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Abstract
Over the last two decades the intensity of credit standards’ tightening during economic contractions has exceeded their easing during expansions among euro area banks.
This mechanism is fed by the boom-bust cycle of credit that, as much research has
shown, is linked to financial instability with large effects on the real economy. We
build a small scale nonlinear quadratic (NLQ) model to study how credit feedback can
affect the overall adjustment path of the economy towards some steady state, when the
central bank solve a finite-horizon decision problem where the policy rate is allowed to
also be zero or negative. Then, we estimate local projections for a supervisory shock
hitting banks’ credit standards and propose a new external instrument to identify its
dynamic causal impact on the real and financial sector. We find that the regime dependence reveals important information to policy makers to implement macroprudential
measures.
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Introduction

The standard model which has conventionally been used as guidance for monetary policy
before the Great Recessions was the inflation targeting model as put forward by Svensson (1997), usually characterized by a Phillips-curve, output gap dynamics and the Taylor
rule for setting the policy rate. Financial market components, such as credit dynamics,
were not included in those models. Yet after the Great Recession of 2007-9 many academics and policy makers reached the conclusion that the widely used linear monetary
policy models are missing some financial market features and are not sufficient for monetary policy guidance. An early statement on the limitations of linear (for example LQ
or linearized DSGE) macro models neglecting nonlinearities, in particular with respect to
financial market-macro economy interactions, can be found in Mishkin (2011):
”The role of nonlinearities in the macro economy when there is a financial
disruption implies an important flaw in the theory of optimal monetary policy
that was in general use prior to the crisis....The financial crisis of 2007-9 demonstrates that although the linear-quadratic framework may provide a reasonable
approximation to how optimal monetary policy operates under fairly normal
circumstances, this approach will not be adequate for thinking about monetary
policy when financial disruptions hit the economy”
The LQ approach1 was useful since it allowed for studying effectiveness and long run
impacts of monetary policy in normal times. Many central banks had by and large used
LQ form models, augmented by the descriptive Taylor rule as the inflation targeting model
before the Great Recession. Central banks have also employed DSGE models frequently.
Usually these models were constructed in linearized form, allowing for the interaction of
product, labor, and financial markets and a large number of shocks (one prominent example
is the model by Smets and Wouters (2007)). This allowed for a more extensive assessment
of macroeconomic and monetary policy performances.
Yet, given the large meltdown of the financial market in 2007-9 dominant macroeconomic forecasting models were not capable of predicting large scale output losses and the
meltdown of the financial sector. Economists realized that these models were missing essential components, such as credit flows and financial sectors (asset prices and banking
system) and their interaction with the real sector. Recent work has therefore focused on
adding financial sector components, such as asset prices and financial intermediaries, to
macro and monetary policy models.2
1

The LQ model has also been interpreted as an approximation, using the first order approximation of
the Taylor series, of more general equilibrium models (Woodford (2001)) and the New Keynesian version of
the DSGE model (Galı́ (2008)). The lack of nonlinearities in DSGE models has recently also been pointed
out by Gertler and Gilchrist (2018).
2
See Brunnermeier and Sannikov (2014) and Gertler and Karadi (2015) to name a few.
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It is noteworthy that there was some earlier work on historical credit boom-bust cycles
mostly related to economists such as Fisher, Minsky and Kindleberger.3 In the tradition of
small scale macro dynamic models, Svensson (2017), Ajello et al. (2016), and researchers
at the IMF, see Antoshin et al. (2017), have pursued an analysis based on recent empirical
research on credit cycles. In fact, it was important empirical work which triggered this new
research agenda trying to add credit cycles to small scale macro models of the Svensson
(1997) type. Such empirical research was put forward by Jordà et al. (2013), Schularick
and Taylor (2012) and Borio (2014), to name a few. The time varying credit gap is now
frequently used as measure for the credit cycle and the linkages of credit gaps with asset
prices, real estate and banking sector as well as with other macro variables are studied in
more detail now.
Building on the empirical literature on credit cycles and gaps, small scale models can
give relevant insight into the effectiveness of conventional and unconventional monetary
policies (UMP). Recent reviews on the need and effectiveness of UMP, and responses to
criticism of them, are undertaken by central banks’ officials, current and former staff members, for example in Mishkin (2011), Bernanke (2017), Blanchard and Summers (2017) and
Blinder et al. (2017). Those recent evaluations take into account both, the stabilizing as
well as destabilizing effects that UMP might have set in motion. Yet, those represent to
a great extent central banks’ views and academic evaluations from outsiders are still in
progress.4
In order to study the issue of the stabilizing potentials of conventional as well as unconventional monetary policy we introduce an extended inflation targeting model that takes
dynamic equations for credit flows and credit conditions into account. This equation helps
in defining the crucial role of credit gaps during and after a crisis. We use short cuts
and approximations which can be derived from more general macro models by employing
(nonlinear) equations for the Phillips curve with an output gap, an intertemporal IS equation representing the dynamics of the output gap,5 and a (nonlinear) credit flow equation,
which resembles the recent work by Svensson (2017), Ajello et al. (2016), Antoshin et al.
(2017) and others. Including those nonlinearities satisfies the Mishkin criticism and allows
us to move from a LQ to a NLQ model. Further model variants, including credit flows
3

The Minsky view, by referring to credit flows, is also vividly expressed in Kindleberger and Aliber
(2003) when they state: “...the cycle of manias and panics results from the pro-cyclical changes in the
supply of credit; the credit supply increases relatively rapidly in good times, and then when economic
growth slackens, the rate of growth of credit has often declined sharply”.
4
Other dimensions are that the UMP might have generated imbalances arising from new credit bubbles,
the impact of UMP on income and wealth distribution, and the international spillover effects of UMP,
possibly giving rise to international vulnerabilities due to linkages between economies. Furthermore, there
are tapering and exit risks. Employing models that include credit flows, asset prices, financial sector
dynamics, the housing sector, fiscal policy, wealth and distributional effects, and open economy extensions
with endogenous risk build up might be helpful for evaluating the negative long run effects of UMPs. Yet
these aspects are outside the scope of this paper.
5
For further derivations such approximations we are using above, see Zhang and Wu (2016) and Cúrdia
and Woodford (2009).
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and their interaction with credit spread and output, are introduced in Gross and Semmler
(2017) and further detailed and estimated in Faulwasser et al. (2018).
The inclusion of credit feedback effects in the IS curve allows us to study the consequences of tighter credit constraints for the stabilization policy such as monetary policy.
Through numerical solution method of our NLQ model we address the issue that monetary
policy alone can hardly be sufficient to prevent deep contractions due to financial crises
despite the implementation of unconventional measures (see Yellen (2011)). By focusing
on credit standards for borrowers in different economic scenarios we explore how these are
related to the stabilization policy. Credit standards are a measure that can be affected
directly by financial authorities through the implementation of macroprudential regulation
of the banking system. However, we do not model explicitly the financial market and the
effect it may have on tighter or relaxed credit standards.
In order to see whether a supervisory policy action, through financial authorities, plays
an effective role, we explore empirically the dynamic causal impact of a shock to credit
standards among EA countries. We identify the exogenous shock through an instrumental
variable that is used to estimate local projections (IV-LP) in the spirit of Stock and Watson
(2018). The new instrument we develop accounts for mandatory rotations of external
auditors (MAR) that banks are forced to meet when the auditors tenure exceeds a given
number of financial years. These rotations come from country-specific regulatory schemes
that are set to preserve the independence of the external auditors of banking institutions.
We show that this institutional idiosyncrasy is not only relevant for credit standards but
also that it is distributed randomly among banks and than it can be used to study the
effect of the shock as in a quasi-experiment. Moreover, we show that this supervisory shock
resembles the idea of capital framework effect as in Borio and Zhu (2012).
In different states of the economy, the dynamic causal impact of changes in credit standards due to supervisory shocks may reveal important features related to credit dynamics.
Macroprudential measures targeting risk-taking behavior of banks, might be beneficial in
good times, but costly during downturns. Indeed, as risk tolerance tend to be lower during
expansions and higher during contractions, measures like capital requirements tend to worsening lending activities more during bad times which amplifyies the economic downturns6 .
This motivates us to estimate our supervisory shock in different regimes of the business
cycle. We show both that banking supervision hitting credit standards has a causal impact
on real and financial activities and that these effects are notably regime dependent with
different implications for credit demand and supply.
The remainder of the paper is organized as follows. Section 2 introduces the NLQ model.
Section 3 reports results from model scenarios. Section 4 introduces the econometric model.
Section 5 reports the results from both linear and nonlinear local projections. Section 6
presents concluding remarks.

