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Abstract

This paper develops a dynamic model to study optimal liquidity regulations for multiple
assets that differ in liquidity. I show that optimal macroprudential policies are affected by asset
liquidity and the multi-asset structure. Lower asset liquidity amplifies declines in asset prices
and tightens the collateral constraint during financial crises, raising macroprudential taxes on
debt. With multiple assets, the marginal benefit of investing in one asset is affected by cross-price
elasticities of all assets, depending on trading positions and the collateral constraint’s tightness.
The optimal policy in the multi-asset model can differ from those in standard one-asset models
in size and sign. Quantitatively, optimal macroprudential policies favor liquid assets and reduce
borrowing. The policy reduces the probability of financial crises from 8% to zero and increases
welfare by 1.2%. Finally, I analyze and quantify the current Basel III reform, which increases
agents’ liquid holdings and decreases the probability of crises. However, the policy reduces
welfare, as agents overborrow and overinvest in liquid assets.
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1 Introduction

Following the Great Recession, policy discussions have focused on managing liquidity to prevent
financial crises.1 From a macroprudential perspective, the policies’ objective is to manage the
size and composition of banks’ balance sheets in normal times to prevent financial crises.2 Such
macroprudential policy is justified and determined by externalities that lead to inefficient equilibria.
Although debt-related externalities are well studied in the literature, no dynamic framework exists
that emphasizes the role of assets—in particular, the role of liquidity that affects externalities and
optimal policies. Moreover, the availability of multiple assets may also affect the optimal policies,
as the externality of one asset is affected by the cross-price elasticities of other assets.

The aim of this paper is to answer the following questions: How does asset composition affect
externalities and optimal macroprudential policies? How can assets with differing liquidity be
optimally managed? How effective are the optimal policies and current regulations proposed by
Basel III?

This paper develops and quantifies a model with two assets, one liquid and one illiquid, and
an occasionally binding collateral constraint that generates nonlinear amplification. There are two
sectors: domestic agents and foreign investors. Domestic agents own banks and invest in assets by
raising outside deposits and obtaining exogenous equity capital. Domestic agents also own firms,
and firms’ production relies on domestic holdings of the illiquid asset. Foreign investors demand
the two assets and acquire them at lower prices during financial crises. Liquid assets, which can
easily be liquidated under financial distress, can be a better buffer against crises. Focusing on small
open emerging economies prone to financial crises due to volatile capital inflows (Jeanne and Sandri
(2020)), I assume the interest rate on debt to be exogenous.

Quantitatively, the government should impose macroprudential policies that raise the ratio of
liquid assets to total assets (liquid share) by 3.03%, compared with the unregulated case. The
optimal policies reduce agents’ leverage by 11.37%, which is much higher than values in the literature
on the pecuniary externality,3 decrease the probability of undergoing financial crises by 8% and
increase consumption-equivalent utility by 1.21%. The probability that optimal policies in the
two-asset model are of opposite signs of those in the standard one-asset model is 30.76%.

To highlight the importance of asset liquidity and its policy implications, I document the liquid
share’s empirical dynamics following sudden stop events and financial crises in both emerging and
advanced economies. The observation that the liquid share declines during such events suggests
that financial institutions tend to sell more liquid assets when they are forced to liquidate assets.

1For example, Basel III reform introduced the liquidity coverage ratio (LCR), which is designed to ensure that
banks maintain short-term resilience by accumulating high-quality liquid assets. Another policy innovation is regu-
lation of the net stable funding ratio (NSFR), which guarantees banks’ long-term resilience through sufficient stable
funding.

2See, e.g., Bernanke (2009) and BIS (2008).
3Excess borrowing by decentralized agents is also known as “overborrowing.” Bianchi (2011) estimates that

overborrowing concerning the debt-to-GDP ratio is around 0.6%. In Benigno et al. (2010), overborrowing ranges
from 0.1% to 0.3%. Overborrowing in terms of the leverage is less than 1%, as measured by Bianchi and Mendoza
(2011). Other papers show various models that predict no overborrowing or underborrowing. (See, e.g., Uribe
(2006b); Benigno et al. (2010); Davila and Korinek (2018); and Schmitt-Grohé and Uribe (2018))
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From a macroprudential perspective, the dynamics imply that liquid assets are better buffers against
financial crises and should be accumulated ex ante.

This paper’s normative perspective considers the pecuniary externality,4 which operates via
the collateral constraint and refers to the effects of individual trades on future asset prices. The
pecuniary externality generates two effects. First, the changes in future prices may benefit or harm
agents, depending on whether agents are asset buyers or sellers. Second, agents will benefit from
higher asset prices, as they loosen the future collateral constraint. The social planner (hereafter,
SP) improves welfare by internalizing the externality via macroprudential policies that guide the
competitive equilibrium (hereafter, CE) toward the solution of the SP problem.

To study policies that affect asset composition, I extend the model of Mendoza and Smith (2006)
by assuming two assets with asset-specific liquidity. Both the number and liquidity of assets affect
the optimal policies. Asset liquidity is jointly characterized by market and funding liquidity. Market
liquidity, captured by transaction costs, measures the ease with which assets can be traded. Funding
liquidity captures the ease with which assets can be liquidated for funding and is proxied by the
collateral value of assets. The illiquid asset features both lower market and funding liquidity but a
higher dividend.5 The two types of liquidity provide opposite incentives for asset sales under adverse
shocks: market liquidity encourages agents to sell the liquid asset due to a low transaction cost,
whereas funding liquidity discourages agents from selling the asset, as it provides more borrowing
capacity. The empirical decline in the liquid share during financial distress implies that market
liquidity dominates.

Although yielding more dividends, the illiquid asset provides less of a buffer to prevent crises,
as its price declines by more when it is sold. Specifically, lower market liquidity (and thus a higher
transaction cost) calls for more extensive asset sales under adverse shocks to compensate for the
transaction cost. As asset demand decreases, the asset price declines, and the collateral constraint
tightens, triggering further sales. The SP, who internalizes the pecuniary externality and how it is
affected by asset liquidity, holds fewer illiquid assets than those held in the CE solution.

In addition to asset liquidity, the two-asset structure also matters because the optimal macro-
prudential policy of one asset is affected by not only the effect of current holdings on its own future
price but also on the future price of the other asset.6 For example, suppose that in the one-asset
model, agents are expected to be sellers in the next period; then, they will benefit from a higher
future price. The SP can achieve this by subsidizing current asset purchases, which increases future
wealth through dividends and eventually raises future asset demand. When adding another asset

4Other externalities that lead to inefficiencies include fire-sale externalities (Stein (2012)), aggregate demand
externalities (Farhi and Werning (2016)), and externalities that result from strategic complementarities (Ruckes
(2004) and Dell’Ariccia and Marquez (2006)). See De Nicol et al. (2012) for a detailed survey of the literature.

5With two kinds of liquidity being either low or high, assets can be classified into four groups. However, these
two types of liquidity mutually reinforce each other (Brunnermeier and Pedersen (2009)), that is, assets with high
funding liquidity tend to have high market liquidity. This argument simplifies the asset class into two assets: one
with both higher funding and market liquidity and another with both lower funding and market liquidity.

6Some papers regarding financial intermediation do consider two-asset models (see, e.g., Brunnermeier and San-
nikov (2014); He and Krishnamurthy (2011); Elenev et al. (2018); Diamond and Kashyap (2016); Kashyap et al.
(2017)), but they do not study the pecuniary externality from cross-price elasticities due to at least one of the
three assumptions: (1) agents always invest in only one asset and borrow the other; (2) at least one asset’s price is
exogenous; and (3) at least one asset is in zero supply.
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and agents are expected to be sellers of that asset, the optimal subsidy on the initial asset will rise,
as the increase in future wealth can now benefit agents by boosting both assets’ prices.

More important, the additional asset may offset or switch the sign of the optimal policy when
agents are expected to be sellers of one asset and buyers of the other. For example, suppose that
agents are expected to be sellers in the one-asset model; the model predicts that the SP subsidizes
asset purchases in the current period. By adding another asset that agents tend to buy, I show
that the subsidy on the initial asset shrinks, as its benefit is offset by the loss of having to buy the
new asset at a higher price. Moreover, the subsidy switches to a tax when the loss dominates the
benefit.

The policy switch is a relevant concern, as agents tend to buy the illiquid asset and sell the liquid
asset when their wealth is not too high or too low. If agents are wealthy, agents raise consumption
and purchase both assets. As wealth declines, purchases of both assets decrease. There exists a
turning point at which agents attempt to sell assets due to low wealth, but foreign investors are
not willing to purchase the illiquid asset because of the transaction cost. It is only when agents are
extremely poor that they decide to sell off the illiquid asset at a very low price to compensate foreign
investors for the transaction cost. Empirically, institutions sell liquid assets and buy illiquid assets
during sudden stop events. Quantitatively, a policy switch occurs with a probability of 30.76%.

Next, I calibrate the model to data from Argentina, which is a small open emerging economy
prone to financial crises. I then demonstrate the performance of the model by running event studies
of the 2002 Argentine crisis. The model matches the empirical declines in deposits, the liquid asset,
illiquid asset, and liquid share. The model also captures the negative correlation between the liquid
share and leverage. I then evaluate the optimal liquidity regulation by comparing the CE and SP
solutions. The SP encourages a more liquid portfolio by implementing dividend taxes that equal
-21.4 basis points for the liquid asset and 1.73 basis points for the illiquid asset. On the liability
side, the SP either tightens the margin requirement by 1.5% or imposes an average deposit tax that
equals 7.24 basis points.

Finally, I study the current Basel III and compare it with the optimal regulation. Under Basel
III, banks must keep their liquidity coverage ratio (LCR) and net stable funding ratio (NSFR) above
100%. When incorporating the Basel regulations, the model predicts a higher liquid share under
either the LCR or NSFR. Quantitatively, the LCR and NSFR increase the liquid share and reduce
the probability of crises. Moreover, the LCR and NSFR mitigate the CE welfare loss by 19.66%
and 35.31%, respectively. However, when both policies are effective, welfare declines, as agents
overborrow deposits and overinvest in liquid assets, yielding low dividends. The Basel III policies
can be on average equivalent to the optimal macroprudential policies if, under a standard LCR, the
lower bound of the NSFR loosens from 100% to approximately 20%.

Related Literature

This paper is related to several strands of literature. First, it complements studies that focus
on overborrowing justified by the pecuniary externality. Studies such as Bianchi (2011), Bianchi
and Mendoza (2011), and Bianchi and Mendoza (2018) develop models with occasionally binding
constraints to evaluate the optimal macroprudential policy. In these papers, although the opti-
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mal macroprudential policy significantly alleviates and prevents financial crises, overborrowing is
quantitatively small, requiring additional evidence to support the importance of macroprudential
policies. Regarding macroprudential policies on assets, Davila and Korinek (2018) use a finite-
period model and derive optimal taxes imposed on purchases of financial instruments based on
their state-contingent payoffs. Other examples that focus on the pecuniary externality include
Uribe (2006a,b); Lorenzoni (2008); Benigno et al. (2010); Korinek (2012); Schmitt-Grohé and Uribe
(2018); and Jeanne and Korinek (2019). This paper contributes to the literature by studying op-
timal macroprudential policies on multiple assets and debt, considering asset-specific liquidity, and
obtaining quantitatively large overborrowing.

The second strand of literature concerns the optimal liquidity and its relationship with bank
runs in static or finite-period models. The classic paper by Diamond and Dybvig (1983) focuses
on bank runs that result from a liquidity mismatch between illiquid assets and short-term debt.
Diamond and Kashyap (2016) use a two-asset model with incomplete information to pin down
optimal liquid holdings to deter runs. Some studies analyze liquidity regulations,7 and some focus
on the mechanism of liquidity hoarding in finite-period models.8 Several papers have also proposed
stylized frameworks that solve for the optimal allocation of liquidity.9 This paper differs from the
literature by providing an infinite-period model to quantify the dynamics of asset holdings, asset
prices, welfare, and the probability of crises.

The third strand of literature is related to bank intermediation and nonlinearity in dynamic
models with multiple assets. Recent works include Brunnermeier and Sannikov (2014); He and
Krishnamurthy (2011); and Elenev et al. (2018). In these models, the liquid asset is typically cash,
which financial intermediaries borrow to invest in the illiquid asset. This setup, therefore, is more
akin to a one-asset-one-debt model. This paper’s two-asset model differs from the literature, as the
quantity and price of both assets are endogenous. This framework allows for additional channels
through which asset liquidity and structure affect optimal macroprudential policies.

Finally, this paper is related to both theoretical and empirical works on the efficacy of Basel III.
The most closely related paper is by Kashyap et al. (2017), who uses a dynamic model with finite
periods to compare the private equilibrium, SP solution, and the regulated equilibrium. They show
that both the LCR and NSFR raise banks’ liquidity, decrease lending, reduce the probability of
crises, and erode banks’ welfare. These results are in line with those of this paper. I contribute to
the literature by further quantifying an infinite-period model with calibrated parameters. My results
agree with the empirical papers in which liquidity regulations raise bank holdings of high-quality
liquid assets (HQLAs).10

The remainder of the paper is organized as follows. Section 2 provides empirical evidence of asset
sales during financial crises and sudden stop events. Section 3 introduces the model and the role
of asset liquidity and structure. I then derive the optimal liquidity regulation. Section 4 calibrates

7See, e.g., Ennis and Keister (2006); Vives (2014); Farhi et al. (2009); and Kashyap et al. (2017).
8See, e.g., Heider et al. (2009); Acharya and Skeie (2011); and Gale and Yorulmazer (2013).
9See, e.g., Perotti and Suarez (2011); Holmstrom and Tirole (1998); and Caballero and Krishnamurthy (2004)
10See, e.g., DeYoung and Jang (2016); Duijm and Wierts (2016); Fuhrer et al. (2017); EBA (2017); and Banerjee

and Mio (2018). See Popoyan (2016) for a detailed summary of the literature.
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and simulates the model in regulated and unregulated equilibria. Section 5 solves and analyzes the
equilibrium under Basel III, and section 6 concludes.

2 Empirical Evidence

The importance of liquidity regulation can be emphasized by the asset trading pattern of financial
institutions during sudden stop events, which typically feature significant declines in asset holdings
in economies.11 I use data from the IMF Internal Investment Position (IIP) and the IMF Financial
Soundness Indicators (FSIs) to document asset dynamics during sudden stop events identified by
Calvo et al. (2006) and Korinek and Mendoza (2014). I then analyze bank-level adjustments in
balance sheets using micro data from Bankscope.

Figure 1 shows the normalized average trends for the liquid share in emerging and advanced
economies. Using the IIP, the left panel focuses on 54 sudden stop events (25 in emerging markets
and 29 in advanced markets. See Table A.2 for the event list). The liquid share decreases by
approximately 10% in emerging economies and by 2% in advanced economies. On average, the
liquid share declines by more than 6%.12 Using the FSIs, in which the liquid asset has a narrower
official definition, the right panel shows similar patterns during 13 matched sudden stop events (8
in emerging markets and 5 in advanced markets).1314

To understand financial institutions’ trading behavior, it is also necessary to examine data on
asset transactions because nominal asset values are subject to revaluation due to exchange rate
fluctuations or renegotiation of debt contracts. Since changes in the liquid share are more drastic
in emerging markets, I focus here on the volumes of asset transactions in those markets.

Figure 2 plots the aggregate sales of liquid and illiquid assets. To distinguish sudden stop events
from the influence of the US Great Recession, I define financial crises as sudden stop events that
occurred from 2007 to 2009. (See the events in Table A.2 marked in bold) During the crisis period,
countries become sellers of liquid assets. On the other hand, although the purchases of illiquid
assets decline, countries still exhibit slight increases in their illiquid holdings.15 The dynamics of
liquid and illiquid sales are consistent with the observation that the liquid share decreases. The
bottom-right panel of Figure 2 shows an increase in the debt level before crises and a subsequent
decline during crises. This observation is in agreement with the literature, which reports that debt

11A sudden stop is formally defined by sudden reversals in capital inflow, output contractions and increases in the
spreads of emerging market bonds.

12The trends are robust when considering a much narrower definition of a liquid asset: the sum of currency and
deposits. This implies that other definitions of safe shares (see, e.g., Gorton et al. (2012) and Lenel et al. (2019))
that lie within the initial and narrower liquid share should also feature similar patterns.

13Figure A.7 plots the level of liquid shares in these two data sets and shows that emerging countries tend to hold
a more liquid portfolio.

14Focusing on the Great Recession, Figure A.8 plots the dynamics of asset holdings among financial institutions in
the US. The liquid holdings started to shrink in 2007Q4, whereas the illiquid holdings did not decrease until 2009Q1.
In addition, the decline in liquid holdings from the peak to the trough is five times larger than that of the illiquid
asset, leading to a 10% decrease in the liquid share.

