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ABSTRACT 

Do labor market reforms initiated in periods of loose monetary policy yield different outcomes from those that 

were introduced in periods when monetary tightening prevailed? Since economic theory usually pays attention 

to the steady state change and ignores business cycle interactions of structural reforms, we connect local 

projection methodology with the Mallow’s Cp averaging criterion to arrive at an inference that does not require 

knowledge of the exact functional form, is robust to mis-specification, admits non-linearities, and cross-

sectional dependence and addresses uncertainty regarding interactions between labor reforms and 

macroeconomy. We also develop a test to check the importance of monetary policy for any horizon and the 

entire impulse response function, taking the multiple testing problem into account. We document that 

replacement rates deliver substantially different outcomes on real GDP, inflation and real effective exchange 

rate, whereas labor activation schemes bear different effects on unemployment in low- and high-interest rate 

environments. There is also evidence of monetary policy trend playing an important role as well as increasing 

synchronized monetary and labor market policies across European countries.  

 

Keywords: Labor market reforms, nonlinear responses, Mallow’s Cp criterion for model averaging, error 
factor structure, low and high interest rate environments. 
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Figure 4.1: Average model weights for each horizon, impulse and response
variables (Mallow’s criterion)
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requires financial inputs, whereas EPL is usually conducted by changing law and financial
requirement, if any, is experienced only later. It thus seems that expenditure-increasing
policies work during an economic downturn when loose monetary policy is in place whereas
institutional changes are favored during economic booms, in line with the current, IMF or
ECB, suggestions to use fiscal expansions during recessions and conduct reforms during (and
thus capitalize on) good times (IMF, 2018, ECB, 2017).

4.3 Test on the Importance of Monetary Policy
Though differences in reactions are captured visually, we also devise a test to evaluate
whether macroeconomic responses to labor market policies react to monetary policy or not.
We test whether H0 : δ̃k − δk = 0 against a two-sided alternative. Though the test can
distinguish whether the Models A-E add additional information about labor market effects
on macroeconomic aggregates, it does not tell us whether the benchmark model is correct
or not. With that caveat in mind, we report a fraction of occasions when t-test has been
accepted for the Mallow’s averaged model in Table 4.1, where the chosen p-value was 0.1
(so we report a fraction for which p-value are larger than 0.1). For instance, the ALMP
parameter in the equation of the real GDP cannot be differentiated from the baseline model
when none of the extensions in Models A-E are included for the first period after a shock but
only 31% of the cases are registered for the second period. The test is horizon-specific and
distinguishes between informational advantages of an inclusion of monetary policy variables
for the entire dynamic path of responses.

4.3.1 Horizon-specific Results

To ease reading of the results, we also depict proportions for each horizon (quarter) graph-
ically in Figure 4.3. If the parameters were identical to the specification with no monetary
policy effects, we would expect the proportion to be close to 1 (or if, say, 10 times out of
100 equality occurs by chance, the no-effect conclusion, or acceptance of the null hypothesis,
would be made for the cases when proportion is equal to or larger than 0.9). Many cases fall
below 0.9 threshold, indicating important interactions and channels that make labor markets
affect the macroeconomy differently, depending on the monetary policy stance. In particu-
lar, ALMP interactions with monetary policy are crucial for real GDP and unemployment
whereas changes in unemployment benefits deliver different results on international prices
and domestic inflation, depending on the monetary policy stance.

Acceptance proportions for the real GDP indicate no significant difference for the ALMP
on impact but this is no longer true later, substantial difference for the reform of the replace-
ment rates, and differences for the EPL over the longer run, but not initially (Table 4.1).
Inflation seems to display quite erratic patterns – consistent differences are registered for the
replacement rate from the third period onwards. Interestingly, the ALMP starts displaying
different results, depending on the monetary policy, for unemployment, which is the ulti-
mate objective of this policy measure. This finding connects to the puzzle of ALMP that has
been found in the literature: ALMP does not display consistent results on unemployment
and varies substantially across countries and time periods, with rather limited evidence on
its efficacy. We thus demonstrate one additional channel that can rationalize such varying
results, and call for the use of confounding events, such as monetary policy interventions, to
uncover the true effects of labor market policies.