6

See Borio et al. (2001), Kashyap and Stein (2004) and Hanson et al. (2011)
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The NLQ model with credit flows

Following up on the above criticism of missing nonlinearities in the interaction of financial
and real sectors, we consider the following system of nonlinear differential equations. The
system contains two regime switches, one for the inflation rate in the Phillips curve, and
one for credit flows and credit risk in the financial market. This setup is a sufficient
approximation for policy purposes. The stylized NLQ model that allows for credit dynamics
looks as follows:
  

π̇
α1 π + α(y)y
 ẏ  = β1 y − β2 (i + δ(y) − π − r) + β3 (l − ls )
γ1 l + γ2 y + γ3 (i + δ(y)) − γ4 π
l˙

(1)

The nonlinear state equations comprise the dynamics of the inflation rate, π, output
gap, y, and credit flows, l. What we are proposing is a NLQ model – a nonlinear quadratic
model, nonlinear in the state space and quadratic in the objective function.
Note that the deviations from the standard inflation targeting models consist of regime
switching behavior of the inflation dynamics, α(y), in the first equation and credit flows and
credit spreads, δ(y), representing state dependent credit spreads, in the second equation.
Gross and Semmler (2017) estimate the nonlinearity in the Phillips curve, and Faulwasser
et al. (2018) highlight the empirical relevance of nonlinearities in credit flows and credit
spreads.
Hamilton and Wu (2012) and Zhang and Wu (2016) define the double term i+δ(y) = s,
as the shadow rate, an expression for credit cost in the 2nd and 3rd equations. They derive
the shadow rate as a summary variable, consisting of the interest rate (the policy rate) and
a risk and liquidity premium, driven by the term spread and a bond risk premia.7 As they
show, though there is a lower bound for the interest rate, the ZLB, the shadow rate can
be negative, due to UMP.
Compared to the standard LQ model, the term β3 (l − ls ) in the IS (or output gap)
equation is added as in Ajello et al. (2016). This term represents the impact of credit
conditions on output gap dynamics and on the inflation rate. This term can also be derived
from a more general NK model with credit constraints for households and firms.8 Note
that by taking account of credit constraints we can distinguish between credit constrained
and unconstrained agents. This allows us to study the impact of credit volume, macro
prudential policy, and selective credit policies on our macro dynamics.
The third dynamic equation represents the flow of new loans affecting the dynamics
of the credit gap. Much effort has been spent to estimate and evaluate the parameters of
7

See also Cúrdia and Woodford (2009) who define the credit spread as interest markup set by banks.
A constraint could be given by a loan to value ratio (LTV) which will be relaxed when the LTV is
allowed to rise. This ratio is usually impacted by macro prudential policies. With respect to the shadow
rate, Zhang and Wu (2016) make also a distinction between normal times and crisis times. This distinction
is important when evaluating the effects of UMP.
8
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the third equation, see Ajello et al. (2016), Svensson (2016), and Faulwasser et al. (2018).
Instead of modeling financial intermediaries explicitly, we may let the change of the flow of
new loans to be driven by a feedback from loans, the output gap – for example a negative
output gap co-varying with nonperforming loans and reduced loan flows by banks9 – and
the shadow rate of the cost of loans i + δ(y) = s, with γ3 < 0, and δ(y), defined by an
output gap. The inflation term appears here too, since we are considering real loan flows.10
What a typical credit boom-bust cycle and the corresponding credit spreads would look
like in the context of our NLQ model, without monetary policy effect and with monetary
policy effects (conventional and UMP), is demonstrated in Krishnamurthy and Muir (2017).
The interaction of inflation dynamics, output dynamics and credit dynamics is sketched
in system (1). How monetary policy (conventional and UMP and their effects) can be
introduced in our model is shown next.
Instead of spelling out the general equilibrium effects in a NK DSGE model which
takes the mentioned nonlinearities into account, we use our NLQ model of system (1)
that exhibits some shortcuts, but uses an optimal Taylor rule. The quadratic objective
function for the domestic central bank – with nonlinear state equations – is equivalent to
the minimization of a sum of weighted quadratic losses:
Z
min
i(·)

0

T

1 −ρt
e k∆(τ )k2Λ dτ
2

(2)

with

>
∆(τ ) = λπ (π(τ ) − πs ), λy (y(τ ) − ys ), λl (l(τ ) − ls ), +λi (i(τ ) − is )

(3)

subject to (1)
with λπ , λy , λl , λi being the weights for the targets. The target points are [πs , ys , ls ],
possibly the steady state of of the system. Note that we us a finite horizon model here.11
The nonlinearities refer to inflation dynamics, output gap and credit dynamics in a NLQ
model. The essential nonlinearities we want to track in our NLQ model are also frequently
employed in regime switching models such as Markov switching and threshold models.12
In general these nonlinearities may be stylized by using some kind of step function such as:
H̃c (x) =

1
1+

9

e−c1 ·(x−c2 )

(4)

There is much recent research on this issue, see Henry et al. (2017)
For further evaluation of the parameters of third equation in system (1), using a Bayesian approach,
see Ajello et al. (2016), see also Faulwasser et al. (2018) who use the Marquardt algorithm for system
estimation.
11
For a criticism of infinite horizon models, see Korinek and Simsek (2016).
12
See Granger et al. (1993) and Mittnik and Semmler (2018).
10
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This is a function that is often employed as basis function in nonlinear models. Both of
our nonlinearities depend on such a function of equation (4) as follow:13
δ(y) = µ1 + µ3 H̃c (l)(y − ys )

(5)

α(y) = α21 + (α22 − α12 )H̃c (y)

(6)

The function δ(y), which represents the rise of credit spread depending on the credit
gap (spread rising with negative credit gap), is depicted in figure 1.

Figure 1: δ(y) function based on the function H̃c ; note that the credit spread jumps up,
as output gap declines below the threshold of y − ys = 0, or near zero. The vertical axis
represents the actual δ(y) and the horizontal axis the actual y − ys . The credit spread rises
with the negative output gap y − ys < 0 and decreases with the positive y − ys > 0.
The parameters for such a switching behavior can actually be estimated as in Faulwasser
et al. (2018) (see Table 1). Using actual parameters estimated from Euro Area (EA) data
sets we can get an approximation of such a function as shown in Figure 1 for the output
dependent credit spread δ(y) – or, equivalently, for the shadow rate, s.14 In other words
corresponding to the Okun output gap there is likely to be found a credit spread gap.
13

Both functions resemble the logistic function used in STAR models, see Granger et al. (1993).
Note that we could also use a double sided heavy side function instead of using only the contractionary
part of the credit spread δ(l), or the shadow rate s. The shadow rate and credit spread stays low for some
period in the expansion, but the risk premia (and shadow rates) may move up again, due to the rising
leverage and rising risk perception, accompanied by a rise in the vulnerability of banks and financial market
risk. This case could be econometrically explored by using the ESTAR model suggested by Granger et al.
14
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Moreover, as to the impact of the output gap and its impact on inflation dynamics – the
regime switching of the inflation rate in the Phillips-Curve – we can use an approximation
similar to figure 2.

Figure 2: α(y) function based on the basis function H̃c ; note that α(y) moves up beyond
a certain threshold of the output gap y, note also that such a function produces different
inflation dynamics in the recession than in the expansion.
In the following two regimes will be studied. We define the expansionary regime as
R1 with y > 0, and the contractionary regime R2 with y < 0. For those two regimes the
changed credit standards, credit flows, interest rate spreads, the output gap and inflationary
dynamics will be studied. To this end we solve system (1) globally, by employing estimated
parameters, as reported in the numerical solutions in Faulwasser et al. (2018).15 Appendix
1 provides a sketch of the solution method.

