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Abstract

This paper develops a methodology to perform stochastic debt-sustainability analysis and
fiscal-consolidation program’s evaluation in a Heterogeneous-Agent New-Keynesian (HANK)
model. The model encompasses heterogeneous households, with three types of skill, non-linear
fiscal schemes, and nominal rigidities. As Finance Acts incorporate forecasts over the next years
to attest to the budgetary sustainability of their commitments, we use the conditional-forecast
method to assess their credibility and the effectiveness of the government policy. We apply this
method to the 2024 French Finance Act and highlight the risks surrounding the government
strategy to reduce public debt by 2027. We then show that a stronger debt-reduction policy
can be implemented without penalizing growth or worsening inequalities if the government
cuts social-insurance-based transfers more sharply without cutting social-assistance transfers.
Furthermore, we measure the benefits of this policy in terms of reducing the risk burden on
public debt.
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1 Introduction

The rise in interest rates from 2022 has increased the sustainability risk of public debt which has
soared around the world in the wake of the economic crises of the past fifteen years. These circum-
stances call for fiscal-consolidation programs aimed at stabilizing or indeed reducing public debt.
Experience has shown, however, that many of these programs have failed to achieve their objectives
for two main reasons. The first reason is that the recessionary impact of these programs on GDP may
be so large that there is no reduction in the debt-to-GDP ratio (Blanchard and Leigh (2013, 2014),
IMF (2023)). Second, they tend to increase inequality (Ball et al. (2013), Brinca et al. (2021)))
and then may lead to electoral outcomes likely to undermine the continuation of these programs
(Brender and Drazen (2008))." For these two reasons, a model to evaluate fiscal-consolidation
programs must take into account household heterogeneity. It is crucial to assess accurately the
macroeconomic impact of these programs, which depends crucially on fiscal/budgetary multipliers
poorly measured in representative agent models (Kaplan et al. (2018), Auclert et al. (2023)), and
to anticipate the distributional effects of these programs, which may affect households differently
according to income and wealth levels. Therefore, in this article, we propose to use a Heterogeneous-
Agent New-Keynesian (HANK) model to assess public-debt sustainability and fiscal-consolidation
programs.

Besides accounting for the heterogeneity of agents, another challenge in assessing debt-sustainability
and fiscal-consolidation programs is defining the economic context in which the program is under-
taken. Fiscal consolidation has a direct impact not only on the government’s public finances, but
also on agents’ decision-making rules, and thus on the economy’s response to shocks. Assessing the
impact of a fiscal consolidation program therefore requires making assumptions about the economic
environment in which it will be implemented. This is particularly important because the potentially
self-defeating effects of these programs are very short term, in the years immediately following im-
plementation. To address this challenge we resort to conditional-forecast methods, which allows us
to identify the set of shocks that are consistent with a set of economic forecasts, given the struc-
tural model describing the economy. Conditional forecasts have been applied in VAR (Waggoner
and Zha (1999), Antolin-Diaz et al. (2021)) and New-Keynesian models with representative agents
(Del Negro and Schorfheide (2013a,b)). We show in this article, how to use these methods for a
HANK model using the sequence-space method introduced by Auclert et al. (2021).

The choice of economic forecasts is crucial to the application of conditional-forecast methods.
To do this, we propose to use the government forecasts included in Finance Acts. In Finance Acts,
governments announce their spending and revenue programs for the years to come, which lead
them to make forecasts about aggregate economic indicators (GDP, inflation, interest rates, public
debt,...) attesting to the budgetary sustainability of their policies. These forecasts are based on
a very large set of information and use both quantitative and qualitative methods.? Our aim in
this article is not to improve the quality of these forecasts but to assess their overall consistency
and evaluate alternative policies through the lens of our HANK model using conditional-forecast
methods. By doing so, we provide a new tool for stochastic debt-sustainability analysis. The
dynamics of public debt depend on the fiscal situation (specifically, the level of the public deficit)
and the macroeconomic environment described by the real interest rate (the difference between the
debt-service rate and inflation) and the economic-growth rate (see e.g. Bohn (1998) and Blanchard
(2019)). The stochastic dimension of our analysis of debt sustainability comes from the estimation

'See Alesina et al. (2021) for a discussion on this issue.

2The forecasts contained in the Finance Act are based on a mixture of non-structural models using a very large set
of information and also statistical information and informal knowledge usually used by forecasters. These forecasts
may dominate those based on a structural model because they use a larger information set and fewer restrictions.



of the structural shocks that hit the economy. The estimation of the distribution of these shocks for
the future by means of conditional-forecasting methods allows us to determine distributions for the
future debt trajectory in accordance with Blanchard et al. (2021)’s recommendations for stochastic
debt-sustainability analysis.?

We apply our methodology to 2024 France Finance Act, which includes projections through
2027. As we use a structural approach to identify the sequences of shocks that allow the government
forecasts to become realizations, the choice of the model is crucial for our analysis. We develop a
HANK model for France with energy goods in consumption and production sectors to include shocks
on energy price in model’s estimation; and heterogeneous level of education. The role of energy
shocks is crucial because the Finance Act aims to put the French economy on a desinflationist path
where GDP growth is ensured after the two successive COVID-19 and energy crises. In this context,
the advantages of a HANK are twofold. First, a HANK model has the advantage of predicting
the observed depressive effect of a positive energy-price shock on (see e.g. Blanchard and Gali
(2007)), contrary to a Representative-Agent New-Keynesian (RANK) model, as shown in Auclert
et al. (2023).* Second, a HANK model allows us to properly capture the greater sensitivity of the
poorest to the shock of energy prices, thanks to an incompressible consumption of energy products.®.
Concerning the labor market, standard modeling of nominal-wage rigidities resulting from a nominal
wage set by a union monopoly (see Auclert et al. (2018)) implies that labor supply is homogeneous
across heterogeneous agents. However, since the government forecasts strong employment creations,
it is also necessary to faithfully model labor-supply behavior, which differs depending on the level of
income. It is then necessary to distinguish labor markets according to workers’ levels of education
to have a union monopoly for each of them, and therefore labor-supply elasticities specific to each
type of job. We thus propose to distinguish three labor-market segments to be as close as possible
to the differentiated dynamics in wages, hours worked by employees, and the number of jobs in each
segment.

Based on calibrated parameters for the steady state and estimated parameters for the shocks’
processes over the 2Q2003-4Q2019 period, our HANK model for the French economy identifies the
sequences of each structural shock allowing to reproduce the government forecasts (output, infla-
tion, interest rates, hours worked, wages and public debt) conditionally on the government’s policies
(expenditures and revenues) and energy prices. Solutions are obtained thanks to the first-order ap-
proximation around the steady state developed by Reiter (2009), (2010) and the sequence-space
Jacobian approach proposed by Auclert et al. (2021). The challenge for conditional forecasts, when
applied to economic policies, is that they may be exposed to Lucas (1976) critique: changes in eco-
nomic policy are likely to modify agents’ behavior, making the general-equilibrium model estimated
with past data ineffective for predicting future shocks. To tackle this problem, we implement a sta-
bility test of policy rules and show how to incorporate a possible shift in policy into the evaluation
method. Our estimations reveal that only the government’s decision rules are unstable between
the pre and after-Finance Act periods. It suggests that after twenty years of rising public debt in
France, a new fiscal policy will be implemented by the government to prevent a future debt increase.
Our assessment also indicates that all shocks, except for those on government spending, explain over

3A key difference between the tool of stochastic debt-sustainability analysis proposed in this article and the one
developed in institutions (such as the European Commission, see Bouabdallah et al. (2017)) is that the distributions
of shocks are based on the estimation of a general-equilibrium model and not on econometric models without economic
structure.

“In a RANK model, the energy shock leads households to substitute energy goods by domestically-produced goods,
which counterfactually sustains GDP growth in the home country.

®The model generates a share of the energy goods in the consumption basket decreasing with household incomes as
in the data, but also a price elasticity increasing with incomes, making it difficult for the poorest to avoid energy-price
increases.



80% of GDP deviations from the trend. As the variance explained by these shocks is quantitatively
significant, they provide an initial assessment of the uncertainty surrounding the 2024 Finance Act
and the government’s bet to stabilize public debt through high GDP growth, rather than through
more steadfast adjustments on its spending and revenues.

This risk to the trajectory of French public debt is particularly worrying in the context of rising
interest rates from 2022. Indeed, France has particularly high levels of public debt and deficit
and is subject to the European Union’s Stability and Growth Pact rules. Could France reduce its
indebtedness more sharply than forecasted in the Finance Act? The advantage of our method of
evaluation is that we can use the model’s conditional forecasts to compare the government’s policy
with alternative policies. Using the structural shocks estimated for the forecast period, we can
compare the future trajectories of the French economy according to several fiscal and budgetary
policies in the same economic context defined by these structural shocks. We use our model to
determine the extent to which an alternative policy to that proposed by the government would reduce
debt without penalizing economic growth or exacerbating inequality. We show that a strategy based
on deeper cuts in public consumption expenditure would not be effective because of the economic
recession it would cause. A strategy based on deeper cuts in public transfers has no detrimental
effect on economic growth, but depending on the nature of the transfer cuts, it may exacerbate
inequality. We show that if the reduction in public transfers only concerns transfers based on
social-security contributions (i.e. Bismarkian type), and if assistance transfers (i.e. Beveridgian
type) are left unchanged, then it is possible to achieve a large reduction in the debt-to-GDP ratio
(4.6 percentage points more than the Finance Act) without increasing consumption inequalities or
reducing economic growth compared to the Finance Act.

Literature. Our paper contributes to several strands of the literature. We contribute to the lit-
erature on policy evaluations based on conditional forecasts. Using external information to set the
evolution of economic aggregates, conditional forecasts identify shock realizations that make the
equilibrium model’s paths consistent with the paths based on this external information. A large set
of studies using conditional forecasts have focused on the analysis of economic uncertainty when the
path of the future interest rate is given, whether based on VAR models (Waggoner and Zha (1999)
and Antolin-Diaz et al. (2021)) or on DSGE models (Del Negro and Schorfheide (2013b)). Our
contribution consists of identifying the structural shocks of a HANK model using the conditional-
forecast method and data provided by a government’s Finance Act forecasts. The solution to this
identifying problem is obtained through Auclert et al. (2021)’s sequence-space Jacobian methodol-
ogy.% We also contribute to the literature on the quantitative analysis of HANK models. Following
Kaplan et al. (2018) and Auclert et al. (2021) that have demonstrated the empirical performance
of these HANK models and their relevance for macroeconomic policy evaluations’, a set of papers
illustrate how to apply these models to macroeconomic policy analysis. Auclert et al. (2018) provide
a complete analysis of fiscal and monetary multipliers in HANK models and discuss the advantage of

5Many new methods have been developed to more easily use HANK models. In continuous time, Achdou et al.
(2022) have proposed an approach based on solving Kolmogorov-Fokker-Planck forward equations coupled with HJB
backward equations (See e.g. Kaplan and Violante (2018)). In discrete time, Reiter (2009), (2010), Winberry (2018)
and Bayer and Luetticke (2020) have developed methods to improve the accuracy and resolution speed of these
heterogeneous-agent models. The Auclert et al. (2021) approach integrates the set of tools necessary for macro-
economists to use these HANK models to make economic policy assessments: it is possible (i) to compute the
dynamic responses to aggregate shocks, (i) to check the stability of the dynamics, (%ii) to estimate parameters and
shock realizations and (iv) to use a very friendly Python toolbox. As such, we use this approach.

