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Abstract

How important, in terms of welfare, is the counter-cyclical capital buffer (CCyB) relative to other —higher
and more permanent— bank capital requirements? While there is better understanding of the effect of a-cyclical
higher capital requirements on banks’ resilience and credit supply, much less is known about the marginal
effects of introducing a macroprudential counter-cyclical capital requirement. In this paper, we study the
welfare implications of introducing several simple and implementable financial policy (CCyB) rules that co-
exist with monetary policy. We find that the institutional design of the financial-policy instruments matters
for its welfare implications. In particular, a zero lower bound on the CCyB interacts with its counter-cyclical
nature and provides a rationale for a positive neutral level. We build our analysis based on a quantitative
macro-banking model with two main frictions, nominal rigidities and financial frictions, which we estimate for
Chile; a representative small open economy.
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1 Introduction

The 2008 financial crisis put forward the importance of financial intermediation, mainly through banking, in the
potential origination and amplification of shocks to the macroeconomy. This observation catalyzed both, research
on macro-financial linkages, and re-assessment of banking regulation. The latter materialized in the package of
reforms we know as Basel III; with one of its main objectives being the incorporation of a system-wide approach
to financial risk assessments, and financial policy; thereby explicitly introducing a macroprudential perspective to
banks’ capital regulation. Basel III introduces two buffers in this direction; the capital conservation buffer (CCoB)
and the countercyclical capital buffer (CCyB) (Financial Stability Institute, 2019)!. While the CCoB has more
automatic guidelines for its replenishment in case of loss-related draw downs, the CCyB can be activated and
deactivated according to the decision of the authority. That is, the CCyB is a macroprudential tool. In this paper
we examine the implications of different rules guiding this decision in terms of welfare and banks’ resilience, how
they interact with monetary policy, and emphasize the implications of the institutional design on the adequacy of

a positive neutral level of CCyB.

In order to comprehensively analyze the macroeconomic implications of different CCyB designs, we build a
macro-banking model with two main inefficiencies as in Carrillo et al. (2021). Monetary policy addresses inefficiencies
from staggered pricing by monopolistic input producers, and Financial policy addresses inefficiencies from financial
frictions in the form of costly state verification. Drawing on the results of Carrillo et al. (2021) we abstract from a
one-tool for two-objectives policy, and instead start from the Tinbergen rule. Our model includes both a monetary
policy rule, and a countercyclical capital requirement rule, and features three levels of default by different agents
in the economy, including the banking sector, as in Clerc et al. (2014). Hence our model is rich enough to analyze
the interaction of monetary and financial policy, yet parsimonious enough to calculate welfare of different policy
regimes. In particular, our model is based on a simplified version Calani et al. (2022), one of the main models used
at the Central Bank of Chile. Notably, in the financial side, this model features financial frictions as in Bernanke
et al. (1999) and Clerc et al. (2014); long term debt as in Woodford (2001); and a bank-related friction in which
depositors do not price bank default risk at the margin, as in Mendicino et al. (2018) and Mendicino et al. (2020).
Our model is more appropriate for small open economies with both monetary and financial policies, in which bank

credit can be short- and long-term.

The literature on the effects of banks’ capital requirements on financial and real variables, has grown significantly
in the past years, in tandem with the number of countries adopting and implementing capital regulation, and the
availability of micro-data. However, at least on its aggregate consequences, most of the focus of the literature has
emphasized the effects of the higher levels of capital requirements. The main trade-off of higher, a-cyclical, capital
requirements weights lower systemic risk —measured as banking sector default probability— and lower activity in
credit and the ensuing lower economic activity (Van den Heuvel, 2008; Clerc et al., 2014; Mendicino et al., 2018,

2020). Our paper shares this main feature, but instead, its focus is on cyclical considerations of capital regulation,

1Both capital buffers must be met with Common Equity Tier 1 (CET1) capital only. The CCoB is meant to give banks and
additional layer of usable capital when idiosyncratic losses are incurred. The CCyB is meant to be raised when system-wide risks,
usually associated with high credit growth is perceived to become more important. Both buffers range from 0% to 2.5%.



i.e. the design of a CCyB rule and its macroeconomic effects. Thus, our paper is more related to Carrillo et al.
(2021) and Malherbe (2020). We explore different implementable, simple, policy rules in terms of their welfare
implications, exploring the relationship with monetary policy. Notably, we find that simply following a credit-gap

rule may not be optimal.
Figure 1: Countercyclical capital buffer activation across countries
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Note.— This figure reports activation of countercyclical buffer (CCyB) by date and size of requirement. Each hexagon shows the current level
of CCyB. No hexagon means deactivated CCyB. Source: Financial Stability Report CBC 2023-S1

Further, the experience from the Covid-19 pandemic suggests that there might be important differences between
CCoB and CCyB usability. In particular, banks might be reluctant to exhaust CCoB (Basel Committee on
Banking Supervision, 2022), and instead might want to comply with capital requirements deleveraging. In contrast,
a system-wide deactivation of the countercyclical capital buffer by instruction of the supervisor, would not attract
adverse market reaction or stigma on any particular bank, and might better accomplish its countercyclical objective.
Notably, before the Covid-19 pandemic many juristictions had activated the CCyB, and deactivated it in early 2020
(see Figure 7?7). By the end of 2021, mostly the same economies started activating this buffer again, suggesting

that its deactivation was useful during the worst moment of the sanitary crisis.

By design, however, the CCyB ranges from 0 to 2.5 percent of risk weighted assets (RWA), which implies that
if a shock which would be better addressed by deactivating the CCyB, hits the economy, and this instrument is
currently not activated, then much of its benefits are not grasped. This mechanism provides a rationale for setting

a positive neutral level in case deactivation is suddenly required. We explore this issue quantitatively.

The document is structured as follows. In Section 2 we present a detailed description of the theoretical structure

of the model. Section 3 describes the estimation of the model, the calibration, the choice of priors and presents the



results. Section 4 presents the results. Section 5 concludes.

2 A Small Open Economy Model with Financial Frictions

In the following section, we augment a standard New Keynesian small open economy model with financial frictions
in the economy’s entrepreneurial, banking, and housing sectors. To do this, we introduce new agents taking Clerc
et al. (2014) as starting point: entrepreneurs and bankers. The former are the sole owners of capital, who finance
their capital investment through banking loans, while the latter are the owners of the banks who lend resources for

capital investment and housing investment.

Households are divided between patients, who save using the financial market, and impatients, who borrow
using the financial market. We also introduce the segmented financial markets concept in the spirit of Vayanos and
Vila (2009). Following Andres et al. (2004) and Chen et al. (2012), saving households can be unrestricted, who
can save in short or long term financial assets, or restricted, who can save only in short term assets. All households

derive utility from a consumption good, leisure, and housing stock.

From the production side, we use a simplified version of Garcia et al. (2019) in which a final good is produced
using capital and labor and facing prices a la Calvo and a labor market facing quadratic adjustment cost in the
style of Lechthaler and Snower (2011). In addition, we introduce three kinds of firms (capital producers, housing
producers, and banks). Concerning debt, we include not only short-term deposits but also long-term government

and bank bonds as perpetuities that pay exponentially decaying coupons as introduced by Woodford (2001)

2.1 Households

There are two continuums of households of measure one, risk-averse and infinitely lived. These agents differ in their
discount factor: S; for impatient households (I), and Sp for patient households (P), with 8p > B;. In equilibrium,
impatient households borrow from banks and are ex-ante identical in asset endowments and preferences to others

of their same patience.

In terms of patient households, following Andres et al. (2004) and Chen et al. (2012), we allow for a distinction
between two types of patient households: Restricted (R) and Unrestricted (U) depending on which assets they
can access for saving purposes. While Unrestricted households can buy both long and short-term assets with a
transaction cost, Restricted households can only buy long-term bonds but do not face any transaction cost. Their

combined measure is of size one.

Restricted and Unrestricted households’ preferences depend on consumption of a final good Cy relative to
external habits Cy_;, their stock of housing from last period H;_; relative to external habits H,_,, and labor
supplied (hours worked) n; in each period. The consumption of the aggregate good Ci=C(C!,Ci |, Hi |, H! ,)
for households of type i = {U, R, I'} is assumed to be a constant elasticity of substitution (CES) as shown in (1):
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where o5 € (0,1) is the weight on housing in the aggregate consumption basket, 7~ is the elasticity of
substitution between the final good and the housing good, £/ is an exogenous preference shifter shock and ¢, ¢p, > 0
are parameters guiding the strength of habits in consumption and housing respectively. Households of type
1 = {U, R, I} maximize the following expected utility
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where f3; € (0,1) is the respective discount factor, g; is an exogenous shock to intertemporal preferences, £}’
is a preference shock that affects the (dis)utility from labor, o > 0 is the inverse of the intertemporal elasticity of

substitution, ¢ > 0 is the inverse elasticity of labor supply.

As in Gali et al. (2012), we introduce an endogenous preference shifter O, that satisfies the following conditions
o = A7 (C (GG i THL,)) ®)

and
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where the parameter v € [0, 1] regulates the strength of the wealth effect, and C’Z and ﬁLl are taken as given by
the households. In equilibrium C} = C¥ and H} = H}.

2.1.1 Patient Households

Unrestricted Households. This group is formed by fraction gy of the patient households. In equilibrium, they
save in one-period government bond, BSY, long-term government bonds, BLY, short-term bank deposits DY,
long-term bank-issued bonds, BBY, and one-period foreign bonds quoted in foreign currency B;V. All these assets

being non-state-contingent.

The structure of long term financial assets follows Woodford (2001), in this framework, long-term instruments
are perpetuities, each paying a coupon of unitary value (in units of final goods) in the period after issuance, and a
geometrically declining series of coupons (with a decaying factor k < 1) thereafter. That is, a bond issued in period-t
implies a series of coupon payments starting in ¢+ 1: {1,x,x2,...}. Also, let B;_1, where B;_y = {BL{ |, BBY |}

represent the total liabilities due in period ¢ from all past bond issues up to period ¢t — 1. That is
Bt,1 = CIt,1 + I{CIt,Q + H201t73 + ...

thus, CI;_; = B;_1 — kB;_5. Let QP denote the period-t price of a new issue, then QF summarizes the prices at

all maturities. For instance, Qﬁtq = kQP is the price in t of a perpetuity issued in period ¢ — 1. Importantly,



note that B;_1 denotes both, total liabilities in period-t from previous debt, and —because of the particular coupon
structure— the total number of outstanding bonds. Then, the total value of financial asset debt in period t is given

by Q;B;. Finally, the real yield to maturity of holding long term assets at period ¢, RE, as,

B _ b

T or

+K

Unrestricted households must pay a transaction cost ¢/ per unit of long-term bond purchased. These costs are
paid to a financial intermediary as a fee. This financial intermediary distributes its nominal value profits II¥7, as

dividends to its shareholders. Then, unrestricted patient households’ period budget constraint is

BSY + (1+¢f)QP"BLY + DY + (1+¢/) QPPBBY + 5,B;Y + P.CY + Q' HY =
R, 1BSY | + QBLRBLBLY | + RPDY | + RPBQPPBBY | + S,BY,R;_, + W;nl

+Qf (1= 0m) H y + 0y (5)

where RPL and RPP are the real gross yield to maturity for long-term government and bank-issued bonds at time
t, P, denotes the price of the consumption good, Q@ denotes the nominal price of housing good, dz is depreciation
rate of housing goods, S; the nominal exchange rate (units of domestic currency per unit of foreign currency), R}

the foreign one-period bond return, and R; denotes the short term nominal government bond rate.

Further, é,? = RP (1 —ypPDP), E,{BB = RPB(1 — yppPDP) denote the net return on resources loaned
to banks in the form of deposits and bank-issued bonds, RP ; is the gross interest rate received at t on the bank
deposits at t — 1, PDP denotes the fraction of resources in banks that fail in period ¢ and yp(ysg) is a linear
transaction cost that households must pay in order to recover their funds. Finally, W; denotes the nominal wage
and, ¥; denotes lump-sum payments that include taxes T}, dividend income from entrepreneurs C¢, bankers C?,
rents from ownership of foreign firms REN;", profits from ownership of domestic firms, and profits from the financial

intermediary in the long-term bond transactions, ¥ = ¢(F(QPYBLY + QPP BBY).

