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The objective of this work is to assess the effect of implementing countercyclical macroprudential regulation in
Mexico with the objective of verify whether this type of policy is welfare-improving. Using a DSGE model, two
kinds of macroprudential rules are tested: countercyclical bank capital requirements and countercyclical loan-
to-value ratios. Results suggest that these rules are welfare-improving and avoid the formation of credit bubbles
as well as facilitate loans in the presence of macroeconomic crises. Results suggest that the use of countercyclical
rules is effective in keeping the debt level according to its long-term equilibrium. This paper presents a
theoretical framework to analyze banking regulation for policy purposes and is the first attempt to analyze
countercyclical regulation in Mexico using a microfounded model. Results can be used to rationalize the use of
macroprudential tools during the COVID-19 pandemic given the current interventions in the Mexican banking
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1. Introduction

The Great Recession opened a broad discussion about increasing banking regulation to mitigate
future financial risks. Since then, global organizations and local governments have proposed a
“macro” regulation for financial institutes, known as macroprudential policy, with the view toward
preserving banking stability. Supporters of these tools consider that macroprudential regulation is
the first line of defense for banking stability, preferable over the usual monetary and fiscal policies.
Nevertheless, its use and assessment are pending, and empirical research about its effectiveness is
still limited.

The Bank for International Settlements (BIS) consistently emphasizes among its members the
main role of countercyclical capital buffers as an instrument to reduce credit bubbles that can
produce economic crises (BCBS, 2009). Its proposals to strengthen the resilience of the banking
sector include a reorganization of the national law for the coming years. Thus, diverse members had
analyzed the local effects of implementing these proposals before incorporating them into their rules.
One of its members is Mexico and several of its institutions had shown interest in this issue. In
particular, the Bank of Mexico (Banxico) presented some information about the use of countercyclical
capital buffers, given that there is no countercyclical regulation in the Mexican banking sector at this
moment2. Banxico showed evidence that countercyclical capital buffers could have been used in
2007-2009 and 2013-2017 because of the high increase in private credit (Banxico 2017a). Also,
Banxico pointed out that more research about the consequences of the use of this regulation is
needed to achieve a better conclusion about its effectiveness and social implications.

For this reason, the objective of this paper is to assess the quantitative effect of implementing
macroprudential regulation in Mexico and verify whether these rules have potential economic
benefits. Two time-varying instruments that respond to the credit-to-output ratio are analyzed:
countercyclical bank capital requirements (CBCR) and countercyclical loan-to-value ratios (CLTVR).
These rules are studied because they represent a simplification of other macroprudential tools that
affect the supply and the demand for credits in a banking systems3. The hypothesis behind why these
instruments can have positive effects on the social welfare is the following: CBCR can force banks to
hold more equity capital in the presence of a positive productivity shock so as to build buffers against
losses if a negative shock hits the economy in the future. Thus, they must smooth a boom or limit
credit growth beforehand as well as mitigate the adverse effects of a bust afterward. On the other
hand, CLTVR can limit or encourage debtors in keeping a certain level of loans according to economic
performance. So, CLTVR should avoid an excessive increase in loans when there are positive
productivity shocks and facilitate credits in the presence of negative shocks. Therefore, CLTVR can
potentially reduce bankruptcies, leading to a smaller macroeconomic bust.

2 The annual report of the Mexican Financial System Stability Council (CESF 2019) informs that the banking sector
does not require following some kind of countercyclical regulation.

% Blundell-Wignall and Roulet (2014) establish a list of different types of macroprudential regulation: policies to
influence balance sheets with respect to solvency and liquidity risks (countercyclical capital buffers); policies to
counter excessive risk-taking by non-bank borrowers and financial institution lenders (loan-to-value ratio
requirements); policies related to international interconnectedness issues/spill-overs (controls on international capital
flows or FX hedge programs); and policies to address counterparty risk and complex network effects (transaction
taxes).
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This work analyzes the effect of introducing CBCR and CLTVR on social welfare using a general
equilibrium model. Considering total factor productivity shocks and a second-order approximation
of the utility functions, I find that there is a set of welfare-improving rules that enhance the economy
compared to a situation where there is no macroprudential regulation. In particular, results show
that these macroprudential rules are effective in keeping the debt level according to its long-term
equilibrium, avoiding high and persistent credit cycles that could produce a banking crunch.

Relative to the previous literature, the main contribution of this paper is the analysis of CBCR and
CLTVR in a dynamic stochastic general equilibrium (DSGE) model where diverse welfare-maximizing
rules are established numerically for different economic agents. Hence, this methodology allows
setting a theoretical framework to analyze banking regulation for policy purposes in an emerging
economy, combining financial frictions, macroprudential tools, and welfare evaluation. In particular,
this paper is closely related to the study of Agenor and Jia (2020), Garcia-Barragan and Liu (2018),
Roldan-Pefia et al. (2016), and Sdmano (2011). The first two papers described open economy models
with banks and evaluated the welfare implication of the use of time-varying capital controls. On the
other hand, the other two papers tested the effectiveness of a macroprudential tool and its interaction
with the monetary policy for the Mexican case, using semi-structural models with a financial block.
These papers found that a macroprudential rule, in combination with a Taylor rule, provides a better
macroeconomic outcome than a Taylor rule alone.

In contrast, this methodology has some limitations. In particular, the model is not able to analyze
the interaction between macroprudential tools and other policies. For instance, Alpanda et al. (2018),
Bodenstein et al. (2014), and Carrillo et al. (2020) described the strategic behavior between
monetary and macroprudential policies and showed that the lack of coordination leads to large
welfare losses. Their findings emphasize the improvement in macroeconomic performance when
there is a correct synchronization between both instruments. Indeed, Carrillo et al. (2020) found
substantial gains in terms of compensating consumption variation from policy coordination,
considering both social welfare and quadratic loss functions as payoff functions.