"These works follow the seminal contributions of Aiyagari (1994) and Krusell and Smith (1998), and develop
quantitative models with heterogeneous agents, which also included market frictions, as price and wage rigidities,
relevant for business cycle analysis.



these models compared to usual RANK models. Auclert et al. (2023), Pieroni (2023) or Bayer et al.
(2023) and Langot et al. (2023) use HANK models to analyze the impact of the recent energy crisis.®
Our paper extends these analyses by estimating a HANK model to explain the business cycle and
inequality dynamics of the French economy which is a member of a monetary union. Therefore, the
Taylor rule is adapted to account for the fact that the European Central Bank (ECB) only partly
responds to French inflation which is only a part of the European inflation. We also contribute to
the literature on fiscal-consolidation programs, which has been extensively studied empirically e.g.
Alesina et al. (2015), Ball et al. (2013), Blanchard and Leigh (2013), IMF (2023), and Brinca et al.
(2021) in a neoclassical macro-model with heterogeneous agents and incomplete insurance markets.
As Brinca et al. (2021), we analyze the incidence of fiscal consolidation on output and inequality,
but in an estimated model which takes into account nominal rigidity and monetary policy.

The remainder of the article is organized as follows. Section 2 presents the model. Section 3
describes the quantitative methodology and the estimation results. Section 4 presents the method
of conditional forecasts and analyzes the quantitative results. Section 5 discusses the debt substain-
ability implied by the Finance Act and section 6 assesses alternative fiscal-consolidation programs.
Section 7 quantifies the level of risk associated with the debt-to-GDP ratio in the Finance Act and
shows how it can be reduced through alternative fiscal consolidation programs. Finally, Section 8
concludes.

2 The Model

The model is an extended version of the ones of Auclert et al. (2018), (2021), and (2023), Pieroni
(2023) and Langot et al. (2023).

2.1 Households

There are three types of household skills s € {l,m, h}: low ({), medium (m), and high, (k). Within
each skill group, households experience idiosyncratic productivity shocks e at the origin of income,
wealth, and consumption heterogeneity.

Household decision rules are independent of skill-type s. Hence, we drop the s subscript. These
decisions are deduced from the following maximization problem

c,n,a>0

Vo) = max {a(a) o) + Zme,e')ml(e',a)}
st. ap = ar—1+y(a,e) — (L 4+ 7)1 — sp)pretcre — (1 + 7)ct

where the subsistence level for the energy consumption is ¢pp, sy stands for a tariff shield ("bouclier
tarifaire"), and prg is the relative price of energy. The discount factor §; changes over time to
account for demand shocks and is assumed to follow a stationary AR(1) process. The net income
y(a,e) and the taxable labor income net of social contributions z(a, e) are defined as follows

y(a,e) = rag—1+ (1 — Tf)dtJ(e) + (1 — p)z(a, 6)17)\ + 7

zi(a,e) = (1 —m)weny + 11T (e)

8In Auclert et al. (2023), there is no incompressible consumption and no public debt dynamics, whereas Pieroni
(2023) introduces incompressible consumption, but not public debt dynamics. These two papers do not present policy
evaluations but theoretical analyses of hypothetical policies. The analysis of Bayer et al. (2023) does not provide an
estimation of the model based on time series of aggregates.
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households according to the function d'(e) > 0. The tax rate on firms’ profits is 7y. The social

contributions are proportional to labor incomes, with a contribution rate 7. A first component of
the transfers, T, is indexed to labor income and taxable (pensions and unemployment benefits),
the indexation being defined by T"(e) > 0. TT(e) is thus the Bismarckian part of transfers that
the household receives. The second component of transfers, 7, is larger for poorer households. It
corresponds to the Beveridgian part of transfers. The government through its policy rules determines
the total aggregate amounts of these two transfers. They may change over time to account for
transfer shocks, assumed to follow a stationary AR(1) process. Total progressive taxes paid on
labor income are

and m = Pﬁ - — 1 and dividends d are distributed non-uniformly across

where 1 + r; =

Tiela,e) = z(a,e) — (1 — p)(z(a,e)

where A determines the degree of progressivity of the tax system. A tax scheme is commonly labeled
progressive (regressive) if the ratio of marginal to average tax rates is larger (smaller) than one for
every level of income z
Ti(z) _1-(1—-p)(a-r"
Tz A-(-we
The Coefficient of Residual Income Progression (CRIP) is

o1 — p)zt=* z
0z (1 —p)

ZH:(l—u)(l—A)zfA ° _ TR

CRIP(z) = (1—wzt  1-Ti(2)/z

Note that the progressive taxes become transfers if 77(z) < 0 i.e. when z < (1 — u)%

We assume that u(c) = log(c), v(n) = @57t%. The labor disutility parameters ¢ ¢, which
are skill specifics, change over time in order to account for labor supply shocks and are assumed to
follow a stationary AR(1) process.

Households can buy differentiated but imperfectly substitutable goods ¢;

€

d
@ eq—1
c = /ci’:d di

sold at price P. €4 measure the elasticity of substitution between goods i. Each of these differentiated
good ¢; is a basket of characteristics given by

nE

% ngp—1 1 ng—1\ ng-1
cip = |agf(ciret —crp) " + (1 —ag)"e(ciayg) "2

% - ng—1 1 ng—1 F
= O[EE (CiFE,t) e+ (]_ — aE)nE (CiH,t) g

where ¢;rp is the energy consumption good, which should exceed the subsistence level cpp, and
¢ig the domestically produced consumption good. With py; = Py /P; and prrt = Prpt/ P, this
basket goods c¢; ; satisfies household’s preferences if ¢; = pr e+ (1 —su+¢)(1+7P)PFE+CFEL, With
CFEt = CFEt — Cpg, Where c represents total household consumption.



2.2 Unions

For each type s € {l, m, h}, a union sets a unique wage by task k whatever the levels of productivity
e € € and wealth a € A. The union’s program for the skill group s is

W J. f, [wtet ess@)) = ving e, )| ar® C W
Uge(Wg,—1) = max v [ WL, 2 . . st. Ni,= T N;
o o2 (WI:,tL1 o 1) + ﬁUk,t+1(Wk,t) t

_1
—es 1—¢$

1
where W = ( I <W,ft) dk‘) and the equilibrium distribution satisfies Y w® [ [ dI'* =

The unions’ decisions for the nominal wages lead to the NKPCs:

1 Wge o
ﬂf,w = Ry (NtSU/(NtS> tdt Pt N; /( 577-5)) _|_67rf/v7t+l
with tax distortion td; = %, union markup pf, = =7 and wage rigidity parameters

Ky = ws that are specific to each s. Remark that the average value of a net wage increase in terms
of consumption units, u}(c*,7") = L, w(c®)e (1 — T*)dl*(e,a_) with T the average tax rate, is

deduced from the households behaviors and computed at the equilibrium.”

2.3 Goods Supply
2.3.1 Basic-good producers’ decisions
Basic-good producers produce Yy using only labor and minimize their production costs

min | {WZNI +WN™ + WthNh}

m
T T T ¢

1 ey—t 1 en—1 E;I\il
( <NMVN+a(NWﬂ”VM?mwm”>

Ny = Y ,wimiejni, Vs € {l,m,h}

1,

Yyt

IN

s.t.

where w® is the fraction of s-type in the population, >, nfef = w® is the average productivity of
each population and A% a s-type productivity shock assumed to follow a stationary AR(1) process
Vs =1,m,h.

The optimal labor demands are

Lo (WA W\ T
Nt == If <M YN,t with MCN}t = ZOZS A?ws Vs € {l,m, h}

S

As all s-type employees work the same number of hours (Unions), then nf, = ng, = ng, Vi, i

After normalizing nj = 1 (a; are found to match this restriction),'® Nj = > wir} e; 1, knowing

> sws = 1. Assuming perfect competition in this market, profits and free-entry conditions lead to:

_ W

. wy = B
Oyt =Wy —MCn)YNy =0 = Wy=MCny & wy=meny, with { e ]I\/?CN,t
Nt = —Tp

9See Appendix A for details on the derivation of the Phillips curve.
10See Appendix B for more details



2.3.2 Intermediate-good producers’ decisions

Intermediate-good producers produce Yy with energy F and basic goods Yy while minimizing their
production costs

4 ol n o1 a;—l
min {W;Yn;+ Prg, Bt} st. Yy < Zy (a;fEt T+ (U —ap) Yy )

Ey YN

The optimal demands of production factors are:

W —0f P —0f

)

with a marginal cost defined as follows

1

_1
MCpy = Z, ™ (af(PFE,t)l_”f +(1 —Oéf)th_Uf) o

Assuming perfect competition in this market, profits and free-entry conditions lead to:

Py

. PHt /
Oy = (Pyi—MCy4)Yn: =0 = Pyy=MCps & pgt=mcyy, with { N,
mcgy = D,

2.3.3 Final-good producers’ decisions

Final-good producers combine goods in order to satisfy the households’ preferences. They minimize
their production costs

. L np—1 a np=1\ np-1
min {PH,tYH,t + (1 — SH,t)PFE,tYFE,t} s.t. YF,t < (QE’,E (YFE,t) nE  + (1 — (XE)"?E (YHJ) nE >

YH .+, YFE+

The optimal decisions satisfy

(1—spi)Pres\ ™ Py \ 7"
Yips = ap [ oTFEL) Ty Y= (1 : Y;
FEt = QF < MCth Fits Hit ( OéE) MCr; Fit

)

with a marginal cost defined as follows

1

MCry = (om0 —ar) () 5

Assuming perfect competition in this market, profits and free-entry conditions lead to:

Pp,

. Prt = B
HF,t = (PF,t — MCF,t)YF,t =0 = PF,t = MCFJ = pF7t = MCFg, with { ]\I;tCFz
mCF,t = T’

2.3.4 Retailers’ decisions

There is a continuum of retailers indexed by i. Each retailer ¢ produces an imperfectly substitutable
consumption good. Fach retailer i sets its price (Monopolistic competition). Each retailer produces



using final goods Y; = Yp;. Retailers produce y;; differentiated goods which are combined to
produce the basket good

5
>

Ed,t71 Ed,t71
€d,t .
Y, = /yi,t di

We assume the elasticity of substitution across goods changes over time, i.e. £4; depends on ¢. These
variations in 4+ lead to price-markup shock (a disturbance to the desired markup of retailers’ prices

over their marginal costs) because the markup is given by u; = Edg‘:i 7- We assume that p; follows

a stationary AR(1) process.
The i-retailer’s objective is to maximize the profits

Py — Ppy vp [ Py 2 1 P\
1I(P; ,_ — U PP S Il LN T B 7 (P touig = ) Y,
( it—1) ngzatx{ 2 Yit > \ Piis t+ T+ i ( z,t) S Yit 2 t

This leads to the following NKPC:

< 1 > n 1 Y
T = kp|me— — — T
! ' 2 IT+r41 Yy =

with me; = P%t’t and kp = %' The firm’s profit (its dividends) is defined by

P. 2
Dy = PY, — PpyYp, — L PY;,
2 \Pji1

knowing that with a linear production, we have Y; = Yp;.