Chen et al. (2012) show that the discounted value of future transaction costs implies a term premium. We
assume that the period transaction cost is a function of the ratio of the aggregate market value of long-term to
short-term assets and a disturbance term. Further, households do not internalize the effect of their choices on this
transaction cost, yet in equilibrium /Bff = BLY and /BVS,E] = BSY. This ratio captures the idea that holding long-
term debt implies a loss of liquidity that households hedge by increasing the amount of short-term debt. Specifically,

the functional form is given by

(6)
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Households supply differentiated labor services to a continuum of unions which act as wage setters on behalf

of the households in monopolistically competitive markets. The unions pool the wage income of all households and

then distribute the aggregate wage income in equal proportions among households, hence, they are insured against



variations in household-specific wage income. Defining for convenience the multiplier on the budget constraint as
A A77/p,, then, Unrestricted Households solve (2) subject to (1), (3), (4), and (5). From this problem we obtain

the following first-order conditions:
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In equilibrium, we have that é’f CP and H P HtP , which applies for impatient households as well. The
implied discount factor for nominal claims is, by iterating upon (9):
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Restricted households. This group of households have a mass pr which complements the mass of unrestricted
households pr, then pr = 1 — py. The main difference with Unrestricted Household is that they can only access
long-term government bonds. In addition, Restricted Patient households do not face transaction costs. They are

subject to the period-by-period budget constraint

PO + QI HI + QP BLY = Wi + Q)" (1= 0u) H{y + QP*RP¥BL{, (15)

Let us define, for convenience, the multiplier on the budget constraint as At A4; 7/p,. Then, restricted households



solve (2) subject to (1), (3), (4), and (15), from which we obtain the following first-order conditions:
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2.1.2 Impatient Households

Impatient households work, consume, and purchase housing goods. They take long-term loans in equilibrium from
banks to finance their purchases of housing goods. Mortgage contracts are agreements on long-term debt and

repayment plans which define an implicit yield to maturity R! at date-t,

P
Rl = <t+n>,
RN

where QF is the price of one unit of long-term mortgage debt LI issued in period-t, and & is the geometric decline
factor of long-term debt. At in any period ' > t banks and households abide by the original contract agreement.
In this way we are able to capture the fact that, for default decisions, households are concerned about face value of
their debt and not necessarily the market value, which is a closer representation of the Chilean mortgage market
with fixed-condition. Then, let the nominal-face-value of mortgage credit, L7 @tL, be the sum of newly issued debt

priced at current market conditions, and debt from previous periods priced at the moment when it was issued,
Ly’ Q¢ = (L' — kL{1)Q¢ + kL, Qf ym (19)

Notably, observe that market value of mortgage debt, LZQF, need not coincide with the value of debt priced at
historic face-value, L7 @tL . A second reason for using the latter is that this is the time series which we actually

observe from the data to estimate the model

We follow the Clerc et al. (2014) by assuming that these mortgage loans are non-recourse and limited liability
contracts, which enable the possibility of default for households. The only consequence of defaulting is losing the
housing good on which the mortgage is secured on. Therefore default is optimal when total outstanding obligations

is higher than the value of the assets posed as collateral,

(P + H@thlﬁt)Lgl >w Q' (1—6g)H/ |,
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impatient household at the beginning of period-t, and w/ is an i.i.d idiosyncratic shock to the efficiency units of

where we have used Rf =

housing of impatient households, which follows a log-normal distribution with pdf fr (wtl ) and cdf F7 (wtl ), and can

be interpreted as a reduced-form representation of any shock to the value of houses.

Then, the default threshold @/ is given by
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If w! > @/, the impatient household remains in good standing and repays the amount E{ @f L | which includes
the coupon due in period-t and the remaining outstanding value of debt. Alternatively, if w! < @/ the household
defaults on its mortgage debt. This definition allows us to define PD! = F ((I)tI ) as the default rate of impatient
households on housing loans. Notably, in case of repayment, the bank receives the fixed amount ]fltl @f LI from
performing loans, and households walk away with (w! — @/)REQHE |HL ;. In case of default the bank recovers

(1 — pn)wi REQE | H] | and the household walks away with nothing. This mechanism, a standard debt contract,

is not only incentive compatible on the side of the bank but induces truth-telling on the side of the household.

Then the budget constraint for the impatient household is then given by:
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2
— at> ] represents the adjustment costs associated with the change in
the level of debt L.

Out of all the loans, the share of the gross return that goes to the bank is denoted as I'r(@]) whereas the share

of gross return that goes to the impatient household is (1 — I';(@/)) where:
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t

The first integral on the right denotes the share of the return that is defaulted while the second integral denotes

the share of return that is paid in full. This allows us to rewrite the budget condition from (20) as
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Also, let

— 1
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denote the part of those returns that comes from the defaulted loans. Taking into consideration the share of the

return that is lost due to verification cost as ;G r(@]), then the net share of return that goes to the bank is
I'; ((z}tl) — urGr (JJ{) .

The terms of the loan must imply the net expected profits of the bank must equal its alternative use of funds,

therefore it must satisfy a participation constraint:
By {[1 =17 (@0f1)] [Tr (@1) = i Gr (9440)] RE QI HL ) > pionQF L (22)

Where T'H ((Dﬁ_l) is the fraction of bank gross returns that is used to pay depositors or is lost due to bank
defaults when their own idiosyncratic shock w{il is too low. The rest of the left hand side expression is the total
amount of returns on the housing project that goes to the lender bank. The right hand side indicates the opportunity
cost, which is investing an amount of equity ¢y Qf L at a market-determined rate of return of pf |, where ¢ is
a regulatory capital constraint. We elaborate on the bank’s problem on subsection 2.3, for now note that we can

write (22) with equality without loss of generality.

Thus, following the timing described above, the impatient household’s optimization problem can be written as
maximizing (2) for ¢ = I subject to their budget constraint (21) and the bank participation constraint (22). For
this, define for convenience *:4; 7/p, and A 4;7/p, as the multipliers for each constraint respectively. Define also

xl = RILY /P u! | a measure of household leverage. This yields the following FOC’s:

10
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Regarding the idiosyncratic shock, we assume that In(wf) ~ N(—1(a7)?, (0/)?), therefore its unconditional

expectation is E{w!} = 1, and its average conditional on truncation is

1—-® (2 — o)

E: {wf|wf > o} = —o ()
t

where @ is the c.d.f. of the standard normal and 2/ is an auxiliary variable defined as z! = (n(@)+0.5(cy)*)/o!.

Then, we can obtain the following functional forms:

and
T (@f) —piGr (@) =1 —pr)® (2 —of) +a (1-2(2))

Finally, we allow for fluctuations in the variance of the idiosyncratic shock, as of is modeled as an exogenous

process.

2.2 Entrepreneurs

As in Clerc et al. (2014), we introduce risk-neutral entrepreneurs that follow an overlapping generations structure,
where each generation lives across two consecutive periods. The entrepreneurs are the sole owners of productive
capital, which is bought from capital producers to be, in turn, rented to the firms that produce different varieties

of the home good.

11



Entrepreneurs born in period ¢ draw utility in ¢+ 1 from transferring part of final wealth as dividends, Cf, , to
unrestricted patient households and from leaving the rest as bequests, N¢, |, to the next generation of entrepreneurs

in the form:

( e )5XeX<:( e )17£X€XC
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max
1 Ve
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where W¢, , is entrepreneurial wealth at ¢ + 1, explained below, and &, is a stochastic shock to their preferences.

The first order conditions to this problem may be written as:
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From first order conditions we get the following optimal rules
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N156+1 = (1 - Xe) ‘I’f+1

In their first period, entrepreneurs will try to maximize expected second period wealth, ¥¢, ,, by purchasing capital
at nominal price QX which will be productive (and rented) in the next period. These purchases are financed using
the resources left as bequests by the previous generation of entrepreneurs and borrowing an amount L at nominal
rate RF from from F banks. In borrowing from banks, entrepreneurs also face an agency problem of the type faced
by impatient households i.e. in ¢ + 1 entrepreneurs receive an idiosyncratic shock to the efficiency units of capital
that will ultimately determine their ability to pay their liabilities to banks. Banks cannot observe these shock, but
entrepreneurs can. Depreciated capital is sold in the next period to capital producers at inl. Entrepreneurial

. . K
leverage, as measured by assets over equity, is lev§ = Qi Ki/N¢.

In this setting, entrepreneurs solve, in their first period,

max E; (U¢ subject to
KoLF t( t+1) J

QF Ky — L = Nf
Wy, =max [wi, (R + (1—6k)Qryy) Ky — RPL{, 0]

and a bank participation condition, which will be explained later. The factor wg, represents the idiosyncratic

shock to the entrepreneurs efficiency units of capital. This shock takes place after the loan with the bank has taken

12



place but before renting capital to consumption goods producers. It is assumed that this shock is independently
and identically distributed across entrepreneurs and follows a log-normal distribution with an expected value of

one. Let
e [REL+(1-6k)QF,
t+1 — Qg(

(27)

be the gross nominal return per efficiency unit of capital obtained in period ¢ + 1 from capital obtained in period

t. Then in order for the entrepreneur to pay for its loan the efficiency shock, wy, |, must exceed the threshold

LTF
u—}e — Rt Lt
1 R QF K,

If wi,; > @f,, the entrepreneurs pays RF'L; to the bank and gets (wf,; — @{ ,)R{ 1 Qf K;. Otherwise,
the entrepreneurs defaults and receives nothing. ~While F-banks only recover (1 — pe)wf, Rf, Q¥ K; from non
performing loans, and RFL! from performing loans. With the threshold, we can define PD§{ = F.(w§) as the

default rate of entrepreneurs on their loans.

The share of the gross return that goes to the bank is denoted as I'c(wf, ;) whereas the share of gross return

that goes to the entrepreneur is (1 — I'c(wf, ;)) where:
—e G)f+1 e e e —e > e e
e (@0f41) = /0 wiprfe (Wii) dwiyy +@F / fe (wign) dwiyy

—e
Wit

also let
— € a]§+1 € € €
Ge (wt+1) = / Wt+1fe (%4—1) dwt-i—l
0

denote the part of those returns that come from the defaulted loans. Taking into consideration the share of the

return that is lost due to verification cost as p.Ge ((Df +1), then the net share of return that goes to the bank is

Lo (@41) = HeGe (@711) -
Taking this into account then the maximization problem of the entrepreneur can be written as

max E, {¥§,,} =E, {[1-T.(&f,,)] Rf_HQf(Kt} , subject to

e
Wi K

e {[1 =T (@f)] [Te (&701) = meGe (#F41)] R Qi EG Y 2 priadrL (28)

that says that banks will participate in the contract only if its net expected profits are at least equal to their

alternative use of funds. This yields the following optimality conditions

F F
€ e p ¢ € € €
(1 - t+1) =X <t+el lt - (1 - I‘f+1) [ t+1 — M Gt+1]> (29)
t+
DY =2 (1=Th) 6 — w6 (30)
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Further, it is assumed that In(wf) ~ N(—0.5(cf)?, (0f)?), leading to analogous properties as with impatient

households for @y, I'. and G..

2.3 Bankers and Banks
2.3.1 Bankers

Bankers are modeled as in Clerc et al. (2014) and in a similar way to entrepreneurs: They belong to a sequence of
overlapping generations of risk-neutral agents who live 2 periods and have exclusive access to the opportunity of

investing their wealth as banks’ inside equity capital.

In the first period, the banker receives a bequest N? from the previous generation of bankers and must distribute
it across the two types of existing banks: banks specializing in corporate loans (F banks) and banks specializing in
housing loans (H banks). That is, a banker who chooses to invest an amount Ef" of inside equity in F banks will
invest the rest of her bequest in H banks, Eff = N — EF'. Then, in the second period bankers receive their returns
from both investments, and must choose how to distribute their net worth W9, , between transferring dividends
c? .1 to households and leaving bequests N} ’,1 to the next generation. Additionally, disturbances to the exogenous

variable X capture transitory fluctuations in the banker’s dividend policy

Given W 1, the banker will distribute it by solving the following maximization problem:

Xb b 1—gXb (b
max (Cfﬂ)gt“x (N?,1) SeaX , subject to

b b
Ct+1 7Nt+1

Cli+ Ny = 904y
which leads to the following optimal rules

Cf+1 = €§‘+”1xb‘1’i’+1 (31)

Ntb+1 =(1- 5§£1Xb) ‘I’§+1 (32)
In turn, net worth in the second period is determined by the returns on bankers’ investments in period-t:

b,roe
\I’?-s-l =pin Bl + & Pg-l (Ntb *EtF)

where {f "% is a shock to the bankers’ required return to equity invested in the housing branches, p{ 41 is the

period t + 1 ex-post gross return on inside equity Etj invested in period ¢ in bank of class j. In order to capture the
fact that most of mortgage debt takes the form of non endorsable debt —meaning the issuer bank retains it in its
balance sheet to maturity— we assume that the banker j = H invests in the banking project H through a mutual

fund which pays the expected average return to housing equity pg_l every period. Thus, letting s represent the
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period return on housing portfolio, then pff = kpff + (1 — k)pfl|. The banker then chooses
1 By (v} =E, {leEF + gt (NP — Ef)}

An interior equilibrium in which both classes of banks receive strictly positive inside equity from bankers will require

the following equality to hold:
b,r _
Eq {PtF+1} =E; { t Oepffrl} = Pt

where p; denotes banks’ required expected gross rate of return on equity investment undertaken at time t.