The replacement rate has different effects on unemployment in the beginning, whereas the

27



Replacement rate Spending on ALMP EPL

In
fla

ti
on

0 2 4 6 8 10 12

−
0
.0

0
6

−
0
.0

0
2

0
.0

0
2

CPI response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12
−
0
.0

1
5

−
0
.0

0
5

0
.0

0
5

CPI response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

6
−
0
.0

2
0
.0

2
0
.0

6

CPI response to EPL

Quarters

%

Loosening MP Tightening MP

R
ea
l
G
D
P

0 2 4 6 8 10 12

−
0
.0

3
−
0
.0

2
−
0
.0

1
0
.0

0
0
.0

1

GDP response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

3
−
0
.0

2
−
0
.0

1
0
.0

0
0
.0

1

GDP response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.1

5
−
0
.0

5
0
.0

5
0
.1

0

GDP response to EPL

Quarters

%

Loosening MP Tightening MP

R
E
E
R

0 2 4 6 8 10 12

−
0
.1

0
−
0
.0

5
0
.0

0
0
.0

5

REER response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

6
−
0
.0

2
0
.0

2
0
.0

6

REER response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.4

−
0
.2

0
.0

0
.1

0
.2

REER response to EPL

Quarters

%

Loosening MP Tightening MP

U
ne

m
pl
oy
m
en
t

0 2 4 6 8 10 12

−
0
.0

5
0
.0

0
0
.0

5
0
.1

0

Unemployment response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.2

−
0
.1

0
.0

0
.1

Unemployment response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
1
.0

−
0
.5

0
.0

Unemployment response to EPL

Quarters

%

Loosening MP Tightening MP

Figure 4.2: Changes in macroeconomic variables due to the 1% increase in
labor market policies (replacement rate, ALMP and EPL), weighted (Mallow’s

averaging) impulse responses (local projections)
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Table 4.1: Proportion of accepted t-tests

1 2 3 4 5 6 7 8 9 10 11 12
ALMP 1 0.31 1 0.01 0.96 0.67 0.96 0.52 0.99 0.99 0.94 0.96

Real GDP Rep. rate 0.15 0.42 0.99 0.6 0.66 0.82 0.81 0.48 0.62 0.71 0.93 1
EPL 1 0.9 0.96 1 0.92 0.99 1 0.68 0.46 0.35 0.95 0.66
ALMP 0.98 0.85 1 0.96 0.99 0.99 0.98 0.99 0.62 1 0.85 0.98

Inflation Rep. rate 1 0.99 1 0.89 0.79 0.27 0.67 0.8 0 0.85 0.26 0.26
EPL 0.97 1 0.97 0.82 0.96 0.79 0.96 0.71 1 0.53 0.97 0.97
ALMP 1 1 0.93 0 0 0 0.01 0.32 0.54 0.55 0.01 1

Unemployment Rep. rate 0.62 0.37 0.74 0.59 0.99 0.99 0.49 0.96 0.97 1 1 1
EPL 1 1 0.93 0.99 0.97 1 1 1 0.99 0.42 0.48 0.7
ALMP 0.99 0.91 0.87 0.27 0.85 1 1 1 0.96 1 1 0.62

REER Rep. rate 0.52 0.15 0.65 0 0.45 0.92 0.51 0.72 0.37 0.57 0.82 0.03
EPL 0.99 0.89 0.39 0.47 0.78 0.84 1 0.94 0.82 0.91 0.47 0.67

EPL has such effects at a very late stage, depending on the interest rate environment. The
replacement rate is also channeled to REER differently in tightening and loosening interest
rate environments. The EPL seems to also affect the REER differently, especially from the
second to the sixth, and from the ninth to the twelfth periods. The ALMP varies across a
few horizons but has limited support for consistently different effects.