This work builds on the necessity of many policymakers to find solutions to new difficulties in
financial performance, especially for emerging economies. Monetary and fiscal policies are poorly
suited to achieving banking stability, and may even undermine it. Thus, macroprudential tools can
provide a novel instrument to achieve financial and economic stability in complementarity with fiscal
prudence and inflation targeting. In particular, for an emerging economy, macroprudential tools will
become more relevant as its banking institutions grow, mainly because of the effect of technological
innovations that facilities the incorporation of low-income individuals in the financial sector. Also,
macroprudential rules have the potential to prevent financial imbalances and attenuate the impact
of significant shocks. For instance, the current COVID-19 pandemic represents the biggest shock to
the global economy since the Great Depression and the emerging economies are already suffering its
effects, so how much can macroprudential policy offset those effects? The full impact of the pandemic
is still uncertain but an initial answer to this question can be analyzed for the Mexican case in the
final section of this paper, showing how Banxico responded to the COVID-19 pandemic with
macroprudential tools as well as other policies.


https://www.sciencedirect.com/science/article/pii/S0264999317315225#!
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This paper is organized as follows. Section 2 provides a detailed explanation of the model,
considering the banking features and the interaction channels between the credit and real business
cycles. Section 3 seeks to identify the parameters consistent with the Mexican data. Section 4 explains
the methodology to compute the welfare analysis. Section 5 analyzes the main results and Section 6
discusses the issues related to the implementation of macroprudential regulation in Mexico.
Concluding remarks are contained in Section 7.

2. Model

The model is a DSGE model with real, nominal, and financial frictions, based on Alpanda et al. (2018),
Gerali et al. (2010), Iacoviello (2005), and Lama (2011). It represents the main characteristics of the
Mexican banking system and captures the dynamics of Mexican macroeconomic variables according
to business-cycle fluctuations. With this model, it is possible to estimate an alternative situation
where countercyclical macroprudential tools are implemented, comparing it with the current state
in which there are no countercyclical policies.

Following lacoviello (2005), there is a discrete-time, infinite horizon economy, populated by
households and entrepreneurs infinitely lived and of measure one, who have different degrees of
patience in their consumption preferences. The existence of diverse agents with different degrees of
patience guarantees the flow of financial assets between them. In the model, households are the
patient agents in the economy while entrepreneurs are the impatient representatives. Between them,
as in Gerali et al. (2010), there are transactions through an intermediary, the banking system, which
connects the financial resources between the offerors of savings and the credit claimants, making
profits for those transactions. In this way, households grant financial resources to the banks, which
use these assets to provide loans to entrepreneurs. Also, households offer their labor to
entrepreneurs in return for a wage in order to satisfy their spending on consumption and savings. On
the other hand, entrepreneurs convert their incomes and credits in consumption, labor hiring, and
physical capital expenditures. Moreover, entrepreneurs buy and sell capital in a perfectly competitive
market to the capital good producers, which have to pay adjustment costs whenever the investment
is changed. Besides, entrepreneurs sell all their intermediate production to a sector of retailers, who
have monopoly power and create differentiation in production prices, generating nominal rigidities
as in Leith and Liu (2016).

Additionally, as in Iacoviello (2005), entrepreneurs are subject to a collateral constraint such that
the maximum amount of real credit depends on a proportion of the expected value of their net worth
in the next period. This design allows linking the real variables with the financial ones through an
extra constraint in their maximization problem, which also represents a financial friction. Therefore,
there is a limit on their banking obligations considering their net worth, which depends on economic
performance. In this way, the model captures the procyclicality of the banking system and, at the
same time, the limitations faced by entrepreneurs when they require loans. For instance, the
correlation between the GDP and the total financing to the non-financial private sector from
commercial banks in Mexico is 0.35 from 2001 to 2019, such correlation can be appreciated in Figure
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1. In addition, similar to Lama (2011), the model captures that the Mexican economy is a net debtor,
so entrepreneurs have the capacity to borrow from abroad paying a risk premium+.
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Figure 1. Business and credit cycles.
Note: Percentage deviations of its sample mean without trend.
Source: INEGI and Banco de Mexico.

In the financial part of the model, consistent with Gerali et al. (2010), the banking sector is divided
into other branches: a wholesale bank and retail banks. The wholesale bank exchanges financial assets
between households and retail banks. This sector has no profits and requires accumulating bank
capital to provide credit to the retail banks, obeying a balance sheet restriction. On the other hand,
the retail banks receive credits from the wholesale bank and give them to the entrepreneurs, charging
them a differential in the net interest rates. This branch has market power, which ensures that the
loan rate is always higher than the deposit rate. In this way, the banking sector has different interest
rates at the same time, one interest rate for deposits and another one for credits. Thus, the model is
able to capture the spreads that there are in the Mexican banking system. In addition, the model
incorporates a central bank that sets the deposits interest rate according to the inflation and the
output gap, following a Taylor rule. Figure 2 displays the dynamics of these two net interest rates in
Mexicos.

Finally, similar to Alpanda et al. (2018), the model includes two simplified reaction functions that
represent the countercyclical macroprudential policies and respond to the credit-to-output ratio: a
rule for CBCR and a rule for CLTVR. The particular specification of these rules allows an examination
of an alternative situation where countercyclical rules are activated in comparison to a benchmark
economy, which has constant bank capital requirements and fixed loan-to-value ratios.

4 In this model, the banking sector does not have access to foreign deposits or external credits because almost all bank
financing comes from Mexico.

® Mier-y-Teran (2012) showed that there is a sluggish and incomplete pass-through of the monetary policy rate to bank
lending rates in Mexico.
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Figure 2. Net nominal interest rates (%)
Source: Banxico and CNBV.
2.1 Households

The representative household i chooses consumption cf (i), hours worked n,(i) and real deposits
d; (i) to maximize a lifetime utility function given by

ng (l)1+an

1+ 0y,

EOZWV [Iog D) -

where E, is the expectation operator, S is the discount factor of the household sector, y is a
normalizing constant for labor, and o, is the inverse of the Frisch elasticity of labor supply.
Households are subject to the following constraint

T4+rd)de (i
B + dp (D) < weng (i) + ST ;) SO
t

where w; is the real wage, P; is the price of the consumption good, 7; = P,/P;_; denotes the gross
inflation rate, rtd is the net nominal interest rate of deposits between the households and the
wholesale bank, and tr; are lump-sum profits received from the banking sector and the retailers

(because households are the owners of these sectors). The first-order conditions are:
1

A= o (1)
n;on
wy =y 27 (2)

H
M = Et{ﬂH(1+ rd) ”1} 3)

t+1
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where A¥ is the Lagrange multiplier of the budget constraint.