2.3.2 Banks

Banks are institutions specialized in extending either corporate or housing loans drawing funds through deposits,
and bonds from unconstrained household, and equity from bankers. We assume a continuum of identical banking
institutions of j class banks j = {F, H}. In particular, banks of class j are investment projects created in period-t

that in ¢t + 1 generate profits H{ 41 before being liquidated with:
M, = max [wf RE L LE = RPDE0], 11fL, = max [wf1, BRI QFLI — REZQPE BB, 0]

where R/ 41 1s the realized return on a well-diversified portfolio of loans to entrepreneurs or households and w? 41 18
an idiosyncratic portfolio return shock, which is i.i.d across banks of class j with a cdf of F (wfﬂ) and pdf f; (w{H).

Due to limited liability, the equity payoff may not be negative, which defines thresholds (IJ{ e

D NnF BB
_r _ RPD; oH t+1Qt+1BBt
G =3 A4 23 ]

Wiy1 = ) t+1
BF TF LTH
Rt+1L t+1QtL

Similar to households and entrepreneurs, I'; (@] +1) denotes the share of gross returns to bank j investments
which are either paid back to depositors or bond holders, implying that [1 —T; (G)g +1)] is the share that the banks
will keep as profits. We also define G (Qi 1) as the share of bank j assets which belong to defaulting j banks, and

thus p;G; ((DgH) is the total cost of bank j defaults expressed as a fraction of total bank j assets.

The balance sheet of banks of class F is given by LI = EF' + D} and they face a regulatory capital constraint
given by EF' > ¢p L', where ¢F is the capital-to-asset ratio, and is binding at all times in equilibrium so that the
loans can be written as LI = B /s, and the deposits as Df" = (1-¢r/¢x)E}. Likewise, balance sheet of banks of

class H is given by QFLH = EF + QPP BB;, with binding capital regulation determining Eff = ¢y QFLH, and
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QBBBB;, = 1—¢n)/s, EF. Further, using the threshold definitions and the binding capital constraints, we obtain?

_ RP
thJrl =(1-¢r) ~I,f
t+1
i RES (QPA
wt+1:(1_¢H) RH 5B
t+1 t

Finally, we define the realized rate of return of equity invested in a bank of class j:

o = [y (61, 22 )

For completeness, notice that derivations in prior sections imply that following expressions for Rfﬂ’ j={F,H}:

R QF Ky

Rgl = (Fe (wt€+1) — peGe ((DteJrl)) LF
t

B B ~ RH QHHI
Rf, = (T (thH) — G ("JtIH)) tgLLtH :
t ~t

As with households and entrepreneurs, it is assumed that the bank idiosyncratic shock follows a log-normal

distribution: log(w/) ~ N(—%(Jj)2, (67)2), leading to analogous properties for @?, I'; and Gj.

2.4 Production

The supply side of the economy is composed by different types of firms that are all owned by the households.
Monopolistically competitive unions act as wage setters by selling household’s differentiated varieties of labor supply
ni; to a perfectly competitive firm, which packs these varieties into a composite labor service n;. There is a set of
monopolistically competitive firms producing different varieties of a home good, Yﬁl , using wholesale good X7 as
input; a set of monopolistically competitive importing firms that import a homogeneous foreign good to transform
it into varieties, X ﬁ; and three groups of perfectly competitive firms that aggregate products: one packing different
varieties of the home good into a composite home good, X!, one packing the imported varieties into a composite
foreign good, X/, and, finally, another one that bundles the composite home and foreign goods to create a final

good, Y,¢. This final good is purchased by households (CF,C[), capital and housing producers (I}, I7), and the

government (Gy).

Similarly to Clerc et al. (2014), we model perfectly competitive capital-producing and housing-producing firms.
Both types of firms are owned by patient households and their technology is subject to an adjustment cost. They
produce new units of capital and housing from the final good and sell them to entrepreneurs and households
respectively. However, we depart from Clerc et al. (2014) by assuming time-to-build frictions in housing investment.

Finally, there is a set of competitive firms producing a homogeneous commodity good that is exported abroad (and

2As with impatient households, to avoid excessive volatility of the default threshold due to the influence of the revaluation of
long term debt, we model the default decision based on a smoothed valuation of the outstanding debt, QPZ, where logQFZ =

alQBB (aéBB log QtB_Bl +(1- OleBB) log QBB) +(1- alQBB) log QtBB
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which follows an exogenous process). The total mass of firms in each sector is normalized to one.

2.4.1 Capital goods

There is a continuum of competitive capital firm producers who buy an amount [I; of final goods at price P,
and use their technology to satisfy the demand for new capital goods not covered by depreciated capital, i.e.
K; — (1 — §k)K;_1, where new units of capital are sold at price Q. As is usual in the literature, we assume that

the aggregate stock of new capital considers investment adjustment costs and evolves according to following law of

VYK 1 2

f )
- — — T
2 (Itl a) ]gt k

Where ¢} is a shock to investment efficiency. Therefore a representative capital producer chooses how much to

motion:

K, =(1-0rg)Ki—1+

invest in order to maximize the discounted utility of its profits,

oo I ; 2 ]
Z Tt t+i {inz [1 - ’YTK ( = a) ] Siileri — Pt+ift+z}
i=0

Ty

Discounting is done according to patient households’ preferences, who are the owners of the firms. From the first

order condition a new relation can be obtained that relates the price of capital to the level of investment

2
BV R A U AR A O
ro- Q! {(1 (L a)) e (£ ) It_l}ft

I L1\’
et (- 0) (52) e 3

2.4.2 Housing goods

The structure of housing producers is similar to that of capital good producers with the difference that housing
goods also face investment adjustment costs in the form of time to build Kydland and Prescott (1982) and Uribe and
Yue (2006). As such, there is a continuum of competitive housing firm producers who authorize housing investment

I in period ¢, which will increase housing stock Ny periods later, the time it takes to build.® Thus, the

projects
law of motion for the aggregate stock of housing in H; will consider projects authorized Ny periods before, and

includes investment adjustment costs,

w (1%
Ht:(l—éH)Ht—l‘i‘ 1_7 W;H—U/ f;}_lNHL;A_I}IVH
t—Ng—1

where £/ is a shock to housing investment efficiency, and the sector covers all demand for new housing, H; — (1 —

S )H;_1, by selling units at price Q.

The firm’s effective expenditure is spread out during the periods that new housing is being built. In particular,

3Notice that if Ny = 0, the structure is symmetric to the capital producers.
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the amount of final goods purchased (at price P;) by the firm in ¢ to produce housing is given by
Ny
A
=2 Y]
j=0

Where gof (the fraction of projects authorized in period ¢ — j that is outlaid in period ¢) satisfy Z =0 gaj =1 and

pjl = ptlpll,

Therefore a representative housing producer chooses how much to authorize in new projects IA¥ in order to

maximize the discounted utility of its profits,

- v [ TN i

H t +i AH H

Z”,Hi Qiti |1- o | 7AH “ —a ft Nu+idi=Ng+i — Perilil

1=0 t—Npg+i—1

Where discounting is done according to patient households’ preferences, who are the owners of the firms. From

the first order condition a new relation can be obtained that relates the price of housing to the level of housing

investment
Ny

H H YH ItAH ? ItAH ItAH ih
Ey Z Tt+iP; Pivi = ErtasngQixng S |1 — 5 (72 — @) | — v | 737 — @) 737 ¢ &t
=0 2 \[{4 I 15

I I
+Em,t+NH+1inNH+1 {’YH <I:~_I_1I a) <It:é) £t+1} (35)
t

2.4.3 Final goods

A representative final goods firm demands composite home and foreign goods in the amounts X7 and X/

respectively, and combines them according to the following technology:
vC = {wl/n (XtH)l_l/’7 +(1- cL,)l/n (Xf)l—l/n} FE (36)

where w € (0, 1) is inversely related to the degree of home bias and 1 > 0 measures the substitutability between
domestic and foreign goods. The selling price of this final good is denoted by P;, while the prices of the domestic
and foreign inputs are P1 and P}, respectively. Subject to the technology constraint (36), the firm maximizes its
profits over the inputs, taking prices as given:

_n_
max Py w1 (X)) T (1) () YT - X - PEXT
Xﬁ ’Xt

4Notice that p¥ > 1 implies that expenditure for any authorized project is back-loaded (increasing over time), while the converse
is true for p¥ < 1.
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The first-order conditions of this problem determine the optimal input demands:

H PtH - C

X = w| —=— Y, 37

: (%) v (37)
PENT" .

XF = (1-w) () Y, (38)

Combining these optimality conditions and using that zero profits hold in equilibrium, we can write

Po=[w (P + (1 =w) (PF)] i (39)

2.4.4 Home composite goods

A representative home composite goods firm demands home goods of all varieties j € [0,1] in amounts X.ﬁ and

combines them according to the technology

€

1 ep—1 g-1
v = [ e ™ al (10)

with eg > 0. Let Pﬁ[ denote the price of the home good of variety j. Subject to the technology constraint (40),

the firm maximizes its profits [T = PHY, — fol Pff X ﬁ dj over the input demands X JI{ taking prices as given:

[ e L
H)l(f%x P, [/0 (th) H d]} _/0 P X5 dj

This implies the following first-order conditions for all j:
oxH . pH(yH Hew xH e _ P =0
gt~ t ( t ) ( jt) jt

such that the input demand functions are

pi\ "~
Xﬁ - (Jt) ytH (41)
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2.4.5 Home goods of variety j

There is a continuum of j’s firms, with measure one, that demand a domestic wholesale good X7 and differentiate

into home goods varieties ij . To produce one unit of variety j, firms need one unit of input according to
1
| vita = xz (43)

The firm producing variety j satisfies the demand given by (41) but it has monopoly power for its variety. For
varieties, the nominal marginal cost in terms of the composite good price is given by P} mcﬁ. Given that, every
firm buys their input from the same wholesale market. It implies that all of them face the same nominal marginal

costs

PH mcﬁ = Pfmcl = P? (44)

Given nominal marginal costs P'mcl,

firm j chooses its price Pﬁ to maximize profits. In setting prices,
the firm faces a Calvo-type problem, whereby each period the firm can change its price optimally with probability
1 — 0y, and if it cannot optimally change its price, it indexes its previous price according to a weighted product of
past and steady state inflation with weights kg € [0,1] and 1 — kg respectively. A firm reoptimizing in period ¢
will choose the price ijf that maximizes the current market value of the profits generated until it can reoptimize

again. ® As the firms are owned by the households, profits are discounted using the households’ stochastic discount

factor for nominal payoffs, r; ;ys. A reoptimizing firm, therefore, solves the following problem:

s PHTIs_ alHN\ T
E H H . H H H _ yvH _ [ it =T H
max E; Z Obre,its (Pjt+s - Pt-l—smcjt—i-s) Yiers st Yo =X, = T~ pH Yits
Jt s=0 t+s

which can be rewritten as

o0
~ l—en ~ —€x 1
s H I.H H \€H H H I,H H \lten H
max Ey E Orreits [(Pjt Hz’:lﬂt-&-i) (Pt+s) — MCjpy g (Pjt Hi:lﬂt-i-i) (Pt+s) } Yiis

Jt s=0

5Therefore, the following relation holds: Pﬁ_,'_s = ]Sjlgwtlff ... ﬂfjg, where 7rtI’H = (Wﬁl)KH (ﬂ?)li'{H, = PtH/Ptfil, and 7}
denotes the inflation target in period t.
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The first-order conditions determining the optimal price PtH can be written as follows:%

0 ~ —€n l—epy €
0=E, Z Q%Tt,tﬂ {(1 —€m) (PtH> (HS 17TtI+I;I> (Pt{{-s) "
s=0
- —eg—1 € €
el () () ()
oo
s en—1 (s e (P
= OzEtgeHrt7t+s T(P H 1T t+z) T

a (PH)

PtH Y;+s

Hyts I.H
mct+s (P IT; 17rt+1>

o0 H €H
ex—1 /. g L\ H (P
& 0:E§95r 7( IT5_ 7r’)
t H"tt+s €x =1"¢t+14 PtH

s=0
P 1+eyg
H (~Hps I,H t4s H
—MCy ¢ (pt 117 17Tt+z> ( PH ) Yiis
t

where the second step follows from multiplying both sides by fl—j’tH /(PHep), and the third by defining pff = PtH /PH.