4.3.2 Multiple Testing

The test above has considered each horizon separately. We now take into account the fact
that each variable and each policy measure require twelve tests (one for each horizon), thus
requiring us to control the family wise error rate (the probability of at least one type I error)
or the false discovery rate (where some false positives are allowed for). We choose three
results – a standard Bonferroni adjustment, the Holm’s method, which is valid under quite
arbitrary assumptions, and the Benjamini and Yekutieli method, which controls the expected
proportion of false findings among the rejected hypotheses.18 Ultimately, we take all the p-
values for all horizons (separately for each macroeconomic variables and labor market policy),
and compute adjusted p-values (overall, there are 12 p-values in each such testing for each
time period, over which we will be averaging). For instance, a standard Bonferroni method,
reported in the first column of Table 4.2, postulated a new significance level 0.1/12=0.0083
for the null hypothesis to be rejected for each time period.19 We recomputed proportions for
the entire impulse response function: if the null is rejected for the majority of horizons, the
response function is considered different once monetary policy is taken into account.

It is clear that using a threshold of at least one significant difference, all macro variables
and all policy reforms pass it. Sticking to the 10% tolerance level, we find that monetary
policy delivers different impulse response functions if replacement rate policies are evaluated

18Though we concern ourselves with the probability of the entire impulse response function, we refer
to Lütkepohl et al. (2015), who argue that Bonferroni method may be useful to construct bands around
estimated impulse response functions, based on the estimated parameters and their empirical distributions.
We see an interesting research direction to develop more clear guidance to uncover optimal joint confidence
bands of different horizons.

19Note that changes in interest rates depend on time; therefore, the t-tests are conducted for each time
period (in fact, the tests are conducted for all t time periods and all i countries, so reported tests are averaged
over both these dimensions).
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Figure 4.3: Acceptance regions of H0 : δ̃k − δk = 0 for the replacement rate,
ALMP and EPL in models for inflation, real GDP, REER and unemployment

Table 4.2: Proportion of the Equality Rejection with Adjusted p-values (left:
averaging over h, right: averaging over h and t)

Bonferroni Holm
Benjamini &

Bonferroni Holm
Benjamini &

Yekutieli and Yekutieli
ALMP 0.99 0.99 0.99 1 1 1

Real GDP Rep. rate 0.79 0.78 0.79 0.9 0.9 0.83
EPL 0.92 0.92 0.93 0.99 0.99 0.97
ALMP 0.99 0.99 0.99 1 1 1

Inflation (CPI) Rep. rate 0.89 0.88 0.9 0.97 0.97 0.94
EPL 0.96 0.96 0.97 0.99 0.99 0.98
ALMP 0.81 0.8 0.81 0.99 0.99 0.89

Unemployment Rep. rate 0.94 0.93 0.94 0.98 0.98 0.97
EPL 0.95 0.95 0.96 1 1 1
ALMP 0.99 0.99 0.99 1 1 1

REER Rep. rate 0.65 0.62 0.62 0.77 0.77 0.68
EPL 0.92 0.92 0.92 0.96 0.96 0.96

30



for the real GDP, inflation and REER. When it comes to unemployment, however, differences
are significant for the active labor market policies. Hence, if the entire dynamic path was
of interest about the real GDP, monetary policy did matter least for the ALMP reforms
(similarly to responses in inflation and REER). The most significant result is with regards to
the replacement rate (unemployment benefits) reforms and competitiveness, that is, REER.
Despite horizon adjustments, our results remain largely intact compared to the horizon-
specific tests above. Finally, if we pooled over h and t, the second part of the Table 4.2, the
most robust result for the entire period is obtained with regards to unemployment benefits
and real GDP as well as REER. The monetary policy effect of ALMP on unemployment
remains even after double averaging in the case of the Benjamini and Yekutieli method.