15To further explore changes in balance sheet items, Figure A.9 plots the transaction patterns of main liquid and
illiquid assets. The negative growth in the liquid asset is mainly explained by the decrease in cash and deposit
holding. Purchases of debt securities also decline during crises. As for the illiquid asset, a shift from holding loans to
holding account receivables occurs. Restructuring illiquid assets does not lead to aggregate sales of illiquid assets.
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Figure 1: Normalized liquid share in sudden stop events
Notes: The horizontal axis denotes a 5-year window, where t indicates the period when a systemic sudden
stop is identified. The vertical axis denotes the cross-sectional average of the normalized liquid share with
t − 2 being the base year. The left panel uses annual IMF IIP data from 1980 to 2017. Assets include
currency and deposits, debt securities, loans, insurance and pensions, accounts receivable, equity asset,
and gold. The sum of the first two assets is defined as the liquid asset. The right panel uses annual IMF
FSIs from 2000 to 2017. The FSIs defines an official liquid asset ratio, which equals the sum of currencies,
deposits, short-term financial assets, and securities that are traded in the liquid market divided by total
assets of the economies. See paragraph 4.80 in the IMF’s complication guide for detailed definitions.
Countries are divided into two groups, advanced and emerging economies.

is procyclical throughout sudden stop events.
However, the effects of sector-specific shocks cannot be identified using country-level data when

assets are traded within domestic sectors. Thus, the effect of financial shocks on asset holdings can
be better identified using bank-level data. Using micro data from Bankscope, which covers global
banks from 1981 to 2016, I analyze banks’ holdings on asset sales by regressing the change in the
liquid share on the growth rate of asset holdings and other bank controls from the last period. The
regression is given by

∆LSb,t = α0AssetGrowthb,t + βZb,t−1 + Fb + Ft + eb,t, (1)

where Zb,t−1 represents bank characteristics. Fb and Ft indicate the bank and time fixed effects.
α0 measures the degree of change in the liquid share under 1% asset growth. The results in Table
1 show that a 1% decline in current asset growth decreases the liquid share by 0.025% to 0.05%,
supporting the previous observation that banks sell relatively more liquid assets in downturns.

Other relevant bank characteristics include the core tier 1 regulatory capital ratio, the ratio of
impaired loans to gross loans, the log of loan loss provisions, and leverage. The core tier 1 regulatory
capital ratio measures the rate of core capital to total risk-weighted assets and indicates the financial
strength of the holder. Banks that have a high core tier 1 capital ratio (more stable funding sources)
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Figure 2: Adjustment in balance sheets during crises: Emerging countries

should be able to maintain a more illiquid portfolio to pursue high yields. On the other hand, banks
become less healthy when holding more impaired loans, which then restricts them from possessing
an illiquid portfolio. The amount of loan loss provision also provides information regarding banks’
expected loss from lending. Higher loan loss provision implies more risk, and thus banks tend to
hold a more liquid portfolio. Finally, banks able to operate under higher leverage may be more able
to hold illiquid assets for profit.

Figure 3 plots the impulse response of the liquid share under negative shocks to asset growth.
Past shocks represent negative impacts on the balance sheet, and therefore banks increase the liquid
share to prevent future depletion of liquidity. Future shocks indicate negative news under which
banks raise the liquid share to prepare for the expected sales of liquid assets. When current shocks
hit, banks are forced to sell more liquid assets than illiquid assets, leading to a decline in the liquid
share.

In sum, the empirical evidence shows that the liquid share declines when banks liquidate assets,
implying that liquid assets should be a better buffer against financial shocks and therefore should
be accumulated ex ante.

3 A Two-asset Model

This section introduces a dynamic model to quantify and evaluate optimal macroprudential policies,
which guide asset composition and the size of agents’ balance sheets. It extends the model of
Mendoza and Smith (2006) with a stock collateral constraint by allowing multiple assets that differ
in their market and funding liquidity. I then analyze the role of liquidity and asset structure in
affecting asset dynamics and optimal macro-prudential policies. The normative theory that I provide
emphasizes the fire-sale mechanism and the pecuniary externality, which operates via the collateral
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Table 1: Asset sales and liquid share

(1) (2) (3) (4) (5) (6) (7)
Asset growthb,t 0.0254** 0.0370** 0.0332*** 0.0294*** 0.0254** 0.0299*** 0.0511***

(0.033) (0.016) (0.001) (0.001) (0.033) (0.001) (0.009)
T ier 1 capitalb,t−1 -0.0696** -0.1540** -0.0959**

(0.018) (0.013) (0.027)
Impaired loanb,t−1 0.0476** -0.0229 0.0440

(0.012) (0.494) (0.593)
ln(Provisionb,t−1) 0.9010** 0.7740** 0.4870

(0.021) (0.035) (0.112)
Leverageb,t−1 -0.0057 -0.0278* -0.0166

(0.496) (0.057) (0.459)
R2 0.155 0.159 0.159 0.238 0.155 0.242 0.297
N 46,297 45,101 45,397 20,506 46,297 19,362 10,156

Bank FE Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y

Lag and forward N N N N N N Y

Notes: Liquid assets equal the sum of trading securities and at fair value through income, loans and
advances to banks, reverse repos and cash collateral, cash and due from banks, and mandatory reserves.
Illiquid assets equal the sum of corporate and commercial loans, other consumer/retail loans, senior debt
maturing after 1 year, other assets, other intangibles, and held-to-maturity securities. The last row
indicates the model with lagged and forward asset growth by up to three years. p-values in parentheses.
* p<0.10, ** p<0.05, *** p<0.01. Standard errors are clustered by type of financial institution. Source:
Bankscope.

constraint and refers to the effects of the individual trades on future asset prices.

3.1 Setup

There exist three sectors: a continuum of measure unity of identical domestic agents, foreign in-
vestors, and the government. Domestic agents raise outside deposits and invest in liquid and illiquid
assets. They then produce output by using the illiquid asset. Foreign investors maximize their cash
flows by investing in the two assets. The government taxes or subsidizes the purchase of assets and
borrowing. Policies are financed by the tax on the exogenous equity capital that agents receive.
The supply of the two assets is fixed. The liquid asset has higher market and funding liquidity but
yields a lower dividend. Prices are endogenously determined by the demand of domestic agents and
foreign investors. Under the assumption of a small open economy, the interest rate on deposits is
exogenous.

3.1.1 Domestic Agents

The representative agent owns banks and produces using the illiquid asset.16 Specifically, agents
obtain the illiquid asset from the banking sector and produce via the firm sector. The bank has access

16This setting is similar to the assumption of firm-household agents made in Mendoza (2010) and Bianchi and
Mendoza (2018). Bianchi and Mendoza (2018) show that the CE of the representative firm-household is equivalent
to the case in which households and firms are separately modeled.
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Figure 3: Changes in the liquid share under a 1% negative asset shock

to both assets and finances investment by raising deposits from outside lenders. Agents’ borrowing
capacity is subject to a collateral constraint governed by the asset margin, which measures funding
liquidity. Each bank is assumed to be managed by an agent that maximizes and consumes profit by
raising outside deposits dt+1 to invest in two assets: a liquid asset aLt+1 and an illiquid asset aIt+1.
Deposits represent the only inside money that agents issue.17

The optimization problem of the agent can be characterized as

max
{πt,{ajt+1},dt+1}

Ut = Et

[ ∞∑
s=1

βsu (ct+s)

]

subject to

πt +
∑
j=I,L

(
1 + τ jt

)
qjta

j
t+1 −

1 + τdt
1 + r

dt+1 = (1− τt)ωt +
∑
j=I,L

[(
qjt + z

)
ajt

]
− dt + yt, (2)

ct+s = πt+s, (3)

dt+1

1 + r
≤
∑
j=I,L

κjajt+1q
j
t , (4)

yt = A× aItK, (5)

where the utility is CRRA and β is the subjective discount factor. Equation (2) is the budget
constraint, in which dt+1/(1 + r) represents the discounted deposits and ωt denotes the newly
injected equity capital, which is homogeneous across agents. z measures the exogenous dividend
investors earn when holding assets for one period. {τ jt , τdt } are macroprudential taxes/subsidies
financed by τt, which is a lump-sum tax/subsidy on ωt.

17This assumption is consistent with the observation that banks are mostly financed by deposits (Hanson et al.
(2015)).
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Equation (3) indicates that the agent consumes the remaining wealth after investing in assets
and raising deposits. Equation (4) is an occasionally binding collateral constraint in which the
nominal value of deposits cannot exceed the sum of the nominal values of assets.18 κj is the asset-
specific margin. Higher funding liquidity for the liquid asset implies that κL > κI . Equation (5) is
the production function, which is linear in the capital level accumulated during the last period. The
time lag implies that it takes firms one period to produce output. A is the exogenous technology
level. aIt can be viewed as loans for working capital raised by firms. Assuming a unity price of
working capital, aIt represents the share of working capital K owned by domestic agents.

Normalizing K = 1, the budget constraint (2) can also be written as

πt +
∑
j=I,L

qjta
j
t+1 −

dt+1

1 + r
= (1− τt)ωt +

∑
j=I,L

[(
qjt + z̃j

)
ajt

]
− dt, (6)

z̃j =

z j = L

z +A j = I
,

where the gap between the two “gross” dividends z̃L and z̃I equals the technology level A, which is
the additional value of the illiquid asset for being a production input.19

3.1.2 Foreign Investors

There is a continuum of representative foreign investors who have access to both assets. They
buy assets when agents sell them and provide downward-sloping demand to pin down asset prices.
Asset supply is fixed such that ajt + ajf,t = Āj . The reason for introducing foreign investors is to
obtain nonconstant asset holdings of agents under fixed asset supply.20 As will be discussed later,
nonconstant asset holdings are crucial to generate a difference between optimal macroprudential
policies in the one-asset and multiple-asset models, which highly depends on asset trading positions.

Foreign investors are risk neutral and maximize their discounted cash flows. The maximization
problem is given by

max
{ajf,t+1}

Uft = Et

∞∑
s=0

(
βf
)s (

cft+s

)
subject to

18Financial institutions here are similar to the shadow banking sector, in which deposits are not protected by
deposit insurance. The reason to focus on uninsured financial institutions is that they have represented the most
affected sector that sold assets during financial crises, as documented by He et al. (2010).

19The budget constraint can also be written as

nt = nt−1 +
∑
j=I,L

(
qjt − q

j
t−1

)
ajt −

(
1− 1

1 + r

)
dt +

∑
j=I,L

z̃jajt − πt + ωt,

where the current net worth nt equals the sum of previous net worth nt−1 plus the capital gain of asset holdings∑
j(q

j
t − q

j
t−1)ajt , the gain from asset dividends

∑
j z̃

jajt , and newly injected equity capital ωt minus the interest
payment on deposits and the consumed profit πit.

20Alternatively, nonconstant equilibrium holdings can be achieved by not fixing the asset supply.
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cft =
∑
j=I,L

[
ajf,t

(
z̃j + qjt

)
− ajf,t+1q

j
t −

1

2
Bjqjt

(
ajf,t+1 − a

j
f,t + θj

)2
]
, (7)

where βf ∈ (0, 1) is the subjective discount factor of foreign investors. Equation (7) is the budget
constraint whereby consumption equals the remaining wealth after investing in the two assets.
Similar to Mendoza and Smith (2006), the asset transaction is subject to an asset-specific quadratic
transaction cost, which is governed by a strictly positive scale coefficient Bj that controls market
liquidity.21 The transaction cost paid by foreign investors can be justified by either a real cost of
finding a trading counterpart or a premium that compensates for asymmetric information. Higher
market liquidity for the liquid asset implies that BL < BI . θj is the recurrent entry cost that
captures the asymmetry in the marginal cost between buying and selling assets. A positive θj implies
that the transaction cost is higher when foreign investors buy assets (or, equivalently, domestic
agents sell assets). As will be discussed later, this asymmetric cost yields an asset-specific marginal
cost of trading and allows the case in which agents buy the illiquid asset and sell the liquid asset,
thus driving the difference between optimal macroprudential policies in one- and multiple-asset
models.22 Similar to domestic agents, foreign investors are assumed to own a production sector that
allows them to earn the same gross dividend z̃j as domestic agents.

3.1.3 Government

The government implements macroprudential policies and balances the budget by taxing or subsi-
dizing agents in a lump-sum fashion. The government’s budget constraint is given by

∑
j=I,L

τ jt q
j
ta
j
t+1 −

τdt dt+1

1 + r
= τtωt.

3.2 Unregulated Competitive Equilibrium

In the unregulated equilibrium in which {τ jt , τdt , τt} are null, domestic agents choose {ct, {ajt+1}, dt+1}
to maximize the discounted profit subject to the budget constraint (6) and the collateral constraint
(4), taking prices {qjt } as given. Foreign investors choose {ajf,t+1} to maximize their discounted
cash flows. The equilibrium can be characterized by optimality conditions (8), (9), (10), and (11),
as well as the market-clearing condition (12).

qjt =
z̃j

1− βf
1

1 +Bj
(
ajf,t+1 − a

j
f,t + θj

) ∀j ∈ {I, L} , (8)

21The transaction costs of equity or asset trades are often assumed to be quadratic in transaction volume (see,
e.g., Niehans (1992); Heaton and Lucas (1996); Aiyagari and Gertler (1999); and Herdegen et al. (2019)). Gertler
and Kiyotaki (2015), although they do not directly incorporate a transaction cost, focus on a two-asset model and
introduce a quadratic household management cost of capital to capture the household’s lack of expertise relative to
banks in managing investment.

22θj also ensures that the solution for asset holdings is within the selected bounds. Otherwise, agents who initially
own assets around the lower bound may sell assets under an adverse shock, leading to current asset holdings that are
below the lower bound.
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u′ (ct) q
j
t = Ew′|w

[
βu′ (ct+1)

(
qjt+1 + z̃j

)]
+ qjtκ

jλt ∀j ∈ {I, L} , (9)

u′ (ct) = β (1 + r)Ew′|w
[
u′ (ct+1)

]
+ λt, (10)

0 = λ

 ∑
j=I,L

κjajt+1q
j
t −

dt+1

1 + r

 , (11)

Āj = ajt + ajf,t ∀j ∈ {I, L} . (12)

Equation (8) is the asset demand of foreign investors. Prices of assets are decreasing in asset
investment (aj

′

f − a
j
f ), and price elasticities are affected by the coefficient of market liquidity, Bj .23

If Bj increases, the asset price declines more for a given unit of asset investment to compensate
foreign investors for the higher transaction cost per unit of asset sales. To ensure positive asset
prices, I assume that the asset-specific exogenous coefficients

[
Bj , θj , Āj

]
are set such that 1 +

Bj
(
ajf,t+1 − a

j
f,t + θj

)
is strictly positive.

Equation (9) is the asset demand of domestic agents that equates the marginal benefit and
marginal cost of asset investment. By forgoing the marginal utility of consumption, u′(ct)q

j
t , agents

earn capital gains and the benefit of loosening the collateral constraint. The size of the marginal
benefit of loosening the collateral constraint is increasing in funding liquidity κj . Thus, an asset
with higher funding liquidity will be more valuable and traded at a higher price. Equation (10)
equates the marginal benefit of current consumption and saving. Decreasing borrowing by one unit
increases the marginal benefit of saving by λt, which is the shadow value of the collateral constraint.

Equation (11) is the complementary slackness condition. Note that a fire-sale spiral is triggered
when the collateral constraint (4) binds. In a standard one-asset model with κ being the collateral
value, agents then sell one unit of asset and repay κ unit of deposits, loosening the collateral
constraint by (1−κ). In this two-asset model, however, the amount of each asset sale is determined
by liquidity. On the one hand, selling the liquid asset avoids expensive transaction costs due to
high market liquidity. On the other hand, holding the liquid asset provides more borrowing capacity
because of high funding liquidity. Since empirical liquid shares decrease during downturns, as shown
in Figure 1, the effect of market liquidity should dominate that of funding liquidity such that the
liquid asset is sold more heavily.

The tradeoff between market and funding liquidity can also be observed theoretically. Assume
for the present that there is no asymmetric effect of selling assets (θj = 0); then, the sale of asset j
when the collateral constraint binds is given by

23Here, market and funding liquidity formally follow the definition given by Brunnermeier and Pedersen (2009) in
which market liquidity Λj is defined as the gap between the transaction price and the fundamental price:

Λj =
z̃j

1− βf
1

1 +Bj
(
aj

′′

f − a
j
f + θj

) − z̃j

1− β > 0.