2.4 Central Bank

The central bank, here the ECB, follows a monetary rule:
it = prig_1 + (1= pr) (Z:s + ¢WWFU) + &

with the European inflation defined as

WFU = pprm + (1 — MFR)ﬂtREU where ﬂﬁEU = ppTy + WﬁEU*
where ﬂﬁEU is the inflation in the rest of the Euro area, upg the share of the French economy in

the Euro area, and m/**U* the uncorrelated component of EU inflation with French inflation (an iid
process by assumption). Therefore, the "effective" Taylor rule for the French economy is

it = prij_q + (1= pr) (i + dx(prr + (1 — pFR)pr)Te) + €1
P, -
with m = fz Y 1 and et =&t + oz (1 — pp)(1 — MFR)TrfLEU* ~ AR(1)
t—1

2.5 Interest rate and risk premium

The interest rate decided by the central bank ¢} may differ from the effective interest rate on the
French-government debt. Let us define the effective nominal interest rate

i =1y + U
where ¥, is an exogenous wedge that can be either positive (due to risk premium) or negative (due

to the maturity composition of government debt). We assume that 9 follows a stationary AR(1)
J T L T
1+me 1+

process. The Fisher rule leads to 1 4+ r; =



2.6 Government

Government revenues and expenditures are denoted respectively R; and D;. Public debt (By)
finances the differences:

R = Z / /7}S(a, e)dI*(a,e) + Tperar + Pitec + TepFECFE
s a e

Dy = Gi+Zi+suwres(Yre:+ (1 +7)cpE)
by = (1+r)b—1 — R — R{+ D, + Dy
€d
€q—1 eq—1
where b = B/P is the real public debt, Gy = | [ g”f 4 di the real government consumption and

= the real transfers. To ensure public-debt dynamics’s stability, the lump-sum transfer incorporates
a fiscal brake

= =T, -6 <btb‘1 - 1) feny with Ty = / [77(e) + TT(e)}dr(e)

such that Z; is reduced when debt is larger than its steady-state level. T; is the observed transfers
paid by the government to households (Beveridgian [ 77(e)dl(e) and Bismarckian [ 17 (e)dl*(e)
components of transfers) and e, is a measurement error. We assume that Y; and e, follow stationary
AR(1) processes.

2.7 Equilibrium

Market-clearing conditions used to determine the unknowns { N, w,prg} are
asset market: by = Ay = Z/ /af(a_, e)dl™(a_,e)
s a— e

labor market: Ny = N; = Z/ /nf(a_, e)dl(a_,e)
s a— e
energy market: E, =& = YrE, + crg + Et

and the market clearing condition on the goods market can be used to check the Walras law:

Yy (1 - ¢2P7T2> = pre, B+ Ci 4+ Gy

where ppp; follows a stationary AR(1) process.

3 Model Estimation
The equilibrium defined in section 2.7 can be summarized by the following system:

D (Si41,5, Se-1)

Ap—b
H,(Y,Z) = N;_th =0 (1)
& —FE

10



where ®(S;y1,S¢, S¢—1) = 0 regroups all the equations describing firm, union, government, and
central-bank behaviors, with Sy the vector of aggregate variables controlled by these agents, Y
gathering the time series of unknown aggregate variables and Z of exogenous aggregate shocks.'!
In step 1, we calibrate parameters that determine the steady state of the economy using (1) for
Tpy1 = @ = x, Vo € {S¢, A, by, N, Ni}. In step 2, we then estimate the parameters that govern
the dynamics of the aggregate shocks using Bayesian techniques and a linear approximation of (1)
given by
oo

e OH,
0 = > [HylnsdYs+ Y [HzlisdZs where [Hy]t7sza—yi
s=0 s=0

= dY = GdZ with G=-H,'H;, dY=Y-Y, and dZ=Z-7Z

OH,
and [HZ]t,sE aZt

where Y and Z are the steady state values of Y and Z. G is the complete Jacobian of the dynamic
system. G depends on calibrated parameters determined in step 1. If all the exogenous shocks of
the model have the following MA(oo) representation, dZ; = Y oo mZeZ ,, then the solution of the

HA model can be represented by a MA(co) that involves G and m:

SRS ®

s=0 shock z

Replacing oo by T “large” and using the Jacobians, one can estimate the parameters (p?)* = [m?],
if the Z; follow AR(1) processes, using a Bayesian method and a data set. This representation of
the model’s solution allows us to decompose the variances of endogenous variables as well as to
analyze the historical decomposition of time series.

Let the model solution be Yy = M(&|©,®). The growth-path equilibrium gives a first set of
restrictions that allows us to calibrate ® via J = M (0|®) — ® = M (D), where M,y denote
the set of model’s restrictions at the steady state. Deviations around the trend provide a second
set of restrictions that are used to estimate © through Y, = M(&|O, ®) and the data {yt}tT:tO.

3.1 Calibrated parameters ¢

The first subset ®; of the vector ® is calibrated using external information. Results are reported
in Table 1.

The second subset @9 of the vector ® takes values based on some steady-state restrictions of the
model and are deduced in order to solve

min[¥(@2) — W] W [V (®2) — Vgl with W = Id
2

where W, for z = s,d, is the set of simulated /targeted moments. The results are reported in Table
2

The calibrations implied by the model steady state are described in Appendix B. The Marginal
Propensities to Consume (MPC) per level of income are reported in panel (a) of Figure 1. As
expected, the agents with low incomes consume a larger fraction if their income increases. Panel
(b) of Figure 1 shows that the agents devote a larger share of their expenditures to energy, as in the
data. Panel (c) of Figure 1 shows that the agents with low incomes have more difficulty reducing
their energy consumption when the price increases. This result comes from the largest share of
incompressible consumption in their energy consumption. Finally, panel (d) of Figure 1 shows that
the energy MPCs decline with income. Finally, this calibration results in 31% of households being
financially constrained.

" The dynamic paths of this economy are solved using the method developed by Auclert et al. (2021).
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Preferences Values Targets

Discount factor 0.9888 Real interest rate r = 0.74% per quarter
Frisch elasticity of labor supply ¢ 1 Chetty et al. (2012)

Elasticity of intertemporal substitution o 1 Log-utility for consumption

Incompressible energy consumption ¢ 0.041 20% of households’ energy consumption
Wage markup fiy, 1.1 Auclert et al. (2021)

Low-skill labor desutility ¢; 0.3634 Low-skill wage

Middle-skill labor desutility ¢, 0.3278 Middle-skill wage

High-skill labor desutility ¢; 0.1482 High-skill wage

Elasticity of substitution between production inputs ng 0.5 Negative impact on GDP of energy-price shock
Share parameter (energy, intermediate good) ag 0.043 Sharing rule: a half of energy to households
Production Values Targets

Elasticity of substitution between production inputs o nE Simplifying assumption

Share parameter (energy, labor) ay 0.056 Sharing rule: a half of energy to firms

Firm markup pu 1.2 Auclert et al. (2021)

Productivity parameters Ag 1 Normalization

Aggregate targets Values Targets

Energy price 0.105% Share of energy in GDP of 3.18%

Public debt B 5.418 Debt-to-GDP ratio 100% with annual GDP
Public spending G 0.236 Public spending-to-GDP ratio = 17.5%
Transfers 0.192+0.242 | Transfers-to-GDP ratio (Bev. 4+ Bism.) = 32.1%
Nominal rigidity Values Targets

Price rigidity & 0.95 Arbitrary higher than Auclert et al. (2018)
Wage rigidity f, 0.1 Auclert et al. (2018)

Monetary policy Values Targets

Taylor rule coefficient ¢ (upr + (1 — prr)pr)) 1.2 With ¢, = 1.5, upr = 20%, and p, = 0.75
Persistence of monetary policy p, 0.85 Carvalho et al. (2021)

Table 1: Parameters ®; based on external information

Parameter @, Value Moment VU, Data Model
Beveridgian transfer rule 7(e) = e%eve apeve = —0.47 | Beveridgian Transfer D10/D1 0.36 0.36
Bismarckian transfer rule T'(e) = e@ism apism = 0.815 | Bismarckian Transfer D10/D1 5.43 5.43
Dividends rule d(e) = e agipy = 1.775 | Dividends D10/D1 66.25  65.34
Productivity-persistence low-skill pr=0.97 Gross income D10/D1 11.67 11.64
Productivity-persistence middle-skill pm = 0.965 | Gross income D5/D1 2.94 2.73
Productivity-persistence high-skill prn =0.94 Average productivity persistence 0.966  0.966
Productivity-variance low-skill 01 =0.36 Net consumption D10/D1 3.07 3.12
Productivity-variance middle-skill om = 0.64 Net Consumption D5/D1 1.49 1.49
Productivity-variance high-skill op =14 Net income D10/D1 4.16 3.72
Level of the income tax (1 — 7,)z' > A = 0.089 Net income D5/D1 1.57 1.42
Progressivity of the income tax (1 — 7,)z 7, =0.35 Income-tax revenues/GDP 0.115  0.115
Level of VAT 7. = 0.213 | VAT revenues/GDP 0.17 0.17
Level of social security contribution 7 = 0.242 Social-security contribution revenues/GDP  0.195  0.195
Level of the corporate tax 75 =0.35 Corporate-tax revenues/GDP 0.045  0.045

Table 2: Parameters &5 based on steady-state restrictions
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Figure 1: Heterogeneous households’ behaviors

13



3.2 Estimated parameters

As in all dynamic models, the impact of each shock depends on how the agents expect them to
persist. The vector of parameters

0= {pZ7 UZ|f0r RS {,B, oy Prg,e,9, {@s}s:l,m,ha {As}s:l,m,ha G, T, 67}}
is estimated using a Bayesian method
© = argmax L (@y{yt};f:to, ®) where Yy =M(&|0,9)

given that M is deduced from equation (2). In order to have a “just-identified” system, the number
of time series used in the estimation is equal to the number of shocks introduced in the model.
Therefore, to identify the 14 shocks, we use the data set

T
. bt
y = {Yat Tt, PFE,t7 Z:a ¢, {Ns,t}s:l,m,ha {W::t}SZl,m,ha Gtv Tt? Yy

}/t t=to
over the sample ¢ty = 2Q2003 to T = 4(Q2019.'213 Table 3 summarizes this mapping between data
and shocks. We assume that the energy-consumption subsidy (the tariff shield) are present between
1Q2022 and 4Q2023.

Int. rates  Energy Government Debt-to-

Y | GDP Inf. BCE debt price cons. trans. GDP

Y; ur 1 iy Prpg Gy T; %
£ B8 7 € 9 Prg G T er

Hours Wages
Yy l m h l m h
Nt Nmi Nig U Tt T

g CL Pm Ph A Am Ay

Table 3: Identification: Data (}) — Shocks (€)

The autocorrelations of these AR(1) processes and the standard deviations of their innovations
are reported in Table 4 (see details in Appendix C).

3.3 Variance decomposition

This section presents the variance decomposition of the estimated model for the period of estimation
1Q2003-4Q2019.'* The variance decomposition of the main macroeconomic variables allows us to
evaluate which are the dominant shocks for explaining the business cycle over the entire period. It
gives the contribution of each shock in explaining the deviations of each endogenous variable from
its long-term value.!?

Over the estimation period as a whole (see Table 5)'6, shocks to household demand are the main

source of output fluctuations (44%). Next, shocks to productivity and firm-markup shocks each

12 Appendix B presents the data used in the paper. All data are stationarized by extracting a linear trend, except
the debt-to-GDP ratio where only its average over the sample is extracted.

13 Additional details on the estimation procedure can be found in appendix C. See also Langot et al. (2023)

"the historical decomposition is also presented in Appendix

15Fluctuations represent the differences between the current values of economic variables and their long-term values.

