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Abstract

This paper studies how reserve requirements and countercyclical capital require-
ments interact in stabilizing the business cycle. Using a small open-economy DSGE
model with nominal and financial frictions, we characterize optimal simple rules
for monetary and macroprudential policy under alternative central bank objectives.
Reserve requirements mainly affect liquidity and funding conditions, while capital
requirements act more directly on lending capacity and loan spreads, generating po-
tentially different effects on credit, output, and inflation that matter for policy design.
Both instruments can bring significant stabilization benefits when included in the
policy mix, particularly once financial stability is part of the central bank’s objective.
When used separately to stabilize credit, capital requirements are more effective than
reserve requirements. However, when both tools are assigned different objectives, the
optimal division of tasks varies across shocks, with reserve requirements assigned to
credit and capital requirements to output in most cases. The results highlight gains
from specialization across macroprudential instruments with distinct transmission

channels.
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1 Introduction

Recent policy discussions have increasingly emphasized the role of macroprudential pol-
icy not only in strengthening financial resilience, but also in stabilizing macro-financial

fluctuations.!

The macroprudential toolkit, however, includes instruments that oper-
ate through different margins of banks’ balance sheets, notably liquidity and capital.
How these instruments interact with one another, and with monetary policy, is there-
fore central to the design of macroprudential policy over the business cycle (Angeloni
et al., 2024). This raises a natural question: how should liquidity- and solvency-oriented
instruments be combined when they affect bank lending and economic activity through
different transmission channels? We address this question by comparing reserve require-
ments with countercyclical capital requirements within a unified open-economy frame-

work.

Both instruments are widely used worldwide, though with distinct geographic pat-
terns. Reserve requirements have long been used to stabilize the credit cycle, although in
recent years they have been employed primarily by emerging economies (Cordella et al.,
2014; Cantu et al., 2024). Countercyclical capital requirements, by contrast, are a more
recent instrument that gained traction in advanced economies following Basel III (see
Figure 1). While each tool also serves broader purposes—liquidity management in the
case of reserve requirements, and bank resilience in the case of capital requirements—we

focus on their cyclical stabilization role.

To address this question, we develop a DSGE model for a small open economy with
nominal and financial frictions and a banking sector that collects deposits from house-
holds and extends loans to entrepreneurs. Banks are subject to both reserve and capital
requirements, which operate through interest rate spreads and balance-sheet composi-
tion. This framework allows us to study the stabilization properties of each instrument
and trace their effects on credit conditions, output, and inflation. We then characterize
optimal monetary and macroprudential policy rules under alternative anchor variables

and central bank objectives.

We contribute to the literature on macroprudential policy design by embedding two
widely used instruments in a single general equilibrium framework. Doing so allows us
to compare how each operates under a common benchmark, uncover potential comple-
mentarities that single-instrument analyses would miss, and examine how they interact
with monetary policy in stabilizing the business cycle. This unified approach is partic-
ularly valuable given that evidence on the joint use of reserve and capital requirements

is scarce, partly because few countries deploy both simultaneously. Moreover, the mech-

ISee, for example, de Cos (2023) on the role of macroprudential policy in stabilizing macro-financial
fluctuations and Bénassy-Quéré (2024) on the case for a macroprudential approach to bank liquidity.



anisms we identify extend beyond the specific instruments considered here, and could

apply more broadly to other liquidity- and solvency-oriented macroprudential tools.
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Figure 1: Reserve requirement and CCyB policy, by year

Note: EM = Emerging Markets, AE = Advanced Economies. The classification of countries is based on
IMF’s World Economic Outlook 2018. Panel (a) considers reserve requirements (domestic or foreign cur-
rency) for macroprudential purposes (although distinguishing them from those used for monetary policy
purposes is often not clear-cut). Panel (b) considers a requirement for banks to maintain a countercyclical
capital buffer (CCyB). Implementations at 0% are not considered as a tightening. Source: IMF’s iMaPP
database.

Three main lessons emerge from the analysis. First, the two instruments differ in
their transmission, and therefore in their effects on the economy. In our calibration,
tighter reserve requirements tend to raise inflation, while higher capital requirements
reduce it. This asymmetry reflects the fact that the two tools operate through different
margins of banks’ balance sheets. Reserve requirements act mainly through liquidity and
funding conditions, whereas capital requirements affect lending capacity, loan spreads,
and investment more directly. Despite these differences, both instruments become useful
additions to the policy mix once financial stability is part of the central bank’s objective.
In that case, reacting to credit fluctuations through the interest rate rule delivers limited

gains, while using a dedicated macroprudential instrument is more effective.

Second, the preference for one instrument over the other, and the way in which the
two tools can complement each other, are not always straightforward. When they are as-
signed to the same stabilization objective, capital requirements are generally the stronger
instrument for mitigating credit volatility. However, this ranking does not determine
how the two instruments should be assigned when the central bank prefers a strict sep-
aration of tasks, with one instrument responding to credit and the other to output. In
this case, the model favors assigning reserve requirements to credit and capital require-
ments to output. The relevant comparison is therefore not only which instrument moves
credit more strongly, but also how the two instruments can complement each other when

assigned different roles.



Third, the preferred division of tasks is not universal and can change with the shock
hitting the economy. Under a strict separation of tasks, the ranking reverses when we
consider a government-spending or foreign-interest-rate shock in isolation, with reserve
requirements responding to output and capital requirements to credit. The analysis
also shows why macroprudential instruments can be particularly useful when macroeco-
nomic and financial conditions call for different policy responses. Following an increase
in government spending, for example, output and inflation rise while investment and

credit contract, leading monetary policy to tighten while macroprudential policy eases.

Related Literature. Our paper builds on the macroprudential DSGE literature. First,
it bridges two separate strands on macroprudential instruments. One focuses on coun-
tercyclical capital buffers and bank capital regulation (Mendicino et al., 2018; Malherbe,
2020; Darracq Paries et al., 2022; Koch et al., 2025; Hecker et al., 2024), building on
earlier work on the design and calibration of capital buffers (Darracq Pariés et al., 2011;
Drehmann et al., 2011; Drehmann and Gambacorta, 2012; Bene$ and Kumbhof, 2015).
Another studies reserve requirements and related liquidity tools, especially in emerg-
ing market and small open economy settings (Glocker and Towbin, 2012; Glocker and
Towbin, 2015; Bustamante and Hamann, 2015; Agénor et al., 2018; Cordella et al., 2014;
Cantu et al., 2024). These two branches have largely developed in isolation, with little
work examining how the two classes of instruments interact when deployed simultane-
ously.?

A related literature studies how policy instruments should be assigned to stabilization
objectives, typically through optimal simple rules following Schmitt-Grohé and Uribe
(2007). Glocker and Towbin (2012) find that a separation of tasks—with monetary pol-
icy responding to inflation and output and reserve requirements responding to loans—
can be advantageous. Frache et al. (2023) show that the source of shocks matters for the
choice of activation variable and the relative performance of prudential tools. Whether
this logic extends to a setting where two macroprudential instruments are available si-
multaneously, and whether the preferred assignment depends on the central bank’s ob-

jectives, remains an open question.’

A growing body of work also examines the interaction between monetary and macro-
prudential policies. Since both transmit partly through the financial system, their in-
teraction can generate complementarities as well as coordination problems (Cecchetti
and Kohler, 2014; Laeven et al., 2022; Altavilla et al., 2020). In DSGE frameworks with
financial frictions, De Paoli and Paustian (2017), Gelain and Ilbas (2017), and Van der
Ghote (2021) study their joint design, while Garcia Revelo and Levieuge (2022) show

2See Cerutti et al. (2017) for a review of the use of macroprudential instruments.

3Other applications of optimal simple rules to macroprudential policy include Angelini et al. (2014),
Quint and Rabanal (2014), Clancy and Merola (2017), Rubio and Carrasco-Gallego (2014), Rubio and
Carrasco-Gallego (2015), Ferreira and Nakane (2018), Lozej et al. (2023), and Hecker et al. (2024).



that some shocks can create conflicts between their mandates. Existing work, however,
typically considers a single macroprudential instrument; how the monetary policy con-
flict changes when two instruments with asymmetric inflation transmission are available

simultaneously has received little attention.*

The closest paper to ours is Carvalho and Castro (2017). They study a broader set
of macroprudential instruments in a rich estimated DSGE model for Brazil, including
reserve requirements and a countercyclical capital buffer. Our paper differs in focus: we
abstract from some of that institutional detail in order to isolate the interaction between
the two instruments that operate through different regulatory margins. In particular,
while their optimal-policy exercise treats reserve requirements mainly as regulatory pro-
cesses or shocks, we include them directly in the optimized macroprudential policy mix.
This places reserve and countercyclical capital requirements on equal footing and allows

us to study how each interacts with monetary policy.”

The rest of the paper is organized as follows. Section 2 describes the model and cali-
bration. Section 3 studies how discretionary changes in reserve and capital requirements
affect the banking sector and the economy. Section 4 discusses optimal policy rules.
Section 5 examines the interaction between monetary and macroprudential policy when
macroeconomic and financial conditions call for different policy responses. Section 6
studies how the preferred macroprudential assignments vary across shocks. Section 7

concludes.

2 The Model

We start from a standard small open-economy DSGE framework with investment and
nominal rigidities. To this baseline, we add a banking sector with balance-sheet con-
straints and capital accumulation following Gerali et al. (2010), and we introduce reserve
requirements in the spirit of Glocker and Towbin (2012). This setup, which includes sev-
eral financial frictions, allows us to study how different macroprudential tools operate
through bank balance sheets and interest rate spreads, and how they affect the transmis-

sion of shocks to the broader economy.®

Households consume domestic and foreign goods, supply labor, and save through

bank deposits and internationally traded bonds. Firms produce differentiated interme-

“For related studies of policy interactions and multiple macroprudential instruments, see Agur (2019).

>A further difference is that Carvalho and Castro (2017) restrict countercyclical capital requirements to
respond to the credit-to-GDP ratio, whereas we also consider rules that respond to the output gap, which
yields a larger set of policy mixes.

%The model incorporates six frictions in total: Calvo-type price stickiness, investment adjustment costs,
an external finance premium linking borrowing costs to entrepreneurial leverage and net worth, convex
costs in holding bank capital, a reserve requirement wedge affecting deposit rates and interbank funding,
and a net foreign asset adjustment cost.



diate goods under Calvo-type price stickiness, while entrepreneurs purchase capital and
finance part of their investment through bank loans. Financial frictions therefore af-
fect real activity through both savings decisions and credit conditions, allowing us to
compare the impact of reserve requirements and capital requirements within a unified

tractable framework. The model is solved by log-linearization around the steady state.

