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Abstract

In this web-appendix, we provide the following additional results:

S1: Additional empirical results

S2: Simulations for λ inference under subset identification

References to lemmas, equations, etc..., which start with a “S” are references to this document.

References, which consist of only a number refer to the main text.
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S1 Additional empirical results

In this section we discuss additional results for our empirical study. These results are com-

plementary to those presented in Section 5 of the main text. In particular, the different

subsections discuss the following aspects.

1. Impulse responses to policy shocks

2. Conditional forecasts

3. Government spending shocks vs. Tax shocks

4. Handling multiple policy objectives

5. Test of loss function specification

S1.1 Impulse responses to policy shocks by region

The impulse responses to policy shocks reported in the main text capture the average effects

of policy shocks across EU countries. However, because of underlying structural differences

in their economy, the effects of fiscal shocks on output and the budget deficit could differ

across countries.

Although there is not enough exogenous variation to estimate the impulse responses

at the country level —the sample period is relatively short, data are annual, and there is

not very many exogenous shocks per country—, as robustness check we estimated regional-

level impulse responses separately for two country groups: (i) Southern EU countries (Italy,

France, Belgium, Portugal, Spain, Greece) and (ii) Northern EU countries (Austria, Ger-

many, Denmark, Holland, Sweden)

Figure S1 plots the estimated impulse responses. While the GDP response is slightly

weaker for southern EU countries, the overall patterns are similar. Figure S2 then plots

the corresponding fiscal discipline parameters for France (using the southern-based impulse

responses) and Germany (using the northern-based impulse responses). Overall, the magni-

tude and time variation of fiscal discipline in France and Germany are very similar to the

baseline results.

S1.2 Conditional forecasts

Instead of using the forecasts provided by EU member countries to the European Commission

(as part of the SGP program), we can instead use a time series model to construct these

forecasts. While relying on government-produced forecasts has the important advantage that
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Figure S1: IRs to fiscal austerity shock: North vs South EU
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Notes: Impulse responses to fiscal austerity shock, estimation based on Guajardo, Leigh and Pescatori

(2014) narratively identified shocks. Responses for Northern EU estimated from a panel with Austria,

Germany, Denmark, Holland, Sweden and responses for Southern EU estimated from a panel with Italy,

France, Belgium, Portugal, Spain, Greece.

Figure S2: Allowing for different MRT: France vs Germany
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Notes: Each marker reports the fiscal discipline parameter λ for France (FR) and Germany (DE) along with

the EU interquartile range. Estimates based on using southern impulse responses for France and northern

impulse responses for Germany.

treasury staff incorporated a large amount of information in constructing their forecasts, the

bias that we uncover raises the possibility that government-produced forecasts are far from

the oracle forecast EtW
0
t . As robustness check, we thus constructed forecasts based on an

3



annual VAR with two lags for GDP growth and the budget deficit.1 The available sample

is 1978-2019. Figure S3 shows that the overall fiscal discipline assessment is very similar to

the baseline results reported in the main text.

Figure S3: Fiscal Discipline in the EU, 1998-2019

Fiscal Discipline, 1998-2023
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Notes: Each marker reports the fiscal discipline parameter λ for an EU country together. Country codes

are AT (Austria), BE (Belgium), DE (Germany), DK (Denmark), ES (Spain), FI (Finland), FR (France),

IE (Ireland), IR (Italy), PT (Portugal), SE (Sweden), NL (Holland) and EL (Greece).

S1.3 Government spending shocks vs. Tax shocks

In the main text, we used indifferently (negative) government spending shocks and (positive)

tax shocks as adverse fiscal shocks. In this section, we assess the robustness of our results

to using separately government spending shocks and tax shocks.

Figure S4 plots the estimated impulse responses following a (negative) government spend-

ing shock and following a (positive) tax shock, and Figure S5 plots the corresponding fiscal

discipline estimates. We can see that the estimates are very close to those reported in the

main text. The estimates and ranking are relatively stable across specification and close to

the baseline results reported in the main text.