The first-order condition can be rewritten in recursive form as follows, defining F;7* as

€ 1 1 > € 1 —en (PH N\
H _ H — ~H\17€H x,H s H — ~H s I1,H t+s
e = e St i) ()
s=1 t
o0 H €H
eg — 1 ,_pg\l—en 5 s+1 eg — 1 H s+1 LH\ Po
= n (pt ) Yy + E Z O "rittst1 7€H IGZ ms “pH Yt+s+1
s=0 t
1—e
~f_I,H H 00
en —1 pg\i-en o g Py Tiiq H \¢H €m — 1
= (p:) Y7 +0nE Qrear | —g— (mi41) 29%7"t+1,t+s+17
€H pt+1 5—0 €H

_ H €H
SH o ps oL H L—en Pt+s+1 yH
XA\ Pl mi 4 t+s+1

Pt+1
ex — 1 ,_pg\l—en g pfﬂ'tlfll fen en
= (pt ) Vi7" +0uE; § reesn s (7Tt+1) Ft+1 (45)
€H P

SNotice that the subscript j has been removed from PH this simplifies notation and underlines that the prices chosen by all firms
j that reset prices optimally in a given period are equal as they face the same problem by (44).
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and, analogously, FtH"‘ as

H 1+eyg
H. 5 )~ (P
F= = (ptH) mey Y +EtZQH7”t t+smct+s (Pt 17 17Tt+z> (;,};s> }/ti{s
t
~ H SHps+1 1. H —eH Pﬁsﬂ e H
= (pt ) mey Y + EtZH Ttt4+s+1MC g1 ( 2y m s PH Yiren
D Hrl 1+
N —€ €
= B) " me YV +0uE i < tf)HtH ) (rfy) " Z 03T t41 s 1MCE g4
t+1 s=0
H 14+em
~H I.H N H
X (pt+1H 17Tt+1+z> < Phgr Yiisi
t+1
p Hal 1+
~ —€H t 1 €
= (B") " meY + 05 Ey i < ﬁHtJr ) (i) " Fffl (46)
t+1
such that
FtHl = FtH2 = FtH (47)

Using (42), we have
1—e¢
1/ pH H
1 = /0 (PZ;I> dj
H _I,H\ l—¢H
— ~H\1—en PZym
= (1-6n)(p{) + 0y <PtH>

1— 7rI’H fen
= (1—-0u) () " 9H<tH> (48)

The second equality above follows from the fact that, under Calvo pricing, the distribution of prices among firms
not reoptimizing in period ¢ corresponds to the distribution of aggregate prices in period t — 1, though with total

mass reduced to 0.

2.4.6 Wholesale Domestic Goods

There is a representative firm producing a homogeneous wholesale home good, combining capital and labor according
to the following technology:
Y7 =2 K (Ady) (49)

with capital share a € (0,1), an exogenous stationary technology shock z; and a non-stationary technology A;.
Production of the wholesale good composite labor services n; and capital K; 1. Additionally, following Lechthaler
and Snower (2010), the firm faces a quadratic adjustment costs of labor which is a function of parameter +,,, and of

~ 7
aggregate wholesale domestic goods Y; , which in equilibrium are equal to Y,Z and which the representative firm
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takes as given. In a first stage, the firm hires composite labor and rents capital to solve the following problem:
[e%s} 5 7 2 __
min Zrt,t+s {Wt+sﬁt+s + = <~t+s - 1) Yits PZ+ Rth+s—1}

Mg, Kegs—1 =0 2 \N4ys

Zz _vZ _ ey ~ l1-a
st Yo =X =z Ko (ArsNess)

Then, the optimal capital and labor demands are given by:

ZyZ
fir =(1-a) . ! . — (50)
Wt +’7n (ﬁ?il - 1) (ﬁt—l) Y;i PtZ - Tt,t+1’7nEt (%7-:1 - 1) ( %-:2—1) }/;.Zt,_lptil
ch
Ki1=a (;) \ (51)
R

Where mc? is the lagrangian multiplier on the production function and 7,41 the households’ stochastic

discount factor between periods ¢t and ¢t 4+ 1. The, combining both optimality conditions:

Ki ol ny 1 S7 7 Tgt1 N+1\ Sz 2
— = W, n | = —1 = Y P — WEy | —— —1 — Y4 P,
ny (1—a)RF { £ty <nt1 > (nt;l) t Tt T Tt Tir w2 14

Substituting (50) and (51) into (49) we obtain an expression for the real marginal cost in units of the wholesale

domestic good:

1 Rk: @ >~ 1 ~
e I () (1 Y
a® (1 —a) 2t Ay T—1 -1

11—«
N1 N1\ oz pz
- Tt,t+177LEt < > — 1) ( =2 ) Y;5+1Pt+1

t t

In a second stage, the wholesale firm maximize its profits from the production of Y,Z, which is sold as X7 at
PZ. The problem is:

Ir;?x (PtZ —mc? ) Y7

The first-order condition implies that

2.4.7 Foreign composite goods

As in the case of home composite goods, a representative foreign composite goods firm demands foreign goods of

all varieties j € [0,1] in amounts X f; and combines them according to the technology

°F

1 ep—1 61‘;71
v = { /0 (XF)~F dj] (52)
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with ep > 0. Let Pﬁ denote the price of the foreign good of variety j. Analogously to the case of home composite

goods, profit maximization yields the input demand functions

PENT"
X = <pF> i o
t

for all j, and substituting (53) into (52) yields the price of foreign composite goods:

2.4.8 Foreign goods of variety j

Importing firms buy an amount M; of a homogeneous foreign good at the price PM* abroad and convert this good
into varieties Y]f that are sold domestically, and where total imports are fol ij dj. We assume that the import
price level PM* cointegrates with the foreign producer price level Py, i.e., PM* = Pr&M, where € is a stationary
exogenous process. The firm producing variety j satisfies the demand given by (53) but it has monopoly power
for its variety. As it takes one unit of the foreign good to produce one unit of variety j, nominal marginal costs in

terms of composite goods prices are
PFmel, = PEmel = §,PM* = S, Prem (55)

Given marginal costs, the firm producing variety j chooses its price Pﬁ to maximize profits. In setting prices,
the firm faces a Calvo-type problem similar to domestic firms, whereby each period the firm can change its price
optimally with probability 1 — 6, and if it cannot optimally change its price, it indexes its previous price according
to a weighted product of past and steady state inflation with weights kp € [0,1] and 1 — kF respectively. A firm
reoptimizing in period ¢ will choose the price Isﬁ that maximizes the current market value of the profits generated
until it can reoptimize.” The solution to this problem is analogous to the case of domestic varieties, implying the
first-order condition

FtFl = FtF2 = FtF (56)

where, defining pI" = PF'/PF

€p ~F t+1

1 ~F I,F l—EF

€ — _\1—e Py T €

FtF1 = (pf) g YtF +0pE: S T g ( ! t+1> (ﬂﬁrl) "R
t+1

and
TR 1+
Fy _ (AF\~F  FyF t Tt F \lter LR,
F2 =) " me Y +0rE e T (7i41) Fl2
t+1

. . . . 5 _ILF I,F I,F - :
7As in the home varieties case, the following relation holds: Pﬁ_‘_s = Pf;wtjrl ...y Where " = (rE )FF(nT)1=#F, and, in

F _ pF/pF
turn, 7" = P/ /P 4.
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Using (54), we further have

)

I,F\ L—eF
1=(1-0p) (F) " +0r <7rtF ) (57)

U

2.4.9 Wages

Recall that demand for productive labor is satisfied by perfectly competitive packing firms that demand all varieties
i € [0, 1] of labor services in amounts n; (i) and combine them in order to produce composite labor services n;. The
production function, variety ¢ demand, and aggregate nominal wage are respectively given by:

‘W

1 ey —1 ey —1
ﬁt = |:/ [ (2) ‘w d’L:| s ew > 0. (58)
0

i = (220) ™, o

W, = Uol W, (i)' dz} _7W . (60)

Regarding the supply of differentiated labor, as in Erceg et al. (2010), there is a continuum of monopolistically
competitive unions indexed by i € [0, 1], which act as wage setters for the differentiated labor services supplied by
households. These unions allocate labor demand uniformly across patient and impatient households, so n! (i) =
nt (i) and nf (i) + nf (i) = ny (i) Vi, t, with nF (i) = ppn¥ (i) + (1 — pu) nf(i), which also holds for the aggregate

P oI
n; , ny and ng.

The union supplying variety 7 satisfies the demand given by (59) but it has monopoly power for its variety.
Wage setting is subject to a Calvo-type problem, whereby each period a union can set its nominal wage optimally
with probability 1 — 8y,. The wages of unions that cannot optimally adjust, are indexed to a weighted average of

past and steady state productivity and inflation, with a gross growth rate of

LW _ aw l-aw sw _l—rw
Ty =a; Na T

Where I‘X}; = Hlewtl_’g is the growth of indexed wages s periods ahead of t. A union reoptimizing in period ¢ chooses

the wage Wt (equal for patient and impatient households) that maximizes the households’ discounted lifetime utility.
This union weights the benefits of wage income by considering the agents’ marginal utility of consumption —which
will usually differ between patient and impatient households— and weighs each household equally by considering a
lagrangian multiplier of A} = (A + A) /2, with Af' = ppAY + (1 — py) Af. We assume, for the sake of simplicity,
that Bw = (Bp + B1) /2 with Bp = puBu+ (1 — pu) Br, and O, = (Of + ©7) /2 with O = py O + (1 — pu) OF.

All things considered, taking the aggregate nominal wage as given, the union 4’s maximization problem can be
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expressed as

max F f:(ﬁ Ow)* o 7A?+‘€A;53Wrwn () — Opps (Apys) 7 gn, s ()™
X uvw s s s - s s s 5
Wi o T Py, T e e 4

—~ —ew
N ACvAN

s.t. Ni4s (’L) = W Ni4s,y

S

Which, after some derivation, results in the FOCs in a recursive formulation:

— ew—1
U _w w
W1 _ 1w (€W — 1Y < ) —o Ot1 Arp1 Ty [ T w1
; = wy ne + BulwkE: Qpq U W ft+1
ew 0t A T \ m

fW2
t

(1+¢) Ot+1 )‘gl-l WtVYH W?/—;l i)

_ ~—ew(l+e W~ —0o w2

=W, me;” ny + PubwEe e} U E— W ftJrl
t

7Tt+

Where f/V1 = fW2 = f are the LHS and RHS of the FOC respectively, mc}' = —(Un/Uc)/(w,/A,P,) =
5?(ﬁt)“"/>\?(AI}V—]?)®t, is the gap with the efficient allocation when wages are flexible®, w¥; = Wi+1/w,, ﬂﬁl = Wi /¥,

and QI}t = Wt/Wt.

Further, let " (¢) denote the set of labor markets in which wages are not reoptimized in period t. By (60),

the aggregate wage index W evolves as follows:

1 —~\ 1—¢ 1—e¢
(W)= = /O W (i)' " di = (1-0w) (Wt) Y [DW( ) {Wt_l (i)wt[’w} v &,
t

or, dividing both sides by (W;)'~“":

LW I—ew
1= (1—0w)w; Y + 0w ( ;W ) .
t

The third equality above follows from the fact that the distribution of wages that are not reoptimized in period ¢

corresponds to the distribution of effective wages in period ¢t — 1, though with total mass reduced to Oy .

Finally, the clearing condition for the labor market is

1 1 - —€w
0 o \ W

Where Z}V is a wage dispersion term that satisfies

LW\ ~ W
=W ~ €y Ty =W
=t = (1-0w)w, +6, ( W > St—1-

8, and Ug are the first derivatives of the utility function with respect to labor and consumption respectively.
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2.4.10 Commodities

We assume the country receives an exogenous and stochastic endowment of commodities Y,°. Moreover, these
commodities are not consumed domestically but entirely exported. Therefore, the entire production is sold at a
given international price PC°*, which is assumed to evolve exogenously. We further assume that the government

receives a share x € [0, 1] of this income and the remaining share goes to foreign agents.