Funding liquidity κjλt is defined as the product of the asset margin and the shadow value of relaxing the collateral
constraint. The two kinds of liquidity mutually reinforce one another. If funding liquidity declines, the asset is less
valuable, and thus the equilibrium price decreases and the gap Λj widens, implying a decrease in market liquidity.
If market liquidity falls (i.e., |Λj | rises), the equilibrium price is supported only when u′(c) increases and funding
liquidity κjλt declines, as shown in equation (9).
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−qjt∆a
j
t+1 =

z̃j

Bj

(
1

1− βf
−M j,CE

t

)
, (13)

whereM j,CE
t = Et[

∑∞
k=0

∏k
i=0m

j
t+1+i] is the domestic agent’s stochastic discount factor and 1/(1−

βf ) is the foreign investor’s discount factor. mj
t , which equals βu′(ct+1)/[u′(ct)− λtκj ], is the one-

period domestic discount factor from t to t + 1. Equation (13) shows that agents gain from asset
sales when the domestic discount factor is smaller than the foreign discount factor, indicating that
foreign investors are patient enough to delay consumption and invest in assets. Higher asset demand
then boosts the asset price to guarantee a positive gain from the asset sale.

To observe the tradeoff, note that on the one hand, M j,CE is increasing in the coefficient of
funding liquidity κj because the benefit of loosening the collateral constraint is increasing in κj .
Agents then hold more assets with high κj due to high benefit of loosening the constraint. On
the other hand, asset holding is decreasing in the coefficient of market liquidity Bj because the
transaction cost erodes the gain. The relation between relative sales and liquidity parameters is
given by

rsale =
BI

BL

z̃L

z̃I

(
1

1−βf −M
L,CE
t

)
(

1
1−βf −M

I,CE
t

) , (14)

where rsale = qLt ∆aLt+1/q
I
t∆aIt+1 is the relative sales of the liquid asset to the illiquid asset, and it

depends on the relative size of Bj and κj throughM j,CE . A sufficient condition to ensure a decrease
in the liquid share is given by

BL <

(
1− 1− βf

r

)
z̃L

z̃I
BI , (15)

in which the gap between the market liquidity of the two assets is large enough to dominate. In
addition, the liquid share tends to decline when the relative dividend z̃L/z̃I is high because it leads
to a high relative price of the liquid asset, which can then be sold at a higher price during downturns.

The CE can be formally characterized by a recursive unregulated problem. Let V ({aj}, d,Ω;ω)

be the value function of the representative agent. Ω = {{Aj}, D} is a set of aggregate variables
where {Aj} is domestic agents’ aggregate asset holding andD is domestic agents’ aggregate deposits.
The representative agent’s optimization problem is

V
({
aj
}
, d,Ω;ω

)
= max
{aj′},d′,c

u (c) + βEω′|ω

[
V ′
({
aj
′
}
, d′,Ω′

)]
subject to

c+
∑
j=I,L

[
qj (Ω;ω) aj

′
]
− d

′

1 + r
= ω +

∑
j=I,L

(
qj (Ω;ω) + z̃j

)
aj − d,
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d
′

1 + r
≤
∑
j=I,L

κjqj (Ω;ω) aj
′
,

aj
′
+ aj

′

f = Āj ,

d
′

= D′,

Ω′ = Γ (Ω, ω) ,

aj
′

f = −
[
1− z̃j

(1− β) qj (Ω;ω)

]
1

B
− aj − θj ∀j ∈ {I, L} , (16)

where equation (16) is the foreign investors’ asset demand. The equilibrium solution is character-
ized by the decision rules d̂′({aj}, d,Ω;ω), ĉ({aj}, d,Ω;ω), {âj′({aj}, d,Ω;ω)}, and λ̂′({aj}, d,Ω;ω),
implying an actual law of motion of aggregate assets âj′({Aj}, D,Ω;ω) and the aggregate deposits
d̂′({Aj}, D,Ω;ω). The above solution is associated with actual price functions {q̂j(Ω;ω)}, which
can be solved by equation (9). In equilibrium, the perceived law of motion Γ should converge to
the actual law of motion of the states. The explicit price function of asset j is given by

qj (Ω, ω) = Eω′|ω

[
βu′ (ĉ(Γ (Ω, ω) , ω′)

u′ (ĉ (Ω;ω))− λ (Ω;ω)κj

(
qj (Γ (Ω, ω) , ω) + z̃j

′
)]
, ∀j ∈ {I, L} .

The recursive CE is formally characterized as follows:

Definition. (Recursive unregulated competitive equilibrium) An unregulated recursive equilibrium is
given by a set of asset price functions {qj(Ω, ω)}, a perceived law of motion of assets and deposits
Γ(Ω, ω), the solution d̂′({aj}, d,Ω;ω), ĉ({aj}, d,Ω;ω), {âj′({aj}, d,Ω;ω)}, d̂′({aj}, d,Ω;ω), and the
value function V ({aj}, d,Ω;ω) such that

1. The decision rules d̂′({aj}, d,Ω;ω), ĉ({aj}, d,Ω;ω), and {âj′({aj}, d,Ω;ω)}; the shadow value
λ({aj}, d,Ω;ω); the associated foreign holdings {âj

′

f ({aj}, d,Ω;ω)}; and V ({aj}, d,Ω;ω) solve
the optimization problem of domestic agents, taking {qj(Ω, ω)} and Γ(Ω, ω) as given.

2. The following budget constraint holds:

ĉ
({
Aj
}
, D,Ω;ω

)
+
∑
j=I,L

[
q̂j (Ω;ω) âj

′ ({
Aj
}
, D,Ω;ω

)]
−
d̂′
({
Aj
}
, D,Ω;ω

)
1 + r

= ω +
∑
j=I,L

(
q̂j (Ω;ω) + z̃j

)
Aj −D.

3. The perceived law of motion of assets and deposits and the price function coincide with the
actual law of motion and actual price functions such that Ω′ = Γ (Ω, ω) and qj (Ω;ω) =

q̂j (Ω;ω).

4. Each asset market clears such that âj′
({
Aj
}
, D,Ω;ω

)
+ âj

′

f

({
Aj
}
, D,Ω;ω

)
= Āj.
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3.3 Constrained-efficient Equilibrium

To derive the optimal macroprudential policy, this subsection characterizes the constrained-efficient
equilibrium in which the SP faces the same borrowing capacity as the representative agent but
internalizes the fact that current holdings of assets and deposits affect asset prices in the future.24

The SP chooses {ct, {ajt+1}, dt+1} to maximize Ut subject to the optimality condition of foreign
investors (8), the budget constraint (6), and the collateral constraint (4), taking prices {qjt } as
given. The recursive optimization problem of the SP is given by

Vsp (Ω;ω) = max
{aj′},{d′},c

u (c) + βEω′|ωVsp
(
Ω′;ω′

)
subject to

c+
∑
j=I,L

[
qj (Ω;ω) aj

]
− d

′

1 + r
= ω +

∑
j=I,L

(
qj (Ω;ω) + z̃j

)
aj − d,

d
′

1 + r
≤
∑
j=I,L

κjqj (Ω;ω) aj
′
,

aj
′
+ aj

′

f = Āj ,

and foreign asset demand (16). The constrained-efficient equilibrium is characterized by decision
rules {âj′(Ω;ω)}, {âj

′

f (Ω;ω)}, d̂′(Ω;ω), ĉ(Ω;ω), and λ̂(Ω;ω), and price functions {qj(Ω;ω)}, which
are derived from the solution of the CE. The recursive constrained-efficient equilibrium is formally
defined as follows:

Definition. (Recursive constrained-efficient equilibrium) A recursive constrained-efficient equilib-
rium is defined by decision rules {âj′(Ω;ω)}, d̂′(Ω;ω), ĉ(Ω;ω), price functions {qj(Ω;ω)}, and the
value function Vsp(Ω;ω) such that decision rules {âj′(Ω;ω)}, d̂′(Ω;ω), and ĉ(Ω;ω); the associated
foreign holdings {âj

′

f (Ω;ω)}; and Vsp(Ω;ω) solve the SP’s optimization problem, taking as given
price functions {qj(Ω;ω)}.

The SP determines her portfolio according to equations (17) and (18), where equation (17)
equates the marginal cost and the marginal benefit of deposits and equation (18) equates the
marginal cost and the marginal benefit of asset j. The key differences between the solutions of
the CE and the SP are the pecuniary externalities in equations (17) and (18):

24As emphasized in the literature, the assumption that the SP has the same borrowing capacity (and thus current
portfolio choices only affect future prices) as in the CE is imposed to avoid the concern of time inconsistency. If
the planner’s current portfolio choices affect current prices, which are forward-looking, as shown in equation (9), the
planner will have an incentive to renege in the next period (see Bianchi and Mendoza (2018) for further explanation).
To relax the assumption that the current portfolio cannot affect current asset prices, Bianchi and Mendoza (2018)
propose another time-consistent SP problem that maximizes the objective function subject to a market-determined
price but in which the debt level is chosen by the SP.
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u′ (ci,t) = β (1 + r)E{u′ (ci,t+1) +
∑
s=I,L

[u′ (ci,t+1)

(
∂qst+1

∂di,t+1
∆asi,t+2

)
︸ ︷︷ ︸

Trading effect

−λi,t+1κ
sast+2

∂qst+1

∂di,t+1︸ ︷︷ ︸
Collateral effect

]

︸ ︷︷ ︸
Pecuniary externality on deposit

}+ λi,t, (17)

u′ (ci,t) q
j
t = βE{u′ (ci,t+1)

(
qjt+1 + z̃j

)
+
∑
s=I,L

[−u′
(
c′i,t+1

)( ∂qst+1

∂aji,t+1

∆asi,t+2

)
︸ ︷︷ ︸

Trading effect

+λi,t+1

(
asi,t+2κ

s ∂q
s
t+1

∂aji,t+1

)
︸ ︷︷ ︸

Collateral effect

]

︸ ︷︷ ︸
Pecuniary externality on asset j

}+ qjtκ
jλi,t.

(18)

The pecuniary externality on deposits (PEDt+1) controls the size of excess borrowing. If the
externality term is positive, the marginal benefit of saving in the SP’s solution is higher than in the
CE, implying overborrowing in the CE. Similarly, the pecuniary externality on asset j (PEAjt+1)
measures excess investment. If the externality term is positive, the marginal benefit of asset invest-
ment in the SP’s solution is higher than in the CE, implying underinvesting in the CE.

Each pecuniary externality can be decomposed into two parts: the trading and collateral effects.
Depending on the future trading position, the trading effect influences future consumption through
changes in prices. If agents are expected to be asset sellers in the next period, they will benefit
from higher future prices. Suppose that future asset prices are increasing in current assets; the fact
that agents benefit from higher future prices encourages the SP to choose higher current assets.25

The second component of the pecuniary externality is the collateral effect, which affects the current
balance sheet by providing a marginal benefit (cost) from loosening (tightening) the future collateral
constraint. When pecuniary externalities on deposits and assets are not zero, the government should
impose macroprudential policies to achieve the SP’s solution.

3.4 Optimal Macroprudential Policy

The optimal macroprudential policies are functions of pecuniary externalities such that the regulated
CE replicates the constrained-efficient equilibrium. By comparing equations (9) and (10) with
equations (17) and (18), the macroprudential policies are given by

τ jt =
−βE

[
PEAjt+1

]
u′ (πi,t) q

j
t

, (19)

τdt =
β (1 + r)E [PEDt+1]

u′ (πt)
. (20)

The asset tax is positive (negative) when agents overinvest (underinvest) with PEAjt+1 being
negative (positive). On the liability side, the deposit tax is positive (negative) when agents overbor-
row (underborrow) with PEDt+1 being positive (negative). The above taxes are equivalent to other

25The trading effect is similar to the distributive externality in the work of Davila and Korinek (2018), in which
the distributive externality sums to zero, as the effects from opposite trading positions cancel out across agents.
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policies that affect the balance sheet, such as dividend taxes on assets or a margin requirement.
The asset-specific dividend tax can be derived by comparing optimality condition (18) with the
first-order condition given by

qjt
(
u′ (ct)− κjλt

)
= βE

[
u′ (ct+1)

(
qjt+1 +

(
1− ζjt

)
z̃j
)]
,

where

ζjt =
−E

[
PEAjt+1

]
u′ (πt)

=
τ jt q

j
t

β
(21)

is the dividend tax. Like the asset tax, both the sign and magnitude of the dividend tax are affected
by the pecuniary externality. However, the effect of the dividend tax is weaker because it does not
generate a first-order effect on the relative price of assets.

The liability side can also be regulated by a more widely used policy, namely, a margin require-
ment, which operates via the collateral constraint given by

dt+1

1 + r
≤ (1− Tt)

∑
j

κjqjta
j
t+1

 , (22)

where

Tt =
β (1 + r)E [PEDt+1]

u′ (πt)− β (1 + r)E [u′(πt+1)]

is the tightening of the margin, which is increasing in PEDt+1. When PEDt+1 is positive, the
marginal benefit of saving in the constrained-efficient equilibrium is larger, and therefore, the gov-
ernment incentivizes agents to borrow less by tightening the collateral constraint. The sign of Tt
can, however, be negative when agents are expected to be asset buyers who benefit from low future
asset prices. In this case, the government loosens the margin requirement to encourage present
borrowing, which lowers future wealth and asset demand via interest payments.

3.5 Asset Liquidity and Macroprudential Policy

Asset liquidity affects the pecuniary externality and macroprudential policies on both the liability
and asset sides. On the liability side, less liquidity leads to lower borrowing in the SP’s solution,
as asset prices collapse more during crises. As a result, the SP raises the deposit tax. On the asset
side, the SP holds more of the asset with higher liquidity, as it provides a higher collateral value
and can be liquidated for more funding. Therefore, the macroprudential tax on the liquid asset will
be lower than that on the illiquid asset and can even be negative. To analyze how asset liquidity
affects macroprudential policies, this subsection simplifies the framework into a one-asset model.
The importance of modeling multiple assets will be discussed later in section 3.6.
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3.5.1 The Liability Side

As previously discussed, E [PED′] in the one-asset model is given by

E
[
PED′

]
= E

u′ (c′) ∂q′
∂d′

∆a′′︸︷︷︸
SE

−λ′a′′κ∂q
′

∂d′

 , (23)

, which is the sum of the trading and collateral effects. The price elasticity is given by

∂q′

∂d′
= q′

B

1−B (a′′ − a′ − θ)︸ ︷︷ ︸
FE

[
∂a′′

∂d′

]
︸ ︷︷ ︸
SE

.

As will be discussed later in Proposition 1, the price elasticity is negative due to the wealth effect.
Since preventing future financial crises is the main focus of macroprudential policy, the following
analysis assumes a binding collateral constraint that forces fire sales in the future period such that
∆a′′ < 0 and λ′ > 0. Thus, E [PED′] is always positive and is increasing in the absolute value of
the price elasticity with respect to deposits.

The Effect of Market Liquidity

When the domestic agent is hit by a negative wealth shock from an increase in existing deposits
d′, a higher B (lower market liquidity) generates two opposite effects on E [PED′]: (1) it reduces
the change in assets because of the higher transaction cost. The sluggish asset dynamics reduce
|∆a′′| and the absolute value of the price elasticity |∂q′/∂d′|, both resulting in a smaller PED′.
This is the “substitutability effect” (SE) between consumption and asset investment under wealth
shocks; (2) a higher transaction cost implies that more asset sales are required to smooth the
negative wealth shock. This is the “fire-sale effect” (FE), where decreases in prices trigger more
asset sales to accommodate negative wealth shocks.26 If the FE dominates the SE, E [PED′], and
the degree of overborrowing will be increasing in B, that is, assets with lower market liquidity are
more overborrowed.

Figure 4 provides a numerical example where the FE dominates. For tractability, I assume here
that the future state is deterministic, in which the asset and deposit converge to a steady state
immediately after the binding period (i.e., a′′′ = a′′ and d′′′ = d′′). Equity capital in the binding
state equals ωL, and the equity capital in future periods is fixed at ωF , in which ωF > ωL. The solid
(dashed) line represents the combination of foreign demand and the domestic budget constraint
before (after) the deposit shock. The dash-dotted line combines the domestic first-order conditions
with respect to assets and deposits.

When B increases, the SE can be observed from the increase in the absolute slope of the
budget constraint. Specifically, when selling assets in exchange for one unit of consumption, higher

26Note that by assuming that asset prices are always positive (i.e., 1 − B (a′′ − a′ − θ) > 0), the FE is always
increasing in B.
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transaction cost implies more asset sales because of a larger decline in the asset price. The FE is
captured by a more sizable decrease in the budget constraint. The magnitude of the decrease in the
equilibrium price, ∂q′, is larger in the right panel, implying that price elasticity and overborrowing
rise when assets feature lower market liquidity.
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Figure 4: Equilibrium under an increase in deposits
Notes: This figure plots the equilibrium with low and high coefficients of market liquidity. The parallel
shifts from the solid curves to the broken curves indicate a positive deposit shock, which equals a 2.5%
increase. Parameter values are the same as in Table A.11.