1Adding additional variables, e.g. short-term and 10-year treasury yields, led to similar point estimates,
but substantially larger error bands from parameter estimation uncertainty.
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Figure S4: IRs to fiscal austerity shock: North vs South EU
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Notes: Impulse responses to fiscal austerity shock, estimation based on Guajardo, Leigh and Pescatori (2014)

narratively identified government spending shocks (left panel) or tax shocks (right panel).

Figure S5: Fiscal discipline: Using G vs. T shocks
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Fiscal Discipline from G shocks
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Fiscal Discipline from Tax shocks

Notes: Each marker reports the fiscal discipline parameter λ for the EU countries estimated using either

shocks to government spending (G shocks, left panel) or tax shocks (T shocks, right panel). Whiskers

indicate the 68 percent confidence intervals.

S1.4 Handling multiple policy objectives

In the main text, we consider the case of a single fiscal constraint —maintaining the fiscal

deficit st under 3 percent of GDP—, and the auxiliary loss function read

Lt =
H∑

h=0

Et(yt+h − y∗)2 + λ
H∑

h=0

Et(st+h − s̄)2+, (S1)

such that the preference parameter λ was a scalar. As shown in Section 3 however, our

generic framework can accommodate multiple constraints. In this section, we will illustrate
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how we can extend our empirical application to the case of multiple fiscal constraints, as

e.g., encountered in the Stability and Growth Pact (SGP).

The SGP rules are not only complex with multiple exemptions and clauses, but they were

modified multiple times (the “six pack” reform in 2011, the “two pack reform in 2013, and

yet another major reform in 2024).2 Given these fluctuating benchmarks, we illustrate the

case of multiple constraints with a simpler question: how much weight did fiscal authorities

put on the hard deficit ceiling (the 3 percent rule) vs. the structural balance rule, which

stipulates that the cyclically-adjusted budget balance should be above the medium-term

objective (MTO).

A priori, it is not clear whether countries would want to put more weight on the 3 percent

rule than on the MTO target. On the one hand, the MTO constraint is more subjective

(relying on estimates of potential output growth) and thus arguably more malleable and

lenient for fiscal authorities. This could push policy makers to want to put more weight on

this rule than on the hard 3 percent ceiling.3 On the other hand, a cyclically-adjusted target

may call for counter-cyclical fiscal policy in good times that profligate policy makers may be

reluctant to pursue.

To explore this question, we consider the auxiliary loss function

Lt = Et(yt − y∗)2 + λ1Et(st − s̄)2+ + λ2Et(s
ca
t − s̄mto

t )2+, (S2)

where the first fiscal constraint captures the 3 percent deficit ceiling (s̄ = −3%), while

the second constraint captures the MTO constraint (scat > s̄mto where scat is the cyclically-

adjusted budget surplus and s̄mto
t is the medium-term objective for the structural budget

balance (as estimated by the EU commission). The cyclically-adjusted budget surplus and

MTO are available from the EU commission (Larch, Malzubris and Santacroce, 2023).4

Written with our sufficient statistics notations, the impulse response to a fiscal shock are

thenR0 =
[
R0

y,R0
s,R0

sca

]
and EtWt = (yt − y∗, (st − s̄)+, (s

ca
t − s̄mto

t )+), such that we can es-

timate λ = (λ1, λ2) from λ0 = argminλ∈R+

∑
t

∥δ∗t ∥2 where δ∗t = − (R0′WλR0)
−1R0′WλEtW

0
t .

We estimate the contemporaneous response of EtW
0
t to a fiscal shock as in Section 5.1,

and Figure S6 plots the estimated preference parameter for the two objectives. While fiscally

2After these reforms, the EU commission now considers multiple criteria when monitoring adherence of
the SGP: (i) the 3% deficit rule, (ii) a debt rule (a debt-to-GDP ratio below 60 percent with some target
decrease rate in case of exceedance), (iii) a government expenditure rule —annual rate of growth of primary
government expenditures below the “medium-term potential output growth minus the convergence margin”
and (iv) a structural balance rule (e.g., European Central Bank, 2024).