2.1 Banks

Banks are the central transmission channel for macroprudential policy in the model.
To keep the two regulatory instruments analytically distinct, we represent each bank as
comprising two branches. The deposit branch raises funds from households and allocates
them between reserves at the central bank and interbank lending. The lending branch
uses interbank funding together with bank capital to extend loans to entrepreneurs. This
decomposition is convenient because reserve requirements and capital requirements op-

erate on different parts of the intermediation process.

Both branches operate in perfectly competitive markets. Since banks are symmetric,
their aggregate behavior can be characterized by a representative bank composed of a

deposit branch and a lending branch.

2.1.1 Deposit Branch

The deposit branches collect deposits from households and allocate them between re-
serve holdings and interbank lending. Let D, denote deposits, D/? interbank lending,

and Res; reserves held at the central bank. The balance sheet of these branches is
Res, + D!® = D, (1)

where Res; = ¢,D; and D! = (1 - ¢,)D,, while ¢, denotes the effective reserve ratio.

Deposits are remunerated at the gross deposit rate iP, interbank lending earns the
gross interbank rate i, and reserves earn the gross reserve rate iX. Deposit branches
take the regulatory reserve requirement ratio X as given and choose the composition
of their assets accordingly. Deviations of the effective reserve ratio from the regulatory

target are costly. We capture this cost with

(e )%, (2)

Gf:§b1(gt—’ftR)+ >

where 1)y <0 and 1, > 0. The linear term allows banks to hold reserves slightly above the
minimum in steady state, while the quadratic term disciplines fluctuations around the

target. This specification captures, in reduced form, the idea that reserve management



becomes increasingly costly as banks move further away from the regulatory benchmark.

The deposit branches choose ¢; and D; to maximize profits

max T = [(1- ¢)if® + ¢,if - iP - G| D,. (3)
{¢,Dy}

The first-order conditions are

—(ifB =ity =y = ol - D), (4)
iP = (1-¢)il?+¢if - Gi. (5)

Equation (4) shows that the actual reserve ratio is lower when the opportunity cost of
holding reserves i® — iR rises, and higher when the regulatory requirement tightens.
The deposit rate is a weighted average of the returns on interbank lending and reserves,
net of reserve-management costs. When reserve remuneration lies below the interbank
rate, tighter reserve requirements lower the return banks can pass through to depositors.
In that sense, reserve requirements act as a wedge on the funding side of the banking

system.”

2.1.2 Lending Branch

The lending branches finance themselves through the interbank market from the deposit
branches and with banking capital. They do not hold any deposits from households.
Given this, they are not subject to reserve requirements, but they are subject to capital

requirements.

Lending branches operate in perfectly competitive input and output markets. They
supply loans to entrepreneurs at the lending rate iL. This interaction is modeled through
a financial contract as in Bernanke et al. (1999). The branch satisfies the balance-sheet

identity
L,=D!B+ Kb, (6)

stating that it can finance loans L, using either funds from deposit branches D/2—at the
cost of the interbank rate— or bank capital K’. As in Gerali et al. (2010), the two sources
of funding are perfect substitutes from the point of view of the balance sheet. Lending
branches face costs related to the capital position of the bank. In particular, they pay a

quadratic cost whenever the capital-to-assets ratio K?/L, moves away from a target value

"In order to solve the model, we will make some assumptions about how the central bank conducts
monetary policy, which will lead to the reserve supply to adjust endogenously.



7K, set by the central bank. We model this cost as

2

x (K?
(g e 7

where x > 0. Bank capital is accumulated each period through retained earnings:
Kf = (1-8")Kp  +T17, (8)

where TT? = TTF + TTIP denotes total banking-sector profits defined as the sum of lending
and deposit branch profits, respectively.? 6° measures resources spent in managing bank
capital. Equation (8) assumes that all profits are retained in the banking sector, so any
potential dividends that would otherwise accrue to households (or other agents in the

model) are zero. Given this law of motion, bank capital is not a choice variable for the
bank.

The problem the lending branch faces is to choose loans and interbank deposits to

maximize profits,

2
Kb
max I1F = iFL, —ilBpiB _K(Zt k) gt (9)
{L,,DI?) 2\ L;

subject to the balance sheet in equation (6), where iZ denotes the effective lending rate on

the aggregate loan portfolio.” The first-order conditions deliver the following expression:

2
Kb Kb
: :igB_K(L_Z_TtK)(L_Z) | (10)

Equation (10) links the spread between the effective lending rate and the interbank
rate to the capital position of banks. Absent the costs related to holding capital (x = 0),
banks would offer loans at the same interest rate they pay for the interbank deposits.
However, with « > 0, the spread is inversely related to the overall capital-to-assets ratio:
when banks are less capitalized and leverage rises, lending margins widen. Intuitively,
higher leverage tends to raise profits per unit of capital, but it also moves the bank fur-
ther away from its target capital ratio and therefore increases the associated regulatory
cost. The equilibrium spread reflects these opposing forces. This is the key channel

through which countercyclical capital requirements affect credit conditions in the model,

8In equilibrium, however, TTP = 0 as deposit branches operate in perfect competition and do not face
any information frictions.

The contractual lending rate i’ may be state-contingent. The effective lending rate i’ is the average
return earned on the aggregate loan portfolio after accounting for borrower default. The spread condi-
tion for i comes from the ex-ante lending problem; but realized bank profits, and therefore bank-capital
accumulation in (8), depend instead on the contractual lending rate itL.

7



and it is precisely this margin that distinguishes their transmission from that of reserve

requirements.

2.1.3 Equilibrium in the Banking Sector

In symmetric equilibrium, all deposit branches choose the same reserve ratio ¢; and set
the same deposit rate i”, while all lending branches face the same interbank rate and

capitalization conditions. The consolidated banking-sector balance sheet is therefore
Ly=(1-c)D; +K7. (11)

Now, to understand how monetary policy works in the model, note that equation (4) can

be written as follows:

.[B R
ctzrf—(”:l)%"bl). (12)

Denote by A, the spread between the interbank rate and the rate paid on reserve balances:
Ay = itIB - if. Following Glocker and Towbin (2012), we assume that the central bank
maintains A; equal to a constant A > 0, which from equation (4), pins down the difference

between effective reserves and required reserves to a constant!?

c;t—TtR:—(A;;;’bl)zQ. (13)

Now, while the spread between the interbank rate and the rate on reserves is constant,
the spread between the rate paid on deposits and the interbank rate is determined by the

zero-profit condition for deposit-taking banks:
il =(1-¢)ilB+¢iR-G =ilB - AR -QA -GS¢ (14)

where G° is the cost of holding reserves from equation (2), that is now also constant
given A and (). Equation (14) shows that changes in the reserve requirements will have a
negative effect on deposit rates, scaled by the spread between the interbank rate and the

rate paid on reserves.

Because households do not hold cash, aggregate nominal reserves ¢;P,D; correspond

0When Q > 0, banks hold reserves at least equal to the regulatory requirement. This restriction is
useful for the economic interpretation of the steady state, but the quantitative results do not depend on
the particular value of (), since the model is solved in deviations from the steady state.



to the monetary base. Real seigniorage revenue is therefore

iR
S _ t—1
T =¢iDy——¢41Dyy
Uy;

and is rebated lump-sum to households.

2.2 Entrepreneurs, Capital, and Credit

Entrepreneurs connect financial conditions to real activity. They acquire capital, rent it
to intermediate-goods producers, and finance investment partly with internal net worth
and partly with bank borrowing. As in standard financial accelerator environments,
external finance becomes more costly as leverage rises, so changes in lending conditions

feed directly into investment and, through capital accumulation, into future production.

2.2.1 Capital Producers

Capital goods producers purchase undepreciated capital from entrepreneurs and com-
bine it with investment goods to produce the next period’s capital stock. Investment is

subject to quadratic adjustment costs,

x| I 2
t
L -5l K4,
2(1<t_1 ) -1

where 6 is the depreciation rate and x governs the sensitivity of the price of capital to

investment fluctuations.

Let Q; denote the market price of capital. The capital producer solves

2
max[(@—l)h—ﬁ(i— ) Ki . (15)

It 2 Kt_l

The first-order condition yields the capital supply curve Q; = 1 + )((Kf"‘_l - 5), and the

aggregate capital stock evolves according to K; = (1 - 9)K;_; + I;.

2.2.2 Entrepreneurs

Entrepreneurs purchase capital at the beginning of the period, rent it to intermediate-
goods producers, and resell the undepreciated portion at the end of the period. Their
expenditure on capital is financed through net worth N; and bank loans, such that Q;K; =
N, +L,."

We consider only the case in which the loan is denominated in domestic currency.



The interaction between entrepreneurs and the lending branch follows the financial-
contract structure of Bernanke et al. (1999). Projects are subject to idiosyncratic shocks
that are privately observed by entrepreneurs, while lenders can verify realized returns
only at a cost. The optimal contract delivers a relationship between firms’ leverage and

the external finance premium:

Qth:f(.E—tH)Nt} f'(-)>o0. (16)

Ly /Etnt+1

In the present framework, the financing cost for the lending branch is not simply the
interbank rate, but is determined by bank capitalization through (10). This is the point at
which the capital-regulation block and the financial accelerator interact. From equation

(16), the external finance premium is

)

b b\2
.IB K K\(K

and increases with the share of debt in total financing. The entrepreneur’s real return on

capital is

K zi + Q¢(1-9)

, 17
: O (17)

where z; is the real rental cost of capital. As in models with adjustment costs and in-
complete depreciation, this return differs from the rental rate because it incorporates
both current rental income and the valuation effect coming from changes in the price of
capital.

Each period, a fraction 1 — v of entrepreneurs exits and consumes its remaining net
worth. New entrepreneurs enter with a transfer § from exiting entrepreneurs, so aggre-

gate net worth evolves according to
Nt:VVt+(1—V)g_, (18)

where V, denotes the net worth of surviving entrepreneurs. Following Gertler et al.
(2007), we assume that lending is denominated in nominal terms. Surviving entrepreneurs

therefore satisfy
_ K 1 P
Vi=(1 -y Q1 Ky — lt_l—P Ly, (19)
t

where ji captures the deadweight loss associated with imperfect credit markets and i’

10



is the state-contingent nominal lending rate implied by the optimal financial contract.
Combining equations (18) and (19) yields a dynamic equation for aggregate net worth.
Entrepreneurs’ balance sheets therefore depend both on asset-price movements and on
ex-post borrowing costs, so unexpected changes in inflation affect net worth through the

real value of nominal debt.

2.3 Households and Production

2.3.1 Households

There is a continuum of households that consume domestic and imported goods, supply

labor, and allocate savings between bank deposits and foreign bonds.

