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Abstract. This paper contributes to the literature on nonlinear effects of
monetary policy on different economic variables. We apply threshold vector
autoregression analysis to study nonlinear transmission of euro area monetary
policy shocks to the supply and demand in the euro area’s consumer credit market.
Two regimes of financial stress and two of gross domestic product (GDP) growth
are modeled and then separately studied the effects of shocks in the shadow rate of
monetary policy in the euro area. We find that the effects of monetary policy are
larger in the high financial stress and low GDP growth regimes than in their
counterparts (low financial stress and normal GDP growth, respectively). The
response of demand for loans is generally larger than that of supply of loans. No
nonlinearities associated with the size of the monetary policy shock are found.
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1. Introduction

The recent financial and economic crises weighed negatively on credit
activity in the euro area, and in response the monetary policy authority aimed not
only to stimulate economic activity and raise inflation expectations, but also to
revive credit activity (ECB, 2015). A proper monetary policy response to the
challenge requires answering a question (see e.g. ECB, 2011, ECB, 2015): Does
transmission of monetary policy in crises differ compared to "normal” times? The
present study analyzes differences in the transmission of European Central Bank
(ECB) monetary policy to the euro area consumer loans market® in these states of
the world, which requires nonlinear analysis.

! This segment of the household loans market, in which households primarily borrow to finance the
purchases of durable goods, is smaller than the housing loans market, reaching approximately % of
the total volume of the euro area’s bank loans to households (ECB, 2017), and in the literature has
attracted considerably less attention than the housing (mortgage) loans market. Brady (2008) argues
that monetary policy measures that enhance accessibility of consumer credit make consumption
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A possibly nonlinear interaction between monetary policy and credit
activity has attracted only limited attention in the literature. One strand of that
literature (Chang & Jansen, 2005; Gambacorta& Rossi, 2007) investigates
asymmetric responses of bank loans to positive and negative monetary policy
shocks.The second strand of literature (Avdjiev&Zeng, 2014; Tenreyro&Thwaites,
2016; Aikman et al., 2017), more related to our research, is interested in the
nonlinear response of credit to monetary policy shocks during different states of the
business and credit cycles, respectively.

We divert from the literature in two main respects. First, unlike the existing
literature, which is interested in the total credit activity, we focus on the consumer
credit market. Moreover, we discern the supply from the demand for loans. Second,
Avdjiev and Zeng (2014) and Tenreyro and Thwaites (2016) study the nonlinear
relationship between monetary policy and credit, conditioning on the state of the
business cycle, while Aikman et al. (2017) condition on the credit cycle (credit-to-
gross domestic product (GDP) gap). In contrast, we study the effects of monetary
policy on the consumer loans market during (i) low and normal economic growth
of the euro area and (ii) low and high financial stress. Because these cycles may not
overlap perfectly, such an analysis yields a more comprehensive understanding of
the transmission mechanism.

This paper also aims to explore whether larger monetary policy shocks
result in disproportionally larger effects. To answer all the questions, the threshold
vector autoregression (TVAR) modeling framework and the nonlinear impulse
response analysis are applied.

2. Literature review

The theoretical literature contrasts two opposing views on the efficiency of
monetary policy in influencing economic and credit activity during different stages
of business and financial stress cycles. The first view claims that monetary policy
is more efficient in spurring credit and economic activity during recessionary or
low economic growth and financial stress phases than in the counterpart states of
the economy (i.e., during normal economic growth and low financial stress,
respectively). Several different strands of literature corroborate that consumer
credit activity during economic and financial turndowns may weaken due to (i)
elevated information asymmetry, triggered for instance by increased financial,
macroeconomic, or (economic) policy uncertainty, negatively affecting the
availability of loans (Baum et al., 2013; Bonciani& van Roye, 2016) or credit
demand (e.g. due to the detrimental effect on household consumption) (Miao,
2004), (ii) the inverse relationship between the procyclical net worth of consumer