2.2 Entrepreneurs

The representative entrepreneur i chooses consumption c£ (i), labor input n; (i), loans from retailer
banks [, (©), foreign debt I (i), and physical capital k; (i) to maximize a lifetime utility function given
by

Eo;wﬁf[log 40)

where B is the discount factor for the business sector. Each entrepreneur is subject to the following
constraints:

Ye(®) = ApUer1 (D)* (ne ()¢ @
! .
cE(@D) + wen, (D) + plk. (D) — (1 — Ok, ()] + (1+7r )l @

C e e (5)
LD <y 41,0 + O
t
A +7rHL0) < mtEt{p£c+17Tt+1(1 — &k, (i)}- (6)

Equation (4) represents the production constraint where the final good y, uses capital and
labor as inputs. A; denotes the stochastic process for total factor productivity and « is the capital
share in the production function. Inequality (5) characterizes the budget constraint, where p¥ is the
real price of one unit of physical capital in terms of the consumption good, § is the physical rate of
depreciation, ! is the net nominal interest rate of loans between entrepreneurs and retail banks, 7;°
is the net nominal interest rate of foreign debt, r; is the external gross inflation rate, and p} is the
price at which they sell their products to retailers. Additionally, the external interest rate is

* U

(1 +77) = ¢(1 +1U5) (;—f) 7)

where ¢ represents the risk premium parameter, U5 is the net nominal interest rate of the US
economy, and v is the parameter that controls the elastic supply of foreign debt, as in Lama (2011).
Assuming that the law of one price is satisfied, the equation that links both external and local
inflations with the nominal exchange rate is:

Ty =M —. (8)

Inequality (6) represents the collateral constraint where the expected value of the
collateralizable physical capital stock at period t must be high enough to guarantee that retail banks
receive their payment. In this inequality, m; is the loan-to-value ratio, which can be interpreted as
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the amount of credit that banks make available to entrepreneurs for a given value of their physical
capital stocks. As in lacoviello (2005), £ < B in order to guarantee the flow of financial assets.
Indeed, this assumption implies a blinding collateral constraint at the steady-state, so entrepreneurs
always request for the largest possible amount of loans. However, when there is uncertainty (i.e.
stochastic productivity shocks), it may be the case that in some states of the economy entrepreneurs
want to borrow less than their credit limit in order to buffer their consumption against adverse
shocks or maybe they want to make default. Nevertheless, all exercises elaborated in this paper
contemplate sufficiently small shocks in the economy such a way that the collateral constraint is
always binding, and entrepreneurs pay their debts. In addition, productivity shocks are the drivers
of the business cycle in the model?, so the stochastic process for the total factor productivity is

A
Ar = A(l_"’A)Af_1 exp(ef). (9)

Consequently, after substituting (4) in (5), the first-order conditions of the entrepreneurs are:

1
Af = E (10)
w
we=(1-a) p;ty t (11)
1+ rl)
Af = E; {ﬁE}Lfﬂt—;"‘#t(l +17) (12)
+
1+7r
A =E, {W&%} (13)
t+1
Py
AEP? = E; {ﬁE}Lfﬂ [Pfﬂ(l -8+ a’%ttﬂ] + #tmt(l - 5)Pf+1”t+1} (14)

where Af is the Lagrange multiplier of the budget constraint and y, is the Lagrange multiplier of the
collateral constraint. In the case that the collateral constraint is not binding at time ¢ (i.e. u; = 0), it
is possible to find the standard uncovered interest rate parity condition using equations (8), (12),
and (13), implying that

e
(1+7r) = Et{(l +17) ;“}.
t

& This inequality represents a financial friction and affects the ability of the borrowers to manage their intertemporal
debt. There is evidence of this limitation in the Mexican economy according to the survey of Business Financing,
where Mexican firms point out that they face collateral restriction.

" Productivity shocks are the main driver of the Mexican economy according to Lama (2011). He showed that the total
factor productivity is the founder of the business cycle in Mexico using the business cycle accounting methodology
proposed by Chari et al. (2007). Potentially, other kinds of shocks can be incorporated in the model but the
computation of optimal countercyclical rules in Section 4 is numerically problematic. Also, the results did not change
since productivity shocks always prevail over the business cycle.
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Nevertheless, since the collateral constraint is always binding, it is not possible to derive a simple
expression between the local and the external interest rates. This happens because local and external
debts are not perfect substitutes, given that local debt is subject to a collateral constraint, while the
foreign debt depends on the total amount of the external loans.

2.3 Capital good producers

Capital good producers are used as a modeling device to derive a market price for physical capital,
which determines the value of available collateral. They choose the optimal level of investment and
follow a law of motion for physical capital accumulation that is subject to investment adjustment
costs, as in Schmitt-Grohé and Uribe (2003). Following Gerali et al. (2010), capital good producers
operate in a perfectly competitive market and use final consumption goods to produce capital goods.
At time ¢, they buy i, of final consumption goods and old undepreciated capital (1 — §)k;_; from
entrepreneurs. Next, they transform old undepreciated capital one-to-one into new capital while the

. 2
transformation of the final goods is subject to the adjustment costs function Uz—k (l—t - 1) . Therefore,

lg-1
capital good producers choose investment i; to maximize his lifetime profits function given by
Et Z(ABE)T_t <A_‘;> [p{_c( k‘r - (1 - 6‘)k‘r—l) - i‘r]
T=t t
Uk i’r 2 .
st ky=(1— 8k, + 1——(, —1) i, (15)
2 \iz_q

where vy, is the intensity of the adjustment costs. The adjustment costs function is convex and equal
to zero at the steady-state. Since entrepreneurs are the owners of this sector, future profits are again

discounted using the entrepreneurs’ stochastic discount factor, so the first-order condition is:
2

Uk ([ L¢ I¢ I¢
- -
pf[ 2\, "N~ Vi

E M1\ x L4 s\’
+ B E; JE | Peetk — -1l
t Lt Le

(16)

2.4 Banking system

As in Gerali et al. (2010), the banking sector in this model is divided into different
branches, a wholesale branch and a loan branch. In this way, the model is able to separate
the optimal decision on bank capital, according to the bank capital requirements, and the
optimal spread that the bank system charges when setting interest rates, generating a
differential between the deposit rate and the loan rate.