3Relatedly, since the hard 3 percent ceiling is already considered to be too rigid (e.g., Lledó et al., 2017;
Eyraud et al., 2018), the EU commission to be more lenient towards violations of the hard 3 percent rule
when the MTO targets are respected.

4Since the EU commission only reports estimates for the fiscal variables for the current fiscal year, we
only consider the current fiscal year in the policy maker’s loss function .
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disciplined countries put large weights on both rules (the weights were capped at 4), it is

interesting to note that less fiscally disciplined countries put more weight on the 3 percent

deficit ceiling, that is they value less the MTO objectives. As hinted above, the reason could

be that less fiscally disciplined European countries are reluctant to reduce their cyclically-

adjusted deficit fast enough in good times.

Figure S6: Fiscal Discipline in the EU: Handling Multidimensional Rules
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Notes: Each marker reports the estimated fiscal discipline parameter pair (λ1, λ2) for each country where

λ1 captures preference for satisfying the 3% deficit rule (“Preference for Deficit Rule”) and λ2 captures

preference for satisfying the medium term objective (“Preference for Medium Term Objective”). Country

codes are AT (Austria), BE (Belgium), DE (Germany), ES (Spain), FR (France), IE (Ireland), IT (Italy),

PT (Portugal), and EL (Greece). The dashed line marks the 45 degree line and represents equal weight on

respecting the 3% ceiling vs the MTO objective.

S1.5 Test of loss function specification

Table S1 presents the results of the specification test δ∗a,t(λ
0
a) = 0 where λ0

a is the elicited

preference parameter for the fiscal constraint, see section 4.4 of the main text. We can never

reject the null of correct loss function specification.

7



Country λ0
a δ∗a,t(λ

0
a) Country λ0

a δ∗a,t(λ
0
a)

PT 0.37 0.27
[−0.88, 5.05]

IT 1.64 0.19
[−0.19, 3.01]

FR 0.57 0.15
[−0.65, 2.52]

DE 1.96 -0.01
[−0.20, 1.07]

BE 0.71 0.02
[−0.38, 1.45]

DK 3.22 0.03
[−0.08, 0.54]

IE 0.76 0.22
[−1.00, 2.37]

FI 3.98 0.01
[−0.11, 0.34]

ES 1.15 0.04
[−0.41, 1.70]

SE 3.98 -0.02
[−0.16, 0.12]

AT 1.19 0.01
[−0.27, 0.86]

NL 3.98 0.04
[−0.05, 0.89]

EL 1.58 0.62
[−0.07, 3.36]

Table S1: Notes: Estimated λ0
a and test statistic δ∗a,t(λ

0
a) by country, ordered by λ0

a from smallest to
largest. Brackets denote 95% bands.

S2 Subset identification and λ inference: some illus-

trative simulations

Proposition 2 in the main text establishes that for a policy maker with preference parameter

λ0, our procedure will recover the correct λ0 even under subset identification. That said,

subset identification will affect the precision of the estimate relative to knowing all causal

effects. Intuitively, when we can only identify a subset of the available policy shocks we are

effectively reducing the dimension of the “panel” to learn λ0. To illustrate this point, we

present a simple numerical simulation in the spirit of Section 2.

We take R0 = [R0
1 R0

2] with R0
1=

(
−1 0 1 0

)′
, R2=

(
0 −1 0 1

)′
such that

a unit increase in the budget surplus lowers output by one unit in the same period (and no

other change).5

At date t, a λ0-optimal policy maker inherits some initial conditions EtW
(−1)
t and will

adjust its policy instrument by R0
pδ

∗
t with δ∗t = − (R0′WR0)

−1R0′WEtW
(−1)
t such that

the resulting allocation is EtW
0
t = EtW

(−1)
t + R0δ∗t satisfies the first-order condition for

minimizing Lt: R0′WλEtW
0
t = 0. We draw the initial condition vector EtW

(−1)
t from a

Normal distribution with variance-covariance matrix Σ = diag(σ1, σ2, σ1, σ2), and we take

the preference parameter λ0 = 0.2.