The representative household derives utility from consumption C; and disutility from
1+¢
labor h; according to u(C;, h;) = InC; — ‘Plﬁ—(i). Consumption is a Cobb-Douglas bundle

of home (CH) and foreign (CF) goods, such that C, oc (CH)7(CF)!=7, with corresponding
price index P, = (PH)Y(PF)!-7.

Households can hold real deposits D; and foreign nominal bonds B;. To ensure sta-
tionarity, foreign bond holdings are subject to a small quadratic portfolio cost % (%Bt)z.

The budget constraint is

St

P,

2
> Bt) = itD_lpt—lDt—l +1i;1StBr

P,.C;+P.D;+ S;B; + ﬁPt(

+P,W,h, + BIIR + P, T,, (20)

where W, is the real wage, ITR denotes profits from intermediate-goods firms, and T,

collects lump-sum transfers, including seigniorage rebates.

Let Aypp = ﬁkCt/Ct+k denote the stochastic discount factor. Household optimality

implies
i
1 = EtAt,t+1 T(H_l ’ (21)
St i: St+1
1+¢Yp—B; =E;|A , 22
VB p, bt tl bl g, (22)
W, = whic, . (23)

where 7t; = P,/P;_ is the gross inflation rate. These conditions link consumption growth
to the return on deposits and determine the uncovered interest parity relationship mod-

ified by the portfolio adjustment cost.

11



2.3.2 Intermediate Goods

Intermediate goods producers buy labor from households and rent capital from en-
trepreneurs. They produce differentiated intermediate goods and operate in competi-
tive input markets and monopolistically competitive output markets. The production

technology of producer i € [0,1] is given by
pali) = &Kooy (1) he(1) 7, (24)

where & denotes an aggregate technology shock, common across firms, which follows

an AR(1) process.

Each producer chooses labor and capital inputs so as to minimize total costs for a
given level of output. Cost minimization implies the standard optimal factor-demand

condition

h(i) W,  1-a
z: K1 (i) a

’

where W, is the real wage and z; is the real rental rate of capital. This condition equates

the ratio of factor payments to the ratio of output elasticities in production.
Given the production function, real marginal costs are proportional to

l-a «a
W,z

A
t

mCt o

(25)

Hence, marginal costs increase with factor prices and fall with productivity. This link is
important because movements in wages, rental rates, and technology feed directly into

firms’ pricing decisions and therefore into inflation dynamics.

2.3.3 Final Goods

A competitive final-good sector combines the continuum of domestic intermediate vari-
eties into a single homogeneous domestic good. This final good is used both for house-
hold consumption and for investment. The aggregation technology is CES and takes the

form

1 o \eT
Y, = (f ytu)edi) ,
0

where € > 1 denotes the elasticity of substitution across varieties.

Because final-good firms are competitive, they choose the bundle of intermediate

inputs so as to minimize the cost of producing a given amount of final output. The

12



associated cost minimization problem delivers the demand schedule for each variety

V(i) = (p;P(I)) Y;, where p; H(ji) is the price charged by producer i and PH is the domes-

tic price index. Zero profits in the final-good sector then imply that the aggregate price
1

index satisfies P!T = (Io pH(i)- eclz) -,

These objects are important because they determine the environment faced by inter-
mediate producers when setting prices. We assume Calvo price rigidity, so the probabil-
ity that a firm cannot reoptimize its price for k periods is given by 6. An intermediate
firm that is allowed to reset its price at time t chooses p; to maximize the expected dis-

counted stream of real profits,

maXEt |:ZQ At t+kHt+k|t( )j| (26)

{pi} k

where

*

Hﬁk“(') Pp_tk}’t+k|t(i)—mCt+k|t(i)yt+k|t(i)-
t+
The corresponding optimal pricing condition is

P —imct+k|t(i))} = 0. (27)

Ei (P 1
t+vk €~

ZQ Atk Yekie (i i)

k=0

Finally, imported goods are supplied competitively by the rest of the world, and their

foreign-currency price is normalized to one. Hence, Pf = S,.

2.4 Market Clearing in the Goods Market

The open-economy structure matters because macroprudential policy affects not only
domestic credit conditions, but also the relative returns that shape portfolio choices,
exchange-rate dynamics, and external demand. In particular, when reserve require-
ments compress deposit rates, they influence household saving behavior and can induce
exchange-rate movements that are not replicated one-for-one by tighter capital require-

ments.

The model is closed by the resource constraint

Sy
pH

b,
=y—(C;+L;+ G, +1}) +
VPtH(t t+ G +Th) ;

where X; is exogenous foreign demand for domestic goods and I collects all the relevant

13



adjustment and agency costs in the model. The balance-of-payments identity is

StBt = PtHYt - Pt(Ct + It + Gt + Ft) + (i:—l)StBt—l .

2.5 Government

We consider a government that implements both monetary and macroprudential policy,
and therefore we refer to this authority as the central bank throughout the paper.!? Our
policy exercises have two components: a set of simple rules that governs the response of
each policy instrument to macroeconomic and financial conditions, and a loss function

that summarizes the central bank’s stabilization objectives.

2.5.1 Policy instruments

Policy is implemented through three instruments: the interbank interest rate (i{%), the
reserve requirement (7X), and the capital requirement (7X). These instruments can po-
tentially react to inflation, output, and the credit-to-output ratio through the following

class of simple rules:

1P = it + Gy i Ve + il (28)
ftR = (PY,RYG + (Pl,RlAt (29)
’EtK = (PY,KYt +¢I,K1At (30)

where I, = L,;/Y; is the credit-to-output ratio. The first subscript of each coefficient ¢ de-
notes the variable to which the instrument responds, and the second subscript identifies
the instrument: i for the interbank rate, R for the reserve requirement, and K for the cap-
ital requirement. The interest rate rule is expressed as fractional deviations from their
steady-state gross rates. Because macroprudential requirements are ratios, their devia-

tions are expressed in level terms, so that 7% = tR — tR and #X = tX — 7K, where 7R and

K are the respective steady state values.!3

T

The rules above allow us to represent different assignments of instruments to stabi-
lization objectives. In the baseline arrangement, the interest rate rule follows a Taylor-
type specification and does not respond directly to credit (¢;; = 0), leaving credit sta-
bilization to the macroprudential instruments. We restrict reserve and capital require-
ments not to respond to inflation (¢, gr = ¢ x = 0), since the purpose is to study them as

macroprudential tools rather than as unconventional monetary policy instruments.

2Note that in some jurisdictions it may also encompass the role of a financial regulator.
13Consequently, 78 = 0.01 means a one percentage point increase in the reserve requirement, and X =
0.01 means a one percentage point increase in the capital requirement.
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2.5.2 Objectives

The first objective we consider is a conventional stabilization in which the central bank
cares about inflation and output volatility, measured as log-deviations from their steady
state values.!* For a given policy arrangement 1, let ®,, denote the vector of active rule

coefficients. The core price-stability (PS) loss is
LPS(®,) = E[A7 + Ay V7. (31)

The second objective adds a financial-stability component, measured by deviations of the

credit-to-output ratio from its steady state. The core financial-stability (FS) loss is
£ES(@,) :E[ﬁf+/\th2+Ali,?]. (32)

Here, Ay and A; govern the relative weights assigned to output and credit stabilization,

respectively, relative to inflation stabilization.

When solving for optimal simple rules, the active coefficients in @, are chosen to
minimize an augmented loss that adds a penalty on movements in macroprudential re-
quirements. The idea is to discipline the choice of optimized coefficients by ruling out
policies that achieve stabilization only through implausible changes in the macropru-

dential instruments.!® For objective w € {PS, FS}, this augmented loss is
QY (D) = L9(Dy) + AE|(77)” + (£5)?). (33)

The parameter A, determines the weight placed on the volatility of macroprudential
instruments. In the baseline, we set Ay =1, A; =1, and A, = 0.10, in line with the
analysis in Hecker et al. (2024).1° The credit weight 1; applies only under the financial-
stability objective. If a macroprudential requirement is not active under a given policy
arrangement, its deviation from steady state is zero. In section 4.3 we further relax the
assumption of A; = 1, in order to explore how the trade-off between macroeconomic
stability and financial stability change when the macroprudential policies are active.

The inclusion of the credit-to-output ratio in £ is meant to capture financial sta-

14We refer to this as the “price-stability” objective, even if the central bank might be following a dual
mandate (prices and output). This is in line with the usual concern for real activity in flexible inflation-
targeting frameworks.

I5This penalty also captures an implementation concern: frequent or large changes in macroprudential
requirements may generate uncertainty for banks and borrowers and make policy less predictable. This
is in line with the literature, where macroprudential authorities are often assumed to care not only about
credit and output stabilization, but also about the volatility of the policy instrument itself (Hecker et al.,
2024, Angelini et al., 2014, Ferrero et al., 2024). Unless otherwise stated, however, we rank and report
policies using the corresponding core loss, L% (D,,).

16 Appendix D reports robustness checks for alternative values of ..
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bility concerns in a reduced form. Credit aggregates are commonly used as indicators
of financial imbalances, and deviations of credit from trend have been shown to contain
information about crisis risk, as in Borio and Lowe (2002), Borio and Drehmann (2009),
and Drehmann et al. (2010). In our model, however, there is no explicit crisis state.
Therefore, in this setting, credit stabilization focuses on the role that the macropruden-
tial policies have on limiting credit fluctuations, while abstracting from measuring the

benefits of preventing a financial crisis.

2.6 Shocks and Calibration

The model is driven by five fundamental shocks: a cost-push shock (£€7), a technology
shock (5;4), a government spending shock (G;), a foreign interest rate shock (if), and a
foreign export demand shock (X;).!” All shocks follow AR(1) processes. Their persis-
tence and variances are reported in Table 1. We take these values from the estimated
DSGE model in Christoffel et al. (2008). The remaining structural parameters are either
standard in the literature or chosen to match relevant model targets, as summarized in
Table 2. The steady state ratios and gross returns used in the log-linearized model are

reported separately in Appendix B.

Among the parameters calibrated to steady state targets, the reserve requirement and
entrepreneurial-finance blocks are important for the transmission of macroprudential
policy. We follow Glocker and Towbin (2012) in setting the policy reserve requirement %
to 0.09 and the effective reserve ratio ¢ to 0.10. The remaining reserve-block parameters
imply a quarterly steady state spread of 150 basis points between the interbank rate
(iB) and the remuneration rate on reserves (iX). For entrepreneurial finance, we set
steady state leverage to two and calibrate the financial-contract parameters to generate
an external finance premium of 70 basis points per quarter and an elasticity to leverage

of 1 = 0.05, following Christensen and Dib (2008).
Finally, the calibration of the lending-unit block follows Gerali et al. (2010). This

applies to the sensitivity of bank capital adjustment costs (x), the debt-to-loans ratio,
bank capital depreciation, and the target capital-to-loans ratio (7X). We set the steady
state bank capital ratio to 0.11, above the regulatory minimum. This captures the fact
that banks typically operate with capital buffers above required levels, reflecting pru-
dential, reputational, and operational considerations (see Allen and Rai, 1996; Peura and
Jokivuolle, 2004; Barth et al., 2013).