8 This effect is consistent with other models that incorporate domestic and foreign bonds with a collateral constraint,
as in Chang, Liu, and Spiegel (2015).
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2.4.1 Wholesale bank
Wholesale bank acts as an intermediary between households and retail banks, operates in a perfectly
competitive market and has to obey a balance sheet restriction

dt + Capt = lt (17)

where [, are the real loans from retail banks, d; are the real deposits from households, and Cap; is
the bank equity or bank capital (the real net worth of the bank system). Deposits and bank capital
are perfect substitutes from the point of view of the balance sheet to offer credits. However, bank
capital is accumulated according to a dividend policy, where the profits of the entire banking system
are distributed between the creation of new bank capital and the payment of dividends. This policy
is consistent with the following equation

m.Capy = (1 - 5cap)CaPt—1 + wPi_q (18)

where 6.4, represents the percentage of expenses destined to manage the bank capital, y, are the
profits of the entire banking system, and w is the proportion of profits destined to accumulate new
capital. Neither the wholesale bank nor the retail banks have control over this dividend rule, so bank
capital is an exogenous variable to them.

Subject to the balance sheet restriction, the wholesale bank chooses loans and deposits at
time ¢ to maximize the cash flow defined as

Ucap (Capt

¥l — T'tddt ) I, - Yt) Cap,

where 1 is the net interest rate of loans between the wholesale bank and retail banks, so r*[;
represents the income that the wholesale bank receives from retail banks because of the sale of
credits?. On the other hand, the other two terms represent the wholesale bank expenditures, where
the former represents the payment to households for the deposits and the latter represents the cost
of the wholesale activity related to the capital position of the bank. In other words, the last term
represents the cost that the wholesale bank has to pay to satisfy the banking regulation. In particular,
the wholesale bank pays a quadratic cost whenever the capital-to-assets ratio Cap,/l; moves away
from the target value y;, parameterized by v.q, > 0. Since d; = [; — Cap;, the unique first-order
condition with respect to [; is
2
T'tw = T'td — Ucap (C(ll—tpt - yt) (C(lltpt) (19)

where r" is equal to ¢ at the steady state because the wholesale bank obeys the banking regulation.

® The wholesale bank chooses loans and deposits to maximize the expected discounted sum of cash flows, which is a
dynamic problem. However, after several simplifications, the problem can be represented as a static cash flow.
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2.4.2 Retail banks

Retail banks are responsible for introducing market power that allows them to adjust rates on loans
to be greater than the deposit rates. Following Gerali et al. (2010), they are monopolistic competitors
on the loan markets, infinitely lived, and of measure one. At time ¢, they obtain credits from the
wholesale bank at rate r¥, differentiate them, and resell them to entrepreneurs. Also, each retail bank
faces quadratic adjustment costs a la Rotemberg in order to introduce sticky interest rates,
parameterized by v;. Thus, the representative retail bank j solves the following problem

2
max Etz(ﬁH)T t</1H> [r}(j)l,(])—r, L) - <TTT (8) 1) T‘L'll'r]

(s —€
s.t. zr(j)=<r’({)> L.
TT

Households are the owners of this sector, so future profits are again discounted using the

households’ stochastic discount factor. Therefore, the first-order condition is

v r}k rlk A rt ! 2 l
1—€e+ e%—vl <l—t— 1> <l—t> + BPE, <t—+Hl>vl <t—+ll— 1) <ill> =, (20)
T -1 -1 A¢ T e le

The price elasticity of demand for [,(j) is € > 1, which defines the value of the markup that retail
banks charge when setting interest rates and, consequently, the value of the spread between the
monetary policy rate and the retail loan rate. Thus, the markup can be defined as

at the steady-state, implying that ' > r", so the banking system always generates positive profits.

2.5 Retailers

Retailers incorporate sticky prices into the model. According to Leith and Liu (2016), they are
monopolistic competitors, infinitely lived, and of measure one. Each retailer buys y, from
entrepreneurs at price p{’ in a competitive market, differentiates the goods into y,(j), and sells them
at the nominal price P; (j). Also, each retailer faces a quadratic cost of adjusting nominal prices, which
depend on the ratio between the new reset price P, (j) and the one set during the previous period,
P:_1(j). As well as with the banking sector, households are the owners of the retail sector so future
profits are again discounted using the households’ stochastic discount factor. As a result, the
representative retailer solves the following problem



12 REMEF (The Mexican Journal of Economics and Finance)
Macroprudential regulation as part of the Mexican policy toolkit

C s (A \[(Pers@) 0 Pus() Y
{rgg%b"t;(ﬁ’*) <f> [( P, —pm)ym(/)—5(—Pt+s_1(].)—1) ym]

Pt+s(i>)‘f
Pt+S yt+s
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where 0 determines the rigidity degree and £ > 1 describes the Dixit-Stiglitz elasticity of substitution
among goods. Thus, the first-order condition is

A y
6(m, — D, = (1 =) + Ept’ + B0, {—;ﬁ (41 = Dty —;} (21)
t t

2.6 Monetary and macroprudential policies

As in Gerali et al. (2010), the central bank set the interest rate ¢ according to the equation

(1+7r9) = (1+ 7”td—1)¢R <(1 4 r_d) (%)%( Ve )¢y>(1—¢’R) 22

YVt-1

where ¢y, ¢r, and ¢,, characterize the weights assigned to the interest rate, inflation and output gap
stabilization, respectively. The countercyclical macroprudential rules are defined as

(el
_ Al (23)
Y V(yt y

bdm

m, = m@ / %) (24)

where ¢, and ¢, are the weights assigned to the credit-to-output ratio in the macroprudential tools,
so these parameters measure the sensitivity of each rule to the deviations of the credit-to-output
ratio with respect to its long-term equilibrium.