8Tn the appendix D, we present the variance decomposition over all the sample for output, inflation debt-to-GDP
ratio and hours worked by wage level.
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Z Persistence p Standard dev. o Variance
Shock Mean Mean 1{7?;2)2 % 100
Preference B 0.778482 0.009143 0.02121870
(0.025231) (0.001438)
Price markup I 0.827839 0.023420 0.17430147
(0.025517) (0.002331)
Energy price PFE 0.793492 0.116112 3.64013832
(0.022682) (0.009058)
Monetary policy € 0.575467 0.006381 0.00608774
(0.040994) (0.000498)
Spread U 0.832970 0.001172 0.00044864
(0.034203) (0.000126)
Disutility [ L 0.771044 0.020303 0.10165741
(0.048294) (0.002861)
Disutility m ©Om 0.772314 0.018561 0.08537402
(0.046330) (0.002492)
Disutility h ©h 0.692028 0.032577 0.20365890
(0.058132) (0.003967)
Productivity ! Al 0.819040 0.024635 0.18436577
(0.029585) (0.002089)
Productivity m A™ 0.795198 0.018561 0.09370358
(0.029001) (0.001954)
Productivity h AR 0.844523 0.025028 0.21842485
(0.032298) (0.002205)
Government consumption G 0.714310 0.004220 0.00363613
(0.056981) (0.000379)
Transfers T 0.797681 0.005315 0.00776707
(0.044078) (0.000465)
Measurement error er 0.773476 0.015915 0.06304835
(0.047124) (0.004046)

Table 4: Estimated parameters of the AR(1) processes
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account for around 16% of these variations. Fluctuations in oil prices account for 6% of production
variations.!” More than half of inflation fluctuations are explained by oil-price fluctuations (56%),
and 15% by markup fluctuations. The high contribution of energy to inflation fluctuations is due
to the price rigidity, which means that domestic prices only react with delay to shocks, particularly
those that are very persistent, whereas energy prices are determined by very volatile shocks. Indeed,
the estimated variance of oil-price shocks is ten times higher than that of markup shocks and a
hundred times higher than that of preference shocks (respectively 3.64, 0.17, and 0.021, see Table
4). Productivity shocks explain 9% of inflation variations, followed by demand shocks for less than

output inflation debt int. rate debt rate emplL emplM emplH wageL wageM wageH

B 43.8% 7.6% 25.8%  14.4% 14.2% 28.3%  27.5% 23.9% 13.8% 14.9% 10.5%
I 16.0% 15.2%  20.6% 11.5% 11.3% 10.5% 9.4% 9.5% 6.4% 7.2% 6.6%
pre | 5.9% 56.1%  29.3%  50.4% 50.3% 354%  37.9% 32.8%  41.5%  40.5% 35.5%
€ 4.0% 1.4% 4.2% 2.2% 1.9% 3.0% 2.9% 1.9% 3.7% 3. 7% 2.1%
0, 0.8% 0.2% 1.3% 0.3% 2.4% 0.6% 0.6% 0.3% 0.6% 0.5% 0.3%
©l 1.0% 1.0% 0.8% 1.2% 1.1% 6.8% 0.0% 0.0% 13.5% 0.5% 0.4%
om | 3.8% 3.3% 1.7% 2.8% 2.4% 0.3% 7.6% 0.1% 1.3% 15.4% 0.9%
Ph 0.7% 0.6% 0.4% 0.7% 0.6% 0.0% 0.0% 13.3% 0.3% 0.3% 25.8%
Al 4.4% 22%  2.0%  3.2% 3.1% 9.2% 0.2% 02%  4.3% 1.9% 1.7%
A™ | 10.1% 5.9% 1.6% 4.3% 4.1% 0.4% 8.1% 0.4% 2.5% 4.7% 2.2%
A 1.7% 0.7% 0.2% 1.0% 0.9% 0.0% 0.0% 14.2% 0.5% 0.4% 3.5%
G 1.6% 0.1% 0.1% 0.0% 0.0% 1.1% 1.1% 0.8% 0.2% 0.2% 0.1%
T 0.1% 0.2% 0.2% 0.3% 0.2% 0.1% 0.1% 0.1% 0.6% 0.5% 0.2%
er 6.2% 5.7% 11.9% 7. 7% 7.3% 4.3% 4.6% 2.6% 10.9% 9.4% 10.2%

Table 5: Variance decomposition. Share of the deviation from the steady state explained by each shock: mean
value for the sample 2003Q1-2019Q4.

8% and labor supply for 5%. Debt dynamics are determined by these main determinants of output
and inflation fluctuations. Its variations are explained by shocks to energy prices (29%), consumer
demand (26%) and markup (21%) , followed by shocks to labor supply (5%), productivity (4%) and
interest rates (2%). The three main macroeconomic shocks (oil price, demand and markup) also
explain most of the fluctuations in labor markets. They account for 74% of variations in unskilled
jobs, 75% in intermediate jobs, and 66% in skilled jobs.

4 Conditional Forecasts

The originality of our quantitative method is to propose an ex-ante evaluation, i.e. a method that
can be used in real time to help governments make their economic-policy decisions. Our method
integrates the forecasts contained in the Finance Act into a general-equilibrium model to estimate
the sequences of the different shocks that must perturb the French economy so that the Finance
Act forecasts become realizations, in the spirit of the conditional-forecast methodology presented
by Del Negro and Schorfheide (2013a).'® This structural approach provides an evaluation of a

'"Other shocks play a minor role: 5% for labor-supply shocks and interest-rate shocks and 1.6% for public spending
shocks.

8 Therefore, the shocks estimated for the five years of forecasts (2023-2027) can be interpreted as the evolution of the
economic conditions necessary to make credible the government’s forecasts to the eyes of the model. Our quantitative
method mixes non-structural (government forecasts) and structural (HANK forecasts) approaches. There is a large
literature on the optimal way to mix non-structural and structural DSGE approaches for forecasting. See e.g. Boivin
and Giannoni (2006), Schorfheide et al. (2010), Del Negro and Schorfheide (2013a), Adolfson et al. (2005) or Gelfer
(2019). Conditional forecasts have focused on the monetary policy interest rate in VAR (Waggoner and Zha (1999)
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policy on the economic indicators (aggregates and inequalities). Our methodological contribution
consists of estimating conditional forecasts based on the government’s forecasts for public finance
and macroeconomic aggregates using Auclert et al. (2021)’s sequence-space Jacobian methodology
and then evaluating policy using counterfactual scenarios deduced from our HANK model.

4.1 Methodology

We develop a method that provides an ex-ante evaluation of policies planned to be implemented
in the future. This method can be used before the observations of the macroeconomic series, i.e.
when the policymaker must make her choice.'? At the time of the decision, we do not observe
data “after” the policy changes. Instead of these observed data, we use the “forecasts” as observable
variables to reveal the time-specific realizations of the structural shocks of our model that make its
endogenous variables consistent with these forecasts.?? Consequently, the time-specific realizations
of these shocks can be interpreted as the evolution of the economic environment necessary to make
the government forecasts credible under the null hypothesis that the model is true.

Our benchmark scenario will constrain our HANK model to reproduce these government fore-
casts concerning output, inflation, interest rates and public debt, conditionally on the paths for
government’s expenditures and revenues also contained in the Finance Act. We also use the fore-
casts on changes exogenous to the model (e.g. the changes in the energy price or risk premium) in
order to reveal their size, which is crucial for the evaluation of the policy. Therefore, we impose
strong restrictions based on theory to offer causal interpretations. The cost of our approach is to
describe relationships among a small set of variables, therefore limiting the information set used for
forecasting and thus its accuracy relative to larger scale, non-structural models.

The limits of this quantitative method based on conditional forecast are first described in Leeper
and Zha (2003). “Suppose that the interest rate path is not announced to the public but its imple-
mentation requires a sequence of strongly positively correlated unanticipated monetary policy shocks.
Over time, the agents in the DSGE model might be able to detect the persistence in the deviation
from the systematic part of the monetary policy rule and suspect that the policy rule itself might have
changed permanently, which, in turn, creates an incentive to update decision rules.” (Del Negro and
Schorfheide (2013a)).2! This type of adjustment will be taken into account in our analysis: we
evaluate the new government’s decision rules that allow the model to account for forecasted govern-
ment policy. These “new” policy rules can be statistically different from the ones estimated on the
initial sample.?? The changes in the parameters of the government’s decision rules are assumed to
be unexpected.

and Antolin-Diaz et al. (2021)) and DSGE models (Adolfson et al. (2005) and Del Negro and Schorfheide (2013a)).
9When the parliament approves the government’s budget, the government commits itself to its expenditures and
revenues by presenting the implications of these commitments on the output, inflation, interest rates and public debt.
20The time series of the government forecasts are based on a mixture of non-structural models, the experience of
the forecasters and the knowledge of domain experts. They are based on less restrictive relations than those implied
by a HANK model, but mostly on significantly larger information sets (that include the knowledge of domain experts
for improving the credibility of these forecasts).

' Leeper and Zha (2003) define the size of the policy changes that can be defined as being “modest”, in the sense
that the re-optimization of the model does not lead to a significant change in the forecasts. See also Adolfson et al.
(2005) for a more general measure using DSGE models. See Gali (2011) for a critical analysis of conditional forecasts.

?2This means that the changes in the government policy are significant, leading agents to modify their beliefs.
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4.2 Lucas (1976) critique

In order to provide an intuition of our approach, let us consider a simple illustrative equilibrium of
a log-linear economy described by the following equation set:

¢t = aEycpp1 +bys +v  with |a] < 1, and v ~ 4id(0, 1) b b
Yt = pyi—1 + oEt with |p| < 1, and ¢ ~ iid(0,1) = ¢ = - + T v (3)
YV = PyNt—1 + o€t with |p,| < 1, and e; ~ iid(0, 1) pa Py

This model distinguishes two types of exogenous variables: y; can be manipulated by the government
(policy changes), whereas 7, cannot (preferences or technology shocks).

In order to provide quantitative policy evaluations, one must estimate this model. The dataset
Vr = {ct,yt}i_ —g allows the model M to identify the sequences &r = {¢, et }1_o, given the estimated
parameter set © = {a, b, 5,5 , P, 0~ }. The solution is deduced from

Vr=M(Er|®) = & =M"'Yr|O©) with © = Argmax L(0|Vr)

Remark that the identification of {g;}1_, does not depend on the model contrarily to the sequence
{e:}L ), leading to {v:}_, simply because ~; is unobservable.
Using this model’s estimation, one can build forecasts. The forecast {crip L, is defined by:

~

Ercrin = yr +

1—ap
Without any information on the data at periods T+ h, Vh > 0, the model used to forecast is
assumed to be the one estimated on historical dataset Vr.

Conditional forecasts. A conditional forecast uses information on future realizations of ¢; and y,
Vrin = {crin, yren}i_,, in order to reveal the sequences of Erypy = {erin, yrin L, satisfying
Vrin = M(ETHL\@). Given that the Finance Act can propose new policies, the government’s
decision rules can change compared to the ones observed in the past and estimated over the sample
t € [0,T]. Therefore, to take seriously this potential problem, first underlined by Lucas (1976), we
must distinguish two cases.

Case 1: stability of the government’s decision rules. In the first step, the government
announces its policy and thus sets {yr45}L . Using the model (3), the sequence of {epp}_, is
identified using epyp = %(yTJrh — pyr+h—1). This forecast is not biased if and only if ep4p, € CT of
N(0,1). If this is the case, then the stability of the parameters {p, o} is not rejected by the new
announcements of the government.

If the stability of the government s decision rule is not rejected the sequence {eT+h}hH:1 can be

identified through vryp =

e ih— 1_ 2 yr4n and ey, = o L (Yrin — Dy y1n-1)- I erpn € CI
of N(0,1), then the stablhty of the parameters {p,,o4} is not rejected, i.e. the behaviors of
households and firms are also stable.