2.5 Fiscal and monetary policy

The government consumes an exogenous stream of final goods G¢, pays through an insurance agency I A; for deposits
and bonds defaulted by banks, levies lump-sum taxes on patient households T}7, and issues one-period bonds BS¢

and long-term bonds BLY. Hence, the government satisfies the following period-by-period constraint:

T,—BSEY — QPLBLS + xS, PC**Y,C° = P,G,—R,_1BSY | — RBLQPLBLE | + 1A, (61)
where
T, = a"GDPN; + ¢; (BSSs — BS{ + Q§§ BLSs — Q7" BLY) (62)
and
IA; =ypPDPRY | D{y +~vpuPD{ REP Q7P BB, (63)

As in Chen et al. (2012), we assume that the government control the supply of long-term bonds according to
a simple rule given by an exogenous AR(1) process on BLtG. In turn, monetary policy is carried out according to

a Taylor-type rule of the form

Ry _ (Rt_1>aR K(l — ap)m + apk, {m+4}>a” (GDE/GDPHYTQR em (64)

R R e a

where ag € [0,1), ay > 1, ay >0, ag € [0,1] and where 7/ is an exogenous inflation target and e} an i.i.d. shock

that captures deviations from the rule.’

2.6 Rest of the world

Foreign agents demand home composite goods and buy the domestic commodity production. There are no
transaction costs or other barriers to trade. The structure of the foreign economy is identical to the domestic
economy, but the domestic economy is assumed to be small relative to the foreign economy. The latter implies
that the foreign producer price level P is identical to the foreign consumption-based price index. Further, let P/*
denote the price of home composite goods expressed in foreign currency. Given full tradability and competitive
export pricing, the law of one price holds separately for home composite goods and the commodity good, i.e.

PH = S, PE* and PF° = S, PF°*. That is, domestic and foreign prices of both goods are identical when expressed

9We do not need a time-varying target, so we will set it to a constant.
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in the same currency. Due to local currency pricing, a weak form of the law of one price holds for foreign composite

goods, i.e., PFmel” = S, PF¢M from (55). The real exchange rate rer; therefore satisfies

* P P
SiPy P omg

rery = = — 65
"R R (69)
We also have the following relation
rers T (66)
Tery—1 Tt
where 75 = S;/S;_1. Foreign demand for the home composite good X/** is given by
PH N\

XH* — t Y* 67
t (Stpt* ) t ( )

with n* > 0 and where Y;* denotes foreign aggregate demand or GDP. Both Y;* and 7} evolve exogenously. The
relevant foreign nominal interest rate is composed by an exogenous risk-free world interest rate R}" plus a country

premium that decreases with the economy’s net foreign asset position (expressed as a ratio of nominal GDP):

¢* S B* _

with ¢* > 0 and where &f is an exogenous shock to the country premium.

2.7 Aggregation and Market Clearing
2.7.1 Aggregation across patient households

Aggregate variables add up the per-capita amounts from unrestricted and restricted patient households, according

to their respective mass py and 1 — py:
Cf = puCY + (1 - pu) Cf!

H = ouH{ + (1 - pu) Hf
n{ =puny +(1—pu)nf
nY =nk
D = pu Dy
B = puyBrY

BS!" = pyBSY

BL{" = pyBL{ + (1 — py) BL{"
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BBI'" = oyBBY

2.7.2 Goods market clearing

In the market for the final good, the clearing condition is
ve =cl + ! + L+17 + G, + TP, (69)

where Y, includes final goods used in default costs: the resources lost by households recovering deposits at failed
banks, the resources lost by the banks to recover the proceeds from defaulted bank loans by the recovery of deposits

by the deposit insurance agency and the cost of adjusting labor.

vpPDERP | DI + vpPDPQPPRPBBBLT) + peGe (0f) R{QE \Ky—1+p11Gr (0f) RFQE | HY_,
G (0) RIQEA LI, + peGe (0F) RELE,

H H
Ly —xL;”

- 2 2
# (1) W Qhl il ) [% (e —a) ]

Ty

In the market for the home and foreign composite goods we have, respectively,
v =X+ X[ (70)

and

vE =XxF (71)
while in the market for home and foreign varieties we have, respectively,
vil=x1 (72)

and

v - Xl )
for all j.

In the market for the wholesale domestic good, we have
Y7 = X7 (74)
Finally, in the market for housing, demand from both households must equal supply from housing producers:

H,=H + H] (75)
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2.7.3 Factor market clearing

In the market for labor, the clearing conditions are:

nt +nl =ny =02 (76)
nf =nj =15 (77)

Combining (51) and (50), the capital-labor ratio satisfies:

Kt—l « ﬁt 1 Z 7 ﬁt+1 ﬁt+1 A VA
—— = W, e~ -1 — Y, Pf — E — —1 —— | Y4 P, 78
T (1—a)RF { t+Yn <nt1 ) (ntl) P — By 7 2 1P (78)

2.7.4 Deposits clearing

Bank F takes deposits, and its demand must equal the supply from unrestricted households:
DF = D]t (79)
2.7.5 Domestic bonds clearing
The aggregate net holding of participating agents in bond markets are in zero net supply:
BLF" + BLEP + BLE =0 (80)
BSP" + BSE =0 (81)

Where BLEE is an exogenous process that represents the long-term government bond purchases done by the

Central Bank.

2.7.6 No-arbitrage condition in bond markets

The no-arbitrage condition implies the following relation between short and long-tem interest rates:

L+¢h Y\ o1 A\ RPA o oM o
Bl mpr— ) =& BL Apf g (Beq——— A
Rt — KB Tt4+1 Rt+1 — KB Tt+1

which can be further rearranged (up to a first order) by using the definition of RZ”

-1

QBL
Ro(1+ch) =~ E{( ggRiﬁ)} (82)
t
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2.7.7 Inflation and relative prices

The following holds for j = H, F"

. p
Pi=5
t
and, also,
po_m
Pl m

2.7.8 Aggregate supply

Using the productions of different varieties of home goods (43)
1
| vitai = xt
0

Integrating (72) over j and using (41) then yields aggregate output of home goods as

1 1 1
/n-ifdj:/ Xﬁdj:n’f/ (p) " dj
0 0 0

or, combining the previous two equations,

HeH _ yZ
}/t =t _Xt

where =F is a price dispersion term satisfying

1 H\ ~¢H
=H _ / Pjt d]
= = —_
0 PtH

I,H\ ~ 1
(1—=0m) (Bf") ™ +0 (”t ) =
t H H —t—1

2.7.9 Aggregate demand

Aggregate demand or GDP is defined as the sum of domestic absorption and the trade balance. Domestic absorption

is equal to Y,¢ = CF + Cf + Li+I}' + G¢ + Y. The nominal trade balance is defined as
TB; = PEX[ + S, PFo*yLe — S, PM* M, (83)

Integrating (73) over j and using (53) allows us to write imports as

1 1 1/ pF\ "
Mt:/ Yﬁdjzf Xf;djan/ S} g vrer
0 0 0 Pt
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where = is a price dispersion term satisfying

oD F —EF

=F ~f\ —€F t =F

2 =(1-060p) (pt ) +0F -F =1
¢

We then define real GDP as
GDPt — 'Y)':NOCO + Y*tCo

where non-mining GDP, Y,V°C° is given by
yNece=cf v+of + 1, + I + Gy + X — M,
and nominal GDP is defined as
GDPN, = P, (Cf + C/ + L+1]' + G;) + TB, (84)

Note that by combining (84) with the zero profit condition in the final goods sector, i.e., P,Y,Y = PHXH + PFXF,
and using the market clearing conditions for final and composite goods, (69)-(70), GDP is seen to be equal to total

value added (useful for the steady state):

GDPN, = PYF -7, +PEXE* 4+ 8,PF*Y, ° — 8, PM* M,
= PAX[+PIX] -+ PAX + S PEY S0 — S PM M,

_ PtHY;H + StPtCO*Y;CO + PtFXtF _ StPtM*Mt _ Tt
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2.7.10 Balance of payments

Aggregate nominal profits, dividends, rents and taxes are given by

1 1
v, = PRYS-PIXP - PFx]+PFYH —/O Pl Xxfdj+ Py —/O PL X dj

I

i ny

1 1
+ /O VI (Pl —P7)dji+ /0 (PLYS] — S PMY ) dj

Jo T dj Jo E,dj

+Qf (Ky — (1= 0k) Kio1) — PL + Qff (Hy — (1 — 6p) Hy—1) — PBIf +(P? — mc?) Y/

I i nz

1
+¢t (M) BLY 4 C¢ + Cf + S;REN; — T,
t
y
= P (Ci4 G+ Y+ PEXHE* — 8, PM*M, — Win; — REK, 1 + QF (K, — (1 — 6x) K1)
1

+QF (Hy — (1 - 0y) Hy_1) + C¢ + C? + S,REN; — T, + ¢f (%) BLY
t — B

= P (Co+Gy)+ T+ TBy — SePE*Y,C — Wyng — RE K1 + Qf (Ky — (1 — k) K1)

1
+Q (Hy — (1= 0m) Hi1) + Cf + C} + S:REN; — T, + ¢/ (M) BL{
BL _

Where the second equality uses the market clearing conditions (69)-(81), and the third equality uses the definition
of the trade balance, (83). Substituting out ¥; in the households’ budget constraint (5) and using the government’s

budget constraint (61) to substitute out taxes T; shows that the net foreign asset position evolves according to

SiBf = S;B;_1R;_; + TB; + S;REN; — (1 — x) S, PF*Y,c°

3 Parameterization strategy and estimation results

The model parameters are calibrated and estimated. The calibrated parameters include those characterizing model
dynamics for which we have a data counterpart, those drawn from related studies, and those chosen to match the
Chilean economy’s sample averages or long-run ratios. In particular, we follow closely the calibration strategy from
Garcia et al. (2019) and Clerc et al. (2014), as the models described there form the basis of this paper’s framework.

We estimate the non-calibrated parameters using Bayesian techniques as discussed below.

3.1 Calibration

Table 1 presents the values of the parameters related to the real sector of the economy that are either chosen from
previous studies in the relevant literature or chosen in order to match exogenous steady state moments. The value

of the parameters o, ag, Bv, Br, X, €F, €H, ew, w and w1 are taken from Garcia et al. (2019). We assume that the
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housing capital depreciation rate, 0y is equal to the productive capital depreciation rate, dx, whose value is taken

from ?. The value for §; is taken from Clerc et al. (2014).

Table 1: Calibration, Real Sector

Parameter Description Value Source

o Capital share in production function 0.34 Garcia et al. (2019)

ag Expected Inflation weight in Taylor Rule 0.50 Garcia et al. (2019)
aBse Short-term govt. bonds as percentage of GDP -0.40 Data: 2009-2019
aBLG Long-term govt. bonds as percentage of GDP -4.50 Data: 2009-2019

Bu, Br Patient HH Utility Discount Factors 0.99997 Garcia et al. (2019)

Br Impatient Utility HH Discount Factor 0.98 Clerc et al. (2014)

0K Capital Annual depreciation rate 0.01 ?

o Housing Annual Depreciation rate 0.01 Same as capital depreciation
€F Elasticity of substitution among foreign varieties 11 Garcia et al. (2019)

€H Elasticity of substitution among home varieties 11 Garcia et al. (2019)

ew Elasticity of substitution among types of workers 11 Garcia et al. (2019)

€r Convergence speed towards SS Gov debt 0.10 Normalization

Ng Time-to-build periods in housing goods 6 CBC'’s 201852 Financial report
K Coupon discount in housing loans 0.975 10 years duration of loan contract
KBL Coupon discount in long term government bonds 0.975 10 years bond duration
KBB Coupon discount in long term banking bonds 0.95 5 years bond duration

T Annual inflation target of 3% 1.031/4 Garcia et al. (2019)

Poh Spending profile for long term housing investment 1 Even investment distribution
o Log Utility 1 Garcia et al. (2019)

v Strength of households wealth effect 0 No wealth effect

X Government share in commodity sector 0.33 Garcia et al. (2019)

w Home bias in domestic demand 0.79 Garcia et al. (2019)

wy Fraction of unrestricted patient households 0.70 Chen et al. (2012)

WBL Ratio of long term assets to short assets 0.822 Chen et al. (2012)

The parameters that set the steady state value of short term and long term government bonds as a percentage
of GDP, o#%¢ and aBLC | respectively, were calculated from data obtained from DCV!?. The value used for the
time that takes a house to be built, Ny is taken from the second semester of 2018 IEF.!! The parameters that
determine the coupons’ geometric decline of the long term housing debt, x, and government bonds, kpy,, are set so

their duration is 10 years. The duration of the bank bonds, kpp, is set to 5 years.