5 Extensions
To conserve space, we report 90% confidence intervals in Section B.2 with three sets of the
results (sub-sample 1985-1998 in Section B.2.1, sub-sample 1999-2010 in Section B.2.2 and
the overall sample in Section B.2.3). Unlike the main text, where we tested H0 : δ̃k− δk = 0,
we also test H0 : δ̃k = 0 against a two-sided alternative. We report probability values
from all the models separately in Appendices, Section B.3. All the models and all the extra
parameters, in addition to the first two lags of the labor market policies, are visualized for
each horizon in Figures B.16-B.17. We create time series for all the variables with and
without monetary policy interactions, reported for the first, fourth and eighth quarters, in
Section B.4 whereas density functions are presented for the first, fourth and eighth quarters
in Section B.5. Instead, we move to two extensions: one where a horizon-specific error factor
structure is taken into account and another where anticipation about the future is dealt with.

5.1 Anticipation Effects and Aggregate Demand Fluctuations
Even though we control for the history of macroeconomic dynamics, past reforms, and ag-
gregate shocks, one may nevertheless be concerned that pre-determinedness of controls in
equations (2.1) or (5.1) may not hold due to the anticipated component. Following Auer-
bach and Gorodnichenko (2012), Duval and Furceri (2018), we introduce the OECD forecast
for yeat t GDP growth, made at t − 1, as an additional variable that controls for agents’
expectations about the evolution of an economy. We have manually extracted projections
from the OECD Economic Outlook June and December editions. Note that due to the
quarterly nature of our exercise, the construction of anticipated controls is more nuanced in
our case. In the first and the second quarters, we included the current year’s GDP forecast
published in the previous year’s OECD’s December edition, whereas in the third and the
fourth quarters we included next year’s GDP forecast published in the current year’s June
edition. Conditional on past information set, we now control for any expectations about
the economic environment that may be correlated with the policy reforms. In addition to
anticipation effects, and even though we are dealing with changes in variables (growth rates
if levels are measured in logarithms), we also introduce an output gap (constructed using a
standard HP filter)20 to control for the unemployment and other macro effects of aggregate
demand fluctuations over the business cycle.21

20We use λ = 1600 for our quarterly data as originally suggested by Hodrick and Prescott (1997).
21To alleviate notation, these additional variables are not accounted within Xit in the model (2.1).
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Figure 5.1: Changes in macroeconomic variables due to the 1% increase in
labor market policies (replacement rate, ALMP and EPL), weighted (Mallow’s
averaging) impulse responses (local projections) with OECD GDP forecasts

and HP-filtered output gaps

Figure 5.1 collects weighted local projections with additional controls for anticipation
and output gaps. As before, the replacement rate and the ALMP tend to reduce whereas
EPL tends to increase inflation on impact. A more inflationary result may be achieved
by increasing labor market rigidity in the tightening monetary policy environment. Un-
employment benefits may have expansionary effect only in the short run. ALMP supports
aggregate economy when a loosening monetary policy is in place; in contrast, EPL is more
inflationary and expansionary under increasing interest rates. Changes in the real effective
exchange rate resemble results from before with a J curve dynamics for the EPL. Finally,
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unemployment suffers less from an increase in the replacement rate and goes down due to
the ALMP expenditure if monetary policy is loose. We find the same narrative for the
EPL which supports the macroeconomy when interest rates are higher. The story about the
expenditure-increasing policies delivering during an economic downturn when loose mone-
tary policy is in place whereas institutional changes being favored during economic booms
is supported by accounting for anticipation effects and aggregate demand fluctuations.