Case 2: instability of the government’s decision rules. If the government’s decision rules
are unstable, then they can be rewritten as follows:

| py—1+0e ift <T OIld policy rule
= pyi—1 +oe, if t >T New policy rule
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Therefore, when the government announces {yr,}/L_, the sequence of {74}/ | must be identi-
fied using epyp = %(yTJrh — pyr4h—1). If we assume that {a,b, p,, 0} does not change when the
policy rule is modified, then agents revise their expectations by integrating the new value of p and
forecast their consumption as follows:?* Epcpij = ~p yr + 17— Apva The conditional fore-

casts, i.e. the forecasts using the information set yT+ o, allow us to 1dent1fy the sequence {e7., 5} he1
through

— -5 . R
= T 5. yren and  €ryn = —(Yr4h — PyIT+h—1)

The stability of {a,b, p,, 0~} is not rejected if éryp, € CT of N(0,1).%

Application. In our more complex model, we access the quantitative relevance of the Lucas (1976)
critique by simply testing if epyp, € CT of N(O 1) and eryp € CI of N(0,1), after having identified
these two sequences {Erp L | using Erpg = MY (Vry #|©). If this is the case, then the Lucas
(1976) critique is not quantitatively relevant and the sequences are not biased.

On the contrary, if epyp ¢ CI of N(0,1), then a new rule for the processes of the exogenous
pohcy shocks A; must be re-estimated. We re-estimate this rule using maximume-likelihood technics

O, = argmax L ((9 |{XT+h}Z+f, ) for Xpyp € Yryp. Therefore, the identification of Epypr is

now made through Ery, = M~ (Vr4[{0_,,0,}). In this case, the Lucas (1976)’s criticism is
quantitatively relevant and the identification process of the shock innovations must be “corrected”
in order to be unbiased.

4.3 Assessing the changes in policy rules

Figure 2 shows the confidence intervals for the innovations of the government decision rules (grey ar-
eas), the mean of these shocks (red line) and the sequences of the innovations (black lines) identified
by the models to allow it to match the government forecasts.

For all shocks, we compare the simulations based on the models where {p, o} are or are not re-
estimated. The re-estimation of {p, o} is based on data {Gy, T} } accounting for the commitments for
the sample ¢ € [4Q2019;4Q2027], described in the Finance Act. Except for government-consumption
and government-transfer shocks (see the innovations of household and firm shocks displayed in
Figure 21), it is not possible to reject the assumption of invariance of the laws of these innovations.
Therefore, in the evaluations of the French Finance Act, based on conditional forecasts, we use
the new values for {p,o} reported in Table 6 as it allows agents’ expectations to be modeled
satisfactorily.

G T
0.95953 0.90391
00867  0.02299

Q™

Table 6: Estimated parameters over 4Q-2019 to 4Q-2027

Although in the confidence interval, panels (d), (i), (m), (p), (s) and (v) in Figure 21 in Appendix
E, suggest that the Finance Act is highly optimistic regarding markups and the high-skill worker

—~h

?3The bias without expectation’s revision is Er[crir|p] — Er[crn|p] = (1 =~ 1o ap) byr
?YThe bias between “true” (Jrin,er+n) and “naive” (’yT+h,eT+h) shocks is given by Ar4n — yr4n = a(p —

me@pa)yTﬂt implying that widetildeer n — erin = 5= a(p ﬁ)m (P — Py)yT+h—1 + TET 4R
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Figure 2: Innovations of government decision rules. (A) before and (B) after re-estimation.
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labor-market paths. The underlying sequence of productivity shocks declines continuously.?’> In
the evaluations of the French Finance Act, based on conditional forecasts, we therefore use the
re-estimated model because it allows agents’ expectations to be modeled satisfactorily.

5 Assessing the Debt Substainability of the Finance Act

5.1 Shocks Underlying the Government’s Forecasts

Figures 3 and 4 represent the deviations from the steady-state values of all time series in €. The
interest rate is quarterly and corresponds to an annual interest of 3%, with an annual spread equal
to 1%, thus implying a BCE annual interest rate equal to 2%.

Panel (a) of Figure 3 shows that the discount factor (3;) takes values above its steady-state
value over the entire forecast period, consistent with the innovation history of panel (d) of Figure
2 (all innovations’ realizations over 4Q-2023 to 4Q-2027 are above zero). Panel (a) of the Figure
shows that the values of ; goes from 1.024 to 0.999 during the forecast period (these numbers
are obtained by adding the values in the panel (a) of the Figure 3 to the value of § at the steady
state). This underlines that the households’ demand is depressed over the forecast periods by an
exceptionally high preference for saving.

Panel (b) of Figure 3 shows that the price markup (u;) takes values below its steady-state value
over the entire forecast period, consistent with the innovation history of the panel (c) of Figure 21
(all innovations’ realizations over 4Q-2023 to 4Q-2027 are below zero). Using data of panel (b) of
Figure 3, we deduce that u; will take values between 1.111 and 1.125 i.e. a markup almost divided
by 2 over the forecast period (from 20% to 11% or 12%).

Panel (c) of Figure 3 shows that the energy price (Prg;) takes values above its steady state
value over the entire forecast period, consistent with the innovation history of panel (d) of Figure
21 (all innovations’ realizations over 4Q-2023 to 4Q-2027 are above zero). Using data of panel (c) of
Figure 3, we deduce that the energy price will be between 18% and 29% above its steady-state value.
This estimate corresponds to a variation of oil price going from 50.3€t0 46€(in prices of 1995) from
3Q2023 to 4Q2027, given that the average value of oil price between 1Q-2003 to 4Q-2019 is equal
to 38.9€.

Panel (d) of Figure 3 shows that the government consumption (G;) takes values below its steady-
state value over the entire forecast period, consistent with the innovation history of the panel (c)
of the Figure 2 (all innovations’ realizations over 4Q3-2023 to 4Q-2027 are below zero). Using data
of the panel (d) of Figure 3, we deduce that G; will take values consistantly around -0.005 over the
forecast period, meaning a reduction of around 0.5% of the government consumption with respect
to its 4Q2019 value (the reference point).

Panel (e) of Figure 3 reports the values for government transfers (73), showing that they are 4%
to 5% below their 4Q2019 value (the reference point), consistently with the innovation history of
the panel (d) of the Figure 2 (all innovations’ realizations over 4Q2023 to 4Q2027 are below zero).

The values of energy subsidies corresponding to the tariff shield are reported in panel (f) of Figure
3. This subsidy corresponds to an energy-price cut approximately equal to 12% until 4Q2023.

If the monetary policy shock oscillates around zero, suggesting very little variation in it (see
panel (g) of Figure 3), the risk premium paid by the government when it repays its debt is on
the other hand continuously below of its long-term value, even if it rises towards it at the end of
the forecast period (see panel (h) of the Figure 3). Over the forecast period, the spread will be

Z5Pigures 27 to 30 in the Appendix G show the forecasts of endogenous variables and their confidence intervals
under the assumption that all innovations of the exogenous variables are drawn in their estimated distributions.
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Figure 3: Time series of estimated shocks. The lines correspond the estimated shocks when the model is

re-estimated (B). Dotted line correspond the estimated shocks when the model is not re-estimated (A)
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lower by 0.6 percentage point per quarter on average (2.4 percentage points per year) compared to
its long-term value which is 0.24 % per quarter (1% per year). The real interest rate paid by the
government to repay its debt (this rate will be on average 0.6% per year) will therefore be lower
than the real ECB-interest rate over the entire forecast period (this rate will be on average 2%).
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Figure 4: Time series of estimated shocks . The lines correspond the estimated shocks when the model is

re-estimated (B). Dotted line correspond the estimated shocks when the model is not re-estimated (A)

Finally, panels (d), (e) and (f) of Figure 4 show that the labor productivity of all employees
declines (when removing the historical trend) over the forecast period: between 1 and 2% for
workers receiving low wages, and between 2 and 4% for those receiving middle and high salaries.
If the decline in productivity is shared by all types of workers, the same is not true for the labor-
disutility evolution (see Panels (a), (b) and (c) of Figure 4). It is stable for low-wage workers while
it decreases up to 4% for those with middle and high wages.

5.2 Variance and contribution decomposition

Figure 5 (panel (a)) indicates that budgetary decisions only explain around 20% of GDP forecast
during the period. Thus, environmental shocks explain the largest share. This then makes the
Finance Act forecasts uncertain as they rely heavily on shocks not controlled by the government.
The panel (a) of Figure 5 gives the exhaustive decomposition of the variance of GDP according to
the 15 sources of fluctuation integrated into CepreHANK. In 2027, the sum of the contributions
of public consumption and transfer shocks, to which we also add the contribution of measurement
error, amounts to 8.4% + 0.4% + 17.0% = 25.8%.%6

26The complete statistics of the variance decomposition are in the Tables 14 and 15 of the Appendix D.
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Figure 5: Variance decomposition: Qutput. After re-estimation (B)

To extract the shocks that are not in the government budget, we then report in panel (b) of the
Figure 5 the remaining effects (which are then re-normalized to 100%). If we exclude budgetary
shocks, shocks to demand, markup, energy price, labor supply and productivity explain the majority
of variations in GDP, monetary policy shocks and risk premium on public debt having, for their
part, only a modest contribution.

Figure 6 gives the contribution of each shock in the quarterly forecast of each variable. Three
variables are purely exogenous: public consumption, public transfers, and energy prices. The tem-
porary energy subsidy (tariff shield) is also completely independent of other variables. It appears
that energy-price shocks have a large contribution to inflation dynamics (price and wages). Demand
and markup shocks explain a large part of output dynamics. Finally, the shocks on the disutility of
working and productivity have significant contributions to total hours worked.

5.3 Evaluating the Uncertainty Around a Finance Act

In order to bring government forecasts into a context where extreme realizations of environmental
variables are less likely, we construct counterfactual scenarios in which the standard deviation of
one of these environmental variables is reduced by 25%. This leads us to multiply the sequence of
estimated shocks affecting this environmental variable over the forecast horizon by 75%. We can
then express in terms of GDP losses or gains (or debt increase or reduction) the macroeconomic
impact of government overconfidence (or under-confidence) in future economic conditions and its
repercussions on inequality trends.

For the government’s projections to become realizations, our analysis highlights the necessary
combination of “favorable winds”, facilitating the objective of GDP growth and restoration of the
balance of public finances (shocks on markup, labor supply and risk premium), and “unfavorable
winds” (shocks on productivity and demand), making this objective more difficult to achieve. These
are the conditions that deserve to be assessed to judge the credibility of the Finance Act. A summary
of the results are shown in Table 7 while details are presented in Appendix F.

The Finance Act forecasts a rather optimist annual increase of GDP of 1.64% between 2003
to 2027. As we can observe, the output growth can vary between +0.12pp to -0.11pp depending
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Benchmark Markup Spread Disutility Preference Productivity
Output 1.64% 1.53% 1.62% 1.53% 1.73% 1.76%
Debt-to-GDP 108.3% 111.0%  111.1%  109.0% 105.7% 107.8%
inflation rate 2.42% 3.06%  2.29% 2.79% 2.81% 2.08%
Total employment 0.71% 0.62%  0.69% 0.63% 0.78% 0.65%
Low-skill employment 0.52% 0.45%  0.51% 0.52% 0.58 0.49%
Middle-skill employment 0.83% 0.75%  0.81% 0.72% 0.90% 0.76%
High-skill employment 0.90% 0.74%  0.85% 0.62% 0.99% 0.79%

Note: Results are presented as average annual growth over the period 2023Q1-2027Q4 for output and
employment. Inflation is given annual percentage while the debt-to-GDP ratio corresponds to the value in
2027Q4.