The Effect of Funding Liquidity

Funding liquidity increases overborrowing by strengthening the marginal benefit of loosening
the future collateral constraint via a higher κ. Figure A.11 illustrates that the magnitude of over-
borrowing is increasing in both B and κ. In fact, the primary reason that overborrowing is larger
in this paper is that the calibrated B and κ are higher than those in the literature.

3.5.2 The Asset Side

The Effect of Market Liquidity

Similar to the liability side, E [PEA′] is the sum of the trading and collateral effects and is given
by

E
[
PEA′

]
= E

[
−u′

(
c′
) ∂q′
∂a′

∆a′′ + λ′a′′κ
∂q′

∂a′

]
, (24)

where

∂q′

∂a′
= q′

B

[1−B(a′′ − a′ − θ)]

(
∂a′′

∂a′
− 1

)
, (25)

The sign of the price elasticity is mainly affected by two terms: (1) the wealth effect from an
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increase in the initial asset, captured by ∂a′/∂a, and (2) the change in asset prices to meet foreign
demand, captured by the subsequent term (−1). Specifically, for any given a′′, a higher a′ can lower
the asset price because the foreign purchases (a′′f−a′f ) increase. Note that the value of ∂a′′/∂a′ being
greater than one implies that an increase in wealth leads to both asset purchases and consumption.
Focusing on the future binding states, in which ∆a′′ < 0 and ∂q′/∂a′ > 0, E [PEA′] is positive and
is increasing in the absolute value of price elasticity.

The market liquidity coefficient B affects E [PEA′] via two channels, through which a higher B
leads to (1) more insensitive asset dynamics in which |∆a′′| and ∂a′′/∂a′ are lower, as discussed in
section 3.2, and (2) larger price sensitivity due to the transaction cost, captured by B/[1−B(a′′ −
a′ − θ)]. The price elasticity is deceasing in B if the first effect dominates the second. In that
case, assets that can be liquidated to obtain more funding during downturns, captured by a more
sensitive asset dynamic, tend to lead to more underinvesting. Note that even in nonbinding future
states in which ∆a′′ > 0 and λ′ = 0, the transaction cost term B/[1 − B(a′′ − a′ − θ)] is more
sensitive to B, as (a′′ − a′ − θ) becomes less negative. Thus, the pecuniary externality is still likely
to be decreasing in B.

The Effect of Funding Liquidity

Funding liquidity decreases the optimal macroprudential tax. The reason is that funding liquid-
ity raises the marginal utility of loosening the future collateral constraint, and therefore purchasing
the asset with higher funding liquidity should be subsidized. Intuitively, the SP encourages agents
to hold assets that can boost their borrowing capacity.

3.6 The Importance of the Two-asset Structure

In addition to liquidity, the multiple-asset structure also affects optimal macroprudential policies
via the effect of the current holding of one asset on the other asset’s future price, depending on the
other asset’s position and the extent to which the future collateral constraint is loosened.

This subsection uses a finite-period model with multiple assets to identify additional general
equilibrium effects on pecuniary externalities and optimal macroprudential policies. With a low
(high) future realization of equity capital, agents are expected to sell (buy) both assets to smooth
consumption and thus benefit from positive (negative) wealth effect that drives up (down) future
asset prices by increasing (reducing) asset demand. A positive (negative) wealth effect can be
generated by current subsidies (taxes) on assets that increase (reduce) current holdings and future
dividends.

A key difference between the one-asset and two-asset models arises when agents sell one asset
but simultaneously buy the other asset. For example, when agents are expected to sell the liquid
asset and buy the illiquid asset, the need for a negative wealth effect from buying the illiquid asset
may dominate the need for positive wealth effect from selling the liquid asset. As such, the policy
for the liquid asset switches from a subsidy in the one-asset model to a tax in the two-asset model.

The simplified model features four periods (from periods 0 to 3) and assumes that (1) newly
injected equity capital is deterministic, (2) markets for assets and deposits end in period 2, and (3)
agents with linear utility in period 3 consume all their wealth. Period 0 is regulated by optimal
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macroprudential policies, considering the collateral effect from the collateral constraint in period 1.
Period 2 provides an incentive for saving and investing in assets in period 1. Period 3 exists to solve
the forward-looking asset prices in period 2. See Appendix 7.1 for analytical details.

The critical parts that determine the sign and magnitude of optimal policies are price elasticities
with respect to balance sheet items, as shown in equations (19) and (20). Proposition 1 analyzes
the sign of price elasticity.27

Proposition 1. (Price elasticity) Suppose that the collateral constraint in period 1 is not binding,
there exists a wealth threshold ω∗ such that ∂qj1/∂a

j
1 and ∂qj1/∂a

i
1 are positive, and ∂qj1/∂d1 is

negative when ω̃ > ω∗, where

ω̃ = ω1 +
∑
s=I,L

(
1 +

1

1 + r

)
zsas1 − d1 +

ω2

(1 + r)
(26)

is increasing in initial and future wealth, ω1 and ω2.

Proof.
See Appendix 7.2.1.

Condition (26) holds when agents are in wealthy states, that is, ω1, ω2, and {as1} are large and
d1 is small. ω̃ can be viewed as a proxy for lifetime wealth. Wealthy agents tend to have more
consumption and lower u′(c) under concave utility. Thus, under an increase in a1, wealthy agents
would invest more rather than consume, meaning that ∂a2/∂a1 rises. According to equation (25),
the price elasticity will then be positive once ∂a2/∂a1 > 1.

As shown in equations (23) and (24), the sign of asset trading also affects pecuniary externalities.
Specifically, when wealth is neither too high nor too low, a policy switch occurs, as agents purchase
one asset and sell the other. Proposition 2 formalizes the condition that guarantees such a policy
switch. Note that the collateral constraint must be nonbinding when agents buy at least one asset,
and therefore with deterministic equity capital, the collateral effect is zero when a policy switch
occurs.

Proposition 2. (Policy switch) There exist thresholds of predetermined wealth n∗∗ < n∗ such that
a policy switch occurs when n∗ < n1 < n∗∗ and conditions (26) and (27) hold.

θjBj < min

[
θiBi,

r + β

1− β

]
(27)

Proof.
See Appendix 7.2.2.

Proposition 2 shows that when an agent’s wealth n1 = ω1 +
∑

s a
s
1z
s−d1 lies within the interval

[n∗∗, n∗], the pecuniary externality and the corresponding macroprudential policy on the liquid asset
27As emphasized by Davila and Korinek (2018), the sign of price elasticity can be negative or positive, depending

on the shape of the asset demand.
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in the one-asset model and the two-asset model are of opposite signs. Condition (27) indicates that
the two assets must feature different degrees of asymmetric effects of selling assets, measured by
θsBs. Specifically, the transaction cost that agents pay for the illiquid asset needs to be higher such
that θIBI > θLBL. Condition (27) then leads to different values of the marginal cost of trading
across the two assets, further differentiating the wealth level at which agents begin to sell the liquid
and illiquid assets.28 In addition, the asymmetric effect should be low enough and the discount
factor β should be large enough that an equilibrium price exists to surpass the minimum asset
price, which is decreasing in the discount rate r.

To highlight the difference between the one-asset and two-asset models, I provide a numerical
example with the parameterization listed in Table A.5. I assume that equity capital is constant from
period 0 to period 1 such that y0 = y1 = ȳ, the value of which moves across the interval [1.00, 2.35].
Figure 5 depicts asset trading, where the solid (dashed) line represents the trading volume of the
liquid (illiquid) asset.

Changes in holdings of assets depend on the wealth level and asset liquidity. If agents are
wealthy, they tend to raise consumption and purchase both assets. As agents’ wealth shrinks, they
purchase fewer assets. There exists an interval of wealth, as depicted by the shaded area, where
agents attempt to sell both assets, but foreign investors only buy the liquid asset because illiquid
asset’s transaction cost is too high. Only when agents are extremely poor are they willing to sell
off the illiquid asset at a very low price to compensate foreign investors for the transaction cost.

Figure 5: Asset sales across wealth levels Figure 6: Optimal policies on the liquid asset
28Note that Biθi 6= Bjθj is not a necessary condition to generate different thresholds of asset sales. Specifically,

the relative asset trading follows

M i,CE
t zi

M j,CE
t zj

=
qi

qj
=
zi

zj
1 +Bi

(
∆aif,t+1 + θi

)
1 +Bj

(
∆ajf,t+1 + θj

) .
However, in a deterministic model with no collateral constraint from period 2 onward, we observe that M i,CE

t =
M j,CE
t , and thus the only way to generate the trading pattern where agents buy one asset and sell the other is to

assume that Biθi 6= Bjθj . In the full-fledged model, a policy switch is still possible when Biθi = Bjθj as long as
M i,CE
t 6= M j,CE

t , which is guaranteed by κi 6= κj with positive probability of a binding collateral constraint.
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To elaborate on the difference in the sign and magnitude of the macroprudential policy between
the two models, I display in Figure 6 the macroprudential policy for the liquid asset. The solid
(dashed) line represents the policy in the one-asset (two-asset) model. The light shaded area (B)
is the policy-switching region in which the trading effect of buying the illiquid asset dominates the
trading effect of selling the liquid asset.

In region (B), agents benefit from lower asset prices in period 2 in the two-asset model, which
can be achieved by fewer assets and more deposits being held in period 1 due to the wealth effect.
Thus, in region (B), the SP taxes assets and subsidizes deposits. In the model with only the liquid
asset, agents as asset sellers benefit from a high asset price in period 2. Therefore, the SP subsidizes
the asset, in contrast to the policy in the two-asset model. Policies in the two models are in the
same direction in all the other regions. Regions (A) and (D) are the reinforcing regions in which
the trading effects of the two assets have the same sign, and thus incorporating an additional asset
reinforces the optimal policy. Region (C) is the offsetting region, where the need for a negative
wealth effect from buying illiquid asset fails to dominate the need for a positive wealth effect from
selling the liquid asset, and thus the subsidy in the two-asset model is partially offset.

Figure 7 plots the macroprudential policy for deposits. The analysis is similar to that above
regarding asset policy. The only difference is that the policy on deposits has the opposite sign, as
the price elasticities with respect to assets and deposits are of opposite signs.

Figure 7: Optimal policies on deposits Figure 8: Optimal policies on assets

Figure 8 compares the macroprudential policies of the two assets in the two-asset model. Note
that the signs of the policies on both assets are the same regardless of the value of initial wealth
because price elasticities with respect to assets are both positive. However, the policy rate on the
illiquid asset is higher, as the wealth effect from investing the illiquid asset is stronger due to its
higher dividend.
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4 Numerical Results

Following the above discussion of the impact of liquidity and the asset structure on the optimal
macroprudential policy, this section provides quantitative results. I first calibrate the model to data
from Argentina and numerically solve and quantify the CE and SP’s maximization problem. I then
compare the dynamics under small and large equity shocks to show that the model can generate
declines in the liquid share during financial crises. Optimal macroprudential policies are then
quantified by comparing the CE and SP solutions. To validate the model, Appendix 7.4 provides
an event study of the 2002 Argentine crisis and performance of matching nontargeted moments.

4.1 Calibration

The model with three endogenous state variables {aLt , aIt , dt} is solved by the endogenous grid
method. The approach is similar to the method in Hintermaier and Koeniger (2010), in which they
consider one endogenous state variable. The solution is interpolated by Delaunay interpolation.29

Equity capital is the only exogenous state variable, measured by the HP-filtered sum of Argentine
banks’ capital using micro data from Bankscope from 1991 to 2015. The log of equity capital is
assumed to be an AR(1) process such that lnωt = αlnωt−1 + εt with εt ∼ N(0, σε), where the
estimated α is 0.17, and σε equals 2.14%. In Appendix 8.2, I consider other common exogenous
shocks, namely, the real interest rate and margin shocks; both successfully generate a decrease in
borrowing, which is the key feature of sudden stop events.

Table 2 lists the parameter values, data sources, and targeted moments. The annual discount
factor β equals a standard value, 0.96, implying that quarterly β equals 0.99. Because of the
data limitations on the Argentine asset market, asset margins κj are estimated from NY Fed Tri-
Party/GCF Repo data, which collects asset haircuts in the US triparty repo market. The data are
monthly from September 2010 to July 2011.30 I estimate illiquid asset margin by the time-average
haircut of wholesale loans. The liquid asset’s margin is estimated by the volume-weighted time-
average of all the other assets’ margins.31 The asymmetric factors {θL, θI} are set to ensure unique
steady-state asset prices that equate domestic and foreign asset demand.

Dividends zj are calibrated to the rate of the average nominal value of asset j to average equity
capital, as asset volume is affected by asset prices, which are increasing in dividends. Bj is calibrated
to match the ratio of the standard deviation of asset j to the standard deviation of equity capital,
as the transaction cost influences trade frequency. r, which guides the intertemporal decision on
consumption and savings, is calibrated to the probability of crises calculated by Reinhart and Rogoff
(2009).

29The interpolation method is similar to the algorithm in Ludwig and Schon (2018) and Brumm and Grill (2014).
See Appendix 8.3 for a detailed description of the solution algorithm.

30While the data on the liquid asset margin are available from May 2010 to present, data on the margin of loans
are only available from September 2010 to July 2011. I therefore select the latter date coverage to ensure balanced
margin data.

31Liquid assets here include treasuries, agency securities, ABSs, CMOs, corporate bonds, equities, international
securities, money market securities, and municipal debt.
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Table 2: Parameters

Fixed parameters

β 0.9600 Standard value κI 0.9000 Tri-repo data
σ 2.0000 Standard value θL 0.4398 (1/β − 1)/BL

κL 0.9720 Tri-repo data θI 0.0822 (1/β − 1)/BI

Calibrated parameters
Targeted Moments Data Model

z̃L 0.0668 µL/µE 1.028 1.025
z̃I 0.0999 µI/µE 0.997 0.997
BL 0.0947 σL/σE 2.576 2.580
BI 0.5071 σI/σE 0.758 0.758
r 0.0416 Crises Probability 0.088 0.080

Notes: Using the IMF IIP from 1991 to 2017, the liquid asset here is defined as the sum of currencies
and deposits, and the illiquid asset is the sum of direct investment and the gold holdings plus loans from
Bankscope. Loans include corporate commercial loans, residential mortgage loans, loans and advances to
banks, and other commercial or retail loans. Column “Data” lists the empirical moments, and column
“Model” indicates the moments of the competitive equilibrium in the model. Dropping the first quarter
of the simulation of 10,000 periods, moments estimated from the model are the average of the remaining
7,500 periods.

4.2 Balance Sheet Decisions

To understand how agents constrained by the collateral constraint adjusts their portfolios, this
subsection analyzes agents’ decisions on balance sheet items, and the nonlinearity arises from the
financial friction.

Regarding the liability side, Figure 9 plots the policy function of deposits in the CE and the SP
equilibrium under a -3 standard deviation shock to equity capital. The horizontal axis represents
the initial deposit holding, and the vertical axis denotes the deposits selected in the current period.
The shaded area represents the binding region. The next-period deposit is monotonically increasing
in the initial deposit during nonbinding states, as agents who have more initial debt have lower
wealth; thus, they tend to borrow more as long as the collateral constraint does not bind. However,
the current deposit is decreasing in the initial deposit in the binding region, as initial borrowing
reduces the wealth available for current assets and thus dampens borrowing capacity. Comparing
the solid line and the dotted line, we observe that higher initial assets (and thus higher wealth)
support more borrowing.32

Next, to analyze overborrowing, I compare the debt policies between the CE (solid line) and SP
(dashed line) solutions. The deposit decision in the CE is always higher than that of the SP, as agents
ignore the pecuniary externality whereby current deposits increase the risk of reaching a binding

32To examine the relevance of financial frictions, I depict the complete allocation of binding and nonbinding states
in Figure A.12. The collateral constraint binds under low initial wealth, which results from either a high amount of
deposits or low levels of asset holdings.
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Figure 9: Policy function of deposits under -3σ capital shock
Notes: This figure plots the policy function of deposits when both the existing liquid and illiquid asset
are either at the 30th or 50th percentile of grids. The shaded area shows the binding region of the CE
with assets at the 50th percentile.

collateral constraint. These patterns are in line with the numerical results in the literature regarding
the pecuniary externality and overborrowing. Note that the gap in current deposits between the CE
and the SP solutions widens as existing deposits rise. The reason is that the collateral effect that
drives the gap becomes stronger when the probability of the constraint binding increases under the
lower wealth that results from higher existing deposits. Additionally, note that the two solutions are
parallel when the collateral constraint never binds. In this region, the gap only reveals a nonzero
trading effect, as shown by equation (17).

Regarding the asset side, the quantities and prices of assets reveal the severity of the fire sale
during the financial crisis. Figure A.10 in the appendix plots the policy functions of asset quantities
and prices with respect to existing deposits. As deposits increase, prices and the quantities fall due
to the wealth effect. The collateral constraint binds under negative capital shocks when existing
deposits are high, as shown by the sharp decreases in the slopes of the solid lines.