7Section 3 also considers two policy shocks, one to reserve requirements and one to capital require-
ments, to illustrate the transmission of the macroprudential instruments. In the optimal-policy exercises,
however, these instruments are modeled as endogenous policy rules.
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Table 1: Calibration of the Shocks

4 a? Description

0.89 1.13 Technology Shock

0.40 0.14 Cost-Push Shock

0.86 4.63 Government Spending Shock
0.88 0.43 Foreign Interest Rate Shock
0.80 5.01 Export Demand Shock

Note: The table reports the persistence parameter p and innovation variance o2 of the five AR(1) shock
processes. Values are taken from Christoffel et al. (2008).

Table 2: Calibration

Param. Value Description

o 0.025 Depreciation Rate of Capital

p 0.985 Discount Factor

a 0.33 Capital Share in Production

¢ 3.00 Inverse of Frisch Labor Supply Elasticity
0 0.75 Degree of Price Stickiness

v 0.97 Survival Rate of Entrepreneurs

X 0.25 Capital Adjustment Costs

n 0.05 Elasticity of External Finance Premium
Yp 0.02 Adjustment Costs for Net Foreign Assets
Y 0.75 Share of Domestically Produced Goods
5 0.1049 Bank Capital Depreciation

K 3.63 Sensitivity to Bank Capital Cost

Note: The table reports the main structural parameters of the model. Steady-state values and additional
calibration targets are reported in Appendix B.

3 Impact of Macroprudential Policies

In this section, we examine the transmission mechanisms and macroeconomic effects
of discretionary changes in reserve and capital requirements. This is a useful step for
understanding how the two policy instruments operate before asking how they should
be used by the central bank. We model both instruments as exogenous AR(1) processes
with autocorrelation 0.5, and abstract from any systematic policy component. Monetary
policy is kept as simple as possible throughout, following a Taylor rule that responds
only to inflation deviations with coefficient ¢, ; = 1.5.!8 We pay particular attention to

the role of the financial accelerator in amplifying the effects of each instrument, and

18 All other coefficients in the Taylor rule are set to zero.
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Figure 2: Transmission Mechanism of Macroprudential Policy

Note: Variables in red denote the monetary and macroprudential policy instruments. iP, if, and il are

the deposit, effective lending, and state-contingent lending rates, respectively. C; and I; denote aggregate
consumption and investment. Arrows indicate the primary direction of influence between variables, but
in general equilibrium all variables are jointly determined.

return to the role of nominal frictions when comparing their aggregate effects.!”

Figure 2 provides a simple illustration of the transmission channels through which
each macroprudential tool operates. Both instruments are expected to affect the spread
between deposit and lending rates, balance-sheet composition, and aggregate variables,
although through different margins. Reserve requirements directly influence the distri-
bution of deposits and reserves on banks’ balance sheets, and therefore tend to have a
more immediate impact on deposit rates. Households respond by adjusting their sav-
ings decisions, which in turn affects aggregate consumption. Capital requirements, by
contrast, act more directly on the stock of loans and consequently on lending rates. En-
trepreneurs, who rely on bank credit to fund their projects, respond by adjusting invest-
ment. Finally, the monetary policy rate links both sides of the balance sheet, influencing

deposit and lending rates simultaneously.

3.1 Transmission to Credit and Economic Activity

Figure 3 shows the impulse responses to a 1 p.p. increase in reserve requirements. The
increase acts as a tax on bank intermediation, driving a wedge between deposit and lend-
ing rates. From a partial-equilibrium perspective, wider spreads discourage savings and
boost consumption, while the fall in deposit rates triggers an exchange rate depreciation
through uncovered interest parity, boosting exports. The net effect on output is therefore
ambiguous: for our calibration, the consumption and export channels initially dominate
the decline in investment, so output rises on impact before turning contractionary.

A similar exercise for capital requirements is reported in Figure 4. In this case, the
mechanism works primarily through the lending side: higher requirements raise the

marginal cost of lending relative to bank capital and induce banks to reduce loans, com-

9Results under alternative degrees of price stickiness are reported in Figures 7 and 8 in Appendix C.
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Figure 3: Reserve Requirement Shock and the Financial Accelerator
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Note: The figure reports quarterly impulse responses to a 1 p.p. increase in reserve requirements, consid-
ering scenarios with and without the financial accelerator mechanism. Monetary policy is specified by an
interest rate rule for the interbank interest rate as defined in Section 2 with ¢, ; = 1.5 and the other coef-
ficients equal 0. The y-axis denotes the deviation from the steady state either in percent or in percentage
points.

pressing credit supply and pushing lending rates up. The deposit rate also falls, gener-
ating similar exchange rate and export dynamics as in the reserve requirement case, but
the decline in investment is large enough to dominate. As a result, output falls on impact

and remains contractionary throughout.

The financial accelerator amplifies the transmission of both instruments, though it
plays a more prominent role in the case of reserve requirements. In both cases, move-
ments in the external finance premium make entrepreneurial net worth and investment
more sensitive to fluctuations in the interbank rate, resulting in a sharper and more per-
sistent contraction in economic activity. For capital requirements, the accelerator mainly
affects the magnitude of the decline in lending and interbank borrowing, leaving the
qualitative results largely unchanged. For reserve requirements, by contrast, the ampli-
fication is stronger. In that case the financial accelerator reinforces the investment chan-
nel enough to eventually dominate the initial consumption and export boost, making the

output contraction more severe and persistent than in the baseline case.
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Figure 4: Capital Requirement Shock and the Financial Accelerator

Investment

2 %10 Consumption

With FA

= = Without FA

% dev.

20 30 o0 10 20 30

5 %10 Interbank Rate

-0.03

-0.01

-0.02

Output

0.02

10 20

Real Exchange Rate

30

% dev.

-0.06

Stock of Loans

0.041!

1

0 10 20 30

%10 Inflation CPI
-~

0.04}
\
0.02 = 5 001
@ g 8
0 ES R ol-
-0.02 - -0.01 -
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Bank Capital Capital Requirement (p.p.) Net Worth Deposits
1 0 f -~ + s [0 T
: \//'—_
< -0.05 = /
@ [}
o T -0.05 7
ES ES
0.1 v/
7,
-0.15 -0.1
10 20 30 0 10 20 30 0 10 20 30

Note: The figure reports quarterly impulse responses to a 1 p.p. increase in capital requirements, consid-
ering scenarios with and without the financial accelerator mechanism. Monetary policy is specified by an
interest rate rule for the interbank interest rate as defined in Section 2 with ¢, ; = 1.5 and the other coef-
ficients equal 0. The y-axis denotes the deviation from the steady state either in percent or in percentage
points.

3.2 Inflation and Monetary Policy

The most striking difference between the two instruments lies in their effects on infla-
tion. In the case of capital requirements, inflation falls alongside output, as shown in
Figure 4, consistent with a standard demand contraction. For reserve requirements, Fig-
ure 3 shows that both output and inflation rise on impact, as the consumption and export
channels initially dominate the decline in investment. In this context, we see that the in-
crease in the cost of bank intermediation ultimately puts upward pressure on prices. As
these forces dissipate, both output and inflation gradually return to steady state. The two
instruments can therefore generate opposite inflation dynamics, despite both tightening

credit conditions.

This asymmetry has direct implications for monetary policy. A tightening of capi-
tal requirements reduces credit, output, and inflation. The fall in inflation induces the
central bank to cut the interbank rate, so monetary policy partly offsets the contrac-
tion in economic activity while capital requirements lean against credit. In this case,
price-stability and financial-stability motives are broadly aligned. Reserve requirements

generate a more difficult policy mix. A tightening of reserve requirements also reduces
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credit, but it can put upward pressure on inflation. The monetary authority then raises
the interbank rate to stabilize prices, which further tightens financial conditions and am-
plifies the decline in credit. Thus, the use of reserve requirements as a countercyclical
tool may create a trade-off between containing credit and stabilizing inflation, a tension

that will be central when discussing optimal policies in Section 4.

The quantitative strength of these effects depends on the calibration, but price sticki-
ness is a key determinant of the monetary policy response. With more flexible prices, re-
serve requirements generate a stronger increase in inflation, inducing a larger rise in the
policy rate and reinforcing the contraction in credit. With stickier prices, cost pressures
pass through more slowly, so the monetary policy response is smaller. Price stickiness
therefore softens the conflict between credit containment and inflation stabilization in
the case of reserve requirements, while also smoothing the fall in inflation after capital

requirement shocks.?’

4 Optimal Policy Rules

After illustrating the main transmission mechanisms of macroprudential policy, we turn
to study the optimal policy rules a central bank can implement. We compare alternative
policy arrangements that differ in which instruments are active and in the variables to
which they respond, following the structure in Section 2.5. For each arrangement, the
active coefficients in @, are chosen to minimize the augmented objective in equation
(33). We then report the policy performance using the corresponding core loss, £
or L£FS, as described in Section 2.5. In this way, the optimization penalizes excessively
volatile movements in macroprudential requirements, while the ranking of policy rules

remains tied to the underlying stabilization objective.

4.1 Price-stability Objective

We first consider the price-stability objective, under which the central bank cares about
inflation and output volatility but does not directly react to credit fluctuations. Table
3 reports the optimized coefficients and the resulting core loss for three policy rules.
Policy A(I) is the benchmark: monetary policy follows a Taylor-type rule, responding to
inflation and output, while macroprudential requirements are inactive.

Policies A(II) and A(III) add one macroprudential instrument at a time. In Policy

A(II), reserve requirements respond to the credit-to-output gap. In Policy A(III), capital

requirements respond to the same variable. In both cases, the credit-to-output gap enters

20Results under alternative degrees of price stickiness are reported in Figures 7 and 8 in Appendix C.
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Table 3: Optimal Policy Rules under a Price-stability Objective

Policy A(I)  Policy A(II)  Policy A(III)

interest rate rule Ty, Yy Ty, Yy 7y, Yy
Macroprudential rule — R - I, ™t - I,
Dri 2.532 2.534 2.541
Py,i 0.653 0.653 0.657
Q1R — 0.019 —
b1k — — 0.004
104 x LPS (D) 7.6156 7.6151 7.6156
ALPS relative to benchmark — -0.01% —-0.00%

Note: The table reports optimized coefficients for the policy arrangements in block A. Policy A(I)
is the benchmark in which the interbank rate responds to inflation and output. Policy A(II) adds a
reserve requirement response to the credit-to-output gap. Policy A(III) adds a capital requirement
response to the credit-to-output gap. The loss is the core price-stability loss in equation (31).
Lower values indicate better stabilization. A dash denotes that the coefficient is not active in the
corresponding policy arrangement.

the policy rule as an indicator of macroeconomic and financial conditions, not because

credit stabilization is part of the central bank’s objective itself.