For the housing investment sector, we set the time to built duration, defined by the parameter Np, to 6
quarters in order to match the average length of construction projects, and assume an even investment spending
profile for housing capital, consistent with a value of 1 for p,;. Following Garcia et al. (2019), we set the value of
the parameter that determines the strength of the wealth effect, v, to 0, to avoid undesired dynamics in the labor

market.

For the calibration of the parameters related to the financial sector, shown in Table 2, the values of x4, Xe,
Yoy V> Mes pr, g and pr come from Clerc et al. (2014). The values for the parameters related to bank capital
requirements, ¢ and ¢g, are set as the ratio between the average level of TIER I capital of over the risk weighted

assets of the banking system from the year 2000 to the year 2020. In particular, we calculate 4.3% excess of TIER

10DCYV is an entity that processes and registers transfer operations that take place in several exchange markets.
HIEF stands for Financial Stability Report published twice a year by the Central Bank of Chile.
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I capital in addition to legal 9.75%. For corporate banks we assume 100% weight in corporate loans, while for

housing bank we assume 60% weight in housing loans.

Table 2: Calibration, Financial Sector

Parameter Description Value Source

Xb Banks dividend policy 0.04  Clerc et al. (2015)
Xe Entrepreneurs dividend policy 0.05 Clerc et al. (2015)
Von Household cost bank bonds default 0.10  Clerc et al. (2015)
Yd Cost of recovering defaulted bank deposits ~ 0.10  Clerc et al. (2015)
oF Bank Capital Requirement (RWA) 0.14 Data (2000-2022)
dH Bank Capital Requirement (RWA) 0.10 Data (2000-2022)

3.2 Estimation and Results

We compute the model solution by a second order approximation around the deterministic steady state. However,
the parameters whose values are not calibrated are estimated using Bayesian methods with linear approximation.
The data for the estimation, described in Table 3, includes 25 macroeconomic and financial variables from between
2001Q3 and 2019Q3. Data for the real Chilean sector is obtained from the Central Bank of Chile’s National
Accounts database, while prices and labor statistics are obtained from the National Statistics Institute (INE).
Finally, local financial data is obtained from the Financial Markets Committee (CMF), and foreign data is obtained
from Bloomberg. Variables regarding the real sector are log-differentiated with respect to the previous quarter. All
variables are demeaned. Our estimation strategy also includes i.i.d. measurement errors for all local observables
with the exception of the interest rate. The variance of the measurement errors is calibrated to 10% of the variance

of the corresponding observable.

Table 3: Observable Data

Non Financial Financial
Alog Y;NoCe Non mining real GDP RE Comercial Loans interest Rate
Alog Y,€° Copper real GDP R Housing Loans Interest Rate
Alog Ct Total Consumption D Nominal Interest Rate on Deposits
Alog G Goverment Consumption REC 10 Year BCP Rate
Alog I Real Capital Investment Alog L; Housing and Corporate Loan
Alog I Real Housing Investment ROE, Banks ROE
TB;/GDPN; Trade Balance-GDP Ratio R} LIBOR
Alog Ny Total Employment =k EMBI Chile
Alog W N Nominal Cost of labor rer: Real Exchange Rate
Tt Core CPI R Nominal MPR
Alogy; Real External GDP
e Foreign Price Index
M Imports Deflactor
roox Nominal Copper Price
v Housing Price Index

Sources: INE, BCCh, CMF and Bloomberg.

The posterior estimates are obtained using full information (Bayesian) maximum likelihood estimation. To

facilitate optimization, following Christiano et al. (2011), we scale some of the parameters for the shocks’ standard

35



deviations to have a similar posterior order of magnitude. We choose the type of priors according to the related
literature from distributions that have supported distributions consistent with the theoretical values expected for
the parameters. In columns three, four and five of Table (4) we show the chosen prior distributions and prior
distribution moments of the estimated values of the deep parameters. The sixth and seventh columns of the same
table show the posterior mean and the 95% interval of the estimation. On the other hand, on Table 5 we show the
estimation priors and results of the parameters related to shock variables. For all autocorrelation coefficient we use

a beta distribution while for the standard deviation we use a inverse gamma distribution.

Table 4: Estimation, Deep Parameters

Parameter Description Prior Posterior
Dist Mean St Dev Mean 95% Inter
o Inflation weight in Taylor Rule N 170 0.10 1.92 [1.76  2.08]
QR Lagged interest rate weight in Taylor Rule B 0.85 0.03 0.77 [0.74 0.81]
aw Weight on past productivity on wage indexation B 0.25 0.08 0.17 [0.04 0.29]
oy Output weight in Taylor Rule N 013 0.08 0.13 [0.01 0.25)
n Elasticity of subst. home and foreign goods ~ 1.00 0.25 0.97 [0.71 1.23]
Ne Elasticity of subst. consumption and housing goods ~y 1.00 0.25 0.12 [0.05 0.19]
n* Foreign demand elasticity of substitution ~v 025 0.08 0.19 [0.07 0.30]
YH Housing investment adjustment cost parameter 0 3.00 0.25 2.98 [2.48 3.49]
VK Capital investment adjustment cost parameter y 3.00 0.25 295 [2.46 3.43]
Tn Labor adjustment cost parameter ~ 3.00 0.25 1.80 [1.46 2.13]
VL Housing debt cost parameter y 0.1 0.09 0.29 [0.11 0.47]
Kp Weight on past inflation on foreign good indexation B 0.50 0.08 0.67 [0.55 0.79]
KH Weight on past inflation on home good indexation B 0.50 0.08 0.76 [0.66 0.86]
Kw Weight on past inflation on wages indexation g 0.85 0.03 0.85 [0.79 0.90]
o* Country premium elasticity to NFA position ~~t 1.00 Inf 0.34 [0.16 0.52]
be Habit formation in good consumption g 0.85 0.03 0.89 [0.86 0.92]
Ohh Habit formation in housing consumption g 0.85 0.03 0.81 [0.75 0.86]
Or Calvo param. foreign goods producers 8 0.50 0.08 0.72 [0.68 0.75]
O Calvo param. domestic goods producers 8 0.50 0.03 0.82 [0.80 0.84]
Ow Calvo param. wage setters 8 0.50 0.08 0.58 [0.51 0.65]
© Inverse Frisch elasticty v 7.50 1.50 8.37 [5.84 10.9]
Lhe Monitoring cost of corporate loan default 8 0.30 0.05 0.45 [0.36 0.54]
wF Monitoring cost of F bank default g 030  0.05 0.37 [0.26 0.47]
7574 Monitoring cost of H bank default g 030  0.05 0.30 [0.20  0.40
L Monitoring cost of housing loan default B 0.30 0.05 0.23 [0.14 0.32]
¢, Term premium elasticity to relative bond liquidity ~ 0.15 0.03 0.14 [0.08 0.20]

Notes.— Reported posterior means and standard deviations are based on full information maximum likelihood estimation and Laplace
approximation.
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Table 5: Estimation, exogenous variables AR1 processes

Shock process AR Prior Posterior S.D. Prior Posterior
Mean S.D Mean 90% HPD Mean S.D Mean 90% HPD
Non stat. productivity pa 0.25 0.08 0.37 [0.20 0.55] 100 X o, 0.50 Inf 0.38 [0.26 0.51]
Monetary Policy pem 0.15 0.08 0.26 [0.06 0.46] | 1000 x oem 0.50 Inf 1.4 [1.03 1.77]
Government spending pg 075 0.08 0.75 [0.62 0.88] 100 x oy, 0.50 Inf 1.77 [1.46 2.09]
Copper price ppee 075 0.08 0.89 [0.84 0.94] 100 x opeo 0.50 Inf 1.10 [0.90 1.30]
Foreign inflation pee 075 0.08 044 [0.37 052 | 100 x o 0.50 Inf 220 [1.79 2.62]
Foreign interest rate prw 075 0.08 0.89 [0.84 0.94] | 1000 x ogw 0.50 Inf 1.10 [0.84 1.36]
Entrepreneurs risk poe 075 0.08 0.96 [0.93 0.99] | 100x o, 050 Inf 242 [1.77 3.07]
Corporate bank risk per 0.75 0.08 0.70 [0.56 0.85] 10xo,r 050 Inf 1.02 [0.46 1.59]
Housing bank risk per  0.75 0.08 0.77 [0.61 0.92] 10x o,u  0.50 Inf 0.23 [0.04 0.42]
Housing valuation risk por 075 0.08 0.92 [0.86 0.98] 10x 0,1 050 Inf 5.39 [1.56 9.22]
Current consumption prefs. | p, 0.75 0.08 0.38 [0.28 0.49] 10 x o, 0.50 Inf 3.35 [1.78 4.91]
Housing consumption prefs | pen 0.75  0.08 0.93 [0.90 0.95] 10 x ogn 050 Inf 1.42 [0.66 2.18]
Investment mg. eff.(K) pei 0.75 0.08 0.57 [0.42 0.72] 10xoer 050 Inf 0.69 [0.41 0.96]
Investment mg. eff.(H) pen 075 0.08  0.88 [0.78 0.98] 10 X o¢in 0.50 Inf 1.75 [0.89 2.61]
Import prices pem 0.75 0.08 0.85 [0.76 0.93] 100 x ggm  0.50 Inf 2.56 [1.93 3.19]
Labor disutility pen 075 0.08 0.75 [0.60 0.89] 10 X o¢n 0.50 Inf 3.86 [1.38 6.34]
Country premium per 075 0.08 0.84 [0.75 0.92] | 1000 x ogr 0.50 Inf 0.65 [0.50 0.79]
Banker dividend pew 075 008 0.82 [0.72 093] | 10xoew 050 Inf 256 [1.93 3.19]
Entrepreneur dividend pexe 075 0.08 0.45 [0.34 0.56] 10 x ogxe  0.50  Inf 2.02 [1.53 2.51]
Banker required return peroe 0.75 0.08 0.83 [0.74 0.92] 10 X ggroe  0.50 Inf 0.37 [0.26 0.48]
Foreign demand pev=  0.85 0.08 0.90 [0.79 1.02] | 100 X ggs~ 0.50 Inf 0.24 [0.04 0.44]
Mining productivity peveo 0.85 0.08 0.80 [0.63 0.97] 100 X ogveo  0.50 Inf 3.23 [2.63 3.82]
Stat. productivity p. 085 008 084 [0.76 093] | 100xo. 050 Inf 1.22 [0.91 1.53]
UIP shock pe 075 008 0.96 [0.93 0.98 | 1000x 0, 050 Inf 1.64 [0.76 2.52]
Liquidity costs per 0.75 0.05 0.76 [0.66 0.86] 100 x oz 0.50 Inf 0.09 [0.02 0.17]

Notes.— Reported posterior means and standard deviations are based on full information maximum likelihood estimation and Laplace
approximation. All of the autocorrelation parameters were estimated assuming a beta distribution while the standard deviation
parameters were estimated using an inverse gamma distribution.
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4 Results

4.1 Macro-financial implications of the CCyB

Figure 2: Response of real variables to a CCyB Shock
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Notes.— The figure shows the the impulse response to a CCyB shock (ereq,0 = 1%) that follows the AR(1) process CCyBi11 =
0.9175 - CCyB¢ + ereq,t as shown in the upper left figure. The vertical axis of the figures corresponds to percentage deviations from

steady state (%) and quarterly basis points (BP).

Figure 3: Response of financial variables to a CCyB Shock
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Notes.— The figure shows the the impulse response to a CCyB shock (ereq,0 = 1%) that follows the AR(1) process CCyBiy1 =
0.9175- CCyBi + ereq,t- The vertical axis of the figures corresponds to percentage deviations from steady state (%) and quarterly basis

points (BP).