For now, we take an arbitrary large sample size to focus on population estimates. In

5Richer impulses responses are naturally possible, but this stark example will be helpful to illustrate how
subset identification affects inference in finite sample.
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our first simulation, we consider the “symmetric” case with σ1 = σ2, so that the policy

maker faces contemporaneous shocks and news shocks of equal variance. With the stark

(i.e., perfectly symmetric) impulse responses we consider, a λ0-optimizing policy maker will

use its two policy instruments (R0
1 and R0

2) in equal amount when trading-off output growth

and the fiscal constraint.

Figure S7a plots the distance to the optimal policy E∥δ∗t (λ)∥2 as a function of λ, first

in the full identification case — E∥δ∗t (λ)∥2 with δ∗t = −
(
R0′WλR0

)−1

R0′WλEtW
0+
t — and

then in the subset identification cases E∥δ∗1,t(λ)∥2 with δ∗1,t = − (R0′
1 WλR0

1)
−1R0′

1 WλEtW
0+
t

and E∥δ∗2,t(λ)∥2 with δ∗2,t = − (R0′
2 WλR0

2)
−1R0′

2 WλEtW
0+
t .

Figure S7: Loss function as function of λ
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(b) σ2 = 2σ1

Notes: σ1 and σ2 are the variances of the shocks affecting the economy respectively in the current period

and in next period.

We can see that each subset first-condition (i.e., δ∗1,t or δ∗2,t) is enough to learn λ: the

two first-order conditions have the same minimum at λ = 0.2. However, notice also how

the subset first-order conditions increase less rapidly than the full-identification case (based

on δ∗t ) as λ deviates from 0.2. In finite sample, this will lead to estimating λ with more

uncertainty. Intuitively, by only using a subset of the first-order conditions, we are imposing

weaker constraints on λ, and more observations are needed to obtain the same level of

precision.6

This first simulation was the case of a perfectly “symmetric” example, where the variance

of shocks is identical with σ1 = σ2 so that the policy maker faces equal variance contempo-

raneous shocks and news shocks and thus uses both policy instruments to balance output

growth and the fiscal constraint.

6Stated yet differently, in this simulation with each policy shock only has effects on impact, using only
one of the two first-order conditions divides the effective sample size in half.
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Figure S8: Error-bands and subset identification
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Notes: Each marker reports the fiscal discipline parameter estimate with the 68 percent confidence intervals

in the (i) full identification case “R”, (ii) subset identification case based on R0
1 (“R0

1”), and (iii) subset

identification case based on R0
2 (“R0

2”).

But consider now a second simulation where the shocks hitting the economy are dispro-

portionally news shocks and thus shocks affecting next period (σ2 = 2σ1). In that case,

the λ-optimizing policy maker will mostly use her forward-guidance instrument (that is, the

impulse response R0
2) to minimize the loss function Lt. What will happen if a researcher can

only identify the contemporaneous policy shock with effects R0
1. Can we still learn λ0? The

answer is yes, but the estimates will be more uncertain. To see that, consider the case where

the variance of (Ety
0
t+1,Etx

0
t+1) is twice the variance of (Ety

0
t ,Etx

0
t ). Figure S7b plots the

first-order conditions R′WλEtWt as a function of λ. Note how the loss function based on R0
1

alone (i.e.,
∑

∥δ∗1,t∥2) increases much less rapidly than the loss function based on R0
2 alone

(
∑

∥δ∗2,t∥2). In finite sample, this means that subset-based inference will be more uncertain

under subset identification of R0
1.

7

To illustrate this point, Figure S8 plots the 68 percent error-bands based on using each

first-order condition separately in 1000 replications of a λ estimation with sample size N =

100. The point estimates are still centered at the true value, but the error-band for the

estimation based on R0
1 is substantially larger.8

7Intuitively, since the policy maker used R0
1 less than R0

2 when facing shocks, more observations will be
required to attain the same level of precision on λ.

8It is only in the limit where the policy maker never uses R0
1 to minimize her loss function that the

researcher cannot learn λ. In the limit where the variance of (Ety
0
t ,Etx

0
t ) goes to zero, the loss function

based onR0
1 —the orange line in Figure S7— becomes flat with respect to λ and error bands become infinitely

wide.
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