5.2 Cross-Sectional Dependence
In addition to taking care of a rich set of observables, one could argue that, despite taking
past values of macroeconomic variables, some factor structure (cross-sectional dependence)
still remains in the error term. To ensure that our results are robust to such data generating
process, we follow Bai (2009) and Bada and Kneip (2014), and let the error term to be
subject to the multi-factor structure:

4yi,t+k = αi + β′X it + γ ′Xi,t−1 + δ14 lnLMPit + δ24 lnLMPi,t−1 k = 1, . . . , 12,
+δ34 lnLMPit × I4iit<0 +∑

` λi`f`t + ui,t+k Model A,
+δ34 lnLMPit × I4aiit +∑

` λi`f`t + ui,t+k Model B,
+δ34 lnLMPit ×4iit +∑

` λi`f`t + ui,t+k Model C,
+δ34 lnLMPit ×4aiit +∑

` λi`f`t + ui,t+k Model D,
+δ34 lnLMPit × I4iit<0 + δ44 lnLMPit ×4iit+
δ54 lnLMPit ×4iit × I4iit<0 +∑

` λi`f`t + ui,t+k Model E.
(5.1)

As before, let us rewrite the model in (5.1) as 4yt+k (m) = zt (m)′ a (m) + ut+k (m) ,where
all variables along with the factors are combined into

zt (m) = (1, Xt, Xt−1, ft (m) , . . . , ft−pmax (m) ,
4 lnLMPt, 4 lnLMPt−1, g (4 lnLMPt (m)) , . . .)′ , (5.2)

and m denotes one of the models (A-E) that are covered in specifications (2.1) (zero factors)
and (5.1), where error factor structure applies. Notice that the models may include a number
of factors or none at all; also, there is no requirement for the models to be nested. To make
the procedure feasible, one can substitute unobserved factors with their principal compo-
nents, control for their existence by cross-sectional averages or estimate them along with
other parameters. None of the above addresses simultaneously parameter identification and
a number of factors, something of crucial importance in establishing an average model. We
follow Bada and Kneip (2014) and estimate each model with an integrated penalty term in
the objective function with an iterative procedure to avoid under- or over-parameterization.
Effectively, the fitting procedure is a penalized least squares method with iterations to es-
tablish an optimal dimension of the factor structure.22 The factors are estimated by the first
eigenvectors that correspond to the first largest eigenvalues, an exact number determined
during the estimation procedure.

Resorting to Proposition 1 and Cheng and Hansen (2015), we know that, since factors
are generated from the same variables, Mallow’s optimality condition can be extended to
models with factor structure (recall that Mallow’s criterion is directly applicable to any
context where fitted values are a linear function of the dependent variable). Accounting for
the factor structure arguably makes homoskedasticity assumption, used in proving optimality

22The procedures by Bada and Kneip (2014) are rooted in the parameter cascading strategy, put forward
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of Mallow’s averaging, hold in more cases than otherwise. Dynamic regression, as is ours,
poses some challenges since X includes lags of the dependent variable, thus invalidating
linearity assumption. Fortunately, Cheng and Hansen (2015) demonstrate that Mallow’s
averaging remains valid for dynamic models, too. Despite a multi-factor error structure, the
least squares methodology still applies; it is just conducted iteratively with the penalization
for the uncertainty about a number of factors (also refer to discussion in Appendix A). This
opens up vistas to apply a least squares penalization as is done in the Mallow’s combination
weights criterion, something missing in the policy evaluation literature (Gobillon and Magnac
(2016) consider policy evaluation with the factor structure, yet they abstract from model
uncertainty or locally robust dynamic paths of policy changes).

5.2.1 Results for the Baseline

Figure 5.2 visualizes Mallow’s weights for the impulse response averaging, once error fac-
tor structure is incorporated into the weight-selection algorithm. Compared to Figure 4.1,
factor structure makes weights somewhat less dispersed across horizons and models. Infla-
tion, however, still requires us to apply all the models, across labor market policies, though
Model D dominates, as in Figure 4.1. The average response of real GDP to the replacement
rate first relies on Model D and moves to Model B, though averaging is more dispersed for
other labor market policies. The most stark difference, compared to Figure 4.1, relates to
the REER: Model D clearly dominates across all the macro responses and labor variables.
Unemployment also prefers Model D, thus creating a difference to the situation when factor
structure was ignored as then Model B was preferred for the shock in the ALMP. Data favor
specifications with annual rather than quarterly changes or signs of an annual change, sup-
porting our interpretation of the monetary policy trend. Yet, convergence to one particular
model across response and shock variables, also horizons, indicates that the prior substantial
heterogeneity can be attributed to the existence of unobserved factors, which drive response
variables and potentially correlate with the policy variables.