3

Results from model scenarios

We explore policy effects in the context of some relevant scenarios for R1, with y > 0,
and the contractionary regime R2, with y < 0, where credit flow has an initial value
(1993) instead of an LSTAR model as shown in figure 1.
15
There, however, it is shown that the credit spreads can also be thought of depending on a credit gap
instead an output gap. There then critical or tipping points in credit flows can generate sudden fall or rise
in credit spreads, see Faulwasser et al. (2018).
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below its steady state. For each of those regimes normal as well as tightening of credit
standards are considered. Credit standards in general arise from the banking system, as
a result of credit constraints, for example by collateral requirements, implementation of
changing loan-to-value ratio (LTV) in real estate mortgages, margin requirements in equity
markets, banking competition, financial regulations and supervisory guidelines. Therefore,
many measures that fall into the area of macroprudential regulation impact the overall
level of credit standards of domestic banking systems.16 However, in the context of our
NLQ model, β3 captures credit constraints for borrowing of households and firms. The
more β3 approaches zero the more credit constraints tighten the availability of new loans
to the private sector. In other words, the size of β3 indicates how much credit standards
set by banks constraint borrowers and, hence, it is also a measure of the credit channel of
monetary policy.17
Though credit policies that impact banking institutions affect the supply side of credit,
the demand of credit by households and firms will be affected too, since their credit constraints are relaxed or tightened. Central for both sides is the credit spread that we define
here in our context as the difference between loan interest rate charged by banks and the
money market rate. As mentioned though we do not model explicitly the asset market and
the balance sheets of the banking system. Negative credit shock in the credit market has
recently been studied in many papers where it is pointed out that a negative credit shock
can come from a decline in asset prices, affecting the banks balance sheets, in the form
of reducing their net worth, triggering maybe a fire sales of assets, reducing asset prices
further, and so on, for such a mechanism sketched, see Brunnermeier and Sannikov (2014),
De Grauwe and Macchiarelli (2015), Schleer and Semmler (2016) and Gross et al. (2018).18
Notice that our model simulations are calibrated following Faulwasser et al. (2018) that
employ a full information maximum likelihood (FIML) estimation for the NLQ model,
based on EA countries in the period 2003:Q1-2017:Q4. Table 1 reports the empirical estimates. As in the previous studies, the parameters related to credit flows signal absence
of relationship, which suggest to explore nonlinear dynamics arising from regime dependent credit dynamics and then to consider alternative parametric setting to explore the
robustness of our simulations.
Expansionary regime R1 with y > 0: Normal loan standards
Next we consider an expansionary regime moving the initial values of the inflation and
output gap into a positive region, above their steady state, but allowing for normal credit
standards. We consider a initial inflationary environment and positive output gap such
16

See Section 4 for a detailed description on how credit standards are determined in EA countries.
Implicitly, here we are assuming that only a fraction of agents is eligible to obtain a collateralized loan.
For a derivation of such a term in the context of a NK modelt see Zhang and Wu (2016).
18
In the latter work a mechanism is also econometrically estimated in a regime change model where
banks reduce their loan supply when they are highly leveraged and are in a bad regime.
17
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Parameter

Estimate

p-value

PC

α1
α12
α22
α21
c2
c1

0.67
-0.21
0.43
0
0.72
-0.001

0%
0%
0%
11%
0%

IS

β1
β2
β3

0.18
0.45
0.03

0%
0%
3%

Credit

γ1
γ2
γ3
γ4

0
0.81
0.48
-0.61

85%
0%
41%
52%

Credit spread

µ1
µ2
c3
c4

13.35
-13.34
2.2
10.33

0%
0%
0%
0%

Table 1: FIML estimation of the NLQ system on EA countries in the period 2003:Q12017:Q4
as π(0) = 0.03; y(0) = 0.05; l(0) = 0.18, with β3 = 0.15. We work with normal credit
standards, but we set set l(0) = 0.18 , which is below its steady state. The credit supply
is given by banks operating in a expansionary macro economic environment, but here we
can think that it is affected, for instance, by a negative shock to asset prices. Figures 3–4
show how macro variables readjust towards the steady state due to central bank optimal
policy.
In the expansionary regime the central bank increases the policy rate at time zero.19
However, this affects credit flow that goes down suddenly, driving real variables towards
a downward dynamics too. The central bank then sets a negative rate that reaches its
ELB, and by doing so it manages to drive the economy along the steady state path. Notice
that when the output gap turns to be negative both inflation rate dynamics (in Figure 3)
and credit spread (Figure 4) switch into a new regime.20 Because the credit feedback is
sizable, the output gap is more responsive to credit dynamics and the policy influence to
19

Notice that our NLQ captures that the central bank’s optimal problem incorporates forward-looking
expectations about real variables along the overall time horizon.
20
Here we by-pass to model the slowly recovering banking system and improving asset markets which are
likely to aid to reduce the risk premia supporting this way the recovery of the output gap and the success
of inflation targeting.
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the second dimension spreads into the first one. In this scenario, the central bank is able
to fully stabilize the economy.

Figure 3: Results for π(0) = 0.03; y(0) = 0.05; l(0) = 0.18; β3 = 0.15. Expansionary
regime with inflation and positive output gap.
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Figure 4: The output gap expansion and normal credit standards allow the credit spread
to come down, both output and inflation stabilize and credit gap closes
Expansionary regime R1: Tightening of credit standards
Next we consider a scenario where the initial value of real variables is the same as before, but
credit standards are tighter. We can think that some financial authority may aim at flagging
the build-up of financial risks into the system. In other words, some macroprudential
measure, such as higher capital requirements to banks or lower LTV to borrowers, has
been activated. In our NLQ model this is reflected in a lower value of the parameter β3
so to diminish the credit feedback into the IS curve, though we do not model directly
any constraint on credit supply. Therefore, the initial conditions are such as π(0) = 0.03;
y(0) = 0.05; l(0) = 0.18 and β3 = 0.03. The results are shown in Figures 5–6.
Also in this case the central bank is able to fully stabilize the economy, but with a
substantial difference. Yet real variables turn into a bad shape as credit flow diminishes,
but this time the policy rate does not reach its ELB and stabilizes to a lower level than
before. Since the credit feedback has been lowered, the output gap is less responsive to
credit dynamics and the monetary policy impact on credit flow transmits less into the real
economy. On the one hand, this means that the central bank can avoid to employ UMP
when the economy contracts. On the other hand, when credit flow recovers the central bank
manages to reach the equilibrium path through a lower policy rate, reducing its optimal
”leaning against the wind” strategy. The latter has been formalized in a linear quadratic
framework in Svensson (2017), where the inflation targeting regime is adjusted so as to
target financial crises.

11

Figure 5: Results for π(0) = 0.03; y(0) = 0.05; l(0) = 0.3; β3 = 0.03; here too both output
and inflation stabilize and credit gap closes

Figure 6: For π(0) = 0.03; y(0) = 0.05; l(0) = 0.3 ,β3 = 0.03; here too, even with stricter
credit standards credit spread stabilizes
12

Contractionary regime R2: Normal credit standards
Next we consider output and the inflation rates moving further away from the steady state,
into the negative region. We still allow for low credit flows below the steady state. Initial
conditions are then π(0) = −0.027; y(0) = −0.2; l(0) = 0.18, with β3 = 0.15. In this
case of β3 = 0.15 and credit demand constraints are relaxed, for example by reducing
collateral requirements, allowing for a higher LTV in real estate mortgages, or relaxing
borrowing standards through financial regulation. The results are shown for our macro
variables in Figures 7–8. The central bank fully stabilizes the economy within few periods.
In this case, since all real variables are below their steady state, the central bank sets the
monetary rate at its ELB. The credit spread passes from an higher to a lower regime in
less than ten periods. Real variables expand quickly and approach their steady state. The
model suggests that UMP works appropriately to respond to macro downturns.