In this paper, two main cases are analyzed according to the values of ¢, and ¢,,, and used to
study the effects of introducing macroprudential regulation on social welfare. The first case is when
the model has ¢, = ¢, = 0, implying that CBCR and CLTVR are constant. This situation represents
a benchmark economy where there is no countercyclical regulation, so the wholesale bank acts
according to fixed banking regulation, and entrepreneurs are restricted by a constant loan-to-value
ratio. On the other hand, there is a second case where ¢, and ¢,, are positive, implying that

. . . . . l l .
macroprudential tools are activated. Thus, in the situation where ;t > S the countercyclical tool for
t

bank capital requirements will increase the bank capital, so y; > y in order to buffer the total debt
growth. Meanwhile, the countercyclical tool for the loan-to-value ratios will decrease the
entrepreneurs’ credit through their collateral constraint, so m; < m.
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2.7 Equilibrium

The profits of the entire banking system are defined as

Vean (€ 2 ! 2
W = ¢l —rfd, - Tp(% - Vt) Cap; — %(zr_t - ) rtly, (25)

Tt—1

the household sector is subject to the constraint

1478 ,)d,- 0
%Hl — W) +y (1—19%”—5(7&— 1)2) (26)

where the lump-sum profits from the banking sector and the retailers are now well defined?!?, and
the total consumption is

Cg-l + dt = tht +

ce =cl +cE. (27)

Given that the model includes the households’ budget constraint, an equilibrium condition in the final
good market is redundant. However, with equations (5), (18), (25), (26), and (27) at the steady state,
it is possible to derive an expression of this equilibrium condition, which is equal to

y=c+i+bqpCap+r-l".

Therefore, the equilibrium for this model is a set of sequences for the quantities
{cH,cE c,iv ke, ne, e, de 1, 1, Capy, U )22y together  with  the  sequence  of  prices
(e, pK, oV, we, t&, 1Y, vh 1, e} and values {A,, v, me, A, AE, 1,322 0 such that satisfy equations (1)
to (27) with the sequence of shocks {s{‘},‘?‘;o, given Ay, ko, do, Lo, Lo, Capo,rg,ra”, ré,rg, and eg. In the
absent of shocks, the model has a unique stationary equilibrium, all rigidities disappear, and the
entrepreneurs hit the borrowing constraint.

3. Calibration

The set of parameters is calibrated to match the main features of the Mexican data from 2001 Q1 to
2019 Q1 (in quarterly terms), considering the model equations at the steady-state.

The model integrates standard values for p4,6,and q, following Aguiar and Gopinath (2007),
and Garcia-Verdu (2005). The elasticity of substitution is 1.25 and the degree of nominal price
E-De
(1-@)(1-ppH)
of not changing prices each quarter. So, ¢ = 0.783 as in Ramos-Francia and Torres (2006), implying
that 68 = 3.945. The investment adjustment cost is equal to 0.2 considering Brzoza-Brzezina and
Makarski (2011). For the labor parameters, o, = 0.97 while yx is adjusted to obtain a consistent
fraction of full-time working hours, as in Adame et al. (2016). The households’ discount factor is
calibrated using equation (3) and the net real interest rate, which is equal to 0.516% per quarter,

rigidity is defined according to Leith and Liu (2016), where 6 = and ¢ is the probability

10 g (. — 1)%y, represents the inefficiency wedge generated by the Rotemberg adjustment costs.
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thus g = 0.995 (Banxico 2017b). The banking system markup is adjusted by equations (19) and
(20), and the implicit interest rate, which includes all the banking sector credits in Mexico (CNBV
2018), so € = 1.937. In addition, SF is consistent with this implicit interest rate and with a positive
u, thus Bf = 0.87.

For the reaction functions that represent the monetary and macroprudential policies, the
model incorporates the current banking regulation and the observed monetary policy reaction in
Mexico. Thus, 7 is equal to 11% according to CESF (2019) and m is equal to 64.4% by CESF (2013)
and CNBV (2012). Following Ramos-Francia and Torres (2005), ¢, ¢, and ¢, are equal to 0.58,
1.75, and 0.56, respectively. Since ¢,, and ¢,,, measure the sensitivity of each countercyclical policy,
they are equal to zero to reproduce the benchmark economy. Furthermore, 6.4, = 0.1, ® = 0.591,
Vcap = 10, and v;=3 to characterize the banking system dynamics, as in Gerali et al. (2010).

According to Lama (2011), for the parameters associated with the foreign debt, equation (7)
incorporates a highly elastic supply of funds because its purpose is to induce stationarity in the model
rather than to capture the behavior of the risk premium, so v is small. On the other hand, the value of
rYS is consistent with the U.S. policy interest rate, and ¢ is found using equations (7) and (13).

Figure 3 shows the dynamic cross-correlations for the Mexican data and the model. Two cases
are displayed: a model without rigidities and a benchmark economy where all frictions are activated.
Both cases only consider productivity shocks without macroprudential policy. In the case without
frictions, the model does not capture correctly the empirical correlation. In particular, the investment
dynamics are distant from the confidence interval for several correlations. On the contrary, the
benchmark economy performs better results as it gets closer to the data, especially for t equal to -1,
0, and 1. However, the benchmark economy incorporates a more persistent correlation between the
variables in comparison to the empirical point estimates!2.

Y §eapr W, Veqp, and v are similar between the member of the BIS since they have an analogous banking regulation,
which standardizes the banking business of each country in order to avoid regulatory arbitrage.

12 Other papers had found that a banking sector amplifies the reaction of the variables in a DSGE model, increasing
their correlations. For instance, Garcia-Cicco et al. (2017) found that the interaction between the real economy and
the banking sector creates an amplification of shocks, given that the banking sector increases the channels where the
shocks can propagate.
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Figure 3. Dynamic cross-correlations.
Note: dynamic cross-correlations are computed with a simulation of 10,000 draws where the first 10% of the
sample was eliminated. Confidence intervals are consistent with the methodology of Christiano etal. (2014).
Source: Own elaboration.