4.3 Impulse Responses: Binding and Nonbinding Shocks

This subsection highlights the importance of the binding collateral constraint that serves as the key
financial friction and how successful the model is at generating the empirical decline in the liquid
share. I run and compare impulse responses of the balance sheet under large and small shocks to
equity capital, where only the former leads to a binding collateral constraint.

Figure 10 depicts the impulse responses under exogenous shocks to equity capital. The solid line
represents the case in which a large shock leads to a binding equilibrium in period 5. The dotted
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Figure 10: Impulse responses under binding and nonbinding shocks
Notes: The starting values of the state variables at period 0 are averages of the last 7,500 periods of
simulation of 10,000 periods. The vertical axis denotes values normalized by numbers in period 0. Equity
capital is discretized into 8 grids ranging from −3σε to +3σε and equals 1.0093 (+0.425σε) during the first
four and the last four periods. The nonbinding shock refers to a −0.425σε shock, while the binding shock
refers to a −3σε shock. Each shock lasts for two periods. The dotted line denotes the binding period.

line represents the nonbinding case in which agents suffer from a small shock. Several features
distinguish the two scenarios.

First, deposits increase to smooth consumption and decrease following the end of the shock if
the collateral constraint does not bind. However, if the collateral constraint binds, agents borrow
more in period 4 to smooth consumption but are forced to reduce borrowing in period 5. Second,
agents sell more assets under the binding shock. Taking both assets into account, the sum of assets
decreases by approximately 6% in the binding case, but it barely changes in the nonbinding case.
Finally, agents sell more liquid assets in the binding case, leading to a decrease in the liquid share.
The liquid holdings decline by approximately 8%, while the illiquid holdings decrease by less than
5%. As a result, the liquid share declines by approximately 1%. The model successfully generates
the empirical decrease in the liquid share during financial crises.

The remaining questions from the simulation are as follows. Are the CE and the SP solutions
quantitatively different? To what extent should the government tax or tighten the margins? How
effective is the optimal macroprudential policy?

4.4 Simulated Results

By comparing simulated results of the CE and SP solutions, this subsection highlights the effect,
values, and cyclicality of the optimal macroprudential policies and quantifies the relevance of the
multi-asset structure. Figure A.15 depicts the sensitivity analysis by plotting the elasticities of
the targeted and nontargeted moments with respect to the key exogenous coefficients. Figure 11
plots the simulated distributions of the CE and SP solutions. Table 3 lists the key moments of the
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simulation. Several findings emerge from the simulation.
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Figure 11: Simulated ergodic distribution in equilibria
Notes: This figure plots the distributions from the last 7,500 periods of simulation of 10,000 periods. As
will be discussed later, “Basel” indicates the competitive equilibrium under the LCR and NSFR.

First, the deposit distribution of the SP is to the left of the distribution in the CE because the
SP internalizes the pecuniary externality and thus decreases borrowing. Quantitatively, the degree
of overborrowing equals 11.37% in terms of leverage or 2.79% in terms of the deposit-to-GDP ratio;
both are higher than the figures in the literature, which are less than 1%.

Second, agents can, on average, consume more in the SP solution. The optimal macroprudential
policy raises equilibrium consumption by 0.98%. Specifically, in the CE, consumption is lower during
financial crises (µc = 1.0009) than during normal times (µc = 1.0121). Third, while both solutions
suggest similar illiquid holdings, the SP accumulates more liquid assets relative to GDP, which is
2.79% higher than in the CE. The asset allocation leads to a 3.03% difference in the liquid share.
Finally, the SP can completely eliminate the risk of financial crises by holding a portfolio that is
less leveraged and more liquid.

Table 3: Simulated moments

µD/GDP µC µL/GDP µI/GDP Leverage Pcrisis Liquid Share

SP 0.3634 1.0212 0.2416 0.2080 0.7775 0.0000 0.5368

CE 0.3913 1.0095 0.2138 0.2081 0.8912 0.0800 0.5065

SP − CE -0.0279 0.0117 0.0279 -0.0001 -0.1137 -0.0800 0.0303

Notes: This table plots the ergodic mean of consumption and ratios of balance sheet items to GDP, which
equals the output in equation (5). Leverage is defined as the rate of deposits to the sum of assets’ market
values. The probability of crises is defined as the frequency with which the collateral constraint binds.
The liquid share is defined as the nominal value of liquid assets divided by total assets.
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4.4.1 Implied Optimal Macroprudential Taxes

This subsection quantifies the distributions of optimal macroprudential policies and particularly
focuses on assets, as the main goal is understanding how to regulate asset composition.33

Figure 12 plots the implied density of the macroprudential taxes on asset purchases (hereafter,
asset taxes) and dividends (hereafter, dividend taxes).34 The macroprudential tax on the liquid
asset tends to be smaller than that on the illiquid asset, in line with the results in Table 3, in which
the SP holds relatively more liquid assets. Note that the policy for the liquid asset may even be a
subsidy.

The asset taxes affect asset allocation via a wealth effect and a first-order substitution effect on
the relative price of assets, as shown by equation (19). The wealth effect of an asset tax refers to
the decrease in asset demand, which dampens wealth and results in less investment via a lower asset
price. On the other hand, dividend taxes generate only a wealth effect by changing dividends. Note
that average asset taxes are smaller than dividend taxes,35 as asset taxes providing both wealth and
substitution effects are more effective.
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Figure 12: Distributions of implied taxes on assets

33For a detailed description of state-contingent optimal macroprudential policies, please see Appendix 7.3.
34Regarding the liability side, Figure A.13 plots the distribution of the implied deposit tax and tightening of

margins. The deposit tax tends to be positive (the mean equals 7.24 × 10−4) and therefore discourages borrowing.
The average tightening of the implied margin θ, as shown in the right panel of Figure A.13, equals 1.5%.

35The ergodic mean of the liquid asset tax is −3.33× 10−4, while the mean of the illiquid asset tax is 1.34× 10−4.
The ergodic mean of the liquid dividend tax is −2.14×10−3, while the mean of the illiquid dividend tax is 1.73×10−4.
The magnitude of the liquid dividend tax is consistent with the value calculated by Bianchi and Mendoza (2011), in
which the average dividend tax equals −4.6× 10−3.
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4.4.2 Dynamics during Financial Crises

This subsection highlights the average dynamics of financial crises and the cyclicality of optimal
macroprudential policies, as shown in Figure 13.

The binding period is triggered by a consecutive decline in equity capital. To accommodate
the negative shock to equity capital, agents raise their deposits and reduce consumption and asset
holdings prior to financial crises. When the collateral constraint binds, deposits suddenly decrease,
leading to reduced borrowing capacity and asset holdings. As agents approach the limit of the
borrowing capacity and thus face a higher risk of crises, the implied optimal macroprudential taxes
on deposits and the illiquid asset rise, and the tax on the liquid asset decreases, encouraging agents
to borrow less and hold more liquid assets.

Note that the optimal taxes are procyclical; that is, the SP mostly implements taxes during
states with low equity. This result is in line with the work of Schmitt-Grohé and Uribe (2017),
who find that capital controls are procyclical in models, as the probability of financial crises rises
precisely during downturns.
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Figure 13: Dynamics during financial crises
Notes: This figure plots the dynamics of aggregate variables and implied taxes from simulation for 100,000
periods; 0 indicates the period of financial crisis, during which the collateral constraint binds.
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4.4.3 Relevance of the Multi-asset Structure

This subsection shows the numerical relevance of the multi-asset structure. Table 4 lists the fre-
quencies of scenarios in which incorporating a second asset mitigates, amplifies, or switches the sign
of the optimal macroprudential policy on the initial asset. Specifically, a policy switch occurs when
the externalities of the one-asset model and the two-asset model are of different signs.36 Simulated
results show that the probability of the policy switch on deposits is 8.27% and that the probability
of a policy switch on the liquid asset is 27.33%. The probability with which at least one balance
sheet item encounters a policy switch is 30.76%. These numbers imply that the policy switch, which
results from the multi-asset structure, is not a knife-edge scenario.37

Table 4: Macroprudential policies and the two-asset structure

Switch Offset Magnify
Deposit 0.0827 0.1293 0.7880

Liquid asset 0.2733 0.3932 0.3335

Notes: “Switch” indicates the case in which the pecuniary externalities defined in equations (17) and
(18) are of opposite signs from the pecuniary externality associated with only the liquid asset. “Offset”
indicates case in which pecuniary externalities in the two scenarios are of the same sign but the magnitude
is smaller when considering two assets. “Magnify” indicates the case in which pecuniary externalities in
the two scenarios are of the same sign but the magnitude is larger when considering two assets.

5 Welfare Analysis of the Basel III Reform

This section provides a welfare analysis of optimal macroprudential policies and studies the opti-
mality of the Basel III regulations as a counterfactual. This counterfactual is important, as there is
a debate on whether the liquidity regulation in Basel III is welfare improving. Regulated financial
institutions face a tradeoff between portfolio safety and profitability. It is, therefore, crucial to
quantify welfare using a calibrated model. The Basel III reform provides simple rules to manage
the composition of banks’ balance sheets: the LCR and the NSFR.38 Here, I provide theoretical
analyses and quantitative results concerning each policy and the complete Basel III reform, in which
both policies are effective.

The LCR is officially given by

Stock of high-quality liquid assets
Total net cash outflows over the next 30 calendar days

≥ 100%,

36To eliminate the wealth effect from having one less asset, the one-asset model here features equity capital ω̃ =
ω + qI({aj}, d, ω) × (aI

′
({aj}, d, ω) − aI) + zIaI , where ω is equity capital in the two-asset model. The probability

of the policy switch is indeed affected by the value of equity capital.
37Note that the pecuniary externality on the illiquid asset must be of a different sign than the pecuniary externality

on the liquid asset in the “Switch” and the “Offset” scenarios. The reason the probability distributions of “Switch”,
“Offset” and “Magnify” differ between the liquid asset and deposits is that the probability of a binding future state is
nonzero, and thus, the nonzero collateral effect affects the pecuniary externality, depending on the price elasticity of
the liquid asset and deposits.

38See BIS (2013, 2014) for a detailed description and definitions.

31



which guarantees banks’ ability to meet their liquidity needs over the next 30 days. HQLAs are
calculated as the sum of the product of assets and their liquidity factors, which are assigned based
on the ease of liquidating for cash. Assets that are viewed as liquid will be assigned higher factors.
For example, the factors of coins and bank notes, which are almost equivalent to cash, are 100%,
whereas the factor for qualifying common equity shares is 50%.

The denominator of the LCR sums the expected cash outflows over the next 30 days by com-
puting the sum of the product of funding sources and their cash-outflow factors. Funding that is
viewed as more stable will be assigned a lower cash-outflow factor. For example, stable deposits’
factors are approximately 3% to 5%, depending on their deposit insurance scheme. Such factors
reveal the probability that deposits are withdrawn by depositors.

Another regulation that manages balance sheet composition is the NSFR, which is intended to
reduce illiquid asset holding. The NSFR is officially given by

Available amount of stable funding
Required amount of stable funding

≥ 100%,

where the numerator is constructed by adding the product of funding and available stable funding
factors, which are determined by the stability of the funding sources and the probability that
funding providers withdraw their credit. Stable funding, such as regulatory capital or stable demand
deposits, has a factor higher than 95%. Similarly, the required amount of stable funding measures
the sum of the product of funding sources and their required stable funding factors.

5.1 Models with Basel III Reform

To analyze and evaluate the two policies, this subsection incorporates the policies by mapping
balance sheet items and setting values of factors according to the Basel III reform. The agents’
optimization problem is given by

max
πt,{ajt+1},dt+1

Ui,t = Et

[ ∞∑
s=1

βsu (ct+s)

]

subject to equations (2), (3), (4), and (8) with {τ jt , τdt , τt} being null, and

φLt a
L′
t+1q

L
t ≥ φdt

dt+1

1 + r
× rLCR, (LCR) (28)

ωt + δdt
dt+1

1 + r
≥ δIt aI

′
t+1q

I
t × rNSFR, (NSFR) (29)

where equations (28) and (29) are the two Basel III policies. φLt is the liquidity factor of HQLA; φdt
is the cash-outflow factor; δdt is the available stable funding factor of deposits; and δIt is the required
stable funding factor of the illiquid asset.

The presence of the two additional constraints distorts asset allocation and increases deposits.
The equilibrium is characterized by
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qLt =
Ewt+1|wt

[
βu′ (ct+1)

(
qL
′

t+1 + zL
)]

u′ (ct)− κLλt − φLt λLCRt

, (30)

qIt =
Ewt+1|wt

[
βu′ (ct+1)

(
qI
′
t+1 + zI

)]
u′ (ct)− κIλt + δIt λ

NSFR
t rNSFR

, (31)

u′ (ct) = β (1 + r)Ewt+1|wt
[
βu′ (ct+1)

]
+ λt + φdtλ

LCR
t rLCR − δdt λNSFRt , (32)

0 = λLCRt

[
φLt a

L′
t+1q

L
t − φdt rLCR

dt+1

(1 + r)

]
, (33)

0 = λNSFRt

[
ωt + δdt

dt+1

(1 + r)
− δIt aI

′
t+1q

I
t rNSFR

]
, (34)

and conditions (8), (11), and (12). To map the balance sheet items to policies, I assume the liquid
asset to be cash with φLt always equal to 100% such that the stock of HQLAs simply equals the
liquid asset’s market value. According to BIS (2013), stable deposits (without deposit insurance)
feature a cash-outflow factor φdt equal to 46%.39

Regarding the NSFR, two stable funding sources are available in the model, namely equity
capital and deposits. Equity capital is assumed to be highly stable, with an available stable funding
factor equal to 100%. The deposit factor δdt equals 95% according to the official policy scheme. I
assume the illiquid asset to be non-performing loans or loans with residual maturity of 1 year or more
with δIt equal to 100%. Following the Basel III reform, factors are assumed to be time-invariant,
and the lower bounds of the two policies, rLCR and rNSFR, are 100%.

Compared with equation (9), equation (30) shows that the LCR, which forces agents to hold
liquid assets, drives up domestic demand and the price of the liquid asset via a nonnegative λLCRt .
The NSFR, on the other hand, discourages domestic agents from holding the illiquid asset, as such
holding requires more stable funding. Compared again with equation (9), equation (31) shows that
the NSFR lowers domestic demand and the price of the illiquid asset via a nonnegative λNSFRt .

However, the effect of Basel III on deposits is ambiguous, as the LCR and NSFR provide mixed
incentives. The LCR, on the one hand, decreases deposits to reduce future cash outflow but, on
the other hand, calls for more deposits to buy the liquid asset. The NSFR raises deposits to ensure
more available stable funding. To evaluate the overall effect of Basel III, I provide numerical results
regarding the distributions of the balance sheet items.

Figure 11 plots the distributions of the balance sheet items. Note that the Basel III features a
higher debt-to-GDP ratio than the CE. Regarding asset allocation, while the three scenarios feature
a similar distribution of the illiquid asset, Basel III proposes a portfolio even more liquid than the
SP’s. Table 5 summarizes the moments of balance sheet items, consumption, and the probability
of crises. Focusing on the effects on each asset, this table presents the asset volumes instead of the
ratio relative to GDP. Several observations emerge from the analysis.

First, all regulated equilibria borrow more than in the CE to finance the additional purchases of
39The official cash-outflow factor for the next 30 days is 95%, and therefore, the annual cash-outflow factor equals

1− 0.9512 = 0.46.
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the two assets.40 Second, the relative holdings of the liquid asset in regulated cases are higher than
in the CE. Third, the NSFR and the complete Basel III reform lead to overinvesting in the liquid
asset, as the liquid shares exceed the level of the SP. Fourth, in regulated cases, the extra holdings
of assets are less than the increase in deposits, so leverage is higher than that of the SP. Fifth, the
probabilities of crises decrease under regulations. Specifically, the LCR halves the probability, while
the NSFR and the Basel III reform almost eliminate the risk of crises.

Table 5: Simulated moments: Basel III analysis

µD µc µL µI Leverage Pcrisis Liquid Share

SP 1.813 1.021 0.752 0.433 0.778 0.000 0.537

CE 1.875 1.010 0.639 0.416 0.891 0.080 0.506

LCR 1.930 1.012 0.681 0.433 0.871 0.039 0.512

NSFR 1.958 1.016 0.799 0.425 0.821 0.000 0.557

Basel III 1.966 1.010 0.694 0.418 0.894 0.001 0.526

Notes: “Basel III reform” indicates the case in which both the LCR and the NSFR are effective. In “LCR,”
“NSFR,” and “Basel III,” φL and δI are assumed to be one. All factors are time-invariant.