Figure 7: Results for π(0) = −0.027; y(0) = −0.2; l(0) = 0.18 and β3 = 0.15; deflationary
regime with negative output gap, but normal credit standards

13

Figure 8: Normal credit standards still allow for a convergence; the favorable credit standards make output gap closing and credit spread moving down.
Contractionary regime R2: Tightening of credit standards
Next we assume initial conditions π(0) = −0.027; y(0) = −0.2; l(0) = 0.18 but with
β3 = 0.03, which is a contractionary regime with tighter credit standards. We can think of
this case as a financial crisis where the economy faces a recession, accompanied by a weaker
credit supply due to a high level on non-performing loans and higher credit spreads. This is
what many economies experienced during the global financial crisis. In this context credit
standards might be tighter because banks are not willing to undertake new risks on their
balance sheets because of the high uncertainty in the system or banks relative exposure.
Credit standards might be tighter also because some macroprudential policy has been
activated, like capital requirements or borrowing constraints, to contain the spreading of
financial risks though the economy is in a contractionary regime. Figures 9–10 show the
simulation results. This time the central bank is not able to adjust the economy towards
the equilibrium path over its decision’s horizon. Despite several attempts to stimulate the
economy by bringing the monetary rate below zero the central bank fails to stabilize real
variables on their steady state. Notice that with respect to the previous case we have
changed only the value of β3 .

14

Figure 9: Results for π(0) = −0.027; y(0) = −0.2; l(0) = 0.18; tightening of credit
standards, entailing decline of credit supply and demand, with β3 = 0.03

15

Figure 10: Output gap and credit spread, credit spread after falling stays positive and
rises, making output gap falling and credit flow falling, finally credit spread rising, interest
rate rising and output gap becoming strongly negative
Overall, the model demonstrates that credit feedback, here represented as direct effect
of credit supply on credit demand (what we call here credit standards), plays a substantial
role for the effectiveness of monetary policy (and UMP) especially when the economy is a
phase of negative output gap. The model shows that a central bank working in an NLQ
framework with finite horizon can achieve the stabilization of inflation and output gap.
Though changes of credit standards and credit spread compression at the banking system
level play an important role too. Yet a tightening of credit standards in a contractionary
regime is likely to generate more instability through jumps in credit spreads and negative
output gap. This analysis might also point to the limits and the benefits of macroprudential
policies as tuning policies.
Others have expressed doubts whether macroprudential policies are available and sufficient. Gourio et al. (2018) state with respect to the US: ”Many countries such as the
United States have a limited set of macroprudential tools, and suffer from dispersion of
regulatory authorities. The tools are difficult and slow to adjust, and their effects remain
fairly uncertain”. However, as our NLQ model has shown, tighter credit standards flags
the credit channel of monetary transmission. This can help the central bank to readjust
the economy when an adverse negative shock hits credit supply in an expansionary regime.
A direct policy influence on credit standards is more likely to come from macroprudential
tools and financial regulations. This is the starting point for our empirical analysis presented in the next session. In the following we try to isolate the effect of a prudential shock

16

that exogenously affects credit standards and study its effects on the economy in the two
different regimes of our theoretical model.

4

The dynamic causal effect of shocks to credit standards

Our NLQ model has shown that credit feedback effects, interpreted as credit standards
that banks set to create new loans, have an important role in the stabilization of the
real economy. Broadly speaking, credit standards summarize all those conditions relative
to both credit supply, credit demand and competition that affect banks’ lending activity.
This measure normally builds upon surveys that central banks conduct periodically at
bank level. The Bank Lending Survey (BLS) of the ECB is collected every quarter among
loan officers of over 140 representative banks of EA countries. The questionnaire is made
on credit supply and demand items with reference to both past three months (backward
looking) and the next three months (forward looking) relatively to the bank where loan
officers operate.21 More specifically, credit standards are part of credit supply items and
represent the internal guidelines or loan approval criteria that banks establish prior to loans
negotiations (see Köhler-Ulbrich et al. (2016)).
We take this measure expressed as a net percentage, that is the difference between
answers in the questionnaire that indicate tighter standards and the ones indicating easer
standards. Positive values correspond to a net percentage of tighter credit standards, while
negative values indicate a net easing. In principle, credit standards can be affected by both
credit demand factors, such as the economic environment, the creditworthiness of borrowers
or the competitive conditions, and credit supply factors, such as the cost of funds, balance
sheet constraints or risk-taking tolerance on bank’s balance sheet. Our interest on credit
standards is because they reflect well the willingness of banks to create new loans.
They would be a key determinant of our theoretical measure of credit flows. An exogenous shock to credit standards, orthogonal to real economy disturbances, may reveal
amplifying effects of credit dynamics that passes exclusively through the banking system.
Figure 11 displays cross-country averages (red lines) and medians (blue lines) of both credit
standards and annual growth rate of total loans from banking systems of nine EA countries.
We report also different percentile intervals 35th-65th (30%), 20th-80th (60%), 5th-95th
(90%), indicating how these measures are dispersed among countries. Before 2008 EA
banks presented low credit standards, that were associated with a turbulent credit growth
in a majority of countries.
The rapid drop of credit growth after the Lehman’s collapse was accompanied by a
large tightening of credit standards, while the slight recovery of credit growth in the period
2009:Q4-2010:Q4 was associated with eased credit standards. The latter show a negative
correlation with the credit cycle. In the recent history of the Credit easing policies (Draghi,
2015), the negative correlation between these two measures appears overall weaker although
21

This forward looking measures are available from 2015 only.
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Figure 11: credit standards and credit growth. Note: cross-country averages (red lines)
and medians (blue lines) of the quarterly growth rates of credit growth and credit standards
over time. The bands show different percentile intervals, 35th-65th (30%), 20th-80th (60%)
and 5th-95th (90%). Credit standards are averaged for loans to NFCs, loans for housing
and consumption purposes.
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sizable, in view of an higher dispersion of credit growth among EA countries. Changes in
credit standards are by construction endogenous to economic conditions in particular to
credit dynamics of the banking system.
Therefore, exogenous variations of this measure may contain precious information that
can be used to understand which mechanisms come at play when a shock emerges within
banking institutions. However, the identification of a shock to credit standards is not an
easy task. Bassett et al. (2014) and Altavilla et al. (2015) build a credit supply indicator
upon credit standards in order to identify a credit supply shock. As to our knowledge this
is the first attempt to identify a shock to credit standards through an external instrument.
In the Appendix 2 we present and explain the construction of the instrument in detail.
The external identification in macroeconomics borrows from microeconometric tradition of
instrumental variables employed in policy evaluation, and it relies on the use of an external
variable that is correlated with the shock of interest but not to any other shock in the
economy.
In fact, the instrument is aimed at catching an external source of variation in the shock
of interest that mimics an as-if randomness, orthogonal to any other macroeconomic shock.
This way, one can exploit a quasi-experiment setting to study the effects of some policy
treatment. Jordà et al. (2015, 2017) use the ”trilemma” instrument to identify monetary
policy shocks. Ramey and Zubairy (2018) estimate state dependent fiscal multipliers using
a military news variable. Despite a wide use of external instruments in macro research also
in the VAR tradition,22 the above mentioned authors show that the dynamic causal effect
of the shock of interest can be obtained by estimating structural direct multistep forecasts
with a IV-LP approach, where LP are local projections of Jordà (2005). Stock and Watson
(2018) (SW, henceforth) highlight that IV-LP allows to estimate the dynamic causal effect
without assuming invertibility, according to which the structural shocks must be recovered
from current and lagged value of observed data, that is at the ground of structural VAR.
This advantage comes at the condition of meeting the lead-lag exogeneity that is the
instrument must be uncorrelated with past and future shocks. Suppose we have an IV,
Zt that we wanted to use to instrument a given shock ε1,t , then, this condition requires
E(εt+j Zt0 ) = 0 for j 6= 0. The latter adds to the standard IV’s assumptions of both
contemporaneous exogeneity, E(ε2:n,t Zt0 ) = 0, and relevance, E(εt Zt0 ) = α0 6= 023 . We focus
on these conditions in the Appendix 2. Once the consistency of the instrument is ensured,
then the dynamic causal effect of the shock can be obtained through local projections
in a two-stages least squares estimation (TSLS). Therefore, our IV-LP estimation can be
summarized through the following equation:
h
h
Yi,t+h = αih + γth + β h εc
i,t + Γ Wi,t + φ (L)Xi,t−1 + ui,t+h

(7)

where the vector Yi,t contains both real and financial variables of interest for country i at
22