Table 7: Uncertainty assessment: impact of smaller shocks

on the scenario. A decrease of price-markup or labor-disutility shocks (i.e. an increase of markup
and labor disutility) would cause the highest fall while the diminution of the productivity shock
(i.e. an increase of productivity) would lead to an important increase of GDP. The government
plans for the debt-to-GDP ratio to decrease to 108.3% in 2027Q4. However, a decrease of labor-
disutility or interest-spread shocks by 25% would completely overturn any planned decrease, with
debt-to-GDP ratio remaining at 111%. On the contrary, a diminution of the preference shock,
meaning households increasing consumption, would allow the government to decrease debt more
easily, to 105.7% of GDP. Then, annual inflation is forecasted to be at 2.42% over the considered
period. However, an increase of the markup would make it go above 3%. A better productivity
would diminish labor costs and as such have the opposite effect, bringing inflation down to 2.08%.
Finally, the government forecasts an increase of employment of 0.71% per year. Preferences more
favorable to consumption would help employment growth, causing it to increase to 0.78%. On the
contrary, a higher interest spread or a highest disutility of labor would logically bring employment
down (increasing respectively of 0.62% and 0.63%).

Thus, this exercise shows that the size of shocks is of great importance for the success of the
government forecasts. Even rather small changes can lead to large consequences in terms of output,
debt, inflation or employment.

6 Assessing Fiscal Consolidation Programs

In its Finance Act, the French government plans for a small decrease of debt-to-GDP ratio by 2027 to
108.3% thanks to a strong increase in GDP growth. Nevertheless, the previous section showed that
uncertainty around the realization of the Finance Act forecasts is high. Besides, debt-sustainability
problems may put into questions the strategy of the government and lead to calls to decrease debt
through public-spending reduction programs. As such, it is important to consider more substantial
fiscal-consolidation programs that will enable France to achieve a larger reduction in its public debt.
Simply put, could France reduce its indebtedness more sharply than forecasted in the Finance Act?

Public-debt sustainability is at the center of policy discussions today as, in most developed
countries as France, debt interest rate is getting close or above the growth rate of the economy; debt
is at particularly high level following fiscal packages linked to the Covid-19 crisis; and fiscal space is
required to face new challenges as climate change (Blanchard (2023)). However, the difficulties of
decreasing debt have been underlined for years. Empirical studies have notably found that policies
focusing on decreasing debt have often hindered economic growth (Blanchard and Leigh (2013),
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Alesina et al. (2015) andIMF (2023)) while Ball et al. (2013) and Brinca et al. (2021) show how
fiscal consolidation programs are usually correlated with an increase in inequalities, calling into
question the social and political acceptability of these policies. Therefore, before examining these
fiscal consolidation programs, it is worth first analyzing the changes in inequalities predicted by the
model given the forecasts contained in the Finance Act.

6.1 Induced Inequality Dynamics

Changes in consumption inequalities are reported in Figure 8. Panel (a) gives the quarterly con-
sumption of workers who only have access to low-skill jobs. As there is a distribution of low-skill
jobs, this worker may have remuneration among the lowest 10% (called Bottom 10%), or equal to
the median (Median) or even among the highest 10% (Top 10%).2” The figure then reports the
consumption levels associated with these three salary levels for the distribution of low-skill jobs.
Panels (b) and (c) of Figure 8 report the same information but for workers with access to wages
in middle and high-skilled jobs. Finally, panel (d) of Figure 8 makes the connection between the
extremes, the top 10% of high wages compared to the bottom 10% of low wages. It also reports
the consumption ratios between the bottom 10% of low earners and the median of the middle class,
and between the Top 10% and the median of the middle class.

Our model forecasts the evolution of inequalities consistent with macroeconomic dynamics. In-
creases in the real interest rate and high salaries are factors in increasing inequalities, while strong
GDP growth in terms of employment further favors the consumption of the poorest. When we
assume that all transfers (the Bismarkian and the Beveridgian components of transfers) are reduced
homogeneously, the model reveals that inequalities increase: in 2023, a well-off worker consumes
4.36 times more than a poor worker, while he would consume 4.85 times more in 2027. The drop
in transfers penalizes households with the lowest incomes who are the main beneficiaries and who
have no savings to compensate for these losses of income. In this scenario, strong growth, which
nevertheless favors the consumption of the most disadvantaged, is not sufficient to contain the in-
crease in inequalities. This could risk blocking the implementation of the decisions necessary for
the realization of the Finance Act. We will now use our model to see if it is possible to implement a,
Finance Act causing a decrease of public debt without hindering economic growth or exacerbating
inequalities.

6.2 How to reduce debt without damaging growth or worsening inequality?

Thanks to our micro-founded decomposition of public spending between public consumption, Bis-
marckian (proportional to wage) and Beveridgian transfers (inversely proportional to wage) we can
evaluate the consequences of different debt-reducing policies. Furthermore, with our method we
take into account the general-equilibrium effects of those programs and the heterogeneous-agent
structure of the model gives us a precise vision of inequality dynamics induced by those policies.
This way our model allows us to go further into the analysis of those policies than previous studies.

Using the structural shocks estimated for the forecast period, we look at the future trajectories
of the French economy according to several fiscal and budgetary policies in the same economic
context defined by these structural shocks and compare it to the forecasts of the Finance Act. We
consider three different programs.

1. A two-fold reduction in public consumption expenditure.

2"The 1.5% lowest and highest remunerations are excluded respectively from the categories called Bottom 10% and
Top 10%.
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2. A two-fold reduction in public transfers keeping unchanged the breakdown between Bismarkian
and the Beveridgian components of transfers.

3. A two-fold reduction in public transfers made entirely by reducing Bismarkian transfers and
leaving Beveridgian transfers unchanged.

Figure 8 shows the consequences of the first program. Fiscal consolidation based solely on a
reduction in public consumption will not be able to bring to the French economy a strong decrease
of public debt with a sustained economic growth or a decrease of inequalities. The debt-to-GDP
ratio falls (after an initial increase), but only 1pp more than in the Finance Act. The fall in public
consumption causes a decrease in aggregate demand. As such, output growth is strongly damaged
with an average annual growth of 1.37% (versus 1.64% in the Finance Act). This also leads to a
reduction in employment for all workers, regardless of their qualifications (annual growth of 0.5%
versus 0.71% in the Finance Act). As the most disadvantaged households are the most dependent
on wage income, this would also lead to an increase in inequality. As such, a fiscal-consolidation
program based on decreasing public consumption does not seem to be effective.

Figure 9 shows the consequences of the second program. Unlike the previous program, cuts in
public transfers significantly reduce the debt-to-GDP ratio (it falls to 103.7% of GDP in 2027Q4)
and it is not recessionary. Economic growth will be virtually identical to that projected in the
Finance Act (slightly lower during the first quarters). On the other hand, this program leads to a
sharp rise in inequalities. Our extreme consumption-inequality ratio rises to 5.62 in 2027 (versus
4.85 in the Finance Act). Low-skill households are strongly dependent on Beveridgian transfers
that represent the majority of their income. Therefore, their fall has a very strong impact on those
disadvantaged households. Despite increasing their supply of labor, it is not enough to compensate
for the suffered income loss and their consumption falls more sharply than for other households.
Thus, despite the strong decrease in public debt, the increase in inequality this program entails
would be a considerable obstacle to its social acceptability.

Figure 10 shows the consequences of the third program. As in the second program, it is based on
a reduction in public transfers. The difference is that in this third program the reduction in transfers
only concerns Bismarckian transfers. This means that Beveridgian transfers increase more in this
program than in our baseline (which assumes no change in the distribution between the two types of
transfers). With this program, a sharp reduction in the debt-to-GDP ratio occurs (104.6% of GDP
in 2027Q4). Economic growth is higher than in the Finance Act (1.83% per year versus 1.64%).
Indeed, as transfers decrease, households lose part of their income and decide to work more to
compensate this loss. This change in labor supply occurs for all types of households as Bismarckian
transfers, the ones proportional to wage, are the ones to fall. Finally, as Beveridgian transfers,
favoring the more disadvantaged households remain stable, inequalities follow a similar path as in
the Finance Act (4.81 versus 4.85 in 2027 for the extreme consumption-inequality measure). Thus,
this program reconciles the three objectives: a sharp reduction in the debt-to-GDP ratio, no change
in inequality compared to the benchmark situation, and a sustained economic growth. As such, it
seems possible to reduce debt without worsening inequalities or damaging economic growth. What
matters is the type of transfers to cut. The government must decrease transfers proportional to
income as pensions or unemployment insurance.

6.3 General versus partial-equilibrium effects

The advantage of our method is to give us the general-equilibrium effect of each of the government
policies we studied. We can decompose this general-equilibrium effect between different partial-
equilibrium effects. We show these effects for the dynamics of the debt for the two-fold decrease
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Figure 8: Counterfactual: two-fold reduction in government spending. (B) after re-estimation.

of government consumption, of transfers with and without a change in their composition in Figure
11. The results are expressed as percentage-point difference with respect to the forecasts of the
Finance Act. First, we see the impact of only the decrease in government expenditures, that is the
direct effect of the policy. Second, we add to this decrease the modification in revenue. Indeed,
the decrease in government expenditures implies a decrease in public revenue. Third, we add the
modifications in terms of output to the changes in public spending and revenue. In this case, the
real interest rate is the only variable that remains as in the benchmark. Finally, we show again the
general-equilibrium effect.

In all three cases, the direct effect of the policy (the sole impact of the decrease in public
expenditures) is the largest. It implies a decrease of debt with respect to the benchmark of more
than 14pp for both policies implying a diminution of transfers; and a decrease of more than five
points in the case of the diminution of public consumption. For our preferred policy (a decrease of
transfers only due to a diminution of its Bismarckian part), this 14pp difference means that this
partial-equilibrium effect is about three times bigger than the general-equilibrium effect. When
taking into account the implied change in revenue, the impact on debt diminishes. It falls from
5pp to 3.5pp for the policy diminishing public consumption and from 14pp to 10pp for the policy
diminishing public transfers. For our preferred policy, this diminution of the impact is even bigger,
it is divided by more than two, going from 14pp to 6pp. Indeed, the Bismarckian transfers that are
reduced are the ones that are taxed and as such they bring additional revenues to the government.
Adding the impact on output brings limited changes to the previous results. For the policy that
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Figure 11: Partial versus general equilibrium effects of public policies on debt-to-GDP ratio (absolute
difference with respect to the Finance Act forecasts). (B) after re-estimation.

reduces transfers homogeneously, the impact on debt is very similar as this policy has almost no
effect on output (especially when looking at the end of the period). For the policy reducing public
consumption, the decrease of debt is reduced a little more (from 3.5pp to 2.5pp) as output is lower.
The opposite occurs for our favored policy. As output becomes higher in this counterfactual policy,
taking it into account increases the impact on debt from 6pp to 7pp.

7 Debt-at-Risk

7.1 Methodology

This section introduces the debt-at-risk concept that we propose to use for stochastic debt-sustainability
analysis (SDSA) in our setup. In the previous sections, we focused on the trend dynamics of macroe-
conomic fundamentals: the primary fiscal balance, economic growth, and interest and inflation rates.
This analysis is useful for assessing the future trajectory of debt, but it does not provide an as-
sessment of the risks weighing on public debt contrary to the SDSA as defined by Blanchard et al.
(2021). For the authors: SDSA "would generate a distribution of paths of the debt ratio (sometimes
called a 'fan chart’), based on forecasts for the drivers of the debt dynamics, which are themselves
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stochastic. (...) The forecasts would also take into account the policy intentions of the authorities,
as well as the interactions between growth and fiscal policies. The result would be a distribution for
the debt ratio n years out (...) conditional on expected policies (but allowing for uncertainty about
these policies would affect the economy)."