However, eliminating the probability of a crisis comes at a cost, as regulated agents tend to hold
a liquid portfolio that yields less dividends. Thus, the welfare outcomes depend on the tradeoff
between the frequency of crises and the gains from dividends. Figure 14 compares the consumption-
equivalent welfare loss relative to the SP’s welfare under different lower bounds of the LCR and
the NSFR. The welfare loss under the CE is 1.2% and by construction fixed across different lower
bounds.

As shown by the dash-dotted line, the standard NSFR with rNSFR = 1 reduces the welfare loss
of the CE by 35.31%, and the welfare improvement is roughly unchanged across different rNSFR
values. As shown by the solid line, the standard LCR with rLCR = 1 mitigates welfare loss by
19.66%, and the welfare improvement is similar when reducing rLCR. However, although welfare
further improves when rLCR = 110%, a more stringent LCR in fact leads to greater welfare loss.

The reason that welfare under the LCR is nonlinear is that agents can more easily reach the
LCR under a higher rLCR, which then triggers a binding collateral constraint, as depicted in Figure
15. Note that when the LCR binds, a higher rLCR raises the elasticity of liquid assets with respect
to deposits, that is, liquid holdings decline more per unit of decrease in deposits.41 As asset values
decrease more substantially, a binding LCR eventually leads to a binding collateral constraint, which
harms consumption and welfare due to collapses in asset holdings and borrowing capacity.

More important, the standard Basel III with rNSFR = rLCR = 100% deteriorates welfare under
the CE, as shown by the dotted line in Figure 14. The main reason is that deposits under Basel III

40In equilibrium, agents must use additional funding to invest in not only the liquid asset but also the illiquid asset
to ensure that expected rates of return (30) and (31) are the same across assets.

41The elasticity ∂(aLt+1q
L
t )/∂(dt+1/(1 + r)) = (φdrLCR)/φL when the LCR binds, as shown in equation (28).
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Figure 14: Average consumption-equivalent welfare loss
Notes: This figure plots the mean of consumption-equivalent welfare loss from simulation of 10,000 periods.
The starting state is a random draw of a three-dimensional Gaussian mixture distribution from the ergodic
distributions of {aL, aI , d}. Welfare is measured as the discounted sum of utility over the last 200 periods
from 250 periods of simulation. The vertical axis plots welfare loss ηk such that (1 + ηk)(1−σ)ūk = ūSP .
ūSP is the SP’s average utility from the simulation, and k indicates all other suboptimal cases in which
“CE with LCR” and “CE with NSFR” denote the CE with only one policy being effective and “Basel III”
denotes the welfare loss in which both policies are effective and always with a lower bound 100%.

surpass the CE and thus reduce consumption due to deposit interest payments, as shown in Table
5. A secondary reason is that agents overinvest in liquid assets under Basel III and thus earn less
dividends.

In sum, existing policies proposed by the Basel Committee may either improve or deteriorate
welfare, depending on borrowing levels, dividend earnings, and the probability of financial crises.
The government can improve welfare by only using the NSFR or LCR. However, it may damage
welfare to completely implement Basel III. Appendix 7.5 proposes a suboptimal Basel III policy,
which is looser than the existing Basel III and can, on average, achieve social efficiency.

6 Conclusion

This paper develops a dynamic framework to derive and evaluate liquidity regulation on multiple
assets. I document declines in the liquid share during systemic sudden stop events to highlight the
importance of regulating portfolios toward more liquid assets. I show that asset dynamics during
downturns are determined by the tradeoff between market and funding liquidity, which jointly
characterized an asset’s liquidity. Market liquidity encourages asset sales due to low transaction
costs. However, funding liquidity discourages asset sales, as borrowing capacity declines. With
liquid assets featuring higher market and funding liquidity, empirical decreases in the liquid share
imply that market liquidity dominates.

I then show that optimal macroprudential policies are affected by asset-specific liquidity and asset
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Figure 15: Probabilities of financial crises and binding policies
Notes: The left panel depicts the probability of hitting the collateral constraint. The solid (dash-dotted)
line in the right panel plots the probability of hitting the LCR (NSFR).

structure. Asset liquidity affects the optimal macroprudential policies via pecuniary externalities
that operate through the trading and collateral effects. The trading effect refers to the effect of
changes in prices on future consumption given the future trading position. The collateral effect
indicates the benefit of loosening the collateral constraint.

The two-asset structure also matters for optimal macroprudential policies, as it generates an
additional pecuniary externality via the change in the other asset’s price. A policy switch may
frequently occur when agents are expected to be buyers of one asset and sellers of the other asset.

I validate the model by running an event study of the 2002 Argentine crisis and show that the
model can quantitatively explain the dynamics of deposits, asset holdings, and other balance sheet
ratios, such as leverage and the liquid share.

According to calibrated simulation, the government should impose macroprudential policies
that encourage agents to borrow less and invest more in liquid assets. Quantitatively, optimal
macroprudential policies reduce the probability of crises and increase welfare.

Finally, I analyze the existing Basel III reform and show that both the LCR and NSFR increase
agents’ liquid shares and reduce the probability of crises. However, the complete Basel III deterio-
rates welfare, as agents overborrow deposits and overinvest in liquid assets. The government should
loosen the existing Basel III framework to improve welfare.
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7 Appendix

7.1 Analytic Details on the Deterministic Four-period Model

For tractability, I assume that (1) the asset market is closed in period 2 such that aj3 = aj4, and (2)
all deposits should be paid back at the end of period 2 such that d3 = d4 = 0. Agents consume the
remaining profit from asset investment and interest such that πt = ct. The closed-form solution can
be solved backwardly. The domestic agent’s maximization problem is as follows:

Period 3

By construction, assets and prices are set such that aj4 = aj3 and qj3 = zj/[(1− β)(1 +Bjθj)]. Since
d3 = d4 = 0, consumption can be obtained by the budget constraint given by

c3 = ω3 +
∑
j=I,L

(
qj3 + zj

)
aj3 −

∑
j=I,L

qj3a
j
3.

Period 2

The optimization problem in period 2 is given by

max
c2,{aj3},d3

(lnc2 + βc3)

subject to d3 = 0 and the budget constraint

c2 = ω2 +
∑
j=I,L

(
qj2 + zj

)
aj2 − d2 −

∑
j=I,L

qj2a
j
3. (35)

Asset prices can be derived from either foreign investors’ or domestic agents’ demand. From
foreign investors’ demand, the price of asset j in period 2 is given by

qj2 =
zj

1− β
1

1−Bj
(
aj3 − a

j
2 − θj

) . (36)

Alternatively, the asset price from domestic demand is

qj2 =
βu′ (c3)

(
zj

1−β
1

1+Bjθj
+ zj

)
u′(c2)

= β

(
zj

1− β
1

1 +Bjθj
+ zj

)
c2 , Φjc2, (37)

where Φj = β(zj/[(1 − β)(1 + Bjθj)] + zj) is the discounted sum of capital and dividend gain in
period 3. As shown in equation (37), the asset price is proportional to consumption because they
are substitutes. The substitutability is controlled by the parameter Φj , where a larger asymmetric
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effect θj and greater market illiquidity Bj indicate more consumption in exchange for a given unit
of the asset. Plugging equation (37) into the budget constraint (35) and foreign demand (36),
consumption and asset investment are thus given by

c2 = ω2 +
∑
j=I,L

aj2z
j +

∑
j=I,L

(
aj2Φj

)
c2 − d2 −

∑
j=I,L

(
aj3Φj

)
c2 (38)

and

aj3 =

[
1− zj

1− β
1

Φjc2

]
1

Bj
+ aj2 + θj . (39)

Consumption can then be solved by equations (38) and (39):

c2 =

1 +
∑
j=I,L

(
Φj

Bj
+ Φjθj

)−1 ω2 +
∑
j=I,L

aj2z
j − d2 +

1

1− β
∑
j=I,L

(
zj

Bj

) , (40)

where consumption is increasing in the initial wealth level in period 2, which is increasing in newly
injected equity capital ω2 and state variables aj2 and −d2.

Period 1

For simplicity, I assume that the utility function in period 1 is linear. The optimization problem is
then given by

max
c1,{aj2},d2

(
lnc1 + βlnc2 + β2c3

)
subject to

c1 = ω1 +
∑
j=I,L

(
qj1 + zj

)
aj1 − d1 −

∑
j=I,L

qj1a
j
2 +

d2

1 + r
, (41)

d2

1 + r
≤
∑
j=I,L

κjqj1a
j
2, (42)

qj1 =
β
[
u′ (c2)

(
qj2 + zj

)]
u′ (c1)− λ1κj

, (43)

u′ (c1) = β (1 + r)
[
u′ (c2)

]
+ λ1, (44)

qj1 =
zj

1− β
1

1−Bj
(
aj2 − a

j
1 − θj

) . (45)
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Here, I assume that agents in the corresponding one-asset model with only the liquid asset have
adjusted equity capital ω̃t = ωt + qIt ({ajt}, dt, ωt) × (aIt+1({ajt}, dt, ωt) − aIt ) + zIaIt where ωt is the
injected equity capital in the two-asset model, so the solutions of the liquid asset are comparable
regardless of the availability of asset I. The solution in period 1 features either a binding or
nonbinding collateral constraint.

(i) Nonbinding state: The solution is characterized by equations (41), (42), (43), (44), and (44).
(ii) Binding state: The solution is characterized by equations (40), (41), (43), (44), (45), and

(42) with equality under given states {{as1}, d1} as well as endowments ω1 and ω2.

Period 0

The optimal policy that regulates agents’ decisions in period 0 reflects the sum of the trading and
collateral effects. Assume that the utility function in period 0 is linear; optimal macroprudential
taxes on assets and deposits in period 0 are then given by

τ j0 =

−β
[
− 1
c1

∑
s

(
∂qs1
∂aj1

∆as2

)
+ λ1

∑
s

(
as2κ

s ∂q
s
1

∂aj1

)]
zj/
[
(1− β)

(
1−Bj

(
aj1 − a

j
0 − θj

))] ,

τd0 = β (1 + r)

 1

c1

∑
s=I,L

(
∂qs1
∂d1

∆as2

)
− λ1

∑
s=I,L

κsas2
∂qs1
∂d1

 .
For simplicity, I select the initial level of assets {aj0} such that the asset decision {aj1} equals initial

assets {aj0} in equilibrium. Note that a four-period structure is necessary to obtain the endogenous
price qs1 and macroprudential policies, which are justified by a nonzero pecuniary externality that
results from nonzero price elasticities.42 The key component of macroprudential policies is price
elasticity with respect to the state variables. Specifically, the forward-looking price qs1 is increasing
in the future price qs2, which is indirectly affected by the existing state variables in period 1 via
wealth effects.

7.2 Proofs of Propositions

7.2.1 Proof of Proposition 1

To analyze the sign of price elasticity, I first solve for the closed-form solution of consumption and
asset prices. In a nonbinding state where λ1 = 0, agents’ optimality conditions are given by

u′ (c1) = β (1 + r)u′ (c2) , (46)

42If the model features less than four periods, say a three-period model (i.e., ends in period 2) with the ending
conditions imposed in period 2, q2 will be exogenous. Since the model is deterministic, agents will be able to entirely
smooth consumption in period 1 under nonbinding states. This then leads to exogenous prices qs1 and fixed asset
allocation, which cannot be altered by policies.

43



qj1 =
(
qj2 + zj

)
/ (1 + r)

=
(
Φjc2 + zj

)
/ (1 + r) (47)

= Φjβc1 +
zj

(1 + r)
, (48)

where equation (47) incorporates the price in period 2. The relation between asset prices is then
given by

qi1 = qj1
Φi

Φj
+

1

(1 + r)

[
zi − Φi

Φj
zj
]
, (49)

where the price of asset i equals the price of asset j times the relative future capital gain, Φi/Φj ,
plus the discounted additional dividend gain. Note that deposits d2 are given by

d2 = ω2 +
∑
s

(qs2 + zs) as2 −
∑
s

qs2a
s
3 −

d3

(1 + r)
− c2

= ω2 + (1 + r)
∑
s

qs1a
s
2 −

∑
s

qs2a
s
3 − 0− β (1 + r) c1

= −
∑
s

{[
1

Bs
(1 +Bsθs) Φsβ (1 + r)

]
c1 + zs

[
1

Bs

(
1 +

1

1− β
− 1

β2c1 + (1− β) / (1 + r)

)
+ as1 + θs

]}
+ ω2 − β (1 + r) c1. (50)

Equation (50) is derived from equation (46) and the terminal assumption d3 = 0. Plugging equations
(48) and (50) into the budget constraint (41), we obtain the closed-form consumption c1 as follows:

c1 =
−ξ2 +

√
ξ2

2 − 4ξ1ξ3

2ξ1
, (51)

where

ξ1 = β2 (1 + r) η1,

ξ2 = (1− β) η1 + β2 (1 + r) η2,

ξ3 = (1− β) η2 + η3,

η1 = 1 + β + 2
∑
s

[
β

Bs
(1 +Bsθs) Φs

]
> 0,

η2 = −ω1 −
∑
s

(
1 +

1

1 + r

)
zsas1 + d1 −

∑
s

(
1 +

1

1 + r

)
zs

Bs (1− β)
− ω2

1 + r
,
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η3 =
∑
s

zs

Bs
> 0.

The signs of η2 and, subsequently, ξ2 and ξ3 are determined by the values of portfolio states
{{as1}, d1}. Equity capital ω1 and ω2 are set such that the nonnegativity condition of consumption
holds within portfolio states {{as1}, d1}. The closed-form consumption can then solve for prices and
endogenous state variables via equations (45), (48) and (50).

With the solution in hand, the sign of price elasticities can be derived from the chain rule

∂qj1
∂X

=
∂qj1
∂c1

∂c1
∂X

for X ∈ {{as1}, d1},

where the effect of the existing portfolio X on current consumption c1 is

∂c1
∂X

=
1

2ξ1

{
−∂ξ2

∂X
+
(
ξ2

2 − 4ξ1ξ3

)−1/2
[
ξ2
∂ξ2

∂X
− 2ξ1 (1− β)

∂η2

∂X

]}
,

∂ξ2

∂X
= β2 (1 + r)

∂η2

∂X
,

∂η2

∂X
=

− (1/ (1 + r) + 1) zs if X = as1

1 if X = d1

.

If ξ2 < 0, the signs of consumption derivatives with respect to portfolio items are given by

∂c1
∂as1

> 0, and
∂c1
∂d1

< 0.

Note that the condition ξ2 < 0 can be written as ω̃1 > ω∗, where

ω̃ = ω1 +
∑
s=I,L

(
1 +

1

1 + r

)
zsas1 − d1 +

ω2

(1 + r)
,

ω∗ =
1− β
1 + r

η1 −
∑
s=I,L

(
1 +

1

1 + r

)
zs

Bs (1− β)
.

Next, the relation between asset price and consumption (48) implies that ∂qs1/∂c1 = Φsβ > 0.
Finally, the chain rule reveals that

∂qj1
∂as1

> 0 ∀s ∈ {I, L} ,

∂qj1
∂d1

< 0
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QED

7.2.2 Proof of Proposition 2

To compare solutions in the one-asset model and the two-asset model, I assume that asset j exists
in both models, whereas asset i is only available in the two-asset model. In a nonbinding case, the
only relevant factor that determines the policy is the trading effect (TE). The trading effect in the
two-asset model, TET , is given by

TET = TES − u′ (c1)
∂qi1

∂aj1
∆ai2

= −u′ (c1)
∂qj1
∂aj1

[
∆aj2 +

Φi

Φj
∆aj2

]

= −u′ (c1)
∂qj1
∂aj1

[((
1

Bj
+ θj

)
− zj

Bj (1− β) qj1

)
+

Φi

Φj

((
1

Bi
+ θi

)
− zi

Bi (1− β) qi1

)]
,

where TES is the trading effect in the one-asset model. Next, I define three thresholds of qj1 as
follows:

qj∗ =
zj

(1− β)

1

(1 +Bjθj)
,

f(qj∗∗) =

(( 1

Bj
+ θj

)
− zj

Bj (1− β) qj∗∗

)
+

Φi

Φj

( 1

Bi
+ θi

)
− zi

Bi (1− β)
[
qj∗∗ Φi

Φj
+ 1

1+r

(
zi − Φi

Φj
zj
)]
 = 0,

qj
∗∗∗

=
Φj

Φi

zi

(1− β) (1 + θiBi)
+

1

1 + r

(
zj − Φj

Φi
zi
)
,

where qj∗ is the threshold where ∆aj2 > 0 if qj > qj∗; qj∗∗∗ is the threshold where ∆ai2 > 0 if
qj > qj∗∗∗; and qj∗∗ is the threshold where ∆aj2 + ∆ai2 > 0 if qj > qj∗∗. The signs of TET and TES

are governed by the value of qj1 according to the following criterion:

(i) TET < TES < 0 if qj > max(qj∗, qj∗∗∗)

(ii) TET > TES > 0 if qj < min(qj∗, qj∗∗∗)

(iii) 0 < TET < TES if qj ∈ (qj∗∗∗, qj∗∗) and qj∗ > qj∗∗∗

(iv) TET < 0 < TES if qj ∈ (qj∗∗, qj∗) and qj∗ > qj∗∗∗

(v) 0 < TET < TES if qj ∈ (qj∗, qj∗∗) and qj∗ < qj∗∗∗

(vi) TET < 0 < TES if qj ∈ (qj∗∗, qj∗∗∗) and qj∗ < qj∗∗∗

, (52)

where cases (iii) and (iv) and cases (v) and (vi) are mutually exclusive. Here, I analyze the case in
which qj∗ > qj∗∗∗ , implying that
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(
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+ βzj

⇒ Biθi > Bjθj . (53)

According to (45), (48), and the nonnegativity of consumption, the minimum and maximum of the
price qj1 are

qjmin = max

[
zj

1− β
1

1−Bj (aj − āj) +Bjθj
,
zj

1 + r

]
,

qjmax =
zj

1− β
1

1−Bj (āj − aj) +Bjθj
> qj∗.