See, Olea et al. (2013), Ramey (2016), Mertens and Ravn (2013), Gertler and Karadi (2015).
As in the SW’s notation ε2:n,t = (ε2,t , ..., εn,t )0 denotes the elements of the shock’s vector other than
the first row.
23
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time t, while αih and γth are respectively country and time fixed effects. For each variable’s
projection we add respective contemporaneous, Wi,t , and lagged, Xi,t−1 controls (where L
is the lag operator), including the lags of the shock, in order to avoid any serial correlation
problem.
We also add other variables to control potential sources of unobserved heterogeneity.
This is particularly relevant to ensure the validity of our instrument, that we explore in
the first stage of the estimation. Since in the second stage the shock is orthogonal to any
other control variable by construction, we do not include any specific restriction, so that
any variable can influence the others, contemporaneously and with lags. At any horizon
h = 0, 1, 2, ... a regression is run. The point estimates of the shock at any h represents
the dynamic causal effect of the shock εc
i,t . Though local projections are more suitable for
panel data analysis and allow to easily accommodate nonlinearities, they suffer a lack of
efficiency of the estimates at longer forecast horizons.
This cost is also associated to the use of heteroskedastic and autocorrelated consistent
(HAC) variance-covariance matrix.24 Consistently with equation 7, we therefore allow for
nonlinearities estimating the following equation:
h
i
R1,h
R1,h
Yi,t+h = Ii,t−1 αiR1,h + γtR1,h + β R1,h εc
+
Γ
W
+
φ
(L)X
(8)
i,t
i,t
i,t−1 +
i
h
R2,h
R2,h
+
Γ
W
+
φ
(L)X
(1 − Ii,t−1 ) αiR2,h + γtR2,h + β R2,h εc
i,t
i,t
i,t−1 + ui,t+h
where Ii,t−1 is a dummy indicating whether the economy is in state {R1, R2} in the period
before the shock occurs. The dummy I equals one for expansionary observations of the
Hodrik-Prescott cyclical component of real GDP (at very low frequency, with smoothing
parameter λ = 10000). As in Auerbach and Gorodnichenko (2013), the dummy is taken at
t − 1 so to avoid simultaneity problems between the shock and the state of the economy.25
As for equation (7), the point estimates of β A,h and β B,h coefficients of equation (8) at
each horizon h provide the state dependent dynamic causal effect of the shock.
In order to identify the effects of a shock to credit standards, we introduce a novel
instrument that takes into account the mandatory rotations of external auditors (MAR)
in the biggest banking groups of EA countries. The latter have adopted some rotation
scheme in their regulation on bank auditing in order to preserve the independence of
external auditors and avoid any risk of material misstatement in the financial information
provided to bank’s stakeholders.26 The instrument is built first at banking level and then is
aggregated at country level by weighting for the total assets of the single bank over country
total assets. We find that this institutional idiosyncrasy has a sizable impact on credit
24

In particular, we implement the STATA command xtivreg2 followed by options robust and bw(7) giving
HAC standard errors computed with a Bartlett (Newey-West) kernel with bandwidth 7.
25
See also Bernardini and Peersman (2018) on this point.
26
From 2014/16 a regulation on external auditors rotation for credit institutions has been adopted at
European level. See Appendix 2 for details.
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standards, and that it can be seen as a random assignment of a ”supervisory” treatment,
exogenous to the economic conditions. The main idea is that, as external auditors need to
mature an intimate knowledge of the specific bank functioning, and as their supervisory
role has improved since 2000 (mostly due to the guidelines coming from Basel Accords),
the change of external auditors implies a radical change in the risk management of the
bank that can have relevant effects also on lending activity. In particular, we argue that,
because of absence of personal relationships between new external auditors and the bank
management, at the beginning of the new tenure the entrants are more prone to adopt
a tighter audit strategy in order to enforce their supervisory role. This may affect banks
management’s decisions and then credit standards. With this shape, our supervisory shock
reproduces in fact to what Borio and Zhu (2012) call capital framework effect. While the
capital threshold effect would describe how banks readjust their portfolios following a
prudential measure, the capital framework effect the impact that supervisory measures
have on banks’ risk management framework, which is their attitude towards risk. Notice
that despite the possibility of sizable measurement errors, the variable that we build would
not lead to any bias in the estimation since we treat this as an instrument rather than a
true shock. The rationale and the construction of the instrument are explained in detail
in Appendix 2.

5

Shock to credit standards and state dependent impulse
responses

Next, we show the dynamic causal impact of a shock to credit standards. The shock is
identified through our IV, Zi,t (see Appendix 2). Since this external source of variation
stems univocally from an institutional variation at banking level, we interpret our shock as
an unexpected change to banking supervision. We take 9 EA countries in the time period
2003:Q1–2017:Q4 to estimate both equations (7) and (8). Our dependent variables in Yi,t
includes real GDP, the GDP deflator, real total credit from domestic banks, real stock
prices and house prices, the lending rate and its difference with the money market rate
(what we refer in the model also as credit spread). We use also the seasonally adjusted
cumulation of loans as financial transactions, taken by the MFI data of the ECB, which is
our measure of credit flow.
As explained in the methodological note of the MFI statistics, the outstanding amounts
at the end of each period include not only the cumulative effect of financial transactions,
but also reclassifications, breaks in the series, price and exchange rate fluctuations and
write-offs/write-downs. As in our theoretical model, we believe that a pure flow measure
related to new lending is directly linked to consumption and investment flows, therefore
we use the latter as a benchmark for credit. The dependent variables in Yi,t are expressed
as the log differences between the variable at horizon t + h and t − 1. The vectors Wi,t
and Xi,t−1 contain respectively contemporaneous and lagged controls expressed in log first
21

difference27 . The lags of the shock of interest, εi,t , are also added to control for serial correlation. Moreover, we include the monetary policy rate (EONIA), the ECB’s composite
indicator of systemic stress (CISS) and the ratio between equity (capital and reserves) and
total assets of EA monetary financial institutions to control for heterogeneity arising at
banking system level.
Linear dynamic impact. Table 2 reports the estimates for equation (7) at different
horizons for four key variables of interest. We report the Kleibergen-Paap F-statistics for
weak instruments at different horizons. These results allow us to reject the null hypothesis
that the maximum bias of the TSLS due to weak instruments relative to OLS is higher
than 10% (see Stock and Yogo (2005)). Figures 12–13 show the cumulative responses of
variables in the linear case at time horizons h = 0, ..., 20. In each graph the solid lines
represent the point estimate, whereas the bands show the 68% and the 90% confidence
intervals based on Newey-West standard errors. The shock to credit standards at h = 0
corresponds to a one percent increase as the unit effect normalization, as explained in Stock
and Watson (2018), and its effect slowly decays below zero within ten quarters. Real credit
drops at the impact about 1% within 20 quarters, while the real credit flow falls about
2%. Both the real GDP and its deflator lower significantly to –0.2%, with more persistent
effects for the latter.
These effects on real variables are not dissimilar to the macroprudential shock due to a
1% tightening of LTV, studied in Richter et al. (2018). Figure 13 shows the dynamic effect
of the shock for financial variables. The shock has zero impact on the lending rate but
then it rises up to 0.5% starting from quarter 5. This result, combined with the permanent
decline in the real credit, suggests that the shock implies a credit supply decline. A similar
interpretation can be found in Altavilla et al. (2015) who study a tightening shock to credit
standards. Accordingly, the credit spread increases about 4 base points within 8 quarters,
then the effect vanishes around quarter 18. Apart from a downward tendency we do not
find significant effects on house prices, whereas stock prices fall to –0.5% between quarters
5 and 10.
Nonlinear dynamic impact. Figures 14–15 show the cumulative responses of variables in the nonlinear case, which are the point estimate of the shocks in equation (8). We
study the dynamic causal effect of a marginal tightening to credit standards in two regimes
of positive (R1) and negative (R2) output gap. We report also the significance level of
the impulse responses when they pass from a contractionary to an expansionary regime,
i.e. the difference between R2-R1 point estimates (DIFF). Given the quasi-experiment
setting the shock can be seen as an exogenous supervisory policy change that affects credit
standards of banking institutions. However, the effects of the latter are more than likely
27

For robustness we run the model with log level controls also, in order to take into account possible
cointegration relationships. We found sizable differences in the linear responses, while not in the nonlinear
responses.