Our application of conditional forecasting techniques to the HANK model allows us to generate
the distribution of the debt-to-GDP ratio conditional on government forecasts, the economic policies
pursued by the government, and the distribution of shocks that have hit the economy in the past.
We denote the measure of as debt-at-risk bf, ,, which satisfies

F(b2,,1T) = o, (4)

where F'(bi4,|Z;) is the conditional distribution of the debt ratio determined by the estimated
HANK model and the set if information Z;, which includes the estimated parameters of the model
© and the policy Py(x) announced as of time ¢ for ¢t +n periods. The value of by, () is the debt-
to-GDP ratio that, according to our model, the economy will exceed with a probability 1 —a% in n
periods given the policy P;(z).28 The use of a structural model allows us to evaluate counterfactual
scenarios for reducing the risk on public debt. We define

Afin (2,y) = b () = by, (y) (5)

as the changes of debt-at-risk, measured in percentage points, induced by a shift from policy P; (x) to
P (y). Applied to the fiscal consolidation programs we are studying, this measure makes it possible
to assess the risk reduction they bring in relation to the policy announced by the government.

7.2 Results

In this section, we present forecasts of the debt-to-GDP ratio conditional on the economic policy
pursued (see Section G for the unconditional forecasts of all macroeconomic variables considered in
the estimation). We make forecasts by drawing 1000 realizations from the estimated distributions
of all shocks that do not concern the government policy decisions, namely shocks on preferences,
markup, interest rates, and productivity. For policy shocks to government consumption, transfers
and debt residual, we impose values based on the policy scenario P; () under consideration. We
then plot the forecast paths of the debt-to-GDP ratio and calculate the values of b, (x,y) for
a = {2.5,12.5,25,37.5,50,62.5,75,87.5,97.5} in percentage.

Distribution of forecasts for percentiles a

Policy = Policy forecast | o sor 195%  95%  375%  50%  625% 5%  ST5%  97.5%
(a) Benchmark (Finance Act) 1083% | 88.9% 093% 106.7% 111.3% 115.7% 120.7% 1264% 134.2% 150.5%
(b) Larger | G 107.2% | 87.9% 98.3% 105.7% 1103% 114.7% 119.7% 1254% 133.2% 149.6%
(C) Large | T' 101.7% 82.3% 92.7% 100.1% 104.7% 109.1% 114.1% 119.8% 127.6% 144.0%
(d) Large T and w = 0 103.7% | 84.2% 94.6% 102.0% 106.6% 111.0% 116.0% 121.7% 129.4% 145.8%

Table 8: Debt-at-risk b, (x) conditional to the policy = with (a) the benchmark policy (Finance
Act), (b) a two-fold decrease in public consumption G, (c) a two-fold decrease in transfers 7', and
(d) a two-fold decrease of transfers only born by Bismarckian transfers.

Debt-to-GDP values in 2027Q4

We start with policy P (a) associated with the Finance Act. Panel (a) of Figure 12 shows
the distribution of debt-to-GDP ratio (in shapes of blue) as well as the trajectory planned by the

28 The underlying definition of risk is similar to the one developed by Adrian et al. (2019) for growth at risk, the
key difference being that our predictive distributions are based on the estimation of an estimated structural model
rather than on quantile regressions.
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government (in the black line). As we can see, the path planned by the government is not in the
middle of the distribution: the median of the forecast is 115.7% while the government forecasted
108.3%. This means that even if the non-government shocks compatible with the Finance Act are
not unrealistic, in the sense that they belong to the distributions of these shocks estimated on the
basis of past data (see Section 4), they are optimistic in the sense that the sum of their revealed
values tend to lower this ratio more than a random draw of these values. The amount of debt at risk
at the 25% threshold is by (P;) = 126.4%. According to our model, there is a 25% chance that
debt will exceed the value of 126.4%. This figure may seem high. However, we should keep in mind
that the model is estimated over the recent period, when two major crises led to a sharp increase
in the debt-to-GDP ratio of almost 15 points in a single year (during the Great Recession in 2009
and the COVID crisis in 2020). We are indeed living in a risky environment, with an unconditional
probability of 10% (two years of crises in twenty years of observation) of experiencing a crisis with
major consequences for the sustainability of public debt. The distribution of forecasts reflects this
high risk to government debt. It is also worth noting that, as the model is linear, the risks are
symmetrical on the upside and the downside. Thus, there is also a 25% chance that government
debt will fall below 106.7% of GDP by 2027.

We now compare the policy P; (a) associated with the Finance Act with alternative policies P; (x)
defined in Section 6. In all three cases, we maintain the shocks to the residual public debt that are
revealed in the reference case, that of the Finance Act. The results are shown in Figure 12 and
Table 8. These results make it possible to assess how fiscal-consolidation programs reduce the risk
burden on debt. The fiscal-consolidation programs we study modify the trajectory either of public
spending or of transfers, leaving non-government shocks unchanged in any case. Committing to a
more intensive debt-reduction path reduces the risk to the debt, as these non-government shocks are
superimposed on lower debt paths. For example, in scenario (b) with lower public consumption, the
risk to debt is little changed, as the negative impact of this program on growth does not significantly
alter the debt trajectory until 2027. The consolidation program (b) reduces debt-at-risk value (at
the 25% level of risk) by only A5 (a,b) = 1 point of percentage. By constrat, in scenario (c)
with lower transfers, the risk to debt is sharply reduced Ag_fgo (a,c) = 6.6 points of percentage.
In our preferred scenario (d), which reduces public debt while maintaining growth and containing
inequality, the reduction in debt risk is A?fgo (a,d) = 4.7 points of percentage. In this case, it
should be pointed out that the change in the transfer rule also changes the risk by modifying the
sensitivity of the economy to all shocks, since the Jacobian is modified by the change in the share
of Beveridgian transfers.

8 Conclusion

We develop a methodology that rigorously assesses the debt susbtainability implied by Finance Acts
and evaluates the implications of alternative fiscal-consolidation programs. Using the conditional
forecasts of a HANK model, we identify all future shocks consistent with the Finance Act proposed
by the government. Then, we measure the contribution of fiscal decisions in the projections and com-
pare it to the contributions of tailwinds and headwinds, thus revealing the optimism or pessimism of
the forecast. The uncertainties about these macroeconomic projections may cast doubt on France’s
ability to reduce its public debt. We therefore compare alternative fiscal-consolidation programs to
the one proposed in the government Finance Act. The results show that fiscal consolidation via a
reduction in public consumption has the disadvantage of generating significant recessionary effects,
unlike fiscal consolidation via a reduction in public transfers. The choice of which transfers are
subject to cuts is of crucial importance in terms of consumption inequalities between households.
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We show that it is possible to reduce debt and support growth without increasing inequality if
the reduction concerns insurance transfers (of the Bismarckian type) without affecting assistance
transfers (of the Beveridgian type). Our analysis also shows the importance of studying debt sus-
tainability in the general equilibrium: fiscal policies should not be decided only looking at partial
equilibrium effects. In all studied cases, the impact on debt in partial equilibriums exceeds largerly
their impacts measured in general equilibrium.
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Appendix
A Union and Phillips Curve

A union sets a unique nominal wage W}; by task k, Vs € {l,m,h}. The union’s program is:
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Indeed,

om0 (W) N (RN N
ows — owyp \ \ Wy ! W \ W W
and we have
oc® 1 0z°
owg (14 1)P oWy
1 8 1— inc
= T aWe /(1 — Nine) ((1 — Tsse) Wi setny ¢ + A) Tine dqk
c Lk Jk
_ /(1 Aine) (1 = Tine) (1 )< L ) (1 = rase) Wiyerngy + A) "7 di
= A - T - T etnkt ktCt ATr7s - T ktCtTpyt
(1 + Tc)Pt & mnc mc Ssc aWk Ssc
1 S NS S s —Tinc
— m k(l — Xine) (1 = Tine) (1 — Tsse) ey — 55Wk et —— W ((1 — Tssc)Wmetnk,t + A) dk
C
1 .
— m /(1 — Xine) (1 = Tine) (1 — Tgse) (1 — 6s)etnz7t ((1 — TSSC)W,f’temzt + A) Tine 1k
c)it Jk
Part 2. Envelope theorem: 63%}:?1 (Wg) = s, (Wvé’ﬁ“ - 1) (ngﬁ)l UL Wi (Wvé’ﬁ“ - 1) WV’5§+1
k k,t k.t k,t k,t
At the symmetric equilibrium, we have W)} = W}, = W* and nj = nj, = N SV, K
acs 1 S S S —Ti
e A5 (1 = Tine) (1 — Tsse) (1 — €5)e NS (1 — Nine) (1 — Tsse) Wier N + A) ™ Time
k c)it
1—average tax ratezl—?f
Using myy,, = Wwftsl — 1, the FOC rewrites:
’ t—
1 s
0 = ————(1—Tine)(1 - 1 N "(®)er(1 — T,)dl*(e,a—
gm0 7m0 = =<)N; [ (et =T (e,
NS
/
/U(NS>W€S %Eﬂaﬂt+6q’fdfﬂaﬂt+l(l+ﬂf/lf,t+l)wf
Notation. Assume that we can compute u}(c*, T ) = Jo W(c)en(1 - T,)dT*(e,a_), therefore
we deduce:
1 S~I(.8 T NS
0 = m(l _T’an)(l _TSSC)(l 5S)Nt ut(c 77-5) (Nt)WtS S
1
—Uyy —— We T + BV s W o1 (L4 Ty
i—1
1—7 1
00 = (e BN T 4 (VNG
C

—\Ilf/v(l + 7TW,zt)7TI/I/,t

By Ty (1 + Tyeg1)

The resulting New-Keynesian Phillips curve for sector s is:

Es 1—¢ (1 - T’inc)(l Tssc) ~1 s /
e = WEN W, (c®, T )+ v (NN | + By
e = i [T e T+ 0N |+ B
s s |/ s 1 Wt s~I( s 7‘5 s
= Ry | NJV(NY) — e tdy 2 Ny (e, T7) ) + BTy

41



with tax distortion tdf = %W, 115 = 25, kw = f;}’ 7w (14 mw) ~ mw and the average

level of e is 1 leading to We; N = WZN{.
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All the raw series of Table 9 are quarterly and range from 2Q1995 to 4Q2021, except Euribor
that starts in 1999 and the employment rate, available only from 2Q2003. For the population and
interest charges, which are annual series, we build quarterly series by interpolation. Some series are
divided by the population to obtain per-capita variables: {Y,
series is monthly. It is quarterized using a moving average, from which we derive w. The energy
price (Prg) is the crude-oil price in Euro. Finally, the data of hours and wages by worker types are

Data, Steady State and Calibrations

Raw data

Data Web access Providers
Population DBnomics code  Eurostat
GDP DBnomics code  Furostat
CPI DBnomics code  INSEE
Energy price DBnomics code  INSEE
Government consumption DBnomics code  Furostat
Government transfers DBnomics code  Furostat
Public debt DBnomics code  Furostat
Employment rate DBnomics code  INSEE
Employment in Agriculture DBnomics code  FEurostat
Employment in Wholesale and Retail Trade DBnomics code  Furostat
Employment in Construction DBnomics code  Eurostat
Employment in Real estate DBnomics code  Furostat
Employment in Science and Administration DBnomics code  Eurostat
Employment in Industry DBnomics code  Furostat
Employment in Finance DBnomics code  Eurostat
Employment in Information and Communication DBnomics code  Furostat
Total Compensation in Agriculture DBnomics code  Furostat
Total Compensation in Wholesale and Retail Trade DBnomics code  Furostat
Total Compensation in Construction DBnomics code  Eurostat
Total Compensation in Real estate DBnomics code  Furostat
Total Compensation in Science and Administration DBnomics code  Eurostat
Total Compensation in Industry DBnomics code  Eurostat
Total Compensation in Finance DBnomics code  Eurostat
Total Compensation in Information and Communication | DBnomics code Eurostat
Total hours in Agriculture DBnomics code  Furostat
Total hours in Wholesale and Retail Trade DBnomics code  Furostat
Total hours in Construction DBnomics code  Furostat
Tota hours in Real estate DBnomics code  Furostat
Total hours in Science and Administration DBnomics code  Furostat
Tota hours in Industry DBnomics code  Eurostat
Total hours in Finance DBnomics code  Furostat
Total hours in Information and Communication DBnomics code  Furostat
Euribor DBnomics code BdF
Interest charges DBnomics code AMECO

