘ ‘ ‘ ‘
5 10 15 20 5 10 15 20

Quarters

Quarters

Figure 1: Equilibrium returns and quantities of assets traded by the government under optimal
policy and under no asset market operations (b% = 0), Responses of returns expressed in percentage
points. Responses of quantities expressed as % of steady state quarterly GDP.

To achieve the optimal levels of returns, the planner increases the issuance of liquid
assets and purchases illiquid assets—a policy reminiscent of the Trouble Asset Re-
lief Program carried out during the 2008-2009 financial crisis. The size of optimal
asset market operations is small, with amounts of assets issued or purchased by the
government being well below 0.2% of quarterly GDP. The potency of asset market
operations is a consequence of low supply and demand elasticities and echoes the
findings of Gabaix and Koijen (2021).

Figure 2 shows the holdings of assets under the two government policies. Comparing
the amount of capital under the two policies, the figure shows that the amount of
capital follows similar paths, but the level is slightly lower under the optimal policy.

This implies a lower level of aggregate output under optimal policy. However, the
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holdings of financial assets under the two policies are in stark contrast: Without gov-
ernment interventions (right panel), holdings of both financial assets increase slightly
as the household shifts away from holding financial net worth. Under optimal policy,
the household holds a significantly higher amount of liquid assets and is able to in-
crease their illiquid liabilities (e.g., mortgage). The equilibrium under optimal policy
results in the path of net worth holdings closer to the shifted bliss point than the in

the absence of response.

Asset holdings (optimal)

Asset holdings (no govt. response)

0.03 0.03
| \ —— | ¥_ S I
0_0'00 e 0.00 ==
o P -
S 7 -’
5 -0.03 ’ -0.03{ ’
B ’ 4
_0.061 ¢ 006l ¢
0.06 = Capital 0.08
= |iquid
-0.091 Iliquid || -0.091
5 10 15 20 5 10 15 20
Quarters Quarters

Figure 2: Household holdings of assets and quantity of capital under the optimal policy (left) and
under no asset market operations (right).

8 Conclusion

In this paper, we characterize governments’ optimal responses to asset market dis-
turbances. We show that in a large class of models with financial, the Ramsey plan
entails a policy rule that targets a specific relationship between expected returns be-
tween different assets, regardless of the underlying disturbances. The policy rule is
determined by asset supply and demand elasticities, which can be empirically esti-
mated with existing identification strategies in empirical finance. We refer to a policy
rule of this form as a “market-implementable rule.” The policy rule we characterize
only possesses the virtue of the sufficient statistics approach—microfoundations are
unnecessary for implementing the optimal policy rule but also insights from the New
Keynesian literature, where the optimal policy rule can be designed without the need
to specify the underlying disturbances. We show these elasticities implied by state-of-

the-art financial intermediation models can be of orders of magnitude larger than our

31



estimates for the U.S. economy. In response to a shock that decreases the financial
sector’s net worth, the government purchases illiquid assets and issues liquid assets,

targeting higher returns on liquid and lower returns on illiquid assets.
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A Proofs and Derivations

A.1 Aggregate Functions

The Production Sector

From the optimality of capital rental of the firms’ problem, we have
Oy = Fk<ht7 kt—la wt)a

which defines a function o(hy, ki1, wy).

The optimality of investment gives us
Qt@/(bt,wt) =1,

which allows us to define function (g, wy).

From the definition of Rﬁrl, the law of motion for capital, and the optimality condition
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with respect to labor, we have

(RZAH + Ttﬁl)% = 0(his1, b, wig1) + (@1 P0Gt W), wir1) — U1, wir)],
kt == (I)(Z(Qty wt)u wt)ktfh
Wy = Fh<ht7 kt—la wt)7 Vi 2 0.

Given initial condition k_; and terminal condition limp_, HZ: (R Y1) tar =0, we

can obtain the following functions as the solution of the system:
({RS+1 + Ts+1?w8a ws}), Qt({RsH + T s+1vws§ws})v ({Rs+1 + Ts+17w81 ws}).

From labor market clearing

({RSH + Ts+1>w37 w}t) =1, (18)

we can solve for a wage function

({Rs+1 +T s+17 })
Define

({Rs+1 + 7, H,ws}) = Qt({Rs+1 + T, +1aws({Rz+1 + T£+17‘-‘JL’}) ws}),
({Rs+1 + T s+17 w}) = kt({Rs—‘rl +T s+17ws({Re+1 + T€+1a wel)iws}),

then we have the rental rate of capital

({RS+1 +7 s—i—l""J }) - Q(l kt 1<{Rs+1 + 7T s+17 })(')7(.0,5),

and the value of capital supply
ay <{Rs+1 + . s+17 ws}) = Qt({Rs+1 + T, s+1’ ws}>kt({Rs+1 +T s+1’ ws}).-

The Financial Sector

For t > 0, from the definition

RY = R0,y — R ¢ 1,
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together with the definition ¢, = ¢({RZ, |, RZ,}, w;), and that 6, = 1}¢, + 1, we

can write

R?{Y‘rl = Rt+1({Rs+1> §+1}7‘—0t+1)-

For t = 0, we have

(Rg' + 73" )g-1 = o(1, k_1,wp) + [QO(I)< (qo, wo), wo) — LO(QO;‘-‘-’O)};

Using function ¢,({R%, | + 724 1;ws}), we can obtain

RA({R8+1 +7 s+17 }>

Suppose that the initial returns for asset B are given by RF({RZ., — 75.,}), then we
have

RN({RsH + Ts+17 RsB+1 TsB+1; W)

The Household Sector

Directly from the household problem, we can solve for the welfare function
O({RE — 7B RY — 7N w,, Ty, wi}),
and their asset demand functions
i)t({RsB - TsBaRéV - TsNaws’T&ws})? ﬁt({Rf - TstRfev - TsNawSaTSaws})v
the Lagrange multipliers on their budget constraints:
)O\t({RSB — 1B RN — N w,, T,,w,}).

Using the wage function wy(-) and the return function R}Y,(-) and Rj'(-), we can

obtain

({RA RY w7l Tl Tsvws}) = ’b’({Rf _TSB7RiV(‘) _TSJV?wS(')’Tsaws})v

s7)'s )18 s )

and similarly, we can obtain functions b;(-) and n(), and A(-).
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A.2 Optimality Conditions

The FOC for returns R{H,‘v’j € {A, B} and b¢ are given by:

[Ri]: vy, — (B 6b{ T + &b R s )1eny
t4+1

o0
s T ) ) B T ) N ) A K _
+ E B ['73 €Rl, + Nsks Ry, + Bsr1 (T bs,R§+l + Ts+1MsRI T Tl g )| =0,
s=0

[th] R 5§t+1<R£H)T +v =0.
By the envelope theorem, the effects of policies on the household’s welfare are:

oo
t s K pA
v, = — '\, VA = E I5; )\Sws’TtA + /\Oa_lRoyTtA,

s=0
_ t T G TpB _ t
UrB = —B"Abi_1 T+ AobZ RO,"}B’ VN = =B Aini-1,

and the effects of returns on the household’s welfare are given by:

Vpi = (5t+1>\t+1th + )\oquRgR{H)l{jeB} + Z B° A (Ri\fR{Hnsfl + W, pA 1{j€.»4})7

t+1 t+1

s=0
where
~ A
RQZR{H = RQZR{H + [Qtl{jeA} - d)gl{jeB}} Lis=t41y + [9—1R0,Rf+11{jeA} - ¢11RgRtB+11{jeB}] Lis—o},
and
DN . pA ) BT .
RS,R' = I 95—1,R - R; d)s—l,RiH'

t+1 t+1

The FOC for taxes T; € {T}, 74, 72, 7N} are given by:
[T = vr + B (Lr=ry + Lgerpybea ™ + Lipmrayaly + Lipemyne) — &b Ry ol pmy

oo
BT N A K
+ Z B ['7@68,72 + Nskis, i + BEer1(Tin s + Toans T + Toagy,) | = 0.
5=0
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From the household and production problem, we have

o
bs,R{+1 - bs T +11{j€B} + bs Tt‘ill{JGA} § bS,Té’Y‘_lReJ’_l Rt+17
=0
[o.¢]
_ o 2 : N
ng Rt+1 = Ny Tt+1 1{J€B} + g T{f‘H 1{J€~A} ns,Tﬁle_i_l Rt+1 :
(=0
Similarly, for the financial sector,
b" , = —bF 1B+bA1A+¢]n Ejb RY
s Rt+1 s Tt 1 {jeB} {7eA} ,R] s STU_l 0+1 Rt+1
F _ N
Rl ,rt 5 Ljesy + a A, Leay + 0, Rl s~ E :as TZHReH Ri -
Together, we have
o0
o _ N
ES»RgH =& Tt+1 1{]68} T € Tt/-‘H 1{]6"4} - ¢5 Ri+1ns Z GS’Tﬁ—lRf-i-l Rt+1
=0
SvR{-H = hs T 1{j68} TR T 1{j€’A} - 93 R{-Hns Z R TL’+1 Z""l Rt+1.

Substituting the elasticities with respect to returns, the FOCs for taxes, and the

expressions for UrA S UrB S ULN  WE have

[Rt-H] P Ao [n 1Ry, blleR(]iTtill{jeB} - ai(lRéTﬁll{jeA}}

OR{+1

- i ca [’YJ (&, Ry, 1) — ”S(Q&Ri%lnS)]
s=0

t+1

+ ﬁt+1§t+1<thT1{j€B} — afl{JeA}) + Z 6£+1€£+1nﬁRﬁi—1,R{+l == 0

=0
Because RN = o, RA — bF TRB and
0R§+1 -1 OR?H ORZAH
oo o0
41 FT K 241 N _ 041
B ft+1(bt 1{jeB} — ay 1{jeA}) + E B &“WRHLR{H = E B f£+1WRg+1 Rt+1
/=0 /=0
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we have

Ri+1 . Z /85 |:ﬁ)/s 8 R] TLS> 775(957R{+1n5)] ‘I— EZ 66+1€€+1RZRZ—1,R§+1 = 0
=0

Use the expression for RN

ERgﬂ’

Rngl ’ Z Bs |:7;—¢s RJ nses,RiJrl + 5£5+1<R?+193,Rf RSB+1T¢S R! ) ns = 0.

t+1

From FOC [b¥], we have

B€t+lR£1-1T - ’YtT = ft1T37

and
gong ZBS[ E by, + (Ber By =10, e = 0.

From the financial sector’s balance sheet, we have 17 a2 =0,p,4a and
) B s,Rt+1 s,Rt+1

(R Zﬁs[ + (BE1 R )] O ns = 0.
Suppose that Oga = [0, RZAH] is full-rank, then we have

/st—l—lR?-i-l —Ns = 587 (19)
and FOC [Rf,] holds trivially.

From the FOCs for taxes and (19), we have

&=, T = (B&1) v i = —(B&) e TN = (B&) T (000 — Y ).

39



A.3 Ramsey steady state

The Ramsey steady state satisfies:

E=\ T8 =(BE) 1y, 7 = —(BE) ', TN = (BE) (76 —

BRY*+74) =1, BRP —77) =13,
and

[fin mkt] : % +b" = b,

[cap mkt] :  a® = a”,

[gov bgt] :  1Eb° + T, + 7PTb + #Vn + 74" = RPTbC.

A.4 First Order Responses

[th] : étlsz - 5§t+1R - ﬁthH +9/ =0

[Tt] : Bt(_j‘t + ét) + Z B° ['?STGS,Tt + Nsksa, + Y €51, + n’%S,Tt]
s=0

o
o BT N BT, Ni Aak
+ Z gt |:§5+1(T bor, + 7" neg, + 74ly) + €T T bgm + TV R g, + 7008

s=0

[Ri+1] D Upi Bt+1(ét+161tGT + fobngRnggl + €t+1BtGT + gob(_;1TR

t+1

S|IAT . -~ . Te .
+ E Ié] |:7863,RZ+1+775K3,R%+1 +7'€, R R, + Nk, i

t+1

s=0
[ee]
+1£ BT N A K
+ E 5 70, i TN, e +TCa
- /8 §S+1( S,R§+1 S7Rt+ s Rg+1>
S=
s+1 BTb . ArK o
TN i T™a" _; )=20
+ ZB . ori, TT a0 ) =0,
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where

0
R,

= gttt [(mecr 4 AB?T> 1ijeny + (5\t+1aK + Al + Z B (Aswypa | + Aws’%l)) 1{jeA}]
* (AbGTRBRB - AObGTRo RE, )1{165’} + <)\a Ro rA, T aKRo R )1{jeA}

t+1

+Zﬁs+1( S+IRHRJ n—i—)\RHRJ n+ ARY

t+1 +]‘ R{+1 8

Using B(RA +74) =1, B(RP —7P) =15 and

B T N A K A BT
s+1 bS My + Ts+1n8,Tt + Ts—i—la’s T, — Ts Rs, T, — Tsg  €s5Ty,
BT N A K A B T DN
b, i TN, T = K — T, € - R n
S?Ri+1 s,RtJr R%—Q—l s+1'vg R{+1 s+1 ©s R§+1 s+1 R{—o—l s
we have
. t \ -
(T3] B (=X +&)
1)
Z sl ;¢ B . F oA ) j
+ 6 |:<'75 - B€s+17 )Tes,Tt + (ns + 555—&-17_ )Ks,Tt + (7T¢s - nes)ns,Tt] = 07
s=0

and
[Ri+1] : ﬁR{ -3 +1(f 1b°T + 50bGTRO RE, + d%GT + fobGTRngtBH)l{jeB}

Py (3 = Béa ™) Te, gy + (o + Banim™ Vi, g, — BEii R g o]
s=0

t+1 t+1

DB VD, 1+ By, s+ Doy ) Oy = O,y e = oy )]

o
s+18 BTp N, A K _
+ Zﬁ Esrr1(T bs7Ri+1 +7n, g T Ri+1) = 0.