smoothing more likely, which is important from macroeconomic perspective. Knowledge of the
effects of monetary policy on the consumer market through different states of the economy may
therefore be important for the conduct of monetary policy.
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borrowers (net worth, acting like collateral in bank loan agreements)and
anticyclical availability of loans, as explained in the financial accelerator literature
(Bernanke & Gertler, 1989; Bernanke et al., 1999), and (iii) the sensitivity of
availability (supply) of bank loans to the bank’s balance sheet health, which may
worsen abruptly during economic and financial downturns due to overleverage,
exposure to asset price volatility, or interbank interdependencies
(Brunnermeier&Sanikov, 2011; Mittnik&Semmler, 2013). These mechanisms act
as magnifiers of initial shocks and deepen economic and/or financial stress.
Expansionary monetary policy in this environment can alleviate credit constraints
and spur credit activity (and in turn economic activity) more than in an
environment of lower credit constraints (Bernanke et al., 1999; Dalhaus, 2017)
only if it also manages to moderate different types of uncertainties in the economy
(Bekaert et al., 2013; Jannsen et al., 2015). The second view hypothesizes the
opposite: Monetary policy actions are less efficient in a crisis than in the normal
states of the economic or financial cycle. This may result as a consequence of the
central bank not being able to offset the adverse impact of uncertainty because of
zero lower bound constraints (Bonciani& van Roye, 2016; Basu&Bundick, 2017),
sticky bank interest rates (Bonciani& van Roye, 2016)or deleveraging and balance
sheet repair due to excessive risk-taking and debt accumulated during the normal
state of the economy (Borio, 2014).

Following diverging theoretical predictions, the effectiveness of monetary
policy during different states of the economy is an empirical question. Empirical
studies that examine a possibly nonlinear interaction between monetary policy and
credit include Chang and Jansen (2005), Gambacorta and Rossi (2007), Avdjiev
and Zeng (2014), Tenreyro and Thwaites (2016), and Aikman et al. (2017). Chang
and Jansen (2005) and Gambacorta and Rossi (2007) investigate nonlinearities in
the responses of bank loans to positive and negative monetary policy shocks,
respectively, while Avdjiev and Zeng (2014), Tenreyro and Thwaites (2016), and
Aikman et al. (2017) study nonlinearities in the response during different states of
the business and credit cycle, respectively. Chang and Jansen (2005), studying the
US, find that the growth of bank loans (total balance sheet volume of commercial
banks) declines sharply following a contractionary impulse of the Federal
Reserves. There are no differences in the magnitude of responses between
expansionary and tightening monetary policy shocks as long as the policy rate
shock is not larger than 1.5 standard deviations. Larger contractionary shocks lead
to a more pronounced response than larger expansionary shocks. Gambacorta and
Rossi (2007), who study nonlinearity between monetary policy and the aggregate
bank lending in euro area over the period 1985-2005,also establish that a
contractionary monetary policy affects aggregate credit activity more than
expansionary policy.Avdjiev and Zeng (2014) study the regime-dependent
effectiveness of monetary policy in the US. They identify three regimes of
economic growth (subpar, moderate, and high GDP growth regimes) and find than
the effect of monetary policy shocks on credit growth (total volume of credit to
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businesses and households) is largest in the high GDP growth regime. The
responses of credit spreads to a monetary policy shock are similar across the
regimes. Tenreyro and Thwaites (2016) analyze for the US the response of the
private nonfinancial credit-to-GDP ratio to monetary policy impulse and document
a stronger response in economic expansions than in downturns. Aikman et al.
(2017) separate between low and high credit gap regimes and find that in the
former regime, when the credit-to-GDP ratio less its estimated long-run trend is
below zero, the response of the credit-to-GDP gap is larger than during the latter
regime.

3. Methodology

The nonlinear nature of monetary policy with respect to output growth and
financial stress is captured by a TVAR model with two regimes (see
Alessandri&Mumtaz, 2017; Mumtaz et al., 2018):

Y, = [ay + X0, G Yooy + 217 € JRe + [az + B0y Gy + 252 e J(L = R, (1)

where monthly euro area variables are contained is vector Y; in the following order:
the growth of real GDP (y;), inflation (p;), financial stability indicator (f;), shadow
rate for monetary policy stance in the euro area (i;), credit standards (s;), and credit
demand (d;). a; and a, are regime-specific vectors of a constant, C; ; and C,; are
regime-specific matrices of TVAR coefficients, P is the number of lags?, £,and X,
are regime-specific covariance matrices, e;~N(0,1) is a vector of error terms, and
R, is a variable governing regime-switch. R, can take two values:

Rt =1 |f Wj,t—d < Wj*,
Rt =0if Wj,t—d > Wj*,

where w;;_, is the threshold variable, j = f;,y;, and wyis the threshold level
determined endogenously by model (1). Being interested in the nonlinear nature of
monetary policy with respect to business and financial stress cycles, the threshold
variable is sequentially the d-month delay of y, and f;, respectively. Conditioned
on the threshold variables, the euro area at each observed time is in one of the
following regimes: (i) low GDP growth (R; = 1 ) or normal GDP growth regime
(R = 0) or (ii) low financial stress (R, = 1) or high financial stress regime (R; =
0).