4.2 Optimal Simple Implementable Rule (SIR)

In this subsection we perform a welfare analysis to find optimal SIRs. In doing so, we define a SIR as a CCyB rule

of the form CCyB;(6) = X;0, where X; is a matrix of time-varying variables that will trigger the CCyB mechanism
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in our model, and 6 is a vector of weights on these variables. To find the optimal SIR we perform a welfare analysis
in the spirit of Carrillo et al. (2021) and define the welfare of the economy, W (), as function of the parameters 6

using the equation (2) as follows

_LUﬁR _ o gt L (A 7 o 1—an(”i(9))1+w
WO) = 30 Eiod > pla |7, (Ci0) - @@l ST — (85)

To compare the welfare gains or losses resulting from activating the CCyB rule, we use as a baseline welfare, Wb@s¢,
the welfare of the economy without a CCyB rule, i.e., with § = 0. To define W€ we use the perpetuity of welfare
in stochastic steady state, obtaining following the expression

ILLUR

W = W (0l =0) = >

%

ni (0]6 = 0))' "7
1+¢

1 L PR
1— Bz [1—0’ (Csa(a|0 - 0)) - @53(9|0 - O)Ass

] (86)

To obtain a meaningful interpretation of the changes in welfare after implementing a SIR, the economy’s gains or
losses are expressed in consumption units. To do so, we define a consumption equivalent, C¢, as the permanent
change in consumption that equals the welfare of the economy with a SIR, W(#), and the welfare of the economy
without a SIR, W%®¢_ In other words, it is the level of permanent consumption required to offset the welfare
gains/losses from implementing a certain SIR. From (1) we know that the consumption (Z*g is an aggregate goods,
composed of housing and consumer final goods, so we define the consumption equivalent as the consumption C*¢

that solves

W(0) = W(C°|0 = 0) (87)
& 1 Ni (e 1=o i (e 1o (nas(C€l0 = 0))1%}
= Z T Lg (Cliceo=0)) - 6L (cl =0)aL; o ] (88)
with
CLC =0 = (1= 06) & (CL0 =001+ C) & + (o) (HL - 0m) & | (59)
6L, (C716 = 0) =%1, (€716 = )47, (Ci(celo =) (90)
(7eu(C10 =0)" =z (¢ (Cicelo=0)))" (91)

Therefore, when C¢ > 0 there is a welfare gain from implementing the SIR with respect to the baseline scenario.
To keep the analysis simple, we will perform our analysis using SIRs of only two factors, i.e., § = (61,602) and
CCyBy = 61 X1 4 + 02 X5, where the variables (X 4, X2 ) will define different implementation rules. In order to
find optimal SIRs we look for the weights (61, ) that maximize the welfare for a given set of variables (X ¢, Xa,).

First, the Figure 4 shows how the welfare defined in (88) changes when implementing an SIR of the type

A(Rln R)t

CCth = 91 10g (A(RLR)f

) 40y CCyB,_, (92)
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with A(Rp, R): is the rate spread between the commercial rate and the risk-free rate and for different values for

01 and 0.

Figure 4: Consumption Equivalente for rule (92)
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Notes.—  This figure shows the consumption equivalent for  different values of 6; and  6a.

We can see that there are non-negligible welfare gains from using this SIFR. In the first place, we can note the
counter-cyclical nature of the rule by releasing CCyB when the rate spread increases (negative sign of 6, ), and also,
the welfare gains obtained are higher when the capital adjustment can be carried out more quickly (less 63) which

is in line with active capital management by banks.

TO BE COMPLETED

4.3 Optimal SIR with ELB

To be completed
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Figure 5: Steady state for different capital requirements
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Note: The figure shows the steady state for different levels of basic capital.

5 Conclusion

In this paper we have evaluated the welfare implications of introducing a countercyclical buffer rule which is simple
and implementable. We do so by building a macro-banking model with two inefficiencies: nominal rigidities and
financial frictions. This gives room for monetary and financial policies to be desirable. We use our model to study
the functional form of a SIR for financial policy. Further, we argue that the countercyclical nature of the CCyB

and its institutional design (zero lower bound) imply a rationale for a neutral positive level of the buffer.

To be completed
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ONLINE APPENDIX

A Stationary Equilibrium Conditions

In the model described in the previous sections, real variables in uppercase contain a unit root in equilibrium due to the presence of the
non-stationary productivity vector A¢. Uppercase nominal variables contain an additional unit root given by the non-stationarity of
the price level. In this section we show the stationary version of the model, where we define ax = A¢/A;_1, and all lowercase variables
denote the stationary counterpart of the original variables, obtained by dividing them by its co-integration vector(A¢ or P).

The rational expectations equilibrium of the stationary version of the model is then the set of sequences for the endogenous
variables such that for a given set of initial values and exogenous processes the following conditions are satisfied:
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Impatient Households
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Bankers and Banking System
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A.15

Aggregation and Market Clearing
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The exogenous processes are:

log(zt/2) = pz log(zt—1/2) + uf
log(at/a) = palog(ar—1/a) + uf
log(£1'/€™) = pen log(€1" 1 /€™) + uf "
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log(nf /7*) = pa+ log(mf_y /m*) +uf”
log(R} /RW) = ppw log(R}Y 1 /RW) + uf"
log(y7 /y*) = py= log(yi_1/y*) +u!”
log(pC* /pC%*) = pycon log(pe% /pCo) + ub”
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Donde todas las perturbaciones u? se distribuyen normalmente con media cero y o7 desviacién estandar: 'u,? ~ N(0, (0-7)2)
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B Steady State Computation

In this section we show how to compute the steady state for a given value of most of the parameters and all exogenous variables in the
long run, except for:

RW, m*, oF ol o¢ ol g, y©°, y*, 0p, ren*, £".
that are determined endogenously by imposing values for the steady state of the following endogenous variables:

s, 61 =1, £R7 RD, pPDF = PDH, n, Ignom,BL7 Rnom,l} RL, pH, rhik :th/th s9 = g/gdpn, sCo :pco*ycoTeT/gdpn,
bl *qBL bsC
gdpn* ¥SG = gdpn

st = tb/gdpn, s®* = b*rer/gdpn, aprg =

Start with (4), (5), (6), (87) (88) and (89):

R:wa"; RP =R, R*= R; r=xl; w*= 7|-; RW=R—*
ﬁU s s ER
From (65), (74) and (111), (112):
oLH _ LF _H _F
From (84), (113) and (114) :
W =W = 2W — on
From (64), (73), (83), (62),(63), (71),(72), (81), (82), (118), (120) and (122):
pl=p"=w=1
—1
meH = &
€n
-1
mef = &£
€r
—1
meW = W
ew
g =8F =g =1
From (55) and (57):
" =1/¢
Bupp?H Nu+1
g i < )
NH ¢ih BppPH
Bup & 1 e
From (14) and (121):
R =x(1-46g)
n=mn
From (35), (37), (38), (39) and (47):
_ am
pt =pM" =pF

From (40), (106), RP and using PD¥ = PDH

1 D
PDP = — (1—R> = pPDH = pp”

D RP
From (12)
BL RNom,BL
RBL —
™
aU
Brp RBL
From (17), (19) and (20)
RNom,I
RI =
T
RI = R!
o1
RI — kg



" =4q
From (7) and (8)
RBB _ RBL
From (107)
RBB _ RBB
1—~ypPDH
From (109)
BB = L
RBB — kpp
From (108)
¢BL = 1
RBL — kg
Al=a
Numerical solution for @¥ and o using (42), (44) and (46)
1— D
o = [L-rr (a7.07)] (527) 25 o0
¢F p
PDF — Fp (@F,07) =0

Numerical solution for @ and o using (48), (51) and (53)
1-— RBB
ot — [17FH (azH,aHﬂ (ﬂ) Sr=0
¢u p

PDH _ Fy (@H,UH) -0

Then, from (44) and (51):
RF — ¢FPF
1-TF ((I)F, O'F)
drp

RHE =
1-Tpy (@H,0H)
(44), (45), (26) and (31). Later combine (28) and (45) to obtain

TL(@,0%) ~ peGL(E%,09) (=X RE _
I, (we, o°) arm

Numerical solution for @€ and o¢: Use (33) in (32), then use

RE R =0
Te (@°,0¢) — peGe (@°,0°)

PD = F, (@°)

From (34):
Numerical solution for @ and of: use (51) and (24) in (22). Also, use (52) in (18)
I (@, 01) — ur Gy (@1, 07) B BrRH —0
I (@, 0f) a’m
I RHG! _
™ [FI (@Iv UI) - .U‘IGI (‘DI: UI)]

From (25):
PD! = F; (@I)
From (30), (26), (31) and (45):
e RFan
am [T (@°) — peGe (@°)] + [1 = Te (@°)] (1 = xe) R
From (27):
=gk {R? o 51()]
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From (66) and (69):

From (67), (68), (116), (117) and (54) :

1
l:a“ (1—a)l—® mczz] tra
w =

(Tk:)a
a _w
k= - anﬁa
k [e3
yZ =2 (7> ﬁl—a
a
A
ik {1—(1—5;()/0,}
gz
Also, from (115)
H _ a?
Yy = ="
From (26), (29), (30), (31) and (33):
Req¥k

W= 1= Te (@) =
ne = (1 — xe£Xe )y
c® = xe&Xenp®
re (@°)
(1 —TF @F)) [0 (@) — peGe (@°)]

¥ =q¢%k—ne

P

From (43), (41) and (104):

R
dF = F _F
av = dF/BOU
From 7k = a"h/¢K K (56) to (58):
b Th’quk
= qu
7:AH:h(lNH 1_ 1—-46gy
gih a
1 (pApH )NH+1
-H -AH H
) 1 _ ool

a

From (59), (60) and (61):
1
o [t
pf=|—2 1
1-w
From (70):
rer = mchF/fm

Numerical solution for I, iterating over the following equation up until Al ~ 0 (see Appendix B.1)

Al = gdpn — (cP +cl +i+ i + s9gdpn + stbgdpn)

From (18): -
po el
") RHqH
from (50): . -
e’ =¢uq-l

From (36), (37), (39) and (49):
n? =ef +ef
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nb

b _
T T e
b = xpeXoyt
quH

BT = (1~ )

qBB
Then, from (93):
B i ’)/DPDDRDdF 4 +"{BBPDHRBBqB~BbbT0t + peGe (@e) Req~Kk
v= am +urGr ((:)I) RHthI +ugGy ((Z)H) RHquH + urGp ((:)F) RFIF
From (128), (91), (129), (59), (60), (61), (119), (94) and (95):
pHyH 4 (pF)in (pF — rer{mEF) l-w)v—v
1—5C0 — (1—stb) (pF)™" (pF — rerémEF) (1 — w)

gdpn =

From their definitions:

th = stbgdpn

g = s9gdpn
yCo = sC°gdpn
pCoxrer
peTot _ 8" gdpn

rer

From (60), (61),(90), (91), (94), (95) , (119) and (128):
yC =gdpn+v —tb
e = (1-w)(p") "y
e =w(p™)™my

gt — yH _ pH

yF = 2F
m = yF=F
From (96): P ,
h =h—h
From (23):

From (21) and (16):

I 1— Pe
oo = wrme pos (< 12%)

Then from (15) we can compute

From (16):

From (21) and (22)

bleBL
gdpn

bs<
gdpn

Use ratios aprg = and agg =

gdpn
b¢ = apro 4BL

bsC = apsagdpn
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Then from (102) and (103), and normalizing bl®B =1
bl = bl

bstm = —bs®

We can solve for bond holdings of the unrestricted households Also, from (99), (100) and (101)

b v bsPT
ST = pU
b*Tot

U _
b*Y = o
bbU _ bbtot
= @U

Then using the (exogenously given) ratio of long to short term instruments held by the unrestricted patient household, wpy,
wpy * (bs* + rer + b*U + dV) — bV ¢BB

dBL

bl =

We can then, using (98) results in long term bonds held by the restricted household of

i — biP™ — oyblY
1-pu
From 102
bi®E =1

Next, we solve for ht, c® ¢® M. From (10) and (11) and the restricted household budget constraint (13)

BLyR ( REL
gBlolt (B2 1) 4 up

hft =
H
g — (1 —6g) + aux:
with auxq
H ne (1—op) (1— 2on
auzy = (a)7"e T (gh)TNe (q——a—ama-f’qH) 2l " )
or o (1= %)
and
cR:hRauxl
From (9):
" A
na—1 na—1 na—1
i nezo
"R 7~ (R P & n nh ¢hh)) el
= 1—04)"C 1— ~) "¢ 1
e e O AR I Gl
From (10):

AR = (B)T7 (1=o0g) el
(CIEraes

_ WP — (1 —py)ht
U

Also, from (97) we get

which together with (2) and (3) lets us solve for ¢V

Y =Y (a)7e " (gM) me (ﬂ —(1-3dy)a7q¢"
Bp

From (1) we solve for ¢V

and from (2) we obtain AU
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From (76):
AP = ouAY + (1 - pp) AR

From (92):
" =puc’ +(1-pu)c

c=cP 4+

From (123), (124), (125), (126)

From (79), (80) and (77):

(pu®Y + (1 —py)©F) + 07

0= =1
2
From (75) and (78):
AW — AP 4\ ¢ = meW AW w
2 one
From (127) and (130):
gdp=C+’i+ih+g+xH*+ycof
R* tb
ren* = b* (17 )77+(17X)p00*y00
am* rer