Note that B(R* + 74) = 1 and B(R? — 78) = 15 imply
(7 ¢S Rl 77957RJ' + BAR si1 Ri-u)

Vg, — M0, +BARY,, i, = BARL, oy

5207

s+l ¢s R )

t+1 t+1

Therefore,
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[Riﬂ] : [5t+1()\t+1 - §t+1)b + ( 50) 0Rf+1:| Lijeny

n [ﬁ*l(ﬁ\maK +Aaf) + (AR o, + AR RA, )a™ + Zﬁs(j‘sws,RfH + A pa )} Lijeay

t+1
s=0

+ Z BS+1 |:<5‘s+1 - és-‘rl)fzi\—fi-l,R{ n+ 65+1A(R5+1087Rg+1 S'H d)s Rt+1) ]
s=0

1

+ Zﬁs [ﬁ’s - ﬁfs+1Tsil)T€s,R{+ + (s — B’ferlTiH)Hs,Rf (V¢ = no)n, Rg“] -0
s=0

Because R0, — RBTg, = (BE) (1, — T ¢p,), we have
RY, =RA0-RE, "¢+ RY%, — R ¢, = RAL0 - RE "o+ (867 (nbs — 7T ),
and

Y, — b, = 8| RA.0— R, "¢ — R, |.

Substitute ] qbs 775@3, note that

F _ ) F _ ) ) P P
a Ry, 68,R§+1ns +0 s RiH’ bs Rt+1 - ¢S,Ri+lns + qbsns,Rngl’ Qs 1, = ans,Tt7 bS,Tt - ¢Sns»Tt7

and define
:Ys = ﬁ/s - ﬁéerlTBv ﬁs = TA]s + ﬁéerlTAa ét = ét —)

The FOC for returns can be written as

[R{+1]: [ﬁtﬂg leT gbGTRORB ]1{365} ZBH&HRsH R}, n
s=0
+ [5t+1(5\t+1a[( +Aa;) + (/\ORéRA + AR, A Ja' + Zﬁso‘sw&‘ﬂf‘“ + M g, )| Ligen)
s=0

s T
+ Z 15} A [RS+1a RJ Rfﬂ beJ Rs+1ns R{+1]

+Zﬁs [”?QGS,R{ + 15k sRiH] = 0.
s=0
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Similarly, we have
[ﬂ] : ﬁ gt + Z ﬁ |:75 €s,T, + Us“s Tt] + ﬂs+1§ |:Rs+1a’s T: Rf+1Tbs T Ré\{klnsyTz] = 07
s=0

and
[th] : BthH (gt-&-l - gt)lsz = (5‘t+1 - ;\t)lgs
We now simplify the expression for

B (Apaa™ + 2a ) + (AR R, T ARY R JaS > B (Awgpa, + Mg pa )

t+1
s=0

First, for a Ro RA note that because capital is predetermined in the initial period

and labor is 1nelastlc we have g, rp, =0 and

q—lRéRtA+1 = ¢(t0)q0,rA

t+1’

which implies

at RORA _kquRH—l

In order to link ¢ R, 1O future capital income, we use equation (4) and take deriva-

tives with respect to Rf;:

qS]-{S:t} + (Rs-i-l + Ts—i—l)Qs RA + (I)(Ls+1)qs+17R£4+l,vs > 0.

Qs-i—l RA

t+1 t+1

Multiply both sides by (RZ, | + 724,) 7'k, and use ®(ts41)ks = ki1, we have

= (R?H + T:}H) (kSQs—H RA T k8+1qs+1 RA )

t+1 t+1

(Rerl + Ts+l) ksqs]‘{s =t} + ksqs R

t+1

Let RO 41 = H (Rs+1 + TS“_‘H) and use kl@l,RfH = —Wpa, from the optimality of

43



production,® we have

CL

_ _2 : K
ORerl N Ry, 1) < Wsy1,RA, T O ]-{s:t})a

and the following first-order expansion:

s+2 K s
ORfH = Zﬁ + ZRHI( Wey1,RA, T O 1{s:t}> Zﬁ +1 < Weprpa, + ay 1{5 t})

s=0

Using these expressions in the FOC for returns, we have:

[R{H] : [5t+1§t+1bGT +fObG ORB 1{]63} Zﬁ stN 'S ns—l
+ Z Bt [(5\5+1 — o+ BA Z Rﬁi—l) (ws+1,R;“+1 + af(l{s:t}>:| 1eqy
s=0 =0

o
s|2T ) ~ ) pA  F B TiF AN _
E € K RA W . — R b —R' n =0.
! 0 # [75 s, R s s,Ri 41 + ( s+1%,R] st1 Ts,Rl s+1"%,R], |
S=

Let zp be a vector of size |B| that sums to one, then the FOC for b¢ implies
b7 (- BgREH)TZb - (£t+1 - gt) = 5\t+1 - ;\t,

and therefore

[RI\]: —[B7&bT +{b% 'R ORB ey — 25 ERY Rl 1
5=0
- [i Bsﬂ(gsﬂ - 50) <ws+1,R;*+l + af(l{s:t})] lien
s=0
+ [iﬁs-ﬁ-l Z (wﬁfgl — (BARE, - :n)sz> ( Weyrpa, + afl{szt}ﬂ 1jea
5=0 =0
+ ZBS ['Ys €, Rl + sk SR, + 6554—1( s+1as R, RsB+1Tb5Rg+1 Rs+1n5 Rgﬂ)} = 0.
s=0
3Because F is constant-return-to-scale, we have w; = F;, — o4k, and Wy pa | = —0s, RtA+1ks where we

use Ft,k = 0Ot-.

44



Note that

o0 S

BTN (BARS, — (BAR, — ) ) (Wi mp, + af L))

s=0 =0

N Z(ﬁ/\RS“ (AR, = 7,)T8) ZBZH(WHLRZ“H +a; L)
5=0 I—s

Therefore, we have

[RL]: = (871 Enbf T + &b TR o 1L jen) — Zﬁés g et

s=0

- Z gt [(gsﬂ — &o)(wgyy, R, T =)
s=0

(AR, — (ARE, = 3,)Ti0)2 s [15en)

T
+ Zﬁs |:"Ys €, RJ + 775 s RJ + 6§s+1< s+1as RJ RSB-H bsFRJ RS“’lnS R§+1>i| - 0’
s=0

where
— K
s—i—l Rt+1 = Z ﬁ (wl+1 Rf_'_l + a 1{l:t}> .

Using FOC 7, to solve for & and to reduce the expression of FOCs for returns and

b, we have
Rl s ~ B TiF SN
R, : Zﬂ ey, + oy, + B (R~ RETB )~ RNy )]

= [ B BERL — (ARE ~ 3T g |1 (20)

t+1
s=0

G1 . B T HN
[bt ] . Z 6 [75 €5, AT 41 + nsﬁs ATy + 65( s+1a’s AT 11 Rs+1 bs AT Rs+1nS,ATt+1>i| 1;3
s=0

5t+lth+1 - Bt + 5t<)‘t+1 - )‘t> B> (21)
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where

o
. __ Z SN GT G TpB 4
€s R T €s R, + GS’TZRZ,RiHnZ_l + [es’TtHb T e b, RO:RtB-s-l] 1{JEB}
=0
oo
(41 K
+ [ ) (€siyy — B €s1) Wy s+ 1{e:t})] 1jeay,
=0
. 571 o
€5, ATy — €s,Ty11 €s,Tys

and similarly for other objects. Note that these objects are comprised of market
elasticities as defined in Definition 2, along with along with steady state holdings of

assets.?