If prices are increasing in existing assets and decreasing in existing deposits, as shown in Propo-
sition 1, we can define the predetermined wealth n1 = w1 +

∑
s={I,L} a

s
1z
s − d1 and find thresholds

n∗∗∗ ≤ n∗∗ ≤ n∗ such that q∗ = qj1(n∗), q∗∗ = qj1(n∗∗), and q∗∗∗ = qj1(n∗∗∗). Under continuous n, the
condition that qjmax > qj∗ implies that (i) will be visited for sure. However, the existence of cases
(ii), (iii) and (iv) depends on the size of qjmin.

If qjmin < qj∗, there exist equilibrium prices, belonging to case (iv), in which the optimal policy
for asset j is a subsidy in a one-asset model due to a positive trading effect. More important, the
agent buys the illiquid asset due to a negative trading effect that outweighs the positive trading
effect according to a negative TET . In this region, the policies for the liquid asset are of different
signs in the two models. Since qj∗ is larger than zj/[(1− β)(1− Bj(aj − āj) + Bjθj)], one way to
ensure that qjmin < qj∗ is that zj/(1 + r) < qj∗, implying that

Bjθj <
r + β

1− β
.

Together with condition (53), we obtain condition (27).
QED
Note that if qjmin ∈ (qj∗∗∗, qj∗∗) as in case (iii), the agent in the two-asset model still buys the

illiquid asset, but the negative trading effect is now dominated by the positive trading effect from
the sale of the liquid asset. The positive TES , however, is larger than TET because the former does
not encounter an offsetting factor.

Finally, if qjmin < qj∗∗∗, the agent becomes a seller of both the liquid and illiquid assets, and
therefore, TET is larger than TES , implying that the subsidy on the liquid asset is reinforced by
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the existence of the illiquid asset.

7.3 State-contingent Optimal Macroprudential Policy

This subsection discusses and quantifies the optimal macroprudential policy. Figure A.1 plots the
optimal macroprudential policies on balance sheet items. Panels (a) and (b) plot the optimal liquid
and illiquid taxes as functions of the existing holdings of the other asset. The optimal policies are
similar to the derived policy in the simplified model, as shown in Figure 6. The taxes are more
positive in high-wealth states, as wealthy agents tend to be future asset buyers who benefit from low
asset holdings achieved by positive taxes. The taxes then become negative when the trading effect
of selling the liquid asset dominates the effect of buying the illiquid asset. Note that the policy rates
are zero during binding states, in which the SP faces the same prices and borrowing constraint as
agents.
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Figure A.1: Optimal macroprudential policies for assets
Notes: The figures plot the policy functions of taxes. Panels (a) and (b) show the asset taxes when deposits
are at the 50th percentile of grids. The curves indicate different percentiles of the other existing asset.
Panel (c) depicts the deposit tax when both existing assets are at their 20th, 30th, or 40th percentile.
The shock to equity capital is −3σε

Asset taxes are not monotone, even within the nonbinding region. The concavity of taxes results
from nonlinearity of asset prices, as shown in asset demand equations (8) and (9). As the existing
asset level increases, the total expense of maintaining prices by purchasing assets rises. To equate the
marginal benefit of consumption and asset investment, agents then tend to allocate their available
funding to consumption. As there exists less incentive to purchase assets, asset taxes that dampen
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future asset prices also decline.
Note that, in line with the theoretical result, taxes/subsidies on the illiquid asset are larger than

those on the liquid asset, as the illiquid asset provides a stronger wealth effect via a higher dividend.
Moreover, the optimal macroprudential policy of the liquid asset in panel (a) can switch from a tax
to a subsidy when the other asset’s holdings are reduced. The reason is that by reducing holdings
of the other asset (and thus decreasing wealth) agents may switch from being asset buyers to sellers
and then benefit from an asset subsidy that eventually promotes future asset prices.

Panel (c) plots the deposit tax, which is increasing in the deposit level because the probability of
crises is increasing in existing deposits. When the probability of a future crisis rises, the government
lowers agents’ borrowing by raising the deposit tax. When existing deposits are high (so that initial
wealth is low), the SP faces the same borrowing capacity as the agents, implying that there is no
room for the deposit tax.

7.4 Event Study and Nontargeted Moments

This subsection validates the model by running an event study of the 2002 Argentine crisis and
comparing simulated and empirical moments regarding the liquid share and leverage, which are key
balance sheet ratios that measure asset composition and borrowing.

The balance sheet items are from Bankscope and the IMF IIP. Under the assumption of an
exogenous process of equity capital that matches the empirical data, Figure A.2 plots the dynamics
of balance sheet items. The model can successfully replicate the decrease in borrowing during 2002,
which is a key feature of sudden stop events. The model can also quantitatively match the empirical
dynamics of deposits, liquid and illiquid assets, and the liquid share.

Regarding liability, both the simulated and empirical trends show a decrease in deposits during
crises, as the binding collateral constraint forces agents to reduce borrowing during asset fire sales.
The asset fire sales in the simulated series explain 42.5% of the empirical asset decline during the
5-year windows, as shown in the bottom-left panel. In addition, both simulated series and data
show more sizable fire sales in the liquid asset than the illiquid asset, both leading to a decline in
the liquid share. The model can generate 73.9% of the decrease in the liquid share during the 2002
crisis.

The model is also successful in explaining nontargeted moments of the liquid share and leverage,
and both are key balance sheet ratios. Table A.1 lists the second moments of the two ratios for
financial institutions and depository institutions. A depository institution widely defines banks that
involve financial intermediation. Although the second moments are slightly smaller in the model
than in the data, the model replicates the correlation between the liquid share and leverage, as
the simulated value is in between the empirical values of all financial institutions and depository
institutions.

Figure A.3 plots the values of the two ratios, in which the correlation in the simulated series and
in the data are both negative. On the right panel, note that leverage is higher in binding periods
because deposits equal the sum of assets’ collateral values, whereas in nonbinding periods, deposits
are less than the sum of assets’ collateral values.
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Figure A.2: Event study of the 2002 Argentine crisis
Notes: Equity capital is defined as the portfolio investment in equity by deposit-taking corporations
(excluding the central bank) from the IMF IIP. The debt level is the sum of debt instruments and debt
securities. The empirical liquid asset is calculated as the sum of the currency deposit, debt securities,
and derivatives from the IMF IIP. The empirical illiquid asset is defined as the sum of the equity asset,
gold holdings from the IMF IIP, and the aggregate loans from Bankscope. The aggregate loan is defined
as the sum of individual banks’ residential mortgage loans, other consumer or retail loans, corporate and
commercial loans, and loans and advances to banks. Values are normalized to a base year of 2000. The
starting values of the initial state variables in 2000 are averages of the last 7,500 periods of simulation of
10,000 periods. The black dashed line indicates the binding period.

7.5 Optimality of the Basel III Reform

Basel III, although straightforward to implement, fails to be optimal because it is not state-
dependent. This subsection analyzes Basel III’s optimal factors for assets and deposits. I then
derive the suboptimal factors by taking averages of the optimal factors weighted by the frequency of
the simulated states. The policy with suboptimal factors is a compromise between implementability
and optimality.

The optimal Basel III can be derived by comparing first-order conditions (30), (31), and (32)
with (9) and (10). The state-dependent optimal factors correlate with the optimal macroprudential
taxes and are given by

φLt =
−τLt u′ (ct)
λLCRt

,

δIt =
τ It u

′ (ct)

rNSFRλNSFRt

,
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Table A.1: Nontargeted moments

All financial institutions Depository institutions Model
σLS 0.0661 0.0657 0.0120
σLeverage 0.0556 0.0541 0.0326
Corr(LS,Leverage) -0.9033 -0.5159 -0.7857

Notes: This table lists the second moments of the liquid share and leverage. Balance sheet ratios are
calculated as the mean of bank-level ratios from 2005 to 2015. Depository institutions include bank
holding companies, commercial banks, and saving banks. The share of depository institutions among all
financial institutions is 0.76. Source: Bankscope.
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Figure A.3: Relations between leverage and the liquid share

−τdt u′ (ct) = φdtλ
LCR
t rLCR − δdt λNSFRt .

The above equations are equivalent to a linear combination given by

τdt =
φdt
φLt
rLCRτ

L
t +

δdt
δIt

1

rNSFR
τ It , (54)

implying that only the relative factors of debt to assets (e.g., φdt /φLt and δdt /δIt ) matter because they
control the tightness of the LCR and the NSFR. Intuitively, within states in which the liquid asset
is less needed, and therefore τLt is higher, the LCR becomes slacker as φdt /φLt decreases. Similarly,
when τ It is higher, agents are encouraged to hold fewer illiquid assets. This can also be achieved by
imposing a more stringent NSFR with a lower δdt /δIt .

Note that Basel III with fixed factors cannot be optimal as long as there exist three states that
generate nonlinear optimal macroprudential taxes {τdt , τLt , τ It }. In fact, optimal macroprudential
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taxes are either strictly convex or concave in nonbinding states, as shown in Figure A.1. A sub-
optimal but simple policy that on average satisfies equation (54) is a pair of {rLCR, rNSFR} that
satisfies

τ̄dt =
φ̄dt

φ̄Lt
rLCRτ̄Lt +

δ̄dt

δ̄It

1

rNSFR
τ̄ It , (55)

where τ̄dt , τ̄Lt , and τ̄ It are averages of the implied optimal macroprudential policies from simulating
the CE. φ̄dt , φ̄Lt , δ̄dt and δ̄It are the mean factors of the balance sheet items weighted by their share
in either the empirical or theoretical portfolio.

Figure A.4 plots equation (55) and reveals two findings. First, the suboptimal rNSFR should be
approximately 20% under standard rLCR, as a looser NSFR mitigates overinvesting in liquid assets
and overborrowing in deposits. Second, the suboptimal rNSFR derived from the empirical portfolio
is higher than that in the theoretical model. The reason is that under the same {rLCR,rNSFR},
the implied policy derived from the empirical portfolio is quantitatively tighter than that derived
from the theoretical portfolio. Thus, to achieve the same portfolio allocation, the lower bound of
the policies derived from the theoretical portfolio should be looser.
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Figure A.4: Optimal rates of Basel III reform
Notes: Mean tax rates are calculated by the last 7,500 periods of simulation of 10,000 periods. The
dashed line denotes the case in which there are only stable demand deposits (this implies δ̄d = 0.95 and
φ̄d = 0.46) and equity capital on the liability side, and cash (φ̄L = 1) and nonperforming loans (δ̄I =1) on
the asset side. The solid line denotes the case in which the fixed factors are the average factors weighted
by the share of each balance sheet item in the empirical portfolio from the data (as of June 30, 2018) in
BIS (2019). Specifically, φ̄L = 0.9669 (from BIS (2019) Table C.75); φ̄d = 0.24 (from BIS (2019) Table
10 and Table C.77); δ̄d = 0.6177 and δ̄I = 0.5148 (from BIS (2019) Table C.77).
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8 Online Appendix (Not For Publication)

8.1 Sudden Stop Events

Table A.2: List of sudden stop events

Country Year Group Country Year Group
Australia 2008 ADV United States 1991 ADV
Belgium 2010 ADV United States 2009 ADV
Canada 1996 ADV Argentina 1995 EM
Finland 1986 ADV Argentina 2002 EM
Finland 1995 ADV Brazil 2003 EM
Germany 2006 ADV Colombia 1986 EM
Germany 2009 ADV Colombia 1989 EM
Greece 2012 ADV Colombia 1999 EM
Iceland 2001 ADV Croatia 2010 EM
Iceland 2009 ADV Czech Republic 2009 EM
Ireland 2012 ADV Dominican Republic 2009 EM
Italy 1983 ADV Ecuador 1999 EM
Italy 1993 ADV Ecuador 2011 EM
Italy 2012 ADV El Salvador 2010 EM

Netherlands 2003 ADV Korea, Republic of 1998 EM
Netherlands 2009 ADV Malaysia 1994 EM
New Zealand 2009 ADV Pakistan 2009 EM

Norway 1990 ADV Panama 2010 EM
Norway 2008 ADV Peru 1989 EM
Portugal 2012 ADV Peru 1998 EM
Spain 1984 ADV Poland 2009 EM
Spain 2009 ADV South Africa 1983 EM
Spain 2012 ADV South Africa 2009 EM
Sweden 2003 ADV Tunisia 2007 EM
Sweden 2006 ADV Turkey 2009 EM

United Kingdom 1991 ADV Ukraine 2012 EM
United Kingdom 2008 ADV Venezuela 1990 EM

ADV: Advanced market; EM: Emerging market.
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8.2 Other Exogenous Shocks

In addition to shocks to newly injected equity capital, this subsection simulates the model under
other common shocks, namely, real interest rate and margin shocks.43

Real Interest Rate Shock

As in Uribe and Yue (2006), the domestic real interest rate equals the sum of the US real interest
and the EMBI spread. The US real interest rate is measured as the US 3-month Treasury Bill rate
minus the inflation rate on consumer prices. I assume that the shock to the domestic real interest
rate comes from variations in the US real rate, which follows an AR(1) process, ln(1 + rUSt ) =

αr0 + αr1ln(1 + rUSt−1) + εrt , in which εrt ∼ N(0, σrε ). Assuming four grids on the real interest rate, this
setting yields αr0 = −0.0017, αr1 = 0.5813, and σrε = 1.31%.
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Figure A.5: Dynamics in crises under real interest rate shocks
Notes: This figure plots the average dynamics during financial crises under the simulation of 1,000,000
periods, where 0 indicates the crisis periods. The US real interest rate is calculated from the nominal
interest and inflation rates from FRED.

Figure A.5 plots the dynamics during crises under real interest rate shocks. To encounter crises,
the real interest rate has to fall before crises to induce high borrowing. During crisis periods,
deposits and asset investment decrease due to fire sales. Macroprudential policies tighten as the

43See, e.g., Uribe and Yue (2006), Schmitt-Grohé and Uribe (2016), Schmitt-Grohé and Uribe (2017), and Bianchi
and Mendoza (2018) for the application of the interest rate shock. See, e.g., Bianchi and Mendoza (2018) for the
application of the margin shock.
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probability of crises rises. Contrary to the baseline model with equity shocks, high borrowing
finances more asset investment before crises, yielding more dividends and consumption during crisis
periods. Immediately after crises, consumption decreases due to reduced dividends from reduced
asset holdings.

Margin Shock

The margin shock proxies for tightening events in the credit market when assets present lower
collateral values. Since illiquid assets’ annual margin κI calculated from the NY Fed Tri-Party/GCF
Repo data from 2010 to 2018 only changed once in 2010, I assume that κI = 0.90 as in the baseline
model and κL follows an AR(1) process, κLt = ακ0 + ακ1κ

L
t−1 + εκt , in which εκt ∼ N(0, σκε ). This

setting yields ακ0 = 0.3485, ακ1 = 0.6411 and σκε = 0.17%.
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Figure A.6: Dynamics during crises under margin shocks
Notes: This figure plots the average dynamics during financial crises under the simulation of 1,000,000
periods, where 0 indicates the crisis periods.

Figure A.6 plots the dynamics under margin shocks. Financial crises occur when the liquid
asset’s margin decreases, followed by a decrease in borrowing due to binding collateral constraints.
The main difference between this case and models with other shocks is that liquid holdings increase
during the crisis period. This is driven by the disproportionate effect on the marginal benefit of
investing in the liquid asset, which is subject to a first-order effect from variations in κL. Specifically,
the balance sheet adjusts throughout crises such that the marginal benefit of investing in the two
assets and saving are equivalent. The dynamic rule can be derived from equation (9) and given by
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u′ (ct) =
EκL′ |κL

[
βu′ (ct+1)

(
qLt+1 + z̃L

)]
qLt

+ κLt λt =
EκL′ |κL

[
βu′ (ct+1)

(
qIt+1 + z̃I

)]
qIt

+ κIλt,

in which the marginal of investing assets equal the sum of the expected rate of return and the degree
of loosening in the collateral constraint.