Average responses are depicted in Figure 5.3. The most important difference is the
reduced importance of monetary policy stance for the macroeconomic effect of reforms.
Though the role of monetary policy does not disappear, it seems that the growth rates
across open and integrated European economies are driven by common factors, and they
potentially correlate with the joint labor and monetary policy actions. In other words,
interactions between labor and monetary reforms are driven substantially more by time-
varying component than by an idiosyncratic component. Since the euro was first introduced
in 1999, a substantial portion of our sample actually reflects a joint monetary policy. The
only question, then, remains about whether changes in labor market policies happened to be
alike. If the answer was positive, we would expect that parameters δ1 and δ2 in the equation
(5.1) would also be affected (and not only the interaction terms). In fact, the scales in
Figures 4.2 and 5.3 are substantially different, thus suggesting that a great deal of variation
in labor market policies are actually attributable to a common factor. We interpret this
result as a confirmation that not only monetary policy became euro area specific but also
changes in labor market policies tend to be driven more by a common cyclical factor rather
than country-specific components.

by Cao and Ramsay (2010) to estimate models with multi-level parameters.
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Figure 5.2: Average model weights for each horizon, impulse and response
variables (Mallow’s criterion with multi-factor error structure)

35



Replacement rate Spending on ALMP EPL
In
fla

ti
on

0 2 4 6 8 10 12

−
0
.0

0
4

0
.0

0
0

0
.0

0
2

0
.0

0
4

CPI response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

1
0

0
.0

0
0

0
.0

1
0

CPI response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

6
−
0
.0

2
0
.0

2
0
.0

6

CPI response to EPL

Quarters

%

Loosening MP Tightening MP

R
ea
l
G
D
P

0 2 4 6 8 10 12

−
0
.0

2
0

−
0
.0

1
0

0
.0

0
0

0
.0

1
0

GDP response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

1
0
.0

0
0
.0

1
0
.0

2
0
.0

3 GDP response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

5
0
.0

0
0
.0

5

GDP response to EPL

Quarters

%

Loosening MP Tightening MP

R
E
E
R

0 2 4 6 8 10 12

−
0
.1

5
−
0
.0

5
0
.0

5
0
.1

5 REER response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.0

1
0
.0

0
0
.0

1
0
.0

2
0
.0

3

REER response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12
−
0
.2

−
0
.1

0
.0

0
.1

0
.2

REER response to EPL

Quarters

%
Loosening MP Tightening MP

U
ne

m
pl
oy
m
en
t

0 2 4 6 8 10 12

−
0
.0

4
0
.0

0
0
.0

2
0
.0

4
0
.0

6

Unemployment response to rep. rate

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.1

0
−
0
.0

5
0
.0

0
0
.0

5
0
.1

0

Unemployment response to ALMP

Quarters

%

Loosening MP Tightening MP

0 2 4 6 8 10 12

−
0
.4

−
0
.2

0
.0

0
.1

Unemployment response to EPL

Quarters

%

Loosening MP Tightening MP

Figure 5.3: Changes in macroeconomic variables due to the 1% increase in
labor market policies (replacement rate, ALMP and EPL), weighted (Mallow’s

averaging and multi-factor error structure) impulse responses (local
projections)

5.2.2 Results for the Extended Model

In the final robustness check, we extend the set of controls to include GDP forecasts as
well as output gaps, in addition to the multi-factor error structure. Figure 5.4 is largely
comparable to 5.2 when additional controls where not taken into account. visualizes Mallow’s
weights for the impulse response averaging, once error factor structure is incorporated into
the weight-selection algorithm. Model D carries most weight for all variables of interest,
though dispersion is quite vast and is clearly horizon, policy and outcome variable specific.
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