4. Welfare Analysis

The next step is to find numerically the adequate reaction that the macroprudential rules must have.
Thus, it is necessary to test the possible values that the parameters ¢,, and ¢, can take, verifying
which one of them improves or damages the welfare of each agent in comparison to the benchmark
economy. To find the best pair (¢, ¢, ), a mesh is constructed where each direction represents a
parameter that goes from 0 to a maximum value in such a way that it covers many values between
those numbers. The maximum value is found until the Blanchard-Kahn conditions are no longer
satisfied (i.e. when the model does not have a stable solution). This mesh has a sufficiently large
number of pairs (¢, ¢,) that are evaluated into the model using stochastic simulations of
productivity shocks. After evaluating each pair, a welfare assessment is elaborated for households
and entrepreneurs, separately. The welfare estimation is based on a second-order approximation to
the households’ and entrepreneurs’ period utility functions around the deterministic steady state,
following the process developed by Schmitt-Grohé and Uribe (2004)13.
The households’ welfare is calculated as follows:

1. Since the present discount value of the households’ utility function is
H N Hys yH N Hys H Meas'n
UF = B ) (B Vi = B ) (8" [logefl, — x
+ oy
s=0 s=0
where V! = VH(cH,n,) is the period utility function, the second-order approximation to V{

around the deterministic steady state is

13 They showed that first-order approximation techniques are not appropriate for welfare comparisons across different
policy environments.
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Figure 4. Welfare evaluation.

Note: The red star represents the pair that maximizes the welfare of each sector, which can be identified by
being close to the yellow color and far from the blue color. Additionally, the contour lines are added to
observe more details about the behavior of the percent change of welfare.

Source: Own elaboration.

3. Since E.cf']=cf, E.n=n, and E/[(cF —c")?] =Var[cl —c?] - E.[cl — c"]? the
households’ welfare can be written as

nitom  1Var[cf] 1
le] 1 ann“"‘lVar[nt]}

L
8¢ "X ta, 2 (M2 2

Wi =
t 1_ﬂH

Therefore, to compute the households’ welfare under different policy rules, it is only necessary
to calculate the variances of consumption and labor across simulations of productivity shocks and

plug them into W/, In the same way, after several steps, the entrepreneurs’ welfare is
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Figure 4 shows the welfare’s percent change for each agent, using each pair (¢, ¢, ) of the mesh.
In the charts, it can be appreciated that the implementation of CBCR and CLTVR, represented by
positive values of ¢, and ¢, has positive effects on welfare, especially for CBCR. In particular, the
best macroprudential regulation for households is (¢m, ¢y) = (0,5.5), while entrepreneurs prefer
(qu,qby) = (5.5,5.5). In terms of the standard compensating consumption variation, these pairs
represent a gain in consumption of 3.42x (107%)% and 0.018% in comparison to the benchmark
economy, respectively.

5. Results

According to the previous findings, it is better to use ¢, = 5.5 for both agents, but there is a
discrepancy regarding the value of ¢,,. Households prefer a value equal to zero while entrepreneurs
reach their maximum welfare gain with a value of 5.5. This means that there is a set of
macroprudential rules such that (¢m,¢y) = (¢,5.5), with ¢€[0,5.5], which generates a welfare
improvement for the economy in comparison to the benchmark situation. However, there is a trade-
off between the households’ welfare and the entrepreneurs’ welfare on these rules. Hence, this paper
analyzes a particular case where both agents receive the same improvement in terms of their own
percent change of welfare. To find this case, it is necessary to normalize the percent change of welfare
for each agent in order to make them comparable. So, when ¢, = 5.5 and ¢¢€[0,5.5], each welfare’s
percent change is divided by the maximum possible value in such a way that the best pair (¢, )
of each agent is equal to 1 (and equal to 0 for the benchmark economy because there is no
improvement in this case). Therefore, the pair (d)m, ¢y) = (3.25,5.5) generates the same percentage
improvement for both agents in comparison to the economy without macroprudential rules. Figure
5 displays these results.
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Figure 5. Welfare (percent change, normalized)
Source: Own elaboration.
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As a result, now it is possible to analyze how CBCR and CLTVR affect the economy and verify
whether these rules meeting their goals of banking stability. This means that these instruments
should smooth a credit boom (or a credit crunch) and avoid a situation where the economy is
indebted beyond (or below) its long-term equilibrium.
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Figure 6. Impulse-response functions.
Note: All rates are shown as absolute deviations from steady state, expressed in percentage points. All others
variables are percentage deviations from steady state.
Source: Own elaboration.
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Figure 6 shows the impulse response functions of the main model variables following a positive
productivity shock for two cases: the current banking regulation (i.e. the benchmark economy) and
the alternative situation where the countercyclical tools are activated, (qu, (;by) = (3.25,5.5). For the

benchmark economy (the blue dotted line), the impulse responses are qualitatively similar to Gerali
et al. (2010) because the transmission mechanisms are comparable. Investment is boosted both by
the technological improvement and by a particularly eased access to credit. Thus, the accumulation
of physical capital pushes asset prices up, implying that borrowers benefit from the wider access to
credit that higher collateral value affords. Additionally, the downward pressure on prices induces a
monetary policy rate cut and there is a delay in the propagation of the monetary policy rate to the
bank lending rate. Therefore, this improvement in credit conditions (given by the collateral
constraint and the reduction in interest rates) boosts the real activity as well as the leverage, for both
local and foreign credits. This effect allows entrepreneurs to expand investment further, which in
turn induces a higher price of capital and hence higher technological improvement, illustrating the
financial acceleration mechanism that the model has.

On the other hand, in the alternative situation where macroprudential policies are activated (the
red circled line), CBCR and CLTVR are successful in keeping the credit-to-output ratio according to
its long-term equilibrium. Initially, during the first periods, CBCR and CLTVR facilitate the credit
conditions to take advantage of the productivity shock. However, periods later, these rules restrict
credit conditions to avoid a high credit-to-output ratio once the productivity shock diminishes. In
comparison to the benchmark economy, the credit-to-output ratio falls quickly and mitigates the
adverse effects of a bust afterward where the economy is heavily indebted. The intuition behind these
results is the following: CBCR are efficient in keeping a stable credit-to-output ratio because they give
incentives to households to save depending on the business cycle, while CLTVR motivate
entrepreneurs to borrow according to the productivity shocks.