22

regime-dependent.
Policy tools addressing the time-dimension of financial stability are macroprudential
measures that try to capture the procyclicality of risk. Whereas measures like countercyclical capital buffers are thought to be effective during economic expansions (see Kashyap
and Stein (2004) and Hanson et al. (2011)), other measures like capital requirements or
loan loss provisions might be activated also during business cycle downturns, because of
an higher perception of risk (Borio et al. (2001)). As shown in Figures 14, both credit
standards and real total credit respond to the shock with no significant differences in R2
and R1. This means that the nature of the shock and its overall effect on credit are not
regime dependent. However, the flow of new lending responds more promptly in R1 than
R2, although on a similar extent (about 2% within 20 quarters).
In R1, the lending rate first responds negatively (–1% within 10 quarters) and then turns
positive at longer horizons about 1%, but in R2 it responds positively at the impact above
to 1% within 15 quarters. These results suggest that during expansions (R1) the shock
implies an immediate downward shift in the credit demand, whereas during contractions
(R2) a downward shift in credit supply is observable. A sizable difference is found also in
the response of the real GDP (Figure 15), that lowers 0.2% more in R2 than in R1 in the
5 quarters after the shock, while inflation reacts slower in R2. Consistently to our model
assumption that the output gap drives the credit spread towards an higher regime when
negative, the latter increases significantly in R2 about 4 bases point after 5 quarters, while
the same effect cannot be observed in R1. Another sizable difference is found in response
of the systemic stress index that lowers more in R1 than in R2. No significant difference is
found in stock prices responses, while house prices lower about 1% more in R2 within 15
quarters (Figure 16).
Overall, in the view of seeing our shock as a macroprudential intervention implemented
through a tighter banking supervision, our results suggest that the measure significantly
impacts the dynamic of the credit flow and that the latter one transmits the policy impulse
to both real and financial variables. The dynamic causal effects of credit standards on real
variables estimated through IV-LP is conform to the dynamics that we have observed by
simulating the NLQ model with different values of β3 . The supervisory shock estimated
in nonlinear case seems to be more beneficial when implemented during business cycle
expansions than during contractions. Indeed, during downturns the shock is transmitted
immediately to credit supply with a more negative effect on both real GDP, house prices (at
a longer horizon) and stock prices (at a shorter horizon). Moreover, the overall financial risk
in the system, represented by the systemic stress index, decreases more during expansions
than during contractions. This suggests that macroprudential tools can be effective in good
times, but also they can have substantial side effects if still activated during downturns.
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Credit Standards

h=0

h=4

h=8

h=12

h=16

Real Total Loans

0.03
(0.03)
14.04

-0.14
(0.09)
11.4

-0.28
(0.19)
10.67

-0.42
(0.31)
10.74

-0.34
(0.3)
17.7

0
(0)
14.25

0
(0.01)
11.86

0.02
(0.01)
10.84

0.01
(0.01)
11.59

0.01
(0.01)
19.13

0.02
(0.01)
14.52

-0.02
(0.05)
12.14

-0.13
(0.11)
10.9

-0.2
(0.13)
11.28

-0.15
(0.11)
18.71

0
(0.01)
14.41

0.01
(0.02)
11.82

-0.01
(0.02)
11.15

-0.04
(0.03)
11.53

-0.05
(0.04)
18.78

469

435

399

365

331

Kleibergen-Paap weak IV
Loan Interest Rate
Kleibergen-Paap weak IV
Real GDP
Kleibergen-Paap weak IV
CPI Inflation
Kleibergen-Paap weak IV
Observations

Table 2: IV-Local projections. Note: IV-LP over 2003:Q1–2017:Q4. HAC standard errors
in parentheses. We report also the Kleibergen-Paap F-statistic for weak instruments

Figure 12: Credit standards shock, linear case. Note: the figures show 68% (dark) and 90% (light)
confidence bands with HAC consistent standard errors.
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Figure 13: Credit standards shock, linear case. Note: the figures show 68% (dark) and
90% (light) confidence bands with HAC consistent standard errors.
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Figure 14: Credit standards shock, nonlinear case. Note: the figures show 68% (dark) and
90% (light) confidence bands with HAC consistent standard errors. R1 and R2 are regimes
of output expansion and contraction, respectively. DIFF is the difference R2-R1 of the
dynamic multipliers.
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Figure 15: Credit standards shock, nonlinear case. Note: the figures show 68% (dark) and
90% (light) confidence bands with HAC consistent standard errors. R1 and R2 are regimes
of output expansion and contraction, respectively. DIFF is the difference R2-R1 of the
dynamic multipliers.
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Figure 16: Credit standards shock, nonlinear case. Note: the figures show 68% (dark) and
90% (light) confidence bands with HAC consistent standard errors. R1 and R2 are regimes
of output expansion and contraction, respectively. DIFF is the difference R2-R1 of the
dynamic multipliers.

6

Conclusions

Given the recent empirical evidence on the relevance of credit cycles for macro dynamics
and monetary policy, we build a small scale nonlinear quadratic (NLQ) model to study how
credit flows and credit spreads and their feedback effects can impact, in quite a nonlinear
way, the overall adjustment path of the economy towards some steady state. We pose those
nonlinearities as a challenges to central banks’ monetary (conventional and unconventional)
policy. Then we solve such a model as a finite-horizon decision problem where the policy
rate is the control variables and is allowed to become zero or negative. Monetary policy
effects in regimes such as expansions or contractions of business cycles are studied from
the perspective of relaxing or tightening of credit standards. The insights from studying
the different regimes are then further explored empirically.
In the empirical part the effects of an exogenous shock to credit standards –arising from
supervisory changes originating univocally within the banking system– are then studied
to see how this kind of measures impacts credit dynamics. We simulate a shock on credit
standards as they reflect the willingness of banks to create new loans and are strictly related
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to our theoretical measure of credit flow. Given a quasi-experiment setting, our analysis
shows that credit standards changes causally impact both real and financial activities.
However, as in our NLQ model, their effects are regime dependent, in particular, local
projections are different according to the real business cycle being in an expansionary or
a contractionary regime. This nonlinear estimation suggests that the dynamics triggered
by supervisory shocks, orthogonal to economic conditions, deserves a separate cost/benefit
analysis about the timing of the implementation of such a measure. Notice that our
shock identification relies upon an IV that we build starting from mandatory changes of
the external auditors in EA banking institutions. Though we do not consider a specific
policy tool that trigger such a dynamics, the nature of our instrument allows to conceive
the shock as a supervisory change that tightens credit standards, like a macroprudential
measure aimed at flagging banks’ risk-taking behavior.
A natural interpretation of this shock is what Borio and Zhu (2012) name capital
framework, which is the impact of supervisory measures on banks’ attitude towards risk.
During expansions the supervisory shock lowers credit demand at the impact, while during
contractions it negatively shifts credit supply. As noticed in Kashyap and Stein (2004),
during contractions banks’ balance sheet structure is threatened by loan losses, thus for
tighter macroprudential rules banks are forced to shrink further their lending activity,
with amplifying effects on both real and financial side. Our results show, on the one hand,
the negative impact of the shock on real growth and on financial variables such as credit
spreads, stock and house prices, is more pronounced and long-lasting during contractionary
regimes. On the other hand, by taking the systemic stress index as a proxy to assess the
effectiveness of macroprudential policy, local projections show that for a supervisory shock
this index drops more during expansions than contractions.
Overall our results suggest that the negative impact of supervisory measures are stronger
when the banking system faces an economic contraction. These results point to the conclusion that, because of a different banks’ risk-sensitivity over business cycle regimes, macroprudential policies targeting risk-taking of the banking system can be beneficial during
good times, though with significant costs in terms of real losses, but they can be much
more costly if implemented during bad times. As for our NLQ model, this conclusion is in
line with the idea that macroprudential policy should embrace a time-varying structure of
the risk.
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standards and the macroeconomy. Journal of Monetary Economics, 62:23–40, 2014. 4
B. S. Bernanke. Monetary policy in a new era. Peterson institute, 2017. 1
M. Bernardini and G. Peersman. Private debt overhang and the government spending
multiplier: Evidence for the united states. Journal of Applied Econometrics, 33(4):
485–508, 2018. 25
BIS and the Basel Committee. Principles for the management of credit risk. Bank for
International Settlements, 2000. 6
BIS and the Basel Committee. The relationship between banking supervisors and banks’
external auditors. Basel Committee, Basel, 2002. 6
BIS and the Basel Committee. External audit quality and banking supervision, 2008. 6
BIS and the Basel Committee. External audits of banks, 2014. 6, 31
O. Blanchard and L. Summers. Rethinking stabilization policy: back to the future. In
Rethinking Macroeconomic Policy Conference, Peterson Institute for International Economics, October, pages 12–13, 2017. 1