Our results show that adding macroprudential responses to the credit-to-output gap
produces virtually no additional stabilization gains under a price-stability objective. The
reserve requirement rule reduces the core loss by 0.01%, while the capital requirement
rule does not reduce it. This is informative. When the central bank cares only about
inflation and output, credit matters only to the extent that it helps stabilize these two
variables. In the model, most of the relevant information about the economic cycle is
already captured by the Taylor rule through price and output volatility. Movements
in the credit-to-output gap also reflect financial and compositional forces that do not
necessarily call for an additional policy response. As a result, under a price-stability

objective, macroprudential rules play at most a supporting role for the central bank.

4.2 Financial-stability Objective

We now consider the financial-stability objective, in which the central bank cares not
only about inflation and output volatility, but also about stabilizing the credit cycle. The
results are reported in Tables 4 and 5. Policy block B keeps the benchmark monetary pol-
icy rule simple, with the interbank rate responding to inflation and output. Policy block
C instead moves toward a clearer separation of tasks, with monetary policy assigned to
inflation and the macroprudential instruments assigned to output and credit. Within

this block, we consider both a broad joint rule and stricter assignments in which each
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Table 4: Optimal Policy Rules under a Financial-stability Objective: Policy Block B

Policy B(I) Policy B(II) Policy B(III) Policy B(IV)

Interest rate rule T, Y, 7, Yoo by T, Yy T, Yy
RR rule — — Y, 0, —
CR rule — — — Y, 1,
Pri 1.487 1.199 1.501 1.619
oy, 0.200 0.017 0.202 0.252
b1 — -0.111 — —
by R — — 0.450 —
o1r — — 0.638 —
by x — — — 0.712
b1k — — — 0.994
104 x LFS (@) 13.62 13.30 13.22 12.72
ALFS relative to benchmark — -2.37% -2.96% -6.62%

Note: The table reports optimized coefficients for policy block B. Policy B(I) is the benchmark in
which the interbank rate responds to inflation and output. Policy B(II) adds a monetary policy
response to the credit-to-output gap. Policy B(III) adds a reserve requirement rule. Policy B(IV)
adds a capital requirement rule. The loss is the core financial-stability loss in equation (32). Lower
values indicate better stabilization. A dash denotes that the coefficient is not active in the corre-
sponding policy arrangement.

macroprudential instrument responds to only one variable.

Policy B(I) in Table 4 presents our baseline scenario where only the coefficients ¢ ;
and ¢y ; are active. Compared to the analogous rule under the price-stability objective,
the loss is now higher because the central bank has an additional objective, but the same
number of instruments. This first result suggests that there is space for macroprudential

tools to improve stabilization once credit fluctuations enter the objective directly.

Policy B(II) extends the simple interest rate rule by allowing the policy rate to re-
spond also to the credit-to-output gap. This augmented Taylor rule delivers a modest
gain, reducing the core financial-stability loss by 2.37% relative to the benchmark. This
suggests that in this environment, giving the monetary policy rate a macroprudential
role can help but only marginally, once it is already being used to stabilize inflation and

output.

In this context, introducing a proper macroprudential instrument delivers larger gains.
Policies B(III) and B(IV) add a reserve requirement rule and a capital requirement rule,
respectively, allowing the macroprudential tool to respond to output and credit volatil-

ity.?! This lets the additional instrument operate directly through banks’ balance sheets,

2IThe Basel guidance gives a prominent role to the credit-to-GDP gap, but not as a mechanical trigger.
In practice, authorities often complement it with broader indicators of the cycle. Peru is a clear example,
since its countercyclical capital framework uses GDP-growth activation criteria. In Europe, frameworks
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Table 5: Optimal Policy Rules under a Financial-stability Objective: Policy Block C

Policy C(I) Policy C(II) Policy C(III) Policy C(IV)

Interest rate rule e e 7t e
RR rule — Y, 0, I, Y,
CR rule — ¥, 0, Y, I,
Pri 1.355 1.435 1.369 1.404
by R — 0.336 — 0.116
b1 R — 0.633 0.480 —
by x — 0.726 0.423 —
b1k — 0.842 — 0.509
104 x LFS(D,) 14.71 13.51 14.12 14.38
ALFS relative to benchmark — -8.20% -4.03% -2.25%

Note: The table reports optimized coefficients for policy block C. Policy C(I) is the benchmark
in which the interbank rate responds only to inflation. Policies C(II)-C(IV) assign reserve re-
quirements and capital requirements to output and/or credit stabilization. The loss is the core
financial-stability loss in equation (32). Lower values indicate better stabilization. A dash denotes
that the coefficient is not active in the corresponding policy arrangement.

instead of forcing the monetary policy rate to absorb the credit-stabilization role. The
reserve requirement rule reduces the loss by 2.96%, while the capital requirement rule
reduces it by 6.62%. Thus, once financial stability is part of the objective, macropruden-
tial rules improve performance more clearly than an additional credit response in the

interest rate rule.

The comparison between Policies B(III) and B(IV) also provides a first view of how
the two macroprudential instruments perform as substitutes. In this setup, where both
instruments are allowed to respond to both output and credit, the lower loss under Policy
B(IV) indicates that capital requirements are the more effective single macroprudential
tool. This comparison does not isolate the credit margin, however. Section 6 returns to
the substitution question by assigning each instrument only to credit fluctuations and

comparing their relative performance against the different shocks in the model.

Table 5 turns from comparing reserve and capital requirements as alternative macro-
prudential instruments to asking how they should be combined when both are available.
This exercise is useful because in practice, a clearer separation of tasks may improve the
communication from the central bank to firms and households, and reduce uncertainty
about future policy changes, even though these benefits are not explicitly captured by
the model. This motivates considering more restrictive policy arrangements in which

each instrument is given a clearly defined role. Policy C(I) is the benchmark in which

such as those of Spain and the Netherlands also monitor real-activity indicators, including the output gap
or GDP growth, when assessing cyclical systemic risk. This motivates allowing macroprudential rules to
respond to output as well as credit.
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monetary policy responds only to inflation. Policy C(II) allows both macroprudential
instruments to respond to output and credit, and delivers the largest gain within this
block, reducing the core financial-stability loss by 8.20%. This broad assignment gives
the macroprudential instruments more flexibility, but it is also less parsimonious and

may be harder to communicate as a policy rule.

Policies C(III) and C(IV) impose cleaner assignments. In Policy C(III), reserve require-
ments respond to the credit-to-output gap and capital requirements respond to output.
In Policy C(IV), the rule is reversed. Our results favor Policy C(III), which reduces the
loss by 4.03%, compared with 2.25% under Policy C(IV). The difference is not large, so
we interpret this ranking with caution. Still, the result gives a first indication that the two
instruments do not need to be simple substitutes. Even when capital requirements are
the stronger direct credit tool, reserve requirements can complement them by taking on
the credit-stabilization role, leaving capital requirements to respond to output. Section
6 examines whether this preferred assignment changes with the source of fluctuations in

the economy.

Overall, the financial-stability objective strengthens the case for assigning financial
stabilization to macroprudential tools rather than to the interest rate rule. Block B shows
that a dedicated macroprudential instrument performs better than extending the mone-
tary policy rule to credit fluctuations and, among the two macroprudential tools, capital
requirements deliver the larger stabilization gain. Block C then shifts the focus to their
joint use, showing that under a strict separation of tasks, the preferred assignment gives
reserve requirements the response to credit and capital requirements the response to
output. This gives us a first hint of how the two instruments can complement each other
through specialization. The next subsection asks whether these policy rankings remain

robust as the central bank places progressively more weight on credit stabilization.

4.3 Stabilization Frontier

The previous exercises showed that the relative appeal of reserve and capital require-
ments depends on the policy role assigned to each instrument. We now ask how these
conclusions change as the central bank becomes increasingly more concerned with fi-
nancial stability. To do so, we progressively increase the weight (;) placed on stabilizing
the credit-to-output gap relative to inflation and output, re-optimizing the policy rules
at each step. This allows us to trace how the attainable balance between macroeconomic

and financial stability changes across alternative policy arrangements.

For each optimized rule, Figure 5 plots credit-to-output volatility against an index of
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macroeconomic volatility. The two coordinates are

V,i(/\l) =1 OOwlvar(lAt),

VM(A)) = 100+/var(rt,) + var(Y,),

where n denotes the policy regime. A greater stabilization is achieved when the value of
either indicator falls, making the southwest corner the most desired location for a central
bank. As we increase A;, the coordinates resulting from the optimized policy should
move farther to the left, indicating lower credit volatility. This yields a “stabilization
frontier” in which we can compare the trade-offs between macroeconomic and financial
stability objectives that the policymaker faces. Note that the filled markers in Figure 5

denote the baseline value A; = 1.%?

We start with the simplest case, in which the central bank is constrained and can only
use monetary policy for macroeconomic and financial stability (Policy B(I)). We can see
that varying the importance of financial stability does little to move the volatility coor-
dinates along the horizontal axis, showing the limited capacity to stabilize credit. More
importantly, increasing the importance of credit in the loss function requires stronger
sacrifices in macroeconomic stability, tracing the steep slope on the left side of the gray

line.

Once the central bank can rely on macroprudential policies to stabilize the cycle, the
trade-off improves substantially. Both reserve requirements (blue frontier) and capital
requirements (yellow frontier) shift the attainable trade-off to the left. This means that
either instrument can help reduce credit volatility without requiring the same deteriora-
tion in macroeconomic stability. This suggests that the two instruments can be viewed as
imperfect substitutes, with capital requirements consistently delivering a more favorable

trade-off than reserve requirements across the range of ;.

When both macroprudential instruments are available, the green frontier lies further
to the left than the frontiers obtained with either instrument alone. This shows the addi-
tional stabilization gains from being able to act on both funding and lending margins. At
the same time, this does not by itself establish complementarity, since the policymaker
also has access to a broader set of instruments. We therefore assess complementarity

more directly through the strict division of tasks in Section 4.2, and later, in Section 6.