Estimation of (1) is Bayesian, following closely the methodology of
Alessandri and Mumtaz (2017): A natural conjugate prior is applied for estimation
of parameter estimates, and the Gibbs sampler of Chen and Lee (1995), with

2Following, e.g., Afonso et al. (2011), P is determined by information criteria of a linear model. Note
that (1) nests a linear model.
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20,000 iterations and discarding the first 15,000 iterations, is applied to
approximate the posterior distribution. Maximum delay (d) is set at 3. For a
detailed description and setting, refer to Alessandri and Mumtaz (2017).

To infer the dynamic nonlinear effects of monetary policy on the consumer
loans market, a nonlinear impulse response of a particular consumer loan market
variable is computed (see Koop et al., 1996) by simulation (500 replications are
used) as a difference between two conditional expectations of the variable, the first
one given the regime-specific history and size (and the sign of a) structural shock
(in monetary policy) and the second one the regime-specific history without the
shock. Monetary policy shocks are identified by assuming a recursive structure, as
found in the literature. More specifically, the slow-moving variables (y; and p,) are
followed by f;, and ¢;, and the monetary policy variable i3, while the consumer
loans market variables (s, and d;) are ordered last.* All computations are made in
Matlab, applying the code of Alessandri and Mumtaz (2017).

4. Data and empirical results

Model (1) is estimated on monthly euro area data for September 2004 —
December 2018. The starting date is limited by the data for the ECB’s shadow rate.
The description of the data series is contained in Table 1.

Table 1. Definition of variables

Variable Definition Source
Ve The annual percentage change (log-differenced) of real GDP, Eurostat
monthly frequency; the quarterly working day, and seasonally | (https://ec.europa.eu/eur
adjusted real GDP series was disaggregated to monthly series ostat/data/database;
applying the method of Chow-Lin (1971)° using the monthly series: GDP series
industrial production series as an indicator series. [namg_10_gdp] and
industrial production
series [sts_inpr_m])
De Inflation, computed as an annual percentage change (log-differenced) ECB Statistical Data
of seasonally and working-day adjusted harmonized index of Warehouse
consumer prices (HICP), monthly frequency. (https://sdw.ecb.europa.e
u; series HICP
[ICP.M.U2.Y.000000.3.1
NX])
fi Indicator of financial stress. We opt to use the Composite Indicator ECB Statistical Data
of Systemic Stress (CISS) for the euro area, as for instance Hollo et Warehouse
al. (2012) and Kremer (2016). The indicator represents the realized | (https://sdw.ecb.europa.e
systemic stress in the euro area. For a detailed description, refer to u; series: CISS -
Holl6 et al. (2012). Monthly series are obtained from weekly as an | Composite Indicator of
average. Systemic Stress
[CISS.D.U2.Z20Z.4F.EC.
SS_CLIDX])

3A similar ordering of the first five variables can be found in the monetary policy VARSs; see, e.g.,
Kremer (2016).

“Followinglinear VAR models of monetary policy transmission channel that include credit market
variables (e.g.,Lown& Morgan, 2006).

5 For this, the Matlab code of Quilis (2019) was applied.
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Shadow rate for the ECB, computed by Wu and Xia (2016), known
to represent well the stance of monetary policy in the euro area also
after 2009, when the policy rates hit the zero bound. Monthly

Jing Cynthia Wu page
(https://sites.google.com/
view/jingcynthiawu/shad

Morgan, 2006), bank lending survey answers can be used to proxy
for availability (or supply) and demand for loans. The time series s;
measures changes in the euro area’s availability of consumer loans
and is based on the ECB Bank Lending Survey responses to the
question related to changes in the credit standards for consumer loans
in the past quarter. The value of the variable is computed as a balance
between the percentage of positive (increase in credit standards) and
percentage of negative answers (lowering of credit standards). A
positive (negative) balance thus indicates that the credit standards
have increased (dropped), implying that the availability of loans has
dropped (increased). The survey is conducted quarterly, and the
monthly series is estimated from original time series of the ECB by
the temporal disaggregation method of Chow-Lin (1971), using the
Matlab code of Quilis (2019).