30

A. Blinder, M. Ehrmann, J. De Haan, and D.-J. Jansen. Necessity as the mother of
invention: Monetary policy after the crisis. Economic Policy, 32(92):707–755, 2017. 1
H. G. Bock and K.-J. Plitt. A multiple shooting algorithm for direct solution of optimal
control problems. IFAC Proceedings Volumes, 17(2):1603–1608, 1984. 29
C. Borio. The financial cycle and macroeconomics: What have we learnt?
Banking & Finance, 45:182–198, 2014. 1

Journal of

C. Borio and H. Zhu. Capital regulation, risk-taking and monetary policy: a missing link
in the transmission mechanism? Journal of Financial stability, 8(4):236–251, 2012. 1,
4, 6
C. Borio, C. Furfine, P. Lowe, et al. Procyclicality of the financial system and financial
stability: issues and policy options. BIS papers, 1(March):1–57, 2001. 6, 5
M. K. Brunnermeier and Y. Sannikov. A macroeconomic model with a financial sector.
American Economic Review, 104(2):379–421, 2014. 2, 3
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Appendix 1: Solution algorithm
Details of the solution algorithm can be found in Faulwasser et al. (2018). Here only
a sketch is provided such as the computational strategy to find steady states and the
dynamics. Parameter estimates used in the computational strategy can also be found
in Faulwasser et al. (2018). First, we need to compute a steady state for the proposed
model with two switches of the NLQ system (1). To this end, we introduce a state vector
x := (π, y, l)> which allows writing the latter at the steady state as
f (x, i) = 0,
where f : R3 × R → R3 . This is a nonlinear system of three equations and four
unknowns.28 We compute economically meaningful steady states solving the following
simple problem numerically
min kxs − xref k2 subject to f (x, i) = 0 and (5b − 5g).
xs ,is

Here, xref is a chosen economically reasonable reference value. This problem is solved
using CasADI (Andersson (2013)) and IPOPT (Wächter and Biegler (2006)). This way we
obtain
πs = ..., ys = ..., ls = ..., is = ...
which are used then in the penalty function (5a). Solving OCP (5) entailed the following
challenges:
• Smoothing out the discontinuities in δ(y) and α(y).
• Dealing with a possible instability of the dynamics of some differential equations, for
example l (for instance for γ1 > 0).
• Requiring long horizon and discounting
• Dealing with multiple equilibria of the system
While the first challenge is addressed via smooth approximations form, the second one
requires care in choosing the numerical algorithms for OCP discretization. The third and
fourth challenge are treated in Faulwasser et al. (2018). As to the multiple steady states,
though we can state that - since our system is nonlinear– there are likely to be multiple
steady states, this challenge is not so easy to handle. This issue is preliminary explored for
28
Note that the interest rate is here a control variable that helps to reduce the macroeconomic imbalances
through (5a). We are not applying the descriptive Taylor rule as in Galı́ (2008) (sect. 4.3.1.1) where then
in a New Keynesian linearized version the issue of determinacy and indeterminacy is discussed, an issue
that is not coming up in our NLQ model.
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a simplified system in Faulwasser et al (2017) that shows the possibility of multiple steady
states for reasonably chosen parameters.
To solve our system (9) we are interested in solving the OCP for (??) for horizons of
T ≈ 50 − 60. As the dynamics (1) can be unstable, we employ a direct discretization
using the open-source tools CasADI (Andersson (2013)) and IPOPT (Wächter and Biegler
(2006)), all used in Matlab.
The ODE is discretized using a fixed-stepsize Runge-Kutta scheme of order 4/5 with
15 integration steps per shooting interval. The input i is discretized as piece-wise constant
function. For the different present results, we consider equidistant shooting intervals of
length ∆T = 10, i.e. the number of shooting intervals equals the horizon length T.
In other words, the OCP is discretized in both control and state variables such that
the NLP to be solved reads as follows

min

ik ,xk

N
−1
X

ρk kxk − xs , ik − is k2Λ

(9a)

i=0

subject to, for all k = 0, . . . , N − 1,
xk+1 = fd (xk , ik ),

(9b)

x0 = x(0)

(9c)

xk ∈ X , ik ∈ [−0.015, 3],

(9d)

where xk := (π(tk ), y(tk ), l(tk ))> is the discretized state variable, ik := i(tk ) is the
discretized input, ρk := e−ρtk , and fd : R3 × R → R3 is the state transition map arising
from the employed fixed-stepsize Runge-Kutta scheme.29
As for the considered parameter values, the horizon length is limited, we do not employ
a receding horizon approach as suggest in Grüne et al. (2015). Instead, we solve NLP (9)
directly. However, as the construction of feasible initial guesses is some times challenging,
one may need to solve simplified instances of NLP (9) to construct those guesses.

Appendix 2: The effects of external audit rotations on credit
standards
Before entering the construction of the instrument, we explain the rationale behind its
functioning. In other words, we answer to why changes in banks’ external auditors should
matter for banks’ credit standards. Figure 17 layouts the flow of financial information
29
A detailed and in-depth description of the employed numerical solution method is beyond the scope
of the present paper. We refer the interested reader to standard references from the engineering literature,
see (Diehl et al. (2006)). Moreover, we remark that we have neglected the multiple-shooting constraints for
sake of a simplified exposition, for details see (Bock and Plitt (1984)).
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relative to new loans’ formation. The bank’s management establishes the internal guidelines
leading the approval of new loans (i.e. credit standards) according to its risk management
strategy. These criteria are then settled by loan officers of the banks to borrowers that
ask for a new loan according to their investment plans.30 At the same time, new loans
decisions must be consistent with the banks’ risk profile: the BIS and the Basel Committee
(2000) emphasizes that the management must ensure that bank’s credit exposure adheres
to prudential standards and internal limits.
Accordingly, the external auditors inform bank’s stakeholders on whether all this financial information is genuine or there is a risk of material misstatement through the exercise
of their professional judgment. The bank’s management is then committed to provide the
external auditors with reliable financial information in a timely manner. However, the role
of external auditors is more than a mere reporting function: as supervisory authorities are
considered part of banks’ stakeholders, the role of external auditors has become particularly
important for prudential purposes and then for financial stability.
Over the last two decades, the BIS and the Basel Committee (2000, 2002, 2008, 2014)
have designed several principles and expectations that are meant to improve this prudential
function. In particular, on the one hand, this set of recommendations defines a prolonged
and direct collaboration between the authority and auditors that |in case of concrete risk of
material misstatement| may also transmit confidential information.31 On the other hand,
the authority stressed that a substantial improvement in the prudential function passes
through the exercise of professional skepticism by auditors.
This attitude consists in challenging management’s assertions about their accounting
choices, especially for those auditing areas affected by management bias, like accounting
estimates and instruments’ classification, relevant for regulatory capital measures. The
willingness of banks to create new loans reflects on its credit standards, but these depend
in turn on the bank’s capacity to undertake new risk on its balance sheet. The assessment
of the risk-bearing capacity and its acceptance by all the stakeholders, is considerably
affected by the judgment of external auditors, whose role becomes crucial in a risk-based
approach to financial regulation.32
At the same time, it seems clear that the success of the audit functioning hangs on the
coordination between the central actors involved in Figure 17. The relationship between external auditors and bank’s management is also a regulatory matter when the independence
of the former is jeopardized by the latter, inasmuch external auditors must be independent
in fact and in appearance.