As a result, high credit deviations that could generate a banking crunch, which in turn could
create an economic crisis, are not possible because the credit-to-output ratio always goes hand in
hand with macroeconomic fundamentals. For instance, consider the entrepreneurs’ perspective
under a positive productivity shock. Under the benchmark situation, in the collateral constraint at
time t, entrepreneurs can expand their production and loans since the shock boosts the expectation
of their net worth Et{pfﬂntﬂ(l — S)kt}. However, this expectation is different from the true
realized value because, when the collateral constraint interacts with the general equilibrium, it is not
possible to support such expansion (banks and households cannot afford such increase). Thus,
entrepreneurs end up with a higher level of loans that affect them throughout the convergence path
(i.e. affects their welfare), making a riskier bank system. On the other hand, when there are
countercyclical tools, m; avoids a large deviation of credits only when the productivity shock is
absent, implying that there is a limit in the credit cycle only when it is not justified by productivity
shocks, which are the macroeconomic fundamentals in this model. Hence, countercyclical tools evade
the negative effects of having an economy with high levels of credit.

Regarding the creation of credit bubbles or high credit deviations, some additional clarifications
must be considered. A credit bubble is a positive deviation in the relationship between credit and
economic activity, and there are several methodologies that quantify it. For instance, Dell’Ariccia et
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al. (2012) provide a definition using the credit-to-output ratio that can be applied to a sample of 170
countries to identify the stylized facts that describe credit booms!4. However, for the Mexican case
and the BIS’ recommendation about the countercyclical capital buffers, a credit bubble is
characterized when the credit-to-output ratio deviates positively from its trend by two percent.
Therefore, an additional exercise is elaborated to show how the credit-to-output ratio dynamics
change over time according to different banking regulations. Given a random path of productivity
shocks, two simulated credit-to-output ratios are generated over time, one for the benchmark
economy and another one for the alternative case. For the benchmark economy, there is a probability
of 36.07% that the credit-to-output ratio excess the 2% threshold, which is consistent with the
empirical behavior of the credit-output ratio deviations from its long-term trend (Banxico 2017). In
this case, the model produces credit bubbles because of the collateral constraint. This restriction
specifies that the current value of the entrepreneurs’ debt grows according to the expected value of
their collateralizable physical capital stock, which in turn depends on the contemporary investment.
Therefore, when there is a positive productivity shock, there is an increase in the investment that
produces a boost in the capital stock, which allows a persistent debt level and a positive credit-to-
output ratio deviation for several periods. However, for the counterfactual case, CBCR and CLTVR do
not tolerate significant credit-to-output ratio deviations, thus the creation of credit bubbles is very
unlikely. In fact, its probability is equal to 0.6% in the model simulation. This exercise is displayed in
Figure 7. Note that CBCR and CLTVR neither tolerate credit turndowns, showing their ability to deal
with significant negative shocks, like the current COVID-19 pandemic.
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Figure 7. Credit-to-output ratio simulations.
Note: Percentage deviations of its steady states. The exercise is computed with a simulation of 10,000 draws
where the first 10% of the sample was eliminated.
Source: Own elaboration.

14 They classify an episode as a credit bubble if either of the following two conditions is satisfied: (i) the deviation
from trend is greater than 1.5 times its standard deviation and the annual growth rate of the credit-to-GDP ratio exceeds
10 percent; or (ii) the annual growth rate of the credit-to-GDP ratio exceeds 20 percent.
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As a result, CBCR and CLTVR are able to attenuate credit-to-output volatility because of two
reasons. First, CBCR allow a persistent debt level only if there is a high accumulation of bank capital
requirements, something that it is not possible because affects the banking sector’s profitability. And
second, CLTVR mitigate entrepreneurs’ ability to preserve a high amount of loans because now the
collateral constraint contemplates the loan-to-value ratio dynamics, which attenuates the effect of
the expected value of the collateralizable physical capital stock over their debt?!5.

6. Policy Issues

There are some difficulties associated with the performance of time-varying macroprudential
policies. Their implementation is not easy because of the need for detailed data about the banking
sector and the real activity, the appropriate institutions, and the right policy rules to control the credit
flows in the economy. However, despite all these complications, the use of the macroprudential tools
in the Mexican economy is possible and several facts support this statement. In particular, the COVID-
19 outbreak has accelerated the need to implement this new regulation, making this research highly
helpful for policymakers during this pandemic.

The IMF has highlighted the Mexican progress to formally establish a financial stability committee
to coordinate relevant information about the economy’s state between different regulatory agencies,
laying the groundwork for the implementation of macroprudential policies (Carriére-Swallow et al.
2016).In 2010, Mexico created the Financial System Stability Council (CESF, for its initials in Spanish)
with the objective to promote financial stability, avoiding interruptions, or substantial alterations in
the functioning of the financial system and, where appropriate, minimize its impact when these take
place (CESF 2019) 16, In particular, if any risk is identified in the financial system, the Council has the
faculty to elaborate recommendations and act as a forum for policy coordination. Therefore, any type
of macroprudential policy has to be approved and executed by this Council, considering at all times
its congruence and coordination with other macroeconomic policies, especially with the fiscal and
the monetary stance. As Guzman (2013) points out, monetary and macroprudential policies must
work in a complementary way toward the achievement of their objectives and mutually strengthen
one another.

On the other hand, it is possible to identify a situation when the economy or a specific sector is
indebted beyond its capacity, considering that the main features of each loan in the Mexican banking

15 1t is important to highlight what happens with foreign debt. As Figure 6 points out, foreign debt always expands in
both cases because entrepreneurs want to increase their loans, taking advantage of the good economic conditions.
However, for the economy with macroprudential policies, the substitution effect that there is between the local and
foreign debt can be appreciated. In this case, foreign debt and its interest rate increase while local debt decreases
because of the macroprudential tools. This is a warning signal for the use of this kind of macroprudential rules because,
when the regulatory entity tries to control the debt level, an externality is generated. Therefore, in case that it is
necessary to restrict the external debt, another type of policy must be considered.

16 Six institutions shape this Council: the Ministry of Finance, the National Commission of Banks and Securities, the
National Commission of Insurance, the National Commission for Savings for Retirement, the Institute of Bank
Savings Protection, and the Bank of Mexico.
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system are measurable through the databases available for the Council'?. For instance, if a response
from the Council is required, one solution is to use the countercyclical tool for loan-to-value ratios
that will decrease the ability of debtors to have high debt levels. This solution can be represented in
practice by any regulation that changes the debt amount or the conditions offered by each bank, like
collateral requirements, commissions, or other types of restrictions. Empirically, loan-to-value ratios
are the most used tool according to Akinci and Olmstead-Rumsey (2015). They find that loan-to-value
ratios are effective instruments for controlling credit levels, both for advanced and for emerging
economies, especially for the housing sector.