frequency. ow-rates)
St An indicator of changes in the availability of consumer loans. ECB Statistical Data
Following recent research on monetary policy transmission (Lown& Warehouse

(https://sdw.ecb.europa.e
u; series: Bank Lending
Survey,[BLS.Q.U2.ALL.
Z.H.C.B3.ST.S.BWFNE

L))

An indicator of changes in the demand for consumer loans, proxied
by the ECB Bank Lending Survey responses to the question relating
to the changes in demand in consumer loans in the past quarter. As
for the variable s,, the value of the variable is a balance between a
percentage of positive answers (increase in credit demand) and a
percentage of negative answers (reduction in credit demand). A
positive (negative) balance thus indicates that the demand for

ECB Statistical Data
Warehouse
(https://sdw.ecb.europa.e
u; series:Bank Lending
Survey,
[BLS.Q.U2.ALL.Z.H.C.
B3.2Z.D.BWFNET])

consumer loans has increased (dropped). The monthly series is
estimated from the original quarterly data by the temporal
disaggregation method of Chow-Lin (1971), using the Matlab code
of Quilis (2019).

The first plot in Figure 1 shows the high financial stress and low GDP
growth regime periods in the euro area, as endogenously determined by model (1).
The threshold value, as determined by (1), for the financial stress threshold variable
is wg = 0.2177 and for the GDP growth threshold variable wy, = 1.0388. The
euro area economy is thus characterized as being in a financial stress regime if
Wy, t—q < 0.2177 and in a low GDP growth regime if wy,,_; < 1.0388. Three
periods of high financial stress (the first coincides with the global financial crisis
and the first wave of the euro area crisis, the second with the second wave of the
euro area crisis, and the third with a shorter spell of financial stress associated with
the British vote to leave EU) and low growth periods (the first associated with the
Great Recession and the second with the euro area crisis) were identified. The plot
conveys simultaneous high financial stress and low GDP growth regimes in the
period from mid-2009 until 2011, and then from the third quarter of 2011 until the
last quarter of 2012. The business and financial stress cycles, however, do not
overlap perfectly: The first identified high financial stress period started before and
stretched beyond the identified low-growth regime period. The second identified
high financial stress period started before but also finished earlier than the low-
growth phase of the euro area business cycle.
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Note: The first plot shows bars of periods defined as high financial stress (dark grey bars)
and low GDP growth (light grey sterns). The second plot shows the dynamics of variables
s, and d,.
Figure 1. High financial stress and low GDP growth regimes in the euro area
as determined by the TVAR model and the dynamics of credit standards
(availability of loans) and demand for consumer loans

The second plot in Figure 1 shows that the credit standards for consumer
loans significantly increased (thus availability of loans dropped) in 2008-2010,
coinciding largely with the identified high financial stress and low GDP growth in
this period, while demand for consumer loans in the same period contracted.
Evidently, worsening economic conditions and financial stress in the observed
period were mirrored in the consumer loans market.

The results of nonlinear impulse response analysis are presented next.
Figure 2 shows the responses of credit standards and demand for loans to a 1
standard deviation (STD) expansionary monetary policy shock (i.e., a reduction in
the shadow rate) during a high and normal financial stress regime (the first panel)
and during low and normal GDP growth regimes (the second panel).
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Notes: Drawn are the nonlinear median impulse responses of consumer loans market
variables to a one std. dev. decrease in the ECB shadow rate (i,) over the horizon of 5
years and the 68 percent error bands. The responses to a shock in the two different regimes
of variable f; and variable y, are compared.
Figure 2. Nonlinear impulse responses of credit standards (s;) and demand for
loans (d,) to a 1 standard deviation expansionary monetary policy shock
Figure 2 shows that shocks in the monetary policy affect credit standards
(availability of loans) as well as demand for consumer loans. When the euro area is
in high financial stress, the effect of expansionary policy is larger than when the
euro area is in a regime of low financial stress (first panel of Figure 1). When in
high financial stress, the improved financial conditions provoked by expansionary
monetary policy instantly reduce the credit standards banks apply (thus increasing
the availability of loans). The availability of loans during low financial stress upon
an expansionary monetary policy shock applies only in the longer term. A similar
impact is observed on the demand side of the consumer loans market: Demand for
loans instantly expands under an expansionary monetary policy shock during high
financial stress, but only with a delay and by less in the low financial stress regime.
The magnitude of the response is larger on the demand side of the market than on
the supply side.
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The second panel in Figure 2 traces the responses of credit standards and
demand for loans during different GDP growth regimes of the euro area economy.
In response to a stimulating monetary policy shock, banks lower credit standards,
more during a low GDP growth regime than a normal GDP growth regime, while
the increase in demand for loans is larger during a normal growth regime. Again,
the response on the demand side of the market is larger than the response on the
supply side.