A.5 Matrix Form

Define
Y = [ﬁt&t]a Rj = [Bt—HRg—H]? €ERi = [és R’ ]a EAT = [es,ATtﬂ

t+1

and similarly for other matrices, and let
AX =[5 (A = A, AE =[5 (G — &),
We have

(R AT(Era — T2p5a) + TR + ([RY (@fa — 2jpa) — RY (bjpa — T 2554) — RN '] = 0,
[RE.]: ATéms +0TRps +E[RY akhs — RPTbhy — RN 'hgs] =0,
bS] (A£®@15)T+ERPT =47,
where

AET = AN — HTGAT +N'kar + f(RATaZT - RBTbZT - RNT’”AT)} :

J =1 ®tp, and I is an identity matrix of the size of the time horizon.

4From the labor market clearing condition in Equation (18), we can write wga = —h,'hga, and
therefore w, RA, is also a market elasticity consistent with Definition 2.
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We define the following notation for arbitrary syntax x:

Xr? = Xre + Xra(—Rpga) 'Rgs,

XAT = XAT + XRA(—FLRA)’IK,AT.

Solving for 7, we have

~

[RP]: A(ere — T255) +E[RY (ks — 255) — RYT(blys — T2855) — RN 'iugs] = 0.

Solving for 4 from FOC RZ, we have

[RE,]: AT=¢[RATZ - RP'TE — RV'TY],

where
= (ahs — 255)(—€éps + T2K) 7,
T2 = (bhs — T28e)(—€rs + T2ks)7",
Fév = ﬁRB(—éRB + jng)_l.

Define

Tap = akp + Tenr, TR, =08, +TPerr, TN, :=nar+TVear,
then we have
AET = AN — ¢[RA T4, — RP'TE . — RY'TY,].

Let
T, =T +Th, @1, Vje{A B, N},

then we have

B¢ M (AA® 1)+ R =RAT, - R°'T'y — RV'T'y.
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B Benchmarks and Examples

B.1 Neoclassical Growth Benchmark

Because AX = —\RY , optimality of the policy rule requires

R - RV @1, =RAT, - RP'T3 - RV'Ty..

When 6 and ¢ are constants, we have
Ty=00y —T:(Ig+éxr @1f), Tp:= ¢y — I (Is + éar @ 1}),

where I'Z := 2K, (—€érs+ T 2K,) 7!, Ip = I®Ip, and I3 is an identity of size | B.

The formula for the optimal rule reduces to

RBT - RNT ® ]_T = RATFA - RBTfB - RNTf‘N
= —(R" — RPTT? x [Ig + éar © 1%].

Because 6 and ¢ are constant, the definition of RY implies that
RPT—R" @1} = —R" @ (01}) + RP"[Iz + I ® (¢1})].
Therefore, the optimality condition reduces to
R¥'[Is + T © ($15)] — R @ (01]) = —(RY = R¥"J)T% x (I + ear © 1],
Note that because § = ¢1] + 1, one solution to the system is given by

R ®1L = RP".

To check for uniqueness, we need to check that the following matrix is invertible:
Is+ 1@ (p1p)] — TLC % [Ip + éar @ 15].

Recall that

[ =28, (—€ps + T2hs)""
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Because 6 and ¢ are constant, we have

Epp = —bgo +Ttps @ G+ (fups ® @)(~Fpa) Ko,
and

RpaRpp = Ny Nugs.

From the property of Kronecker products,

N @¢=(Ixng)®(Px1)=I®¢)(ng ®1).
Therefore,

érs = —bps + (I ® ¢)iigs + (I ® )ivga(—igh)fgs = —bps,

and
JT: = T2k (bps + T285) "' = Is — bs(bgs + T 2ks) .

The condition is reduced to

Ts+ T @ (¢15)] — [Is — bge (brs + T55) "] % [Is + ear  1F].

B.2 Quasi-Linear Preference

Suppose that the household has a quasi-linear preference without portfolio adjustment

cost:
u ({CS> bsa ns}sgt) =+ V(bt),

then transfers do not affect asset holdings and we have
eaxr =0, al;, =0, b, =0 mnar=0.
As a result,
I; =TI, Vje{A BN},
and

x . ¥ P v i F x -
€rs = €ps, Qps = aps, bps =bps, mNrs =npgs.
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The formula reduces to
b9 AN HAA®15) + R = RAT, — RP' Ty — RV 'Ty.
t

where

Moreover, if there is no capital adjustment cost, then zg 1 = 0 and we have

r, = CVLII;B(—EEB)’ I~‘B = ng(—éi}g), fN = ﬁ’RB(_éI_%é)'

B.3 Synthetic Intertemporal Price

Consider the case where the household has an additively separable preference over ¢,

ng, and by:
U ({Csa b37 ns}sgt; wt) = ﬁ(Ct; wt) + @(nta wt) + V(bt)v (22>

and there is no portfolio adjustment cost. If vy, is not full rank, there exists a vector
a such that

aTVbb = 0, O{T]_B =1.
With such a vector «, Assumption 1 holds with return R} 1= aTRﬂl:
AXT = —AR*",

where R* == [ R?, .

Let €2 be a set of orthonormal basis such that €2; = «, and define
b7 = Q'h, RZ,=QRE

where the first elements are given by bf == aTb, and R -
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The household budget constraint is:

&+ (QT15)07 + fy = iy, + (R — 77)07 , + R’b? + RV + RVn — T,.

Solve for ¢;, and substitute it in AS\tH = —5\}?2‘ . with =" (¢)¢; from the house-

hold’s problem. We have

by — [L+ 8710 + 870, = €, (23)
where
* - s > 7~ “ T > T 'LL/ %
e =— [+ RO + RYn — T3] + [te1 + RO + R n — Ty — BB

|B|
+) [(Q}lgiyff — (R? —79)b7)) — (s}, — (R? — Tz)gtzj)].
Jj=2

From the household’s problem, we have
Advirls + ARE, — vppb.
Because
aTvbe;t = ijtﬂ + aﬁf%f_il =0

for any I;t, it implies that aTvy, = 03.

Left multiply €7, we have

— A

MRZ | — R, QT15) = QTupQ x b7,

where the first row and column of QT2 are zeros, and its (1, 1) minor is non-zero

because « is unique.

As a result, I;tZ 7 can be solved as linear functions of th+1 for all j > 1, and Equation
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(23) implies

—li—y

QT(/Biles,T;H,l - 68,T,§) -

Let 4) = a4, then
V(B esm —€sm) = (%) (B ' Qe — QTesn,) = = sy
and, in matrix form,
Year = =7,

where 4* = [5'4/].