Another solution that the Council can implement is the use of countercyclical bank capital
requirements, which means changing the minimum capital requirements according to the business
cycle without any limitations. Note that the rule of CBCR is different from countercyclical capital
buffers (CCB), which is another instrument proposed by the Basel Committee on Banking Supervision
among its members. CCB establish that countercyclical reserves must be created only during boom
phases of the economic cycle and used during the downward phases. These capital reverses will react
to credit-to-output ratio deviations in such a way that banks should only start to build up CCB when
this indicator is greater than two percent (BIS 2018). Therefore, the modeling of CCB is complicated
because this rule reacts asymmetrically to the credit-to-output ratio considering a specific threshold.
As a result, the proposed model in this paper can be a prototype to analyze CCB in a more complex
setting!8. For now, CBCR have already shown that they are effective in meeting their goals of banking
stability and welfare improvement. Meanwhile, more research is needed to know the effects of
implementing CCB. For instance, Carstens (2016) shows how CCB are particularly challenging in an
emerging economy with low levels of financial deepening, mainly because the credit demand will
grow beyond its current level, implying that the activation of CCB should not be guided exclusively
by the credit-to-output ratio. Thus, CCB should be activated only when credit growth is driven by
“supply factors”19.

Amid the COVID-19 outbreak and related expected economic downturn, many emerging
economies are dealing with serious financial distress, requiring new instruments beyond the
conventional fiscal and monetary policies. For the Mexican case, on 04/09/2020, the National
Commission of Banks and Securities authorized banks to use their capital conservation supplement
to help their balance sheet?0. In terms of the model, this regulation implies that y, = 8.5% for one
year. On the other hand, on 04/21/2020, Banxico simultaneously announced corporate bond and
government bond purchases, as well as a reduction in the interest rate2l. On 07/31/2020, Banxico

17 Each bank in Mexico has the legal obligation of registering a detailed dataset to the National Commission of Banks
and Securities every month.

18 A piecewise perturbation method or a regime-switching approach can solve this problem, like in Guerrieri and
lacoviello (2015), and Binning and Maih (2014).

19 Carstens (2016) shows a methodology to identify when supply factors affect the credit growth in Mexico, proving
that CCB should be activated in 2007-2009 and 2013-2017 because of the high increase in private credits.

2 See General Provisions Applicable to Credit Institutions:
https://www.cnbv.gob.mx/Normatividad/Disposiciones%20de%20car%C3%Alcter%20general%20aplicables%20a
%20las%20instituciones%20de%20cr%C3%A9dito.pdf

21 Hartley and Rebucci (2020) record several quantitative easing interventions for different emerging economies. For
Mexico, Banxico announced 750 billion MXN of economic support, including 100 billion MXN of Mexican
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allowed banks to carry out financial leasing and factoring operations with small businesses with the
resources derived from the facilities provided by the same central bank. Also, Banxico authorized the
same kind of regulation to help the recovery of auto loans and mortgage credits, facilitating credits
to individuals22. In terms of the model, this regulation implies an increase in m; but its magnitude
and duration will depend on how banks use the loan-to-value ratios. Possibly, in the near future, more
instruments can be implemented not only in Mexico but also in other emerging economies. So more
research will be required to understand their effects and how useful are mitigating the pandemic
shock. Meanwhile, given the results in Section 4 and 5, it is clear that these macroprudential policies
have the potential to moderate the COVID-19 outbreak.

7. Conclusions

This paper is the first attempt to analyze the welfare implications of countercyclical bank capital
requirements (CBCR) and countercyclical loan-to-value ratios (CLTVR) in Mexico using a DSGE
model, with the purpose to be useful in the public debate about macroprudential regulation. Using
total factor productivity shocks and a second-order approximation of the utility functions, CBCR and
CLTVR show their capacity to improve the Mexican welfare compared to a situation where there is
no countercyclical regulation. In particular, CBCR and CLTVR facilitate or restrict credit conditions in
order to follow the productivity shocks that hit the Mexican economy. This means that these rules
are efficient giving incentives to savers and debtors to save and to get into debt only along with the
productivity shocks, implying that it is not possible a situation where economic agents get an
additional or less credit over their fundamentals. Therefore, the formation of credit bubbles that
could generate an eventual banking crunch, which in turn could create an economic crisis, is not
possible because the credit-to-output ratio always goes hand in hand with macroeconomic
conditions. Also, in the case of a severe turndown of the economy, these rules show to be effective in
facilitating loans to the business sector, independently of the reaction of the fiscal and monetary
authority. Even though there are some difficulties associated with their use, nowadays there are
sufficient conditions to use macroprudential tools. Results suggest that a countercyclical intervention
in Mexico may well be needed in the near future and exploring alternative macroprudential policy
responses is an interesting agenda for upcoming research.

In addition, results are useful to justify the implementation of time-varying macroprudential
policies in Mexico. There are sufficient conditions to use CBCR and CLTVR since the legal
arrangements, institutional design, and economic information are capable to allow an effective
execution of these rules. CBCR and CLTVR represent a useful guide to recognizing the important
variables and the main effects that policymakers should consider in real life. In particular, they should
preserve the credit-to-output ratio according to its long-term equilibrium and look out its
fluctuations according to the economic activity. Also, they should observe the accumulation of bank

government long-term bond asset purchases in addition to a 100 billion MXN corporate securities repurchase facility
for securities issued by private nonfinancial institutions.

22 See https://www.banxico.org.mx/publicaciones-y-prensa/miscelaneos/%7B9966AF2B-A735-5A2C-1519-
28CCAA640553%7D.pdf
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capital in order to avoid possible financial difficulties, as well as guarantee that there is an adequate
debt level in the economy. Given the growth of the Mexican financial system in recent years, it is
necessary to use additional measures that keep banking stability in the country, and macroprudential
regulation can achieve this objective, especially during the COVID-19 outbreak.
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