From (7) and (105)
LS — ByRBLa™ — 1

From (105) :
(b= bS
From (85):
R BL RPL Cox, C
T =g+ dia — bs® (—71) — ¢BLuC (771> — xrerp®*y~°
am a
From (86):
T T
gdpn
Finally, from (63), (72) and (82):
FH (p™) e yHmcH FF = B FyFmc” W @ W 1T mWV

1— Buplgal~7

T 1-pypbralt=c’

147((wUP6UP+07:Up)ﬁRPHﬁI)awuﬂ_a
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B.1 Numerical solution for [

First, guess 1. Then, from (18) solve for h':

. RIgLiH
T GIRHgH
From (50) and (49):
T = (1 — ¢p1) i
- H ¢BB

Then, from (93):
o i ( ’yDPDDRDdF + +,YBBPDHRBBqB~BbbT0t +U5Ge (L:IE) chf(k )
" am \ +eiGr (@) REgHR + pg Gy (@) RE¢EH + ppGr (@) RFIF
From (128), (91), (129), (59), (60), (61), (119), (94) and (95):

pyH + ()77 (pf —reré™=F) (1 —w)v —v
1— s — (1—st) (pF) 7" (pF' — rere™EF) (1 — w)

From (96):

hP =h—n!
From (23):
From (21) and (16):

I 1— Pe
oo = (e e (2 02%)

€] G
. pr and agg = by

Use ratios « =
BLG = Sipng

gdpn

gdpn
b¢ =apra JPL

bsC = apsggdpn
Then from (102) and (103), and normalizing bi°5 = 0

b = —p1¢
bstm = —bs@
Also, from (99) and (100)
b Pr pbtot
bs¥ = 2, wV =
§ 5
Use ratio s®* = b*rer/gdpn, and (101)
b*Tot
b*Tot = s « gdpn/rer, bV =

U
©
Then using the ratio of long to short term instruments held by the unrestricted patient household, wpy,
wpy * (bs* + rer x b*U 4+ dV) — bV BB

dBL

bl =

which using (98) results in long term bonds held by the restricted household of
bIPT — bV
1—pu

bt =

From (10) and (11) and the restricted household budget constraint (13)

BLyR ( REL
gl (B2 1) 4 up

hft =
H
g — (1 - 6g) + aux:
with auxy
ne (1—op) (1 — 2on
auzy = (a)anc—l(gh)l—né (qgi _ (1 _ (SH)a—o'qH) C < p a )

- oe (1= %)
and

= hRauxl
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Also, from (97) we get

_ hP — (1= py)h®
U

which together with (2) and (3) lets us solve for cV

H
& = @re ey e (L (1= )t
Bp

From (92): - v n
" =pyc” +(1—pu)c

Then, the following equation must hold:
gdpn = vl +i+if+ s9gdpn + stbgdpn
If it does not, update guess of I and repeat.
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C Steady state for capital requirements comparative statics

For a given value of capital requirements ¢, ¢; we use estimated and calibrated parameters: related to real sector a, aBSG  oBLG,

Bu, Brs Br1, 0K, 0K, €F, €m, €w, NH, Kk, KBL, KBB, 0, X, W, WU, WBL, 1, 1", Na, 0F, 01, 0w, n¢,; financial sector : Xb, Xe; Vd;
Vohs He, Hfs Hhy iy OF, of', of ol gXe ¢Xv; preference parameters and external sector parameters: Oas bc, Phns pPH o, wgl, a,

bict, LS g o, phok 7T pCo gx RW ¢h gi gih em gn ¢R 4 4Co » pG bsG, b*Tot to compute the steady state of the model
consistent with capital requirements different from that of the 2001-2019 period

Consider ¢" and ¢ total capital requirements including regulatory minimum capital, voluntary buffers and the neutral level (if
any) for the CCyB requirement.

¢F = (¢§eg + (bgol + CCyB)
" = 0.6(¢f., + 1o + CCyB)

Use (4), (5), (6), (87) (88) and (89):

From (65), (74) and (111), (112):

From (84), (113) and (114):

W =W =W =g

From (62),(63),(64), (71),(72),(73), (81), (82), (83), (118), (120) and (122):

T

pl=pF=w=1

From (55) and (57):

qH _ QNHOQO P
 gNH¢in BppeH
ﬂUP gz 1 Pa,d
From (14) and (121):
RH =7 (1-6p)
n=n
From (35), (37), (38), (39) and (47):
_ am
pH — pH — ,F —
1—xb
From (12) and (110)
RBL _ a?
BrP

From (7) and (8)

From (108)

Given oF and the previous result for RP, use a numerical solution for @¥ and RP using (42), (44) and (106)

o - [1-rr (0,07)] (525 22 =0

pD
pof - L (1B )
D RP
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And, from (44)
pF _ orp”
1- 1—‘F (‘DFz UF)

Next, given o and previous results for RBB | use (48), (51) and (107) to find @ and RBE numerically,
1— RBEB
ot — [1—FH (wH,aH)] ( ¢H) Sm=0
bH p

RBB — gRBB (1 ffyBHPDH>

Then, from (48), (53) and (109):
RH — ¢HPH
1-Tpy (@H,0H)
PDH = Fy (o, o)

B8 = L
RBB — kpp

Use (33) in (32), then use (44), (45), (26) and (31) to solve for @

TL(@,0%) ~ peGL(E%,09) (=X RF _ |
I (we,o°) arm

Then, from (34): . @)
PD¢ =F, (w

Combine (28) and (45) to obtain
RL _ RFJJe
Te (‘De: Ue) — peGe (‘Dev ‘76)

Go back to (33) in (32) to obtain

e

(1 -TF @F)) [M (@) — peGe' (@°)]

e {0

S+ [1- T @")] [Te () - peCe (wen}*l pror

From (27):

Numerical solution for @! using (51) and (22)

I (@, 0f) — uGy (@1, 07) B BrRE _
I (@, of) acrw

0

From (25): - <&I>

From (18) and (52)

m [ (!, 0!) — urGr (&!,01)]

and from (17), (19) and (20)

L 1
RI —xp,

q" =q"

Rl = R!

From (20) Nom 1 ,
R T =R'm

Using the normalization pf = 1, and from (66) and (69):

Z

p? = pme!
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From (67), (68), (116), (117) and (54) :

Also, from (115)

From (26), (29), (30), (31) and (33):

¥F = [1 - Te (@) ——

n® = (1 - xe€) v
¢ = XeEeU*

From (43), (41) and (104):

From (59), (60) and (61):

F

p =

From (70):

rer = mel pf’ /g™

dF — |F _ F

Next, we can find ¥, h!, ¢! solving the three equation system by (18), (23) and (21)

- RIgLiH
oI RHgH
H
= @—ﬁ-thI [(1—FI)R— —1} + gl
2 am

Then from (15) we can compute

el = (17%)% <cf (17%)) z +(oé)% (

and from (16) and (24), respectively:

Also, from (50):




From (39), (37), (36), and (49):
nb =ef 4 ef
b

b n
Ve XpEXP
? = xp&xy?
byt — qLIH — et

T T 4BB

From (40)
qBBbbTotPDH + dFPDF

qBBbbTot + dF

PDP =

From (90), (94), (61), (60) (95) and (119)

H Y
2= <ﬂ K
rer
oH = yH _ g Hx
c_ at!
Y w(pt)=n
af = (1—w)(p") " "y"
yF = 2F
m=yF=F
From (129) Cor &
th = pH ot 4 pCoryCorer — me™rer
From (93):

1 ( ’yDPDDRDdF + +’yBBPDHRBBqBBbbTOt + MeGe (we) Rquk; )

YT an \ +wGr (@) REgH B! 4 pp Gy (@) RE gL + jpGr (@F) REIF

Combine (91) and (128)
gdpn:yo—v-‘rtb

From their definitions:

s9=-9_
gdpn
Co _ yCopCo*TET
- gdpn
Sth tb
gdpn
Supply of soverign debt instruments is inelastic, thus use ratios agrg = gd:ri% and agg = gb;;n
gdpn
blG = aBLGq,ﬁ
bs® = apsaggdpn
From (102) and (103)
bPT = —pi®
bsFm = —bsC
bSU _ bsP'r
KJU
bbtot
bV =
KJU
Also, from (123), (124), (125), (126)
nP:g:nI nU = nR

Next, we implement a numerical search for s®* and 7™* (see Appendix C.1 ) using (78) and (128)

W}\W
onv
gdpn:cP+cI+iK+iH+g+tb

w
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Then from its definition, we have

peTot _ sP* gdpn

rer
From (130)
e s R* th
ren” =1 (1 B ﬁ) - =4 (1) Py

From r"* = ¢ h/¢Kk, (56) to (58):

rhokgK |
qH

et [ (15
- gih a

N 1
1_(p<pH) Ht
-H _ AH H a

h =

i =iy L
a

From (96) . ,

h" =h—h
From (101)

b*U B pxTot

- U
&

Then using the (exogenously given) ratio of long to short term instruments held by the unrestricted patient household, wpy,
wpy * (bs® + rer + b*U + dV) — bV ¢BEB

dBL

bl" =

We can then, using (98) results in long term bonds held by the restricted household of

BPT — opbl?
1-pu

it

From (102)
b8 =1

From (10) and (11) and the restricted household budget constraint (13)

)n@ (1—o0p) (1_ %)

H
auzy = (a)a'qcafl(fh)lfné (qﬂip _ (1 _ aH)afuqH

gPEOR (B2Z — 1) 4

hft =
g — %(1 —6y) + auzy
P = hBauzy
From (9):
"
. na—1 L b na—1 @%
R O AR T )
a
From (10):
1
“ A
AR — {(g%)*"} (1—og)e )@
ch (1 - ‘i‘)
From (97)

From (2) and (3)

H
¢ = h¥(a)7e T (gh) e (q— ~(1—6dm)aq"
Bp
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From (1)

From (2)
AU — (éU>7G (1-o05) e \"@
cV <1 — %)
F 76):
rom (70 AP = puA? + (1 - pu) A"
From (92):

" =puc’ + (1 -pv)cf; c=cP+c

From (79) and (80):

o (UJUp@U =+ (1 —UJU) @R) + @I -1
5 =

From (75)
W AP+ A
2
From (7) and (105)
S — By RBLa—7 — 1

From (105) :

¢E =S
From (85):

: G R BL;G RBL Cox, Co
T = g + dia — bs E_l —q° bl T_l — xrerp~*y

From (86):

T T

 gdpn
Finally, from (63), (72) and (82):
PR L i B 09 meV
1 - BypOgal=—c’ 1 - Bypbral=c’ 1_ ((WUPﬁUP+(1—2wUP)5RP)+ﬁI) Oy al—o

C.1 Numerical solution for (s, r*)

Tterate on (s*, r?*) until A ~ 0

e — meW AW
A = ony
—gdpn +cP +cf +iK i g4 tb

For each guess of (s**, r"'*) we have

b
b*,Tot — s *gdpn
rer
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From 7k = a"h/¢K K (56) to (58):

=t - ()
- gih a

Npg+1
( ¢H) H

a
®o H
1- =
From (96)
R =h —n!
From (101)
b*Tot
b*U —

S/‘)U
Then using the (exogenously given) ratio of long to short term instruments held by the unrestricted patient household, wpr,

bt — wpr * (bs* + rer * U 4+ dU) — bV gBB

4BL
We can then, using (98) results in long term bonds held by the restricted household of

blPT — o blV
it = T PU
1-pu
From (102)

blF =1
From (10) and (11) and the restricted household budget constraint (13)

- (1—o0p) (1 - 2ok
aury = (a)gné_l(ﬁh)l_’?é (i -(1- 5H)a*0qH)nc ( °c) ( a )
Bp o

e 1T (1) +

qH — %(1 —6m) + auzy

B =hnt
From (9):

auxy

=la —00)% (CR (1 B ¢;c>> "f; . (Oé)% (ghh (1 ) %)) nsc:l o1
From (10): -
()’
From (97) o
"= U :
From (2) and (3)
o < anegyre (1 gyyaregr)'© 00 (2 22)
From (1)
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From (2)

From (76):

From (92):

From (79) and (80):

From (75)

Check if A =0

o

U o\ [ (L—og)e” %
- (55E)

AP =ppAY + (1 —pp) AT

M =puc’ +(1-pv)c e=cP

UJUp@U + (1 —wU)GR) + @I _
2 =

1

)\W_)‘PJ’_)‘I
T2

meW AWy

A= " = ong

©
—gdpn+cP + el +iK 4+ iH 4 g4 tb
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