Moreover, because n; satisfies
Adpir + RN = RN — RE | = Dpnl + Onwty,
we have nar = 0, which implies that
ah; =0, bi;, =0, kKkar=0.
Therefore, we have éar = ear and
I‘ﬁT = I‘feAT, I‘ﬁT = I‘EGAT, I‘XT = I‘éveAT.
As a result, Lemma 3 implies

AET = AN — FTear = — AR + 3T,

Use it in the first order condition for b%:

bS] (A6 ®@1p)T +ERPT =47,
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we have
b7 (RP-R @15) = (7 -5 ®@1p)".
From Lemma 3, we have
[R7.): 4T =¢[RYT! - RP'T? - RV'TY],
and
(R (v @1p)" =¢[RYT? - RP'TY - RN'TY]L,,

where I, =1 ® (al}).

Using these expressions in the optimality condition for b“, the optimal policy rule is

reduced to

RP'I5 — 1) = [RY'T2 — RP'TP — RV'TYN| (15 - L.

Because rank(all) = 1 and has 1 as an eigenvalue (with 1z as an eigenvector),
Iz — I, has rank (|B| —1) x T

C Nested Models of Financial Intermediation

We show how our framework nests some commonly used models of financial frictions
by appropriately choosing functions ¢ ({ RZ, ;, RZ, ,}2°,) and 6,({ R4, |, RZ ,}2°,).

s=t s=t

C.1 Bianchi and Bigio (2022)

There is a continuum of financial intermediaries (banks) with relative risk aversion
~v > 0. Financial intermediaries choose portfolio shares of loans 0 > 0, government
debt 27 < 0, reserves ¢ < 0 and deposits ¢9°® > 0.° The real gross rates of return
are respectively RﬁpRim RS0, and RE . Intermediaries face idiosyncratic
withdrawal shocks w € [wpn, 00], with wyy, > —1, Elw] = 0, and a cumulative

distribution function F with density f. Intermediaries have to raise enough reserves

>The quantity of reserves held by an intermediary is thus —¢™n > 0. We use the same convention
for government debt.
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to settle transactions. In case of a negative realization of w they first sell their holdings
of government debt for reserves and if there is still a shortfall they borrow from the
discount window at the rate R}"; and from the the interbank market. Intermediaries
with positive realizations of w lend in the interbank market. The interbank market
rate is determined by the interbank market tightness. Proposition 7 in Bianchi and

Bigio (2022) shows the optimal portfolio solves the following problem®

1
-

_ _ — _ _ - - T
P q_sgo\r,%args{ Jdep Ew [(Rf+19 - R£S7t+1 (¢gov + Cbres) - Rfep,t+1¢dep + Xt+1(¢gov + ¢resa ¢dep7 w)) 1_7]

S.t. 8_ = 1 -+ égov + Qgres + &depy quep S K, and

+
Xit18, s>0

- - RE ]
Xt—i—l(qbgov + qbresa qbdepaw) = , S§=— (gbgov + qbres) + <ﬂ> wqbdep'

_ B
X118, s<0 Ryt i1

Let ¢liq = Gres + gz_ﬁgov. Proposition 8 in Bianchi and Bigio (2022) shows that if
9, @dep > 0 and (th < 0 solve the portfolio problem, we have:

E, [(Rip) 7w < o]

E, [ (Rin) |

Rf-i-l - Ris,t-ﬁ-l = X?+1 + (Xt_+1 - Xal) - F (W*)

Y

ng,tﬂ - Ris,t—i—l = Xt++17
Covi, [( zf+1)_7 : Xt+1,w}
E, |(Ri) 7|

where p > 0 is the multiplier on the leverage constraint, and ,u(gz_ﬁdep —k)=0.w"is
the level of withdrawal shock w such that s = 0:

w* _ _leiq/édep

" DB B :
Rdep,t+ 1 Rres,t—i—l

RB
B B _ pA B dep,t+1
Rdep,tJrl - Rres,tJrl - Rt+l - Rres,t+l + (RB —H

res,t+1

6We focus on a case with no regulatory reserve requirement, i.e. after the realization of withdrawal

shocks and trade in the interbank market it is enough if reserve holdings are nonnegative. Our
results are not affected by this simplification. Moreover, without a loss of generality we focus on
an equilibrium with holdings of government bonds by intermediaries in deficit not exceeding the
surplus of reserves. This is the case on which Bianchi and Bigio (2022) focus.
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Ry, is the gross return on unit of net worth:

A B n i n
R§+l — Rt+19 Rres t+1¢liq - Rdep,t+1¢dep + Xt+1<¢liq7 ¢dep7 w)

Appendix A in Bianchi and Bigio (2022) shows that slopes of the liquidity yield
Xt+1(Pliqs Pdep; w) are functions of Ri&t 41, interbank market tightness ¥, and discount

window rate R},

I(W)\" [ 019(9,)" — 0
X:‘rl = X+(Rr‘és,t+1aﬁt;RK~/_1) = (RK/H - Ris,t—‘rl) ( 59;)) ( : f; t) t) )

(¥) — 1
) ) @(1%) n ﬂng(ﬁt)l—n -1
Xt+1 = X (RrB;s,t-l-l’ Ui RK/H) = (Rgl B Ris’tH) ( Uy ) t D) — 1 ,

where

'5(’1%) =
1+(1/9:—1) exp(N)?

Market tightness satisfies the interbank market clearing condition:

g + [ <M(;W“)%®

res,t+1

(1= F (@) + [ wf (@) (522 ) Gy + G

t

Y

B B s n n .
1975 = 19(Rdep,t+17 Rres,t—i-b ¢liq7 ¢dep7 ¢gov) =

where we already used the fact that in a symmetric equilibrium portfolio choices of

all intermediaries are the same.
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Define

ot B B n " T . pW oy B w
X (Rdep t+1» Rres Jt+10 (bliq? (bdepa ¢gova Rt+l) T ( res,t+1) (Rdep t+1> Rres 441 ¢hq7 ¢dep7 ¢gov) Rt+1)
X (Rdep t+1» Rres 41 ¢11q7 ¢dep; (bgov’ Rt+1) =X ( res,t+1) (Rdep t+1» Rres Jt+1 ¢hq> ¢dep7 ¢g0V) RtJrl)
X (Rdep t+1s Rres 10 ¢hqa ¢dep= ngova Rt+1) =X () - ( ).

xt()s, s>0 _ R3. _
(Rdep t+1s Rres A+1s ¢llq7 ¢dep7 ¢gova wj Rt+1) ~ , S= _¢liq + RB —Ceptl Wﬁbdep-
X (-)s, s<0 res,t+1

Q_sliq / diep
RB

B
dep,t+1Rres t+1

w” (Rdep t+1> Rres FASE ¢1iq7 ¢dep) =

R
_l’_

_ _ B _ B _
( t+1> Rdep t+1> Rres 41 97 ¢liq’ ¢ dep> ¢g0va Rt+1) T Rt-i—le - Rres,t+1¢liq - Rdep,t—i—l ¢dep
XT()

We now use the above formulas in the first order conditions of the intermediary to

solve for optimal portfolio shares as functions of returns only.