22See Appendix E for details on the construction of the stabilization frontiers and the policy rules un-
derlying each line.
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Figure 5: Stabilization frontiers under alternative policy arrangements
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while the vertical axis reports macroeconomic volatility, VM (A;) = 1004/var(st;) +var(Y;). Each marker is

obtained by re-optimizing the active policy coefficients for a different value of the financial-stability weight
Ap, holding Ay =1 and A, = 0.10. “Interest rate only” uses the instrument set of Policy B(I). “Interest rate
+ RR” uses Policy B(III). “Interest rate + CR” uses Policy B(IV). “Interest rate + RR + CR” is an extension of
Policies B(III) and B(IV) in which both reserve and capital requirements respond to output and the credit-
to-output gap. The displayed solutions are drawn from a grid spanning A; = 0 to A; = 8. Filled markers
identify the baseline financial-stability weight, A; = 1. Empty markers correspond to alternative values of
A;. Along each frontier, higher values of A; are located toward the left, reflecting the greater weight placed
on reducing credit-to-output volatility, while lower values are located toward the right.

5 Monetary and Macroprudential Trade-offs

In the previous section we compared alternative policy arrangements and showed how
macroprudential instruments can improve the trade-off between macroeconomic and fi-
nancial stability. We now turn to the interaction between monetary and macroprudential
policy. The value of having separate instruments should become particularly clear when

macroeconomic and financial conditions call for policy responses in different directions.

To illustrate this point, we consider a government-spending shock. In our model,
higher government spending raises output and inflation, but crowds out private invest-
ment. This in turn represents a lower demand for credit, and therefore the stock of loans
drops, creating an interesting policy trade-off. Stabilizing inflation and output calls for

a tighter monetary policy response, while limiting the contraction in credit requires a
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Figure 6: Government shock under Policy Block B and a Financial Stability Objective
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Note: The figure reports quarterly impulse responses to a 1-std deviation increase in government expendi-
ture, considering a scenario with a financial accelerator mechanism and different policy rules, as described
in the legend. The y-axis denotes the deviation from the steady state either in percent or in percentage
points.

more accommodative response on the macroprudential side.

Figure 6 compares the response to the government-spending shock under the policy
arrangements in Block B and a financial-stability objective. We first consider Policies B(I)
and B(II), where the interest rate is the only active policy instrument. Policy B(I) follows
a standard Taylor rule, while Policy B(II) augments it with a response to the credit-to-
output gap.

Under Policy B(I), the fiscal expansion raises both output and inflation, leading the
central bank to increase the interbank rate. Under Policy B(II), the optimized rule places
considerably less weight on the expansion in economic activity. In particular, the coeffi-
cient on output falls from 0.200 to 0.017, while the coefficient on inflation declines from
1.487 to 1.199. As a result, the interest-rate response is significantly softer. The different
policy rule also changes the equilibrium path of private demand and financial condi-

tions, resulting in a lower path of marginal costs and therefore a considerably smaller
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increase in inflation.?3

Policies B(III) and B(IV) instead, by introducing a dedicated macroprudential instru-
ment, allow the interest rate to return to its traditional role of responding to inflation
and output. The policy responses now move in different directions. The interbank rate
increases in response to the fiscal expansion, while reserve or capital requirements, in
policies B(III) and B(IV) respectively, are relaxed as credit contracts. This division of
tasks softens the decline in lending and investment relative to the cases in which mone-

tary policy acts alone, while also containing the increase in inflation.

Within this common pattern, the two macroprudential instruments generate only
modestly different aggregate responses. Inflation rises somewhat less under the capital
requirement rule than under the reserve requirement rule, and the interbank rate fol-
lows a similar pattern, although the difference is smaller. Lending and investment also
contract slightly less under Policy B(IV). These differences are relatively limited, how-
ever, and the main feature shared by both policy arrangements is the separation of tasks

between monetary and macroprudential policy.

The government-spending shock provides a particularly clear illustration because
output and credit move in opposite directions. This is not the case for all disturbances.
Following a positive technology shock, for example, both output and credit expand while
inflation falls, so the main tension arises between price stabilization and the stabilization
of real activity and credit. A foreign interest-rate shock also combines several compet-
ing channels, as higher foreign returns weaken domestic aggregate demand and credit,
while the adjustment in the exchange rate raises inflation. The corresponding impulse
responses are reported in Appendix C.

This exercise therefore illustrates why monetary and macroprudential policies may
optimally move in different directions. When a shock raises inflation and output while
depressing credit, monetary policy is called to tighten, whereas macroprudential policy
can ease to smooth the contraction in lending, and therefore, in investment. A dedicated
macroprudential instrument therefore allows credit fluctuations to be addressed without
forcing the interest rate to accommodate conflicting objectives. Having established the
value of separating monetary and macroprudential tasks, the next section turns to the

division of tasks within macroprudential policy itself.

23In the absence of a cost-push innovation, domestic inflation satisfies the forward-looking Phillips curve

(o]

, i (1-6)(1-6p)
nf =K, E; Zﬁ]mctﬂ-, Kp = Tﬁ
j=0

Inflation therefore depends on the expected path of marginal costs, which itself changes with the policy
rule.
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6 Macroprudential Assignments across Shocks

The aggregate results in Section 4 provide two initial conclusions about the relationship
between reserve and capital requirements. Policy Block B in Table 4 shows that capital
requirements perform better when the two instruments are used as alternative macro-
prudential tools. Policy Block C in Table 5 then shows that, conditional on both instru-
ments being available and under a strict separation of tasks, the preferred unconditional
assignment gives reserve requirements the response to credit and capital requirements
the response to output. These results, however, average across all shocks in the model.
We now ask whether the relative performance of the two instruments depends on the

source of fluctuations.?*

We proceed in two steps. First, we sharpen the substitution comparison in Policy
Block B by assigning either reserve or capital requirements directly to the credit-to-
output gap and comparing their relative performance across the different shocks in the
model. Second, we revisit the joint use of the two instruments considered in Policy Block
C by assigning one instrument to output and the other to credit, and ask whether the

preferred division of tasks changes with the source of fluctuations.

For each shock u e U = { tcp,éfl,Gt,i;, Xt}, we solve the optimal rule problem with
only that innovation active. Let ££5(®,,) denote the shock-specific core financial-stability

loss under policy arrangement n:
LES(@,) = B, [#7 + Ay V2 + A, 7] (34)

As in the unconditional exercises, the numerical optimization also includes the macroprudential-
instrument volatility penalty. Policy arrangements are nevertheless compared using the
core loss in equation (34). For policy arrangement n and benchmark arrangement b, the

reported gain is

L5 (@) = LE5(®,)

GES =100 x
w LL5 (@)

(35)

The resulting percentage reductions in the core loss, relative to the relevant benchmark
for each shock, are reported below. Additional details on the shock-specific optimization

are reported in Appendix F.

Panel A of Table 6 sharpens the substitution comparison between the two instru-

ments.>> When reserve and capital requirements are assigned the same task—responding

24This exercise is not meant to imply that policymakers should condition policy rules on the realization
of individual structural shocks, nor that such shocks are directly observable in real time. It is used to
understand which shocks drive the unconditional policy rankings.

25This exercise is the shock-specific counterpart of Policy Block B in Table 4. The transmission mecha-

30



Table 6: Shock-specific Instrument-assignment Gains

Panel A: Which tool is better at leaning against credit fluctuations?

Shock RR — |, CR — [, Preferred tool
Technology/productivity, £ 0.17 0.50 CR
Cost-push, £EP 0.27 0.66 CR
Government spending, G, 8.88 19.37 CR
Export demand, X; 1.05 1.88 CR
Foreign interest rate, i; 3.59 8.71 CR

Panel B: When macroprudential tools split tasks, which assignment is preferred?

Shock RR — ft, CR—Y, RR-Y,CR— ft Preferred assignment
Technology/productivity, £ 1.46 0.26 RR — [;, CR — Y,
Cost-push, £EP 9.03 3.01 RR — [, CR — ¥,
Government spending, G, 7.64 15.59 RR — ¥, CR — [,
Export demand, X, 2.56 1.35 RR — [, CR - Y,
Foreign interest rate, i; 7.00 8.68 RR — ¥, CR — [,

Note: Entries are percentage reductions in the shock-specific core financial-stability loss £fS relative
to the benchmark in the same panel and shock. The first column reports the shock name and the
corresponding model notation. When reserve or capital requirements are active, the OSR objective
includes a macroprudential-instrument volatility penalty with weight A, = 0.10, but assignments are
ranked using the core loss. RR denotes reserve requirements, CR denotes capital requirements.

only to the credit-to-output gap—capital requirements deliver a larger reduction in the
core loss for every shock. In this context, the two instruments can therefore be viewed as
imperfect substitutes, with capital requirements as a stronger direct tool for credit stabi-
lization. Capital requirements operate directly through banks’ lending capacity and loan
spreads, whereas reserve requirements affect credit more indirectly through liquidity
and funding conditions. The quantitative advantage is relatively modest for technology,
cost-push, and export-demand shocks, but substantially larger for government-spending
and foreign-interest-rate shocks. The aggregate ranking is therefore not driven by a sin-

gle shock, although its strength varies considerably with the source of fluctuations.

Naturally, leaning against credit does not necessarily imply a macroprudential tight-
ening. The rule tightens when credit-to-output is high, but eases when it falls. This
distinction is particularly relevant for the government-spending shock discussed in Sec-
tion 5, as well as for foreign-interest-rate shocks, where the policy problem may involve
cushioning a contraction in credit rather than containing a credit boom. The advantage
of capital requirements in Panel A should therefore be interpreted as a greater ability to
stabilize credit fluctuations in either direction, rather than simply a stronger capacity to

restrain lending.

nisms behind the two instruments are discussed in Section 3.
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Panel B of Table 6 turns to the joint use of the two macroprudential instruments.?¢
The ranking in Panel A does not translate mechanically into the preferred policy as-
signment when both instruments are available. For technology, cost-push, and export-
demand shocks, the preferred assignment gives reserve requirements the response to
credit and capital requirements the response to output. For government-spending and
foreign-interest-rate shocks, the ranking reverses. The relevant question is therefore not
only which instrument is more effective at stabilizing credit in isolation, but also how the
two instruments should divide stabilization tasks when used jointly. This creates scope
for complementarity through specialization, since the instrument that is more effective
at controlling credit on its own need not always be the one assigned to credit when the

central bank considers a broader policy mix.

The government-spending and foreign-interest-rate shocks are especially useful here.
In Panel A, these are the shocks for which capital requirements have the largest advan-
tage over reserve requirements when both are assigned to credit fluctuations. In Panel
B, they are also the cases in which the preferred assignment gives capital requirements
the response to credit. For technology, cost-push, and export-demand shocks, instead,
the gains from assigning capital requirements directly to credit are smaller, and the pre-
ferred joint assignment gives reserve requirements the response to credit and capital

requirements the response to output.