30

Credit standards can relate to both housing or households consumption purposes or loan demand by
non-financial corporations. We are not able to disentangle the effect of the instrument on these different
sources, therefore, we take the average of the three sources of credit standards as benchmark.
31
See BIS and the Basel Committee (2014), Principle 7, pg. 20.
32
In a book published by the World Bank, Van Greuning and Brajovic Bratanovic (2009) consider this
approach at the ground of a good assessment and valuation of bank’s risk-management.
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Increased reliance about
their prudential supervisory
role

Loan Officers

Borrowers

External Auditors

Bank’s Management

Supervisor Authority

Stakeholders

The change implies a temporary loss of knowledge
and automatism in the risk
management relationship

Figure 17: credit standards, risk management and bank’s supervision
However, a controversial issue is whether long-term tenures favor familiarity and selfinterests in the auditors-management relationship, rising concerns about the independence
of external auditors. In order to avoid this risk, several countries adopt some scheme of
mandatory rotation of external auditors (MAR), that consists in the rotation of the audit
firm or of the key audit partner after a maximum of financial years.33 Whether the MAR
implies a trade-off between audit quality and independence is an empirical question of the
management literature.
Several studies build cross-sectional analyses on firms or surveys to auditors and managers to study the MAR’s effects on estimated measures of financial reporting quality, such
as discretionary accruals or other implied measures of earnings quality.34 However, our
instrument is agnostic regarding the effectiveness of the MAR, our interest is whether and
how single external auditors changes in big banking groups affects on a small extent the
overall willingness of the banking system to issue new loans. On the one hand, for the single bank, the end of the previous audit relationship implies a temporary loss of knowledge
and automatisms in the financial reporting process.
At the very beginning of the new tenure, the entrant external auditors would spend a
time window to set its audit strategy, so to improve her understanding about the essence of
bank’s transactions and the financial engineering used by the management. On the other
hand, we have seen that more in general external auditors fulfill a supervisory function
that has become prominent over the last decades. For these reasons, it seems reasonable
that regarding our sample of 30 EA banking groups over the period 2003-2017, for any new
tenure observed, the new external auditor that is still not involved in the relationship with
the management, is more likely to set a stringent audit strategy than the previous one, at
least at the very beginning of the new tenure. This can pass, for instance, by stringent loan
33

In general, the key audit partner is a representative of the firm that is in charge for the audit and signs
the audit report enclosed in the financial report of the bank.
34
See, among the others, Johnson et al. (2002).
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classification criteria, asking for higher loan loss provisions and reserves, or revaluation of
past loans.
This in its turn can be reflected in tighter bank’s credit standards. Because of the
mandatory nature of the rotation, this external source of variation is likely to be exogenous,
in the sense that its effect cannot be captured by any other shock of interest. Although in
principle the effect of any change of external auditors may result in small positive variations
of credit standards, we cannot exclude that a new tenure appointed before the maximum
time allowed is correlated with economic or bank-specific conditions, which would violate
the exogeneity assumption.
We aggregate the country-specific MARs for supervised banking groups, specifically, the
first three biggest supervised entities listed by the ECB in terms of total assets. For each
banking group of Table 3 we collect the name of the external audit firm and its key auditor
partners. We take this information from the annual reports and financial statements of
banks in the time period 1999-2017. The banks are chosen so to represent not less than
one third of total assets of the country’s banking sector over time. The country-specific
rules about external auditors rotations (for both partners and firms) have been elaborated
and classified in Barth et al. (2013) allowing us to extrapolate MAR rules for banking
institutions since 2002, reported in Table 4.
The instrument identifies MAR changes on the two quarters following the start of a
new tenure only if the previous tenure lasted the maximum amount of time allowed.35 This
choice stands on the fact that, although the tenure starts with the financial year, the first
semestral report is signed by former auditors due to the accrual principle. Therefore, for
each bank k = 1, 2, 3 the MAR variable is:


2/3 if firm rotation



1/3 if partner rotation
M ARk(i),t =
(10)

1/6 if ”cooling-off” rotation



0
otherwise
where we assign different scores for audit firm, key auditor partner and ”cooling-off” rotations. The latter indicates that the new tenure lasts just for the cooling-off period, so we
cannot exclude that the change is steered by the audit committee to circumvent the MAR.
For country i, we aggregate equation (10) and obtain our instrument:
Zi,t =

3
X

wk(i),t M ARk(i),t

(11)

k=1
35

In principle, we cannot exclude that even in this case the change is linked to bank-specific reasons.
However, audit committee decisions (which are normally in charge of appointing external auditors) reported
in the annual report, rarely explain in details the reasons behind the new appointments. Then, we assume
that if a tenure lasts the maximum amount of time allowed than the only reason to appoint new external
auditors is the MAR.
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where wk(i),t is the ratio between the total assets of bank k and total assets of the
banking system of the country i. The instrument Zi,t is pictured against credit standards
in Figure 19 for each country and year of our panel. The distribution of the MARs seems
independent from credit standards.
Being aware that the presence of MARs during the quarters following the financial
crisis (when credit standards were particularly high) may rise some concern about the
relevance of the instrument, we rely on time fixed effects to control for such an unobserved
heterogeneity. Figure 18 shows the scatter plots of our MARs, that seem to distribute
randomly around values of real GDP and real total credit growth rates.
In order to test the relevance of our instrument we perform the first stage of equation
(7). Table 5 reports the coefficients for both generic audit rotations and MARs estimated
through standard OLS. The regression contains the same controls that we use to estimate
equation (7) (see Section 5), as well as country and time fixed effects. By considering only
mandatory rotations the coefficient remains positive and significant and also its t-statistic
improves. The F-statistic is fairly higher than 10 and improves in the MAR case. However,
in Section 5 we provide further tests for weak instruments.

Figure 18: MAR distribution. Note: scatter plots of the IV against real total credit and
real GDP growth.
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Credit Institution

Avg. Tot. Assets

Austria
Erste Group Bank
Raiffeisen Zentralbank Osterreich
Volksbank Wien
Total %

20.17%
12.22%
2.01%
34.41%

25.40%
37.00%
15.36%
77.76%

19.64%
8.16%
6.13%
33.93%

Banco Santander
BBVA
Criteria Caixa
Total %

32.67%
20.75%
12.69%
66.11%

Italy
22.19%
18.20%
14.06%
54.46%

Greece
Piraeus Bank
National Bank of Greece
Eurobank Ergasias
Total %

Deutsche Bank
Commezbank
DZ Bank
Total %
Spain

France
BNP Paribas
Credit Agricole
Societe generale
Total %

Avg. Tot. Assets

Germany

Belgium
KBC Group
Belfius Banque (Dexia until 2012)
ING Belgique
Total %

Credit Institution

UniCredit
Intesa Sanpaolo
MPS
Total %

19.81%
16.43%
5.43%
41.67%

Netherlands
11.36%
24.83%
14.19%
50.39%

ING Groep
Coop. Rabobank
ABN AMRO Group
Total %

43.65%
27.83%
12.49%
83.97%

Portugal
Caixa Geral de Depositos
Banco Comercial Portugues
Novo Banco (Espirito Santo until 2014)
Total %

21.97%
17.95%
13.65%
53.56%

Table 3: IV-banks. Note: over time average (1999-2017) of IV-banks’ total assets on total
assets of domestic MFIs.
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Country

MAR Firm

MAR KAP

Cooling-off

Austria
Belgium
Germany
Spain
France
Greece
Italy
Netherland
Portugal

No (10y from 2016)
No (9y from 2016)
No (10y from 2016)
No (10y from 2016)
No (10y from 2016)
No (10y from 2017)
9y
No (10y from 2014)
8-9y

No (7y from 2016)
6y
7y
5y
6y
7y
No
7y (5y from 2014)
7y

No (3y from 2016)
3y
4y
3y
No
No
No
3y
3y

Table 4: MAR scheme. The country-specific rules (for both audit partners and firms) have
been classified in Barth et al. (2013) and are valid since 2002.

Credit Standards

AR

MAR

∆ Ext. Audit

21.23**
(8.801)

18.66***
(6.247)

F-test
Country FE
Time FE
R-squared
Observations

16.77
yes
yes
0.732
495

16.94
yes
yes
0.734
495

Table 5: First stage. Non-mandatory (AR) vs mandatory audit rotations (MAR). The
estimation includes the controls used for estimating equation (7).
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Figure 19: Scatter plots of credit standards and MAR by country and year. Note: vertical
red lines indicate the threshold for significant net tightening/easing (±10).
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