Binding leverage constraint

If the leverage constraint is binding

B |(Re (+RIL)) T Jw <w ()
E, (R (5 RIY)) )

Rt+1 RrBes,t+1 = >~<+('; RK/H) + >~<A<'§ RK/H) CF(wr (1)) -

Rg)v,t+l - Rfes,t+1 = >~<+(7 RK{-I)?
9_ =1+ leiq + édem

ggdep = K.
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Slack leverage constraint
If the leverage constraint is slack
B [(R (5 REL)) T Jw <ot ()]

E, | (R (<R)) |

Rt+1 Rrest+1 >~<+(';RK1)+>~CA<"RK1> F(w())-

Y

Rgov t+1 Rres 441 >2+( RXVH)

- M,

o )C (B (+BY)) 7 %))

Riopart = Riaspir = Bisy — Rosgpn + ( T E. [(Re( RY,)) ]

Rres ;41
0 =1+ g + Pdep-
In both cases it is a system of four equations with nine variables: four quantities

0 gbdep, gbgov, gbhq and five returns Rt+17 Rdep s RB, 4D Rgov 1> RtJrl We use Pres =
gbhq—gbgov and solve for 6, ngdeP, qbgov, bres as functions of returns. We denote the solution

as
0=120 (Rt+1a Rdep t+1s Rres 4410 Rgov t+1) Rt+1)
¢dep deep (Rt+1v Rdep t+1» Rres 1 Rgov t+15 Rt+1)
7 A B . pW
¢res ¢res (Rt+17 Rdep t+1» Rres Jgt+1 Rgov,t—&—l’ Rt+1) ’
Y _ A B B . pW
¢gov - (bgov (Rt+17 Rdep,t+17 Rres,t+17 Rgov,t+17 RtJrl) .
We have

RZL‘H = [Rt+1}

Rdep t+1
Rt+1 = Rres JA+1

Rgov t+1

({Rerl? s+1 P ) [9 (Rt+17 Rdep t+1» Rres 41 Rgov t+1? RK/&-l)i|

B
¢dep (Rt—i-lv Rdep t+1s Rres 1o Rgov t+15 Rt—i—l)
00 _ B
({R5+17 s+1 ) Qbres (RtJrl? Rdep t+1> Rres g+ Rgov t+1’ RtJrl)
A B B w
(bgov (Rt+l7 Rdep,t—&—l’ Rres,t+17 Rgov,t+17 RtJrl)
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Note that we treat R}Y, as exogenous as in Bianchi and Bigio (2022): the government
supplies discount window loans perfectly elastically at R}’L. The quantity of discount
window loans does not appear in the balance sheet of intermediaries at the stage
when they decide on their portfolio allocation. It only enters the government budget
constraint: we can either treat it as a part of lump-sum tax 7; or model it explicitly
by adding an extra term that depends on other returns on assets (because demand

for discount window loans is a function of these returns).

C.2 Gertler, Kiyotaki, Queralto (2012)

Gertler et al. (2012) extend the Gertler-Karadi-Kiyotaki (GKK) framework by al-
lowing intermediaries to issue outside equity. Outside equity affects the ability of
intermediaries to divert assets: it is more difficult to divert assets funded by deposits
than outside equity. Let 6 be the portfolio share of loans, @qep the porfiolio share of
deposits, and ﬁoeq the share of outside equity. Intermediary can divert fraction y of

assets and run away, where

o éoeq XZ (,Boeq ?
X_X0<1+X19 +2 g )

A pB B
The rates of return are R, R, 141, and Boo g

Bellman equation of an intermediary is’

Ny = max At7t+1 (f + <1 - f> 7]t+1) [9_ (Rﬁrl - R(lfep,t+1) - 950601 (Riq,tJrl - R(lfep,t+1) + R(ip,tJrl]

q;oeq X2 ngeq 2 o
_ 1 ¢ Az [ Foeq
Mt Xo( + X1 7 + 5 7 1,

where A; ;41 is the discount factor, 7, is the marginal value of net worth, and A, is

+ M\

the Lagrange multiplier on the incentive compatibility constraint. We assume the

. . . o A B B
discount factor is a function of returns only, Ay 1 = AR, Rt i1 Baop.ii1-

If the incentive compatibility constraint is binding, first order conditions with respect

"See Chiang and Zoch (2023) for a detailed derivation of a similar result in a basic GKK framework.
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to portfolio shares result in

xz (& 2
B 1 — X2 ( Pocq
Rt+1 Riep.t+1 . 2 ( 0 >

B B ~ N2
Roe%t-‘rl - Rdep,t+1 Y1 (%) + o (‘7500;61)

which determines the ratio @eeq/8 as a function of returns, x(R7;, Rfeq 41 R(ip 1)

This allows us to write

d_’oeq (Rt+17 Roeq t+19 Rfep,tﬂ) 0.
_ _ 2\
The above result together with 7, = xo <1 + Xl% + % (%) ) 0 gives us

(Rt+1 R(]fep,t+1 ( ) (Roeq t+1 Rfep,ﬂ»l))

r = Ai i1 - t+1 )
n a1 (f (1= f)neg) vo (Lt 1z () + 22 ()7)

B
M+ Repi41

This links 7 to 741, A¢s41 and returns. Given our assumption that A; ;44 is a function

of returns only, we have

m=n ({Rs+17 Roeq s+1R§ep,s+1}52t> '

By using the incentive compatibility constraint, the optimal relationship between 6

and gz_ﬁoeq, and the balance sheet, we have

= 1
0 = R RE . RY
X0 (1 + Xlx( ) + )(221.( ) )n ({ s+17 *Loeq,s+1 dep,s—i—l}sZt) 9
7 z () 5
oeq — Rs 7R0e s R ep,s )
Pt () 1 20 () 1 (U Rl R} )
_ 1— (-
¢dep = l‘( ) ) ({Rs+1’ oeq,s—&—lR(li;:ap,s-H}sZt) - 17

Xo (L4 x1z (-) + % (-)?
which shows that , Goeq; Pdep can be expressed as functions of returns only:
B
({Rs+1> oeq,s+1 Rdep,s+1 }SZt) )

yy B

Qboeq ¢oeq ({Rs+17 Roeq,s+17 Rdep,s+1 }szt) ’

Y B

¢dep deep ({Rs+17 Roeq,s+17 Rdep,s+1 }szt) ’
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C.3 Sims and Wu (2021)

Sims and Wu (2021) extend the GKK framework by introducing interest-bearing
reserves and allowing for a difference between diversion rates of private loans and
government bonds. Let § > 0 be the portfolio share of private loans and igov, Dres <
0, ¢aep > 0 the portfolio shares of government bonds, reserves, and deposits. The

balance sheet equation is

g = &gov + Qgres + diep + 1.