The nonlinearities in the effect of monetary policy shocks on the consumer
market variables may also stem from the size of shock because the nonlinear
impulse responses may depend also on the size of the shock. To verify this, we
computed nonlinear impulse responses to three STD shocks and scaled them by a
factor of 1/3 before drawing. Figure 3 presents the results of this exercise for an
expansionary monetary policy shock in the two identified financial stress regimes,
while Figure 4 shows the results for the GDP growth regimes. The results show
that no nonlinearities are associated with the size of the shock. By and large, three
times larger shocks result in three times larger credit standards and demand for
loans responses.

Low financial stress regime
Credit standards Demand for loans
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Note: Nonlinear median impulse responses of consumer loans market variables to 1 STD
and to a scaled 3 STD (3 STD multiplied by 1/3) decrease in the ECB shadow rate (i, ) over
the horizon of five years and 68% error bands.

Figure 3. Comparison of smaller and larger monetary policy shocks across
different financial stress regimes
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Normal GDP growth regime
Credit standards Demand for loans

1STD shock

= m w1 Scaled 3 STD shock
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Notes: Nonlinear median impulse responses of consumer loans market variables to 1 STD
and to a scaled 3 STD (3 STD multiplied by 1/3) decrease in the ECB shadow rate (i, ) over
the horizon of five years and 68% error bands.
Figure 4. Comparison of smaller and larger monetary policy shocks across
different GDP growth regimes

We tested the sensitivity of results to different orderings of variables for
which there is not much guidance in the literature—credit market variables. In this,
we placed d; before s;, re-estimated the model, and computed nonlinear impulse
responses; we found the results to be robust to this alternative recursive structure.

The results of the study imply that although the credit market exacerbates
real and financial shocks (Brunnermeier&Sanikov, 2011; Mittnik&Semmler, 2013;
Alessandri&Mumtaz, 2017), due to financial accelerators(Bernanke & Gertler,
1989; Bernanke et al., 1999), the sensitivity of a bank’s balance sheet health to
asset price volatility or interbank interdependencies (Brunnermeier&Sanikov,
2011; Mittnik&Semmler, 2013), and other potential propagators of real and
financial shocks amplification, the monetary policy in the euro area was able to
influence economic activity, financial stability, and credit activity in the observed
period. Indeed, we found its efficiency elevated in the periods of increased
financial stress and subdued economic activity when credit constraints are
generally more binding. This does not suggest that monetary policy transmission in
this period was not impaired. Several studies have documented that following the
global financial crisis and the Great Recession important transmission channels
were impaired (ECB, 2011; ECB, 2015). However, it does suggest that monetary
policy measures undertaken, foremost unconventional policy, were successful in
alleviating tensions in the financial system and stimulating the economy.

5. Conclusions

This paper utilized TVAR and nonlinear impulse analysis to separate two
financial stress and two GDP growth regimes and then investigated the effects of
monetary policy on credit standards (availability) and the demand for consumer
loans during the period September 2004 — December 2018. The results show that
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monetary policy is more efficient in stimulating consumer market activity and
output during high financial stress and economic downturns than during “good
times.” In the consumer loans market, the response on the demand side is generally
stronger than that on the supply side. We found no nonlinearities in the effect of
monetary policy shocks on the consumer market variables associated with the size
of the shock. The results do not imply that the monetary transmission was not
affected during the recent financial and economic crises in the euro area but do
suggest that unconventional measures undertaken enabled monetary policy to
stimulate economic activity, alleviate financial stress, and improve conditions in
the consumer loans market.
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