Taken together, these results help explain the broader findings in Section 4. Capital
requirements are the stronger tool when the two instruments are used as alternatives to
stabilize credit fluctuations. But once both instruments are available, the preferred divi-
sion of tasks depends on the shock. Reserve requirements are often assigned to credit and
capital requirements to output, although this ranking reverses for government-spending
and foreign-interest-rate shocks. In this sense, the two instruments are imperfect sub-
stitutes when they are asked to do the same task, but they can also complement each
other when they are used for different stabilization objectives. The unconditional pol-
icy rules should therefore be read as average recommendations across shocks, while the

shock-specific exercise shows the heterogeneity behind those averages.

Finally, the robustness exercise in Appendix G shows that the main message does not
depend on using the credit-to-output ratio as our financial-stability indicator. When the
policy rules and the loss function are instead written in terms of loan-level deviations,
the gains from macroprudential policy are larger, and capital requirements remain the
stronger tool for leaning against credit fluctuations. What changes is the preferred di-
vision of tasks. Stabilizing the level of loans treats all movements in credit as costly,
including those that simply reflect changes in economic activity, and this affects how the

two instruments are best assigned.

26This exercise revisits the strict assignments considered in Policy Block C of Table 5.
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7 Conclusions

This paper studies the interaction and effectiveness of two macroprudential instruments
under different anchor variables and central bank objectives. We use a small open-
economy model with nominal rigidities, financial frictions, and a banking sector subject
to reserve requirements and countercyclical capital requirements. The main question is
how these instruments should be used over the cycle, and whether they should be viewed

as substitutes or complements.

When financial stability is part of the central bank’s objective, the gains from in-
cluding macroprudential tools in the policy mix are significant. These instruments can
stabilize both credit and output, and become particularly relevant when macroeconomic
and financial conditions call for different policy responses. After a government-spending
shock, for example, output and inflation rise, calling for tighter monetary policy, while

investment and credit contract, calling for an easing of macroprudential policy.

Importantly, the two instruments work through different channels. Reserve require-
ments operate mainly through banks’ funding conditions, affecting deposit rates and the
cost of intermediation, while capital requirements act more directly on lending capacity
and loan spreads. These differences shape the response of credit, investment, output,

and inflation.

The two instruments can be viewed as imperfect substitutes, while their different
transmission channels also create scope for complementarity. When assigned to the same
stabilization objective, capital requirements are generally more effective at mitigating
credit volatility. This ranking, however, does not determine their preferred assignment
under a strict separation of tasks, with one instrument responding to credit and the other
to output. In this case, the model suggests assigning reserve requirements to credit and
capital requirements to output. This division of tasks is not universal, however, and may

change with the nature of the shock hitting the economy:.

A natural next step is to introduce an explicit crisis state, so that the role of these
instruments can also be studied through crisis prevention and the build-up and release

of regulatory buffers.
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Appendix

A The log-linearized Equations

Unless otherwise stated, hatted real quantities are log deviations from steady state, and
hatted gross interest rates are fractional deviations from their steady state gross rates.
The reserve-ratio variables &, T} and the capital requirement variable 7X are level de-
viations in ratio units; for example, 0.01 denotes a one percentage point increase in the

corresponding requirement.

Households

* Consumption-saving decision:

R A D .
EiCii1 —Cr =1 —Etyig

* Uncovered interest parity condition:

*D h _ x A
iy +pBy =iy + E;AS;

* Labor supply:

Deposit Units

* Reserve requirements:

~ _ =R
Ct =T
* Deposit rate:
o B IB_R
P =i -
iP i
* Reserves: ~
R=D+
c
* Interbank lending:
A IB o 4
B =p,- Gt
l-¢
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Lending Units

Balance Sheet:

Bank capital dynamics

Effective interest rate

-IB b 2
A Z A K /L /> 2 ~
jE = - 1B il I,E) [3(KP/L) - 275)(RE - 1) - 2]

Profits

1= (i e

Kb/L Kb/L

1_Kb/L IB AIB A -IB AIB
_Kb—/L[ tl—rct)—i-(z ~-1)D/?,

K A A A
—E(Kb/L—T PRY (KL =) [(KY/L)RE, - L) - 25,

Financial contract

* Leverage and external finance premium:

Etrt+1 {f"‘EtﬁtH = W(Qt+l%t_Nt)

* Loan rate (nominal and real):
I A 5 Kb
I’t :Qt+Kt+Et7’t+1—Lt

oL
= Vt +E 7ty

Entrepreneurs

e Balance Sheet:
Qt + Kt = €Lﬁt +(1- €L)Nt

e Net Worth:

A A A A A €L A ~ A
Ny =VN;_ + (1 =v)(Qpq +Kig) + TtK + Vl (TtK - (ltL_1 —7ty))
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Intermediate Goods Producers

Production function:

Marginal costs:

¢ Cost minimization:

* Price setting:

Capital Goods Producers

¢ Investment Demand:

A A

Qt = x(I; = K1)

* Price of capital:
A A MPK N 1_6 A
P Q= K Zp + K Qy

where MPK is the marginal product of capital.
* Capital dynamics:
K, =(1-08)K,_; + oI,
Monetary and Macroprudential Policy

* Taylor-rule:

0 A 5 A
i = QT+ Py i Y+ Py il

* Reserve requirements:

T = py Vi + P el
 Capital requirements:
~K s 3
T =Py Y+ Prxls
Market Clearing

¢ Goods market:

A A

Yy = V(Cyét + iyft +gyét +(1=p)é) +(1-p)(é+Xy)
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 Balance of payments

A

Bt = Yt — (CyCAt + ZyIAt + g}}ét + (1 — Y)ét) + i*Bt—l

* Real exchange rate:

¢ CPI inflation rate:

B Calibration

The calibration of the remaining model parameters is reported in Tables 1 and 2 in Sec-
tion 2.6.

Table 7: Steady-State Values

Param. Value Description

MPK 0.047 Marginal Product of Capital

K 1.022 Gross Real Return on Capital

iR 1.0006 Gross Interest Rate on Reserves
iP 1.0152  Gross Deposit Rate

ilB 1.0156  Gross Interbank Rate

i 1.0025  Gross Foreign Interest Rate

cy 0.55 Consumption-Output Ratio

Iy 0.22 Investment-Output Ratio

Sy 0.23 Government Spending-Output Ratio
G 0.10 Effective Reserve Ratio

R 0.09 Required Reserve Ratio

Kb/L 0.11 Bank Capital-to-Loans Ratio

(N 0.09 Target Capital Requirement Ratio
it 1.0147  Gross Effective Lending Rate

it 1.0255 Gross Contractual Loan Rate

Note: Gross rates are quarterly gross rates. Ratios are reported in levels. The effective
lending rate if and contractual loan rate i* are implied by the banking block using the
structural parameters in Table 2.
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C Impulse Response Functions

Figure 7: Capital Requirement Shock and the degree of Price Stickiness
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Note: The figure reports quarterly impulse responses to a 1 p.p. increase in capital requirements, con-
sidering a scenario with a financial accelerator mechanism and different values of 6. Monetary policy is
specified by an interest rate rule for the interbank interest rate as defined in section 2.5 with ¢, ; = 1.5 and
the other coefficients equal 0. The y-axis denotes the deviation from the steady state either in percent or in
percentage points.
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Figure 8: Reserve Requirement Shock and the degree of Price Stickiness
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Note: The figure reports quarterly impulse responses to a 1 p.p. increase in reserve requirements, con-
sidering a scenario with a financial accelerator mechanism and different values of 6. Monetary policy is
specified by an interest rate rule for the interbank interest rate as defined in section 2.5 with ¢, ; = 1.5 and
the other coefficients equal 0. The y-axis denotes the deviation from the steady state either in percent or in

percentage points.
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Figure 9: Government shock under Policy Block C and a Financial Stability Objective
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Note: The figure reports quarterly impulse responses to a 1-std deviation increase in government expendi-
ture, considering a scenario with a financial accelerator mechanism and different policy rules, as described
in the legend. The y-axis denotes the deviation from the steady state either in percent or in percentage
points.
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Figure 10: Capital requirement shock under different degrees of bank capital adjustment
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Note: The figure reports quarterly impulse responses to a 1 p.p. increase in capital requirements, consider-
ing different values for x, the adjustment cost on bank capital. Monetary policy is specified by an interest
rate rule for the interbank interest rate as defined in section 2.5 with ¢, ; = 1.5 and the other coefficients
equal 0. The y-axis denotes the deviation from the steady state either in percent or in percentage points.
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Figure 11: Technology shock under different Policy Rules and a Financial Stability Ob-
jective
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Note: The figure reports quarterly impulse responses to a positive 1-std deviation technology shock, con-
sidering a scenario with a financial accelerator mechanism and different policy rules, as described in the
legend. The y-axis denotes the deviation from the steady state either in percent or in percentage points.
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Figure 12: Foreign Interest Rate shock under different Policy Rules and a Financial Sta-
bility Objective
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Note: The figure reports quarterly impulse responses to a positive 1-std deviation foreign interest rate
shock, considering a scenario with a financial accelerator mechanism and different policy rules, as de-
scribed in the legend. The y-axis denotes the deviation from the steady state either in percent or in per-

centage points.
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D Robustness to Instrument-penalty Weights

This appendix examines whether the optimized policy coefficients in Policy B are sen-
sitive to the weight placed on macroprudential-instrument volatility in the augmented
OSR objective. The core financial-stability loss remains £F5(®,,), as in equation (32). For
each value of A, however, the active coefficients are reoptimized using the augmented
objective in equation (33). The tables report both the core loss and the augmented ob-

jective, so that the stabilization trade-off can be read separately from the instrument-

smoothing term.

The exercise is run separately for the two one-instrument macroprudential policies
in block B. Policy B(III) allows reserve requirements to respond to output and to the

credit-to-output gap, while capital requirements are inactive. Policy B(IV) performs the

analogous exercise for capital requirements.

Table 8: Policy B(III): Robustness to Reserve-requirement Penalty Weights

Ar

0  0.050 0.100 0.250 0.500 1.000
Prei 14.89 1.513 1.501 1.493 1.490 1.488
Py.i 7.910 0.205 0.202 0.201 0.200 0.200
Py r 29.62 0.844 0.450 0.189 0.096 0.049
P1r 30.75 1.231 0.638 0.262 0.132 0.067
104 x LFS (@) 9.614 12.90 13.22 13.45 13.53 13.58
104 x QLS (d,) 9.614 13.23 13.41 13.53 13.58 13.60

ALFS relative to Policy B(I) -29.43 -5.274 -2.960

sd(zR), p.p. 30.38

2.568

1.385

-1.287 -0.665 -0.338
0.585 0.299 0.151

Notes: The table reports the optimized coefficients for Policy B(III) as the macroprudential-
instrument penalty weight A, changes. The core loss LS excludes the penalty term, while QS
is the augmented OSR objective minimized by the optimizer. The final row reports the standard

deviation of the active reserve-requirement instrument in percentage points.
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Table 9: Policy B(IV): Robustness to Capital-requirement Penalty Weights

Ar

0 0.050 0.100 0.250 0.500 1.000

Prei 11.41 1.754 1.619 1.541 1.514 1.501
Py, 4.897 0.311 0.252 0.220 0.209 0.204
Py x 30.17 1.347 0.712 0.303 0.156 0.080
P1x 33.84 1.996 0.994 0.403 0.204 0.103
104 x LFS (@) 8.924 12.06 12.72 13.21 13.41 13.51
104 x QLS (d,,) 8.924 12.76 13.14 13.41 13.51 13.57
ALFS relative to Policy B(I) -34.49 -11.44 -6.623 -3.009 -1.594 -0.824
sd(tX), p.p. 19.28 3.728 2.044 0.887 0.461 0.236

Notes: The table reports the optimized coefficients for Policy B(IV) as the macroprudential-
instrument penalty weight A, changes. The core loss LS excludes the penalty term, while QS
is the augmented OSR objective minimized by the optimizer. The final row reports the standard

deviation of the active capital-requirement instrument in percentage points.