In equilibrium, a decrease in κL then leads to an increase in the liquid asset’s rate of return
and a decrease in the illiquid asset’s rate of return and marginal utility of consumption. Under
positive price elasticities suggested by Proposition (1), a higher (lower) future price of the liquid
(illiquid) asset can only be achieved with more (less) holdings of the liquid (illiquid) asset during
crisis periods. Note that consumption increases, as the marginal utility of consumption declines
during crisis periods.
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8.3 Computational Algorithm

This subsection illustrates the numerical solution method for the competitive and constrained-
efficient equilibria. The model contains three endogenous state variables: two assets and deposits,
and is solved by the endogenous grid method. Within each iteration, I apply Delaunay interpolation
to obtain updates that are not on the exogenous grids.

Following Tauchen (1986), newly injected equity capital is discretized into four grids ranging
from −3 to +3 standard deviations such that Gω = [0.9370, 0.9785, 1.0219, 1.0672]. The probability
transition matrix is given by

P =


0.0656 0.6330 0.2960 0.0054

0.0317 0.5372 0.4174 0.0138

0.0138 0.4174 0.5372 0.0317

0.0054 0.2960 0.6330 0.0656

 .

To make the solution and calibration manageable, I assume 10 grids for each balance sheet item.
The grids of the liquid asset, illiquid asset, and deposits are equally divided within [0.5680, 1.0079],
[0.4020, 0.4820], and [1.7196, 2.0196].

8.3.1 Unregulated Competitive Equilibrium

The CE is characterized and solved by functions C(x;ω), {Qj(x;ω)}, {Aj(x;ω)}, D(x;ω), λ(x;ω)

via the following equations:

C(x;ω) = ω +
∑
j=I,L

(Qj(x;ω) + z̃j)aj − d−
∑
j=I,L

[Qj(x;ω)aj
′
] +

d′

1 + r
, (56)

d′

1 + r
≤
∑
j

κjQj(x;ω)aj
′
, (57)

uC(C(x;ω)) = β(1 + r)Eω′|ω[uC(C(x′(x;ω);ω′)] + λ(x;ω), (58)

Qj(x;ω) = Eω′|ω[
βuC(C(x′(x;ω);ω′))

uC(C(x;ω))− λ(x;ω)κj
(Qj(x′(x;ω);ω′) + z̃j)], (59)

Qj(x;ω) =
z̃j

1− βf
1

1−Bj(aj′ − aj + θj)
, (60)

aj
′

= Aj(x;ω), (61)

d′ = D(x;ω), (62)

for j ∈ {I, L}. x =
{
aL, aI , d

}
is a set of endogenous state variables, where

x′ (x;ω) =
{
AL(x;ω),AI(x;ω),D(x;ω)

}
.

Equation (60) is derived by plugging the market clearing condition of assets into the agents’ first-
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order conditions with respect to assets. I then proceed with the following steps:

1. Construct the following exogenous grids

Gx′ =
{
x
′

{aL′1 ,aI
′

1 ,d
′
1}
, ...x

′

{aL′N ,aI
′

1 ,d
′
1}
, x
′

{aL′1 ,aI
′

2 ,d
′
1}
, ..., x

′

{aL′N ,aI
′

2 ,d
′
1}
, ..., x

′

{aL′N ,aI
′
N ,d
′
1}
, ..., x

′

{aL′N ,aI
′
N ,d
′
N}

}
,

where the current endogenous state variables x′ = {aL′ , aI′ , d′} and N = 10. Equity ω is
discretized into the shock state space Gω = {ω1, ..., ωM} where M = 4.

2. Conjecture policy functions C(x;ω) and {Qj(x;ω)} for each state {x;ω}. Select a tolerance
level ε.

3. Assume that the collateral constraint under every state {x;ω} is nonbinding, that is, λ(x;ω)

equals 0. Obtain the current consumption c using equation (58) and the conjectures C(x′;ω′(ω))

and {Qj(x′;ω′(ω))}.

4. Obtain the current price {qj} using equation (59), current consumption, and policy guesses
C(x′;ω′(ω)) and {Qj(x′;ω′(ω))}.

5. For each grid on {x′, ω}, obtain the {aj} and d using equations (60) and (56). For a given ω,
the resulting {aj} and d form a three-dimensional space SωN , which is constructed under the
assumption of a nonbinding collateral constraint. Construct a set of tetrahedra TωN via the
Delaunay triangulation.

6. Assume that the collateral constraint under every state {x;ω} is binding. Plug equation (58)
into equation (59) by replacing the nonzero λ(x;ω), and we then obtain the following equation:

qj =
Eω′|ω

[
βuC (C(x′;ω′))

(
Qj(x′;ω′) + z̃j

)]
(1− κj)uc (c) + κjβ (1 + r)Eω′|ω [uC(C(x′;ω′))]

. (63)

7. Plug equation (63) into the binding collateral constraint (57) such that

d′

1 + r
=
∑
j=I,L

{[
Eω′|ω

[
βuC(C(x′;ω′))(Qj(x′;ω′) + z̃j)

]
(1− κj)uc(c) + κjβ(1 + r)Eω′|ω [uC(C(x′;ω′))]

]
aj
′

}
.

We can then obtain consumption c with policy guesses and given grids x′. Note that with
a CRRA utility function where σ = 2, c has a closed-form solution and does not require a
root-finding algorithm.

8. Compute prices qj′ and existing state variables {aj} and d, as demonstrated in steps 4 and
5. For a given ω, construct the three-dimensional space SωB where all states x are assumed to
encounter a binding collateral constraint. Construct a set of tetrahedra TωB via the Delaunay
triangulation.
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9. For each ω′, check whether each endogenous grid x′ is inside a tetrahedron tω′n that belongs
to Tω′N . If it does, compute the updates of C(x′;ω′) and {Qj(x′;ω′)} as the weighted sum of
the corresponding cand qj of the four points {x[1], x[2], x[3], x[4]} that forms tω′n , weighted by
the barycentric coordinates. If not, proceed to step 10.

10. Check whether the state {x′, ω′} is within a tetrahedron tω′b that belongs to Tω′B . If it does,
compute the updates as demonstrated in step 9. If not, proceed to step 11.

11. For the rest of the states {x′, ω′}, find the closest {x, ω′} and replace C(x′;ω′) and {Qj(x′;ω′)}
with c(x;ω′) and {qj(x′;ω)}.

12. Calculate the norm between the updated policy C̃(x′;ω′(ω)), {Q̃j(x′;ω′(ω))} and the initial
guesses. If norm(C̃ − C, Q̃L −QL, Q̃I −QI) < ε, we have obtained the equilibrium solution.
If not, set the new guesses X new = αX + (1− α)X̃ where

α =

0.9 for the first 300 iteration

0.99 otherwise
.

8.3.2 Constrained-efficient Equilibrium

The constrained-efficient equilibrium is characterized and solved by functions C(x;ω), {Qj(x;ω)},
{Aj(x;ω)}, D(x;ω), and λ(x;ω) via equations (56), (57), (60), (61), and (62) and

uC (C (x;ω)) = λ (x;ω) + β (1 + r)Eω′|ω
[
uC
(
C
(
x′;ω′

))]
+ Eω′|ω

∑
s=I,L

[
uC
(
C
(
x′;ω′

)) ∂Qs (x′;ω′)

∂d′
∆As

(
x′;ω′

)
− λ′

(
x′;ω′

)
κsAs

(
x′;ω′

) ∂Qs (x′;ω′)

∂d′

] ,

(64)

Qj (x;ω) =
β

uC (C (x;ω))− κjλ (x;ω)
× Eω′|ω{uC(C(x′;ω′)(Qj(x′(x;ω);ω′) + z̃j)

+
∑
s=I,L

[−uC(C(x′;ω′))
∂Qs(x′;ω′)

∂aj′
∆As(x′;ω′) + λ′(x′;ω′)κsAs(x′;ω′)∂Q

s(x′;ω′)

∂aj′
]}.

(65)

The algorithm is the same as the CE after replacing equations (58) and (59) with equations (64)
and (65). Note that the future asset decisions As(x′;ω′) are given by equation (60) with the initial
grids on x′ and the price guesses {Qs(x′;ω′)}:

As
(
x′;ω′

)
=

(
1− zs

1− β
1

Qs (x′;ω′)

)
1

Bs
+ θs + as

′
.

Again, with σ = 2, consumption has a closed-form solution, which significantly speeds up the
algorithm.
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8.3.3 Competitive Equilibrium with Basel III Reform

This subsection describes the algorithm to solve for the CE in which both the LCR and NSFR
are effective. For special cases in which agents are only constrained by one policy, we can simplify
this algorithm by dropping the redundant complementary slackness condition and setting the cor-
responding shadow value to zero. With two policies and the collateral constraint, there exist eight
possible states:

Table A.3: Categories of states

CC LCR NSFR
(i) N N N
(ii) B N N
(iii) B N B
(iv) B B N
(v) N B N
(vi) N N B
(vii) N B B
(viii) B B B

Notes: CC: Collateral constraint; LCR: Liquidity coverage ratio; NSFR: Net stable funding ratio. N
denotes the case in which the constraint is nonbinding, whereas B denotes a binding condition.

The algorithm, similar to the CE, considers the endogenous grid method as follows:

1. Conjecture C(x;ω) and {Qj(x;ω)} for each state {x;ω} and obtain control variables {qj} and
c, and endogenous grids {aj} and d in cases (i) and (ii) as in subsection 8.3.1.

2. Calculate the solution of the rest of the cases.

(a) Case (iii): Derive qI from the binding NSFR where qI = [ω + δdd′/(1 + r)]/(δIaI
′
) and

obtain qL from the binding CC where qL = [d′/(1 + r) − κIaI′qI ]/(κLaL′). {aj} can
then be solved from equation (8). Since λLCR equals zero, we obtain the value of λ via
equation (30). Next, calculate the value of λNSFR from equation (31). Finally, solve for
c through equation (32) and d through the budget constraint for a given capital ω.

(b) Case (iv): Derive qL from the binding LCR where qL = [(φdd′)/(1 + r)]/aL
′ and obtain

qI from the binding CC where qI = [d′/(1 + r)− κLaL′qL]/(κIaI
′
). Since λNSFR equals

zero, we obtain the value of λ via equation (31). Next, calculate the value of λLCR from
equation (30). We then solve for c, {aj}and d as in step (a).

(c) Case (v): Derive qL from binding (28). Next, solve for λLCR and c jointly from equations
(30) and (32) where λNSFR and λ are zero. We then solve for {aj}and d as in step (a).

(d) Case (vi): Derive qI from binding (29). Next, solve for λNSFR and c jointly from
equations (31) and (32) as λLCR and λ are zero. We then solve for {aj}and d as in step
(a).
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(e) Case (vii): Derive qLand qI from binding (28) and (29). Next, solve for λLCR, λNSFR

and c jointly from equations (30), (31) and (32). We then solve for {aj}and d as in step
(a).

(f) Case (viii): Under the current parameterization, it is not possible to encounter a situation
where all three constraints bind. Specifically, suppose that asset factors follow the official
value where δI = φL = 1; binding Basel policies imply that the sum of the collaterals∑

(κqa) = (κLφd+κIδd)d′/(1 + r) +ω can easily exceed deposits when ω is large enough
and the asset margins {κj} are close to one.44

3. For each above case z, construct a set of tetrahedra Tωz by connecting points in the d−aL−aI

space for each ω.

4. Identify the case to which each exogenous grid Gx′ belongs and update the guesses as in
subsection 8.3.1 until the solution converges.

To numerically highlight effects and the interaction between constraints on the equilibrium solution,
Figure A.14 plots the binding region under the model with the CC and the LCR with calibrated
parameters. When the liquid asset is relatively high, only CC is binding, as depicted by the dark
gray area. Both constraints bind when the total asset holdings and the liquid asset are scarce, as
highlighted by the light gray area.

Table A.4 presents the frequencies of all four possible states that the equilibrium with only the
LCR features. When the standard cash-outflow factor equals 46%, the probability of a financial
crisis is 3.9%. The probability of a financial crisis decreases to 3.5% (= 0.4% + 3.1%) when φdt is
50%. The reason for this decline is a more liquid portfolio driven by a tighter LCR. Note further
that under a high cash-outflow factor, agents may experience states in which only the LCR binds.

Table A.4: Probability of binding and nonbinding states

{CC,LCR} {N,N} {B,N} {N,B} {B,B}

φd = 46% 0.961 0.039 0.000 0.000

φd = 50% 0.946 0.004 0.019 0.031

Notes: This table reports the probability of encountering nonbinding (N) and binding (B) constraints over
the last 7,500 periods of simulation of 10,000 periods. N and B in the first row indicate whether CC and
LCR are nonbinding or binding. The probability of a financial crisis is defined as Prob({B,N}∪{B,B}).

44Assumptions that prevent case (viii) are consistent with Cecchetti and Kashyap (2018) and Kashyap et al. (2017)
where the LCR and the NSFR will almost not be binding simultaneously.
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8.4 Figures and Tables
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Figure A.7: Liquid share in sudden stop events
Notes: This figure plots countries’ liquid share using the same data as Figure 1. Note that the liquid
share of emerging economies is higher than that of advanced economies in both datasets, implying that
emerging markets may be more volatile and less capable of avoiding bank runs and thus require a more
liquid portfolio due to precautionary motives.
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Figure A.8: Asset growth of noncommercial banks
Notes: The left vertical axis denotes the dollar amount of asset holdings. The solid line denotes the
illiquid asset, which is the sum of loans, miscellaneous assets, and foreign direct investment. The dashed
line denotes the liquid asset, including cash, money market fund shares, federal funds and security re-
pos, mutual fund shares, treasury security, agency securities, municipal bonds, corporate securities, and
open market paper. Mutual fund shares are in market value, and other items are in book values. The
short-dashed line describes the liquid share. Noncommercial banks are defined as the sum of the domes-
tic financial sector (L.108) minus the monetary authority (L.109) minus private depository institutions
(L.110). Classification by liquidity reflects the order of assets’ liquidity weights calculated in Bai et al.
(2018), in which the weight is decreasing in assets’ haircuts. Source: Flow of Funds.
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Figure A.9: Asset transactions during crises: Emerging countries

Figure A.10: Policy functions of asset prices and quantities
Notes: This figure plots the function of prices and quantities when both the existing liquid and the illiquid
asset are at the 60th percentile of grids. Shaded areas indicate binding states. Note that the sensitivity of
asset quantities and prices depends on liquidity. If the asset is less liquid, the price declines more under
one unit of asset sale to compensate foreign investors. Numerically, the quantity of the liquid asset is
more sensitive than the price, whereas the price of the illiquid asset is more volatile than the quantity.
Comparing two assets, the quantity of the liquid asset is more sensitive than that of the illiquid asset.
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Figure A.11: Overborrowing and asset liquidity
Notes: This figure shows the relation between asset liquidity and overborrowing in terms of leverage. The
solid and dashed curves indicate the equilibrium with low and high funding liquidity. The leverage is
the equilibrium outcome in period t, in which the equity capital in period t + 1 equals ωL = 0.9 with
probability PL = 0.01 and ωH = 1.1 with probability (1 − PL). The equity capital in period t and the
equity capital in t + 2 and onward are assumed to be 1. Other coefficients are similar to the baseline
calibration in Table 2 in which {σ, κ, β, z} = {2, 0.9, 0.96, 0.18}. It can be shown that the low-equity state
in period t+ 1 is binding and the subsequent periods with constant ωF are nonbinding.

(a) (b)

Figure A.12: Binding and nonbinding states under positive one-standard-deviation shock
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Figure A.13: Implied optimal macroprudential policies on deposits

Figure A.14: Policy function of deposits in equilibrium with the LCR
Notes: Here the cash-outflow factor φd = 0.50. Deposits are at the 80th percentile to demonstrate states
in multiple binding situations.

65



0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Figure A.15: Elasticities of targeted and nontargeted moments
Notes: The figure plots the elasticities of key moments with respect to key coefficients from simulating the
solutions of the CE and the SP. Lev denotes leverage; LS denotes liquid share; P denotes the probability
of financial crises. The value indicates the percentage change in the moments on the horizontal axis under
a 1 percent change in the coefficients on the vertical axis. The moments are most sensitive to the interest
rate r with the highest elasticity equal to 1.87. Coefficients related to asset liquidity, {κj , Bj , zj}, do not
significantly change the results, as the highest related elasticity equals 0.78.

Table A.5: Parameters for the two-asset model with finite periods

σ β r σ y2 zI zL BI BL κI κL θI θL aL1 aI1 d1

2 0.96 0.04 1 1.5 0.10 0.05 10 5 0.900 0.972 0.1 0.1 1 1 2
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