: A pB B B
The real gross rates of return are respectively R’ 1, Rop i1, res 11, and By ;-

Intermediary can divert a fraction y < 1 of private loans and x - A of government

bonds, where 0 < A < 1. The reserve requirement is

Q;res S _gq_ﬁdep'

Bellman equation is

_ 7 (A B
Mt _ézo,égglgt})fémgo Nr (f + (1= ) mes) [Q (Rt—i—l - Rdep,t+1)

7 B B 7 B B B
- ¢gov (Rgov,t—H - Rdep,t+1) - Cbres (Rres,t+1 - Rdep,t+1) + Rdep,t—f—l}

+ )\t [nt - Xé + XAqggov] - ,ut [&res + §((§ - qggov - Qgres - 1)]

where A;;1; is the discount factor, n, is the marginal value of net worth, \; is the
Lagrange multiplier on the incentive compatibility (IC) constraint, and pu, is the
multiplier on the reserve requirement (RR) constraint. We assume the discount factor

: : _ A pB B B
is a function of returns only, Asri1 = A(RE |, Ry vt Bres i1 Bopiin)-

The program is linear in portfolio shares. Therefore, unless returns satisfy certain

relations, the solution will involve corner solutions.

. . . . . B B
The reserve requirement constraint is binding whenever Ry, ,,; > Ry4q- The
incentive compatibility constraint is binding whenever

S

A B ._ pB B B
max {Rt+17 Rgov,t+1} 2 Rfund,tJrlv Rfund,t+1 — Rdep,t+1 + 1 — c (Rdep,t—l—l - Rres,t—i—l) :
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We will assume this is the case and also that RE ,., > R7 . If

Rgov t+1 ARH—I
1-A fund,t+1

the intermediary is indifferent between holding government debt and loans. Let

Rt-{—l’ Rgov t+1 = (1 - A) Rfund Jg4+1 + ARé}—l

B .
R (Rt—i-l? Rgov t+1» Rdep t+1» Rres t+1) T B
Rgov t+1, Rgov t+1 > ( A) Rfund 441 + A-RtJrl

We can rewrite the Bellman equation as

* n
Up :At,t+1 (f + (]' - f) 77t+1) (R (Rt—l—h Rgov t+1> Rdep t+1> Rres t+1> - Rfund,t-l—l) ;t + Rfund,t+1

Because we assumed A;;1; is a function of returns only, we have

B
(Rt+17 Rgov t+1» Rres,t+17 77t+1) :

We can therefore use the binding incentive compatibility constraint to get

0 — A&gov = X (Rt+17 R?ov,t—i-l? Rfes,t—f—l’ 77t+1)

The exact portfolio composition depends on returns. For example, if the incentive
compatibility constraint is binding and Rgept+1 > Rrest+1, We can express demand

for loans as

%77 OF (1= A) Ruuna i1 + ARS | > Rgf)v,t+1a
0 (Rt+17 Rgov t+1» Rdep t+1> Rres t+1) = |:07 iﬁ ():| ) (1 - A) Rfund ;t+1 + ARiAJrl = Rg)v t+1>
07 ( A) Rfund 41 + ARtJrl < Rgov t+1-

The portfolio share of government debt is

1 1
¢g0v (Rt—i-lv Rgov t+1 Rdep t+1- Rres t+1) = Z (0 () - ;77 ()) .

If Raept+1 > Rrest+1 We can use the reserve requirement together with the balance
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sheet to get

S

—7 (0 () = Pgov (1) = 1)
(0 () = dgov (-) = 1)

A B B B
¢res (Rt+17 Rgov,t+17 Rdep,t+17 Rres,tJrl)

—_ =

A B B B _
¢dep (Rt+17 Rgov,t+17 Rdep,tJrlJ Rres,tJrl) - 1—

Y

If Ryept+1 = Rrest+1, then only the sum Dres + gz_ﬁdep is determined and equals
0(:) = dgov () — 1.

In this model, if rates of return are such that none of the portfolio shares is zero,
demand for assets will be perfectly elastic. If rates of return are such that some asset
has a portfolio share equal to zero demand for this asset will be inelastic. For example,
if the return on loans sufficiently dominates the return on government debt, demand
for debt will be inelastic. In this case, demand for loans will have an intermediate

elasticity.

D Aggregation

Assume there are J intermediaries in the financial sector, who hold productive assets
and net worth of other intermediaries, and issue financial assets. The net worth of
an intermediary j is n;,;. We denote the intermediary’s j holdings of net worth of

. ) g : . _
intermediary j in period ¢ as n;; ;. We normalize n;;,=0. Let

J
Nyt = Myt — E :”jj',t
J'=1

We assume that holdings of productive assets and issuance of financial assets are

proportional to n;:

aj, = 00 ({RY, R7Y) nye, bju = &5 ({RE RTY) s
The balance sheet of intermediary j is:

J
170, ({R, REY) nju + Y njra = 1 ({R), RZY) njy + gy

ji=1
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Return on the net worth of intermediary j satisfies

1

n]tl

J
N - AT Bt N
R} [(Rt Pji1— R0 1) nja+ ) Ryngiaa

j'=1

Define:
J
O ({Rf7 RSB}) ng == Zej,t ({Rf» RSB}) Tjt
J
¢ ({R},RP}) ny = Z #;c ({RY, R2Y) nyy
j=1
J
ng ‘= an,t
j=1
It implies

0,0 ({RX, RPY) 2t

ny

I
M“

0 ({R, R})

<.
Il
—

¢;0 ({(RA, RPY) "t

t

M“

¢ ({R), R})

.
Il
-

The rate of return on the aggregate financial sector’s net worth held by households,
RN, is

J 1 J
N _ N o
Ry = E Ry | -1 — E Njrji—1
j=1 Zj:l Njt—1 3!
J

= - [(RATHJt 1—R,t T l)n]t 1+ZR’thJ’t 1]

j'=1

1
N

- § :Ryyt 7 E :nJ’J t-1

j=1 Zj:l Mjt—1 ji—

Lo

_ ATt Bt
=D = [(R Oj-1 — I ¢’j,t—1> ”j,t—l]

j=1 Zj:l Nt

= R0, — R "¢,
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Assume the for all j the ratio n;;/n; is constant for all j, ¢, n;/n. We have

J o
ey
s REH ({Rk+17 k’+1}k>5) = Zej,s,RtBJrl ({Rk+17 k+1}k>s) ) #
j*l
iy
Rp, ({Rk+17 RkB+1}k>3 Z ¢J s,RE {Rk+1’ RkB"‘l}kzs) . 70;

The above derivations show that we can aggregate intermediaries using n,/n as
weights. We obtain aggregate 0; and ¢;. The rate of return RY depends on these
aggregate functions in the same way as in the baseline model. The assumption that
allocation of net worth between J is constant allows us to obtain sensitivities of the
aggregate functions which are weighted sums of sensitivities of these functions at the

intermediary level.