E Stabilization Trade-Off Exercise Details

This appendix describes the construction of the stabilization frontiers reported in Sec-
tion 4.3. For this exercise we hold constant the model, calibration, shock processes, and
optimal-simple-rule (OSR) problem as the baseline policy analysis, but vary the relative

weight assigned to credit stabilization along the points of the frontier.

For each policy arrangement n and value of 1;, we choose the policy coefficients ®,, to

minimize
Q,(D,; A)) = var(7t;) + var(Y;) + A Var(ft) + A, [Var(’ftR) + Var(’ftK)], (36)

where 1y =1 and A, = 0.10. Unconditional variances are computed with all five cali-
brated macroeconomic shocks active: technology, cost-push, government spending, ex-

port demand, and the foreign interest rate shock.
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We consider four sets of available policy coefficients:

Op (1) = {Pr,i» Pv,i}
Op (1) = {Pri» Pv,i Py, P1R)
Dp1v) = {Pr,i» Pv,i» Py, k0 1.k}
Drr+cR = {Pr,i» Pv,i» Pv,R PR Py K5 DK}

The first three correspond to Policies B(I), B(III), and B(IV) in Table 4. The last specifica-
tion extends Policies B(III) and B(IV) by allowing both macroprudential instruments to

respond simultaneously to output and the credit-to-output gap.

We solve the OSR problem over
A, €10, 0.05, 0.10, 0.25, 0.50, 1, 2, 4, 4V2, 8, 8V2, 16, 16V2, 32}.

The active coefficients are re-optimized separately at every grid point, without imposing
additional coefficient bounds. For each line, Figure 5 only shows coordinates obtained
from solutions that weakly dominate other results within the same policy set. This allows
the figure to be interpreted as a frontier, since other solutions might not be included

because their coordinates are “interior” (weakly located to the right of the line).

Finally, we report solutions using A; < 8 as an upper limit, since the absence of co-
efficient bounds can generate very large policy responses when the policymaker places

extreme weight on credit stabilization.

F Shock-specific OSR Procedure

This appendix describes the shock-specific optimal simple-rule exercise used in Section

6. The exercise is run separately for each shock u e U = {EA,ECP, G, X,i*}.

The corresponding shock processes are the technology shock &7, the cost-push shock

CP the government spending shock G, the foreign export demand shock X;, and the

foreign interest rate shock i;. Policy shocks to reserve requirements and capital require-

ments are excluded. For each shock u, the OSR problem is solved with only the innova-
tion associated with that shock active.

The shock-specific core loss is given by equation (34). The objective minimized in the

numerical optimization augments this core loss with an instrument-volatility penalty:
no (@) = LES (@) + A E, [(£R)7 + (257, (37)
where A, = 0.10. The penalty applies only to reserve and capital requirements. If one
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of these instruments is inactive under a given policy arrangement, its deviation from
steady state is zero by construction. The penalty is used during optimization, but the
reported gains rank policy arrangements using the core loss £L%(®,,). For policy rule n
and benchmark rule b, the gain is given by equation (35).

Panel A of Table 6 compares three policy arrangements. The benchmark is

A

itIB - (ﬁt; Yt)l

while the two alternatives add either reserve requirements or capital requirements as

direct responses to the credit-to-output gap:

itIB — (7, Yt)r TtR - itf
ltIB e (ﬁt, Yt), TtK e d lt

Panel B compares strict assignments. The benchmark is

-1B 2
L =T,

and the two alternatives assign one macroprudential instrument to output and the other
to the credit-to-output gap:

B _ .~ R_, 1 K_,v
It =Ty 7 =l T = Y
B _ » R_,V K_,1
iy’ — T, T — Y, T, — .

As an additional diagnostic, we also considered a broader macroprudential rule in
which both reserve requirements and capital requirements respond to output and to the
credit-to-output gap. This broader rule delivers larger gains than the strict assignments,
as expected, because it gives both macroprudential instruments additional feedback mar-
gins. We therefore treat this rule as an upper-bound diagnostic.

G Loan-level Alternative OSR Specification

This appendix reports a robustness exercise in which the credit term in the policy rules
and in the financial-stability loss is the loan-level deviation, ﬁt, rather than the credit-to-
output gap. The aim is to assess whether the main OSR results depend on normalizing
credit by output.
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The policy rules in this appendix are written as

1P = o ittr + Py, Vi + Prily, (38)
T =y rY; + o rls, (39)
T =y Vi + il (40)

Only the coefficients active in a given policy arrangement are optimized; all inactive

coefficients are set to zero. The price-stability loss is unchanged:
L£PS(®,) = var(#,) + var(Y;). (41)

The alternative financial-stability loss replaces the credit-to-output gap with loan-level

deviations:
LESH®D,) = var(rt,) + var(Y;) + var(L,). (42)

When reserve or capital requirements are active, the numerical OSR objective augments
the relevant core loss with the same macroprudential-instrument volatility penalty used

in the main tables:
QL (@) = LH (@) + AE[(2R) +(2F?], A =010, (43)

where j € {PS,FS}. The tables report the core loss, excluding the penalty term, so that

the entries are comparable within each block.
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Table 10: Alternative Loan-level Specification: Optimal Policy Rules under a Price-

stability Objective

Policy A(I)  Policy A(II)  Policy A(III)

Interest-rate rule 7y, Y, 7t Y, 7t Y,
Macroprudential rule — R~ 1, ™ > I,
Ori 2.532 2.511 2.615
Oy 0.653 0.638 0.669
oL R — 0.251 —

oLk — — 0.391
104 x LPS (D) 7.6156 7.5134 7.3782
ALPS relative to benchmark — -1.34% -3.12%

Notes: This table reruns policy block A with macroprudential rules responding to loan-level de-

viations L, rather than the credit-to-output gap. The loss remains the core price-stability loss,

var(7t;) + var(Y;). A dash denotes that the coefficient is not active.

Table 11: Alternative Loan-level Specification: Optimal Policy Rules under a Financial-

stability Objective, Policy Block B

Policy B(I) Policy B(II) Policy B(III) Policy B(IV)

Interest-rate rule i, Y, 7., Yy, L, 7, Y, 7, Y,
RR rule — — Y, L, —

CR rule — — — Y, L,
Pri 1.234 1.116 1.254 1.341

Py i 0.161 0.113 0.161 0.170
Pr,i — -0.087 — —

¢y R — — 0.383 —

PLRr — — 0.818 —

Oy x — — — 0.610
Prx — — — 1.237
104 x LESL(D,) 13.51 13.26 12.49 11.26
ALFST relative to benchmark — -1.85% —-7.54% -16.65%

Notes: This table reruns policy block B with loan-level credit responses and with £ = var(r,) +

var(Y;) +var(L;). A dash denotes that the coefficient is not active.
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Table 12: Alternative Loan-level Specification: Optimal Policy Rules under a Financial-
stability Objective, Policy Block C

Policy C(I) Policy C(II) Policy C(III) Policy C(IV)

Interest-rate rule 7 e 7 T
RR rule — Y, L, L, Y,
CR rule — Y, L, Y, L,
bri 1.182 1.295 1.234 1.317
Py R — 0.128 — 0.455
¢rr — 0.913 1.015 —
Py k — 0.734 1.316 —
drx — 1.339 — 1.889
104 x £FSL(d,) 16.21 11.41 12.24 12.11
ALFST relative to benchmark — -29.62% -24.49% -25.29%

Notes: This table reruns policy block C with loan-level credit responses and with £ = var(r,) +
var(Y;) +var(L;). A dash denotes that the coefficient is not active.
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Table 13: Alternative Loan-level Specification: Shock-specific Instrument-assignment
Gains

Panel A: Which tool is better at leaning against loan-level fluctuations?

Shock RR — L, CR — I, Preferred tool
Technology/productivity, £ 7.56 16.27 CR
Cost-push, £EP 1.37 3.70 CR
Government spending, G; 15.88 29.63 CR
Export demand, X; 6.62 12.04 CR
Foreign interest rate, i} 6.30 14.69 CR

Panel B: When macroprudential tools split tasks, which assignment is preferred?

Shock RR - L;,,CR—Y, RR—Y,,CR—L, Preferredassignment
Technology/productivity, £ 22.61 19.64 RR — L;, CR — Y,
Cost-push, £EP 15.75 33.01 RR - ¥,,CR > L,
Government spending, G; 18.56 32.02 RR — Y, CR — L,
Export demand, X; 9.17 11.94 RR — Y;, CR — [,
Foreign interest rate, i} 9.15 15.05 RR - ¥,,CR > [,

Notes: Entries are percentage reductions in the shock-specific core financial-stability loss L5 rela-
tive to the benchmark in the same panel and shock. The core loss is var(m;) + var(Y;) + var(L;). When
reserve or capital requirements are active, the OSR objective includes a macroprudential-instrument
volatility penalty with weight A; = 0.10, but assignments are ranked using the core loss. RR denotes

reserve requirements, CR denotes capital requirements.

The loan-level specification strengthens the quantitative case for macroprudential
policy. Under a price-stability objective, reserve and capital requirements now deliver
visible gains, whereas the credit-to-output specification delivers only negligible gains.
Under financial stability, the loss reductions are also larger, especially in Policy Block
C. The ranking of instruments is broadly consistent with the baseline in one important
respect: capital requirements remain the stronger direct instrument for leaning against
credit fluctuations. The strict assignment results also become more favorable to assigning
capital requirements to loan stabilization in most shock-specific cases.

At the same time, the exercise changes the interpretation of the financial target. Stabi-
lizing L, treats all loan-level fluctuations as costly, including movements associated with
normal changes in aggregate activity, whereas the baseline credit-to-output specification

focuses more directly on credit imbalances relative to the size of the economy.
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