E Empirical Appendix

E.1 Data Construction

Our primary data source is the Flow of Funds (FoF) data from the Federal Reserve
Board. The FoF includes balance sheets for various entities including households, the
federal government, nonprofits, and businesses. This data gives us the supply of var-
ious financial instruments in the economy, as well as who owns them. Unfortunately,
there are various inconsistencies between the PDF tables available online for viewing
and the actual data files available for download. Thus, we adopt the following proce-
dure to correct these discrepancies and consolidate the separate tables into a single

dataset of owner holdings over time.

FoF tables containing levels follow two broad structures: tables L100 through L130
correspond to owners, and each table shows the holdings of that owner. Tables
L200 through L235 correspond to instruments, and each table shows the owners
of that instrument. We loop through the instrument tables (L200-L235) to obtain
holdings.

For each instrument, we load in the data table, where each row corresponds to a

date, and each column corresponds to each line from PDF tables. Generally, the
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first column corresponds to the date, followed by columns for each owner who holds
this instrument as an asset or liability on their balance sheet. Each column name
has a numeric code corresponding to a total. We use code books provided by the
SCF to replace these numeric codes with their names. For example, in table L200,
"LLM893111005.Q” corresponds to "All sectors; U.S. official reserve assets; liability.”
The first part before the semicolon denotes the owner (in this case, ”All sectors”
denotes a total), the second part is the instrument (”U.S. official reserve assets”),
and the third part is whether it is an asset or liability (“liability”). Some tables
contain a "memo” column. All columns to the right of the memo column contain
alternative groupings of the same owners. For example, table 1.203, "Net Interbank

Y

Transactions,” is organized by assets and then liabilities. However, after the memo
column, the groups are instead ”"Vault cash”, "Depository institution reserves”, and
”Other transactions with the monetary authority”, etc. with assets and liabilities no
longer clearly delineated. Including these columns would result in double counting.
Consequently, we drop all columns to the right of the memo column. Unfortunately,
there is no simple way to identify these, so we must manually code the location of

each memo column (if applicable) for each table.

We then proceed to standardize assets/liabilities and names. Generally, the tables
have assets followed by liabilities. For these, we simply multiply all the liability
columns by -1. Consequently, the totals for most instrument tables should be zero,
since for every owner holding an instrument as an asset there is another owner in the
economy holding the instrument as a liability. However, some tables contain alterna-
tive orderings, for example, liabilities followed by assets, or even assets and liabilities
interspersed together. Additionally, some of the column names are incorrect, for
example, specifying "asset” when they should read "liability” or even having a com-
pletely incorrect name (this can be verified by referencing the FoF z1 PDFs). Thus,
we proceed to multiplying all columns denoting liabilities by -1, and then correcting
names so that all of those columns correctly specify "liability”, while other columns
specify "asset”. Since most tables are organized to have asset columns followed by
liability columns or vice versa, we do this by identifying the column where this switch
takes place and then denoting everything to the left or right as assets and liabilities.
For the tables where assets and liabilities are interspersed, we manually identify each
column as an asset or liability. Finally, some tables do not contain liabilities at all,

for example table L207, "Money Market Fund Shares”. This would cause our asset
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and liability totals to not match, so we create a liability owned fully by the money

market fund itself so that the asset and liability totals match.

Next, we drop columns with subtotals that do not add up to another total. For
example, table L207 contains a column named ”"Government-sponsored enterprises”,
immediately followed by a column called "Of which: FHLB federal funds (3)”. This
second column is highlighting a portion of the first column, and including it would
double count the part of GSEs that are FHLB federal funds. Thus, we manually
specify these columns and drop them. Similarly, some columns denote discrepancies
between the asset and liability total columns. We drop these as well, since they do

not belong to any owner.

Many tables contain aggregate total columns. For example, a total asset column
equals the sum of all asset subtotals. Including these would double count the total of
assets. Instead, we only want the most disaggregated column totals. In order to drop
columns that contain sums of other columns, we employ a simple algorithm: we iterate
backward through each column, taking cumulative sums of all previous columns until
we encounter a sum that matches the current column (given a small tolerance for
rounding errors). This column is thus a total of previous columns and thus is dropped.
Since we are iterating backwards through the data table and dynamically dropping
certain columns, this approach will identify totals "layer-by-layer”, starting with the

most granular totals and progressing up to drop totals of previous subtotals.

Next, we reshape the data so that date and owner are indexes, and each column
corresponds to a holding. We use the fact that each column name follows the structure
“owner; holding; type,” for example: "Federal government; other reserves; asset” to

pivot the data.

We repeat this entire process for each instrument table, merging them all together
on the date variable, as well as any shared columns. This is because multiple tables
may contain the same holding, for example ”other reserves”. We then drop duplicate
columns, which leaves us with a dataset that has consolidated owners and instru-
ments from all FoF tables so that each row is a unique date and owner pair, while
each column is the holding of an instrument. Finally, we recode owner names for con-
sistency (combining "Banks in U.S.-affiliated areas” with "U.S.-chartered depository

institutions” into ”"Private Depository Institutions”).
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This now allows us to sum values together for all dates, owners, and tables (where
each table corresponds to an instrument). The final product is a dataframe where for
each unique combination of date, owner and table, we have a value (representing the
sum for this unique combination across all our data), gross holdings (which denotes
the positive or asset portion of value), and gross issuance (which denotes the negative,

or liability portion of value).

We normalize all quantities by dividing them by the quadratic trend of real GDP. We
detrend all series used in the estimation by projecting them on quartic polynomials.

We use the average trend level of variables as their steady-state value.

Table 3: steady state values

. B B A H H 5 B Dot s 7]
Variable H Rijuia  Rilliquid R bliquia  biltiquid n Pliquid__ Pilliquid 4

Value 1.0029 1.0097 1.0143 2.728 -1.953 8.364 0.177 -0.218 0.954

E.2 Construction of GIV

We define f = [f; --- f,]7 to be a J x F' matrix of characteristics and
P = (f/f)"'fT, Q=—1I—fPT,

We use s; to denote a vector of relative weights that sums to one. In our estimation

we use weights s;, given by the relative net worth in period ¢ — 2:

Njt—2

-
Zj:l Tjt—2

Sjt =

We assume these weights are independent of idiosyncratic shocks in period ¢. Simi-
larly, (;Abb’t = {éj,b,t}jzl is a vector containing deviations for all entities. We construct

instrumental variables Z;; as
Zb,t = StTQQAbb,t
for each b € |B|. Because Z;.Izl s;+ = 1 we have
Zb,t = SgQub,t‘
where wyy = {u;p 7.
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Intuitively, in the absence of the factor structure (with F' = 1, f; = 1), Z,; corre-
sponds to differences between two cross-sectional averages of ggj,b,t: one weighted with

s;t, another equally weighted. As a result, we have

M-

1. -
Zb,t = (Sj,t - j)¢j7b,t
j=1
J 1 |B|
= Z(Sj,t - j> Z [ﬁbb,Rg(Rfé,tﬂ - Rﬁu) + ot + Uj,b,t}
j=1 m=1
1

B

(85,6 = 5 )Wjb
- J

<.
Il

Since Zp; is a linear combination of idiosyncratic shocks, it satisfies E [Z, ;7,.¢] = 0

for all b, m.
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