Table 9: Data sources
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https://db.nomics.world/Eurostat/demo_pjanbroad/A.NR.Y15-64.T.FR
https://db.nomics.world/Eurostat/namq_10_gdp/Q.CLV10_MEUR.SCA.B1GQ.FR
https://db.nomics.world/INSEE/IPC-2015/M.IPC.SO.00.00.INDICE.ENSEMBLE.FE.SO.BRUT.2015.FALSE
https://db.nomics.world/INSEE/IPPMP-NF/M.CIMP.41.VALEUR_ABSOLUE.NOUVEAU.ETR.EUROS.BRUT.0207.SO.SO.FALSE
https://db.nomics.world/Eurostat/gov_10q_ggnfa/Q.MIO_EUR.SCA.S13.P3.FR
https://db.nomics.world/Eurostat/gov_10q_ggnfa/Q.MIO_EUR.SCA.S13.D62_D632PAY.FR
https://db.nomics.world/Eurostat/gov_10q_ggdebt/Q.GD.S13.MIO_EUR.FR
https://api.db.nomics.world/v22/series/INSEE/EMPLOI-BIT-TRIM/T.CTTE15.TAUX.FR-D976.0.15-64.POURCENT.CVS.FALSE
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.A.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.G-I.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.F.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.L.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.M_N.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.B-E.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.K.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_PER.J.SA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.A.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.G-I.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.F.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.L.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.M_N.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.B-E.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.K.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10/Q.CP_MEUR.SA.J.D1.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.A.SCA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.G-I.SCA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.F.SCA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.L.SCA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.M_N.SCA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.B-E.SCA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.K.SCA.EMP_DC.FR
https://db.nomics.world/Eurostat/namq_10_a10_e/Q.THS_HW.J.SCA.EMP_DC.FR
https://db.nomics.world/BDF/FM/FM.D.U2.EUR.FR2.MM.EURIBOR3MD_.HSTA
https://db.nomics.world/AMECO/UYIG/FRA.1.0.0.0.UYIG

constructed using data described in Appendix B.3. All times series are plotted in Figure 13.

For the estimation, the time series of per-capita GDP , price index, Govt. consumption, Govt.
transfers and wages are stationarized around a linear trend. The other times series are stationarized
around their average over the sample.

B.2 Energy Market

Data for consumption gives us the distribution of consumption by type of goods. We consider that
the categories "Housing, water, gas, electricity and other fuels" ("Logement, eau, gaz, electricité et
autres combustibles") and "fuels and lubricants, antifreeze" ("Carburants et lubrifiants, antigel")
belong to the energy part of consumption. Making the assumption that the demand for energy
is equally shared between households and firms, we obtain that the shares of firm and household
energy demand over GDP are each 1.59%.

Assuming further that oy = ng, Z = 1 and sy = sp = 0. Then, using mc = 1/u, we can set
mecp = mc and pr = mcp. Hence, we deduce Hence, we deduce

—nNE —NE
DPFE PFEYFE 1 1—
Yre = ag <> Y & —— =ag <> Prp”
PR Y j23 FE
—NE E 1 —NE B
E = af(l-oap) <pFE> Y & PFEZ _ ar(l—ag) () p};E"E
PF Y DF

which gives us:
ap preE/Y
1 —appreYre/Y

1
prE = ((pFEYFE/Y) + PFEE/YmC—UE) T-ng
afp + Oéf(l — aE)

af

B.3 Labor Market.

Figure 14 shows the employment shares and gross wage by sector of the French economy. For our
model, we divide the labor market into three submarkets, s =1, m, h:

e the submarket of high wages (s = h): Information Communication + Finance

e the submarket of intermediate wages (s = m): Industry + Construction + Scientific and
Administrative + Real Estate

e the submarket of low wages (s =[): Wholesale and Retail Trade + Agriculture

We obtain the distributions shown in Figure 15. Between 1Q2003 and 4Q2019, the employment
rate were Ni = 25.5%, Ny = 32.5% and Ny = 5%. Therefore, the aggregate employment
rate is ) . N, = N = 63%. This allows to deduce the relative employment sizes s: Ny/N €
{40.5;51.5; 8}%.

To determine the employment rate by s, we need to use the participation rates and the em-
ployment rates for each s. We approximate these rates by assuming that low-wage workers have a
diploma lower than the “baccalauréat”, those with an intermediate wage have a diploma between
the “baccalauréat” and two years of higher education, and high-wage workers have a bachelor or
more. Data for the participation rates, and data for unemployment lead to

e Participation rates (1985-2016): P, = 71%, P,, = 76.25% and P}, = 87.0%
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https://www.insee.fr/fr/statistiques/4648339
https://www.strategie.gouv.fr/sites/strategie.gouv.fr/files/atoms/files/fs-na-85-influence-diplome-marche-travail-fevrier-2020.pdf
https://www.insee.fr/fr/statistiques/2850098?sommaire=2841366
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Figure 13: Raw data (100 in 4Q2019)
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Figure 14: Raw labor-market statistics

Sector s L M H | Mean
Shares (Ng/N) 45.2% 48.6% 6.2% -
Wages 1 14 2 1.3
Employment rates 56%  66.25% 81% | 63%
Hours worked 1 0.98 1.02 | 0.99
N, (employment ratesxShare) | 25.3 31.6 5.1 -

Table 10: Labor-market statistics

e Unemployment rates (2016): U; = 15%, U,,, = 10% and U, = 6%.

This leads to employment rates equal to N; = 56%, N, = 66.25% and N}, = 81%, consistent with
a total employment rate equals to 63% with the shares Ng/N.

Beyond the employment rate (N), we also use the number of hours worked by workers (h) to
build the aggregate hours Nh = N X h.

e Information provided by the data

— the values of {w®,n®} Vs. Given that efficient labor is N* = Y, w’nfein, where w* is
the size of each population, ), 77ef = w? is the average productivity of each population
and n®(i) = n®(i') = n®, Vi, is the homogenous aggregate hours worked Vs (restriction
implied by unions) by each population, we deduce that N* = w’wn® = w’n*.

— the relative wages {1,1™, 1"}

e Unknown parameters determined by steady-state restrictions: {as, @s}s—im.h
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Figure 15: Labor-market statistics
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The production function is

EN

1 en—t 1 eny—1 1 eN—1\ ey—1
YN — O‘ZEN (wlwlnl> EN —l—Ct;zN <wmwmnm> EN +a;N (whwhnh> EN

N
1 eny—1 1 eny—1 1 eny—1 eny—1
— alﬁN (wlﬁl) N aN <wmﬁm> N +a;N (whﬁh) N

where it is assumed that there are no TFP shocks at the steady state: A® =1 Vs. The entrepreneur
controls the aggregate hours by skill n°. The firm’s FOC are, Vs € {l,m, h}:

_EN 4
oY’ = N = AN = R - A POAE- - SR |
06— om0 (o () i ) o (o) )T

R WwWs —EN
= n’ = as(ws)EN_l (W) YN
where W is the total marginal cost:
1 1
Ws —EN l—epn
wscy = (Yo (%))
S
1 l—en lm l—en lh l—en ﬁ
- wla(S) () ()
= WiTl(w, am, ap, @', @™, ")
This leads to
Ws —€EN
ns s\en—1 Y;
" (@) (Vﬁf(al,am,ah,wl,wm,wh)> N
Ws —EN
= as(ws)‘sN_lI‘(al,am,ah,wl,wm,wh)m (W) YN
1
Therefore, we deduce
= ozl(wl)eN*lI’(al,ozm,ah,wl,wm,wh)fsNYN (6)
nm = am(wm)stl(lm)*ENF(al,am,ah,wl,wm,wh)*sNYN (7)
= Odh(wh)ENil(lh)fsNr(Oél,am,ah,wl,wm,wh)feNYN (8)

where {@!, @™, @w", a;, am, o, } are the 6 unknowns. Remark that the homogeneity of the production
function implies that

1
Y Wt =WYy = Yy= f(nl +Imp™ 4 [Pl

this equation being a linear combination of equations (6), (7) and (8). Thus, we have 6 unknowns
for only 3 independent equations (6), (7) and (8).
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Additional restrictions
L Y as=1=a,=1—a—an
2. wy, = 1 because we only observe 2 relative wages, {W,,/W;, W}, /W,}
3. L, wwt=1=wl = %W With 2. this leads to w” = 1_“115#

= The remaining 3 unknowns are {@!, o, a,, }.

Using the definition of the function I', we deduce

l \ 1 l—en m l—en lh l—en 1—151\7
m _
F(al,am,ah,w,w , W ) - g (’(ﬂl> +am (wm> —I—Oéh (’Zﬂh)
l—en hih l—en ﬁ
~ l 1 myl—en w l
& D a,am,@') = (o p— + ay, (I™) +1l-q—ap) | —————

Solution can be obtained using:

Al = (@) T (g, o, @) VY@ TR+ TR (9)
A" = (™) N ay, o, @) EV D@L TR 4 TR (10)
At = ap(@")E TN TN (o, o, @) ENTD @+ TR 4 TR (11)

where the variables with a “hat” are the observable data. Solutions must satisfy @! > 0,0 < oy < 1,
0 < ay, < 1 with ol +a™ < 1. Moreover, the solution would be such that w! < @™ < @". Results
(parameters and wage distributions) are reported in Figure 16.
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Figure 16: Productivity Distribution by Workers’ Type s
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s l m h
CES parameters of Yy
as | 0.3133  0.5230 0.1636
w; | 0.7808 1 2.5978
Income Risks

ps | 0.97 0.965 0.94
os | 0.36 0.64 1.4
Disutility of working

ps | 0.3634 0.3278 0.1482

Table 11: Specific Parameters by Workers” Types s

Given the solutions for {w!, @™, @"}, where 3" w*w® = 1, we define @*® = A® + 3, ef7f, with
S __

;eim? =1, Vs. Using the parameters {p®, 0®}, the grids of the idiosyncratic productivity shocks
le],....,e%] and the Markov matrix [7,] are constructed, and satisfy ), efn{ = 1 where 7} is the
eigenvector associated to the eigenvalue 1 of the matrix 7], ].

Finally, equilibria on labor markets allow us to deduce the values of the disutility of working s,

Vs =1,m,h (see the Table 11)).

B.4 Calibration of taxation and transfers

We use several moments of the decile distribution to calibrate notably transfer and income tax pa-
rameters. Those moments are computed from the data in Accardo et al. (2021) for 2018. We consider
that Bismarckian transfers encompass pension and unemployment insurance transfers ("retraite" et
"chomage et revenus de remplacement"). Beveridgian transfers include the other monetary trans-
fers as well as health and social action and housing transfers in kind ("santé" et "action sociale et
logement"). This way, we obtain the share of transfers over GDP (17.9% for Bismarckian and 14.2%
for Beveridgian) and their distribution by decile. For gross income, we consider primary income
("revenu primaire élargi") to which we remove social contributions ("cotisations sociales") and add
Bismarckian transfers. For net income, we use disposable income ("revenu disponible") plus health
and social action and housing transfers in kind. Data for consumption gives us the distribution of
consumption by decile. Finally, we obtain data for the distribution of dividends from André et al.
(2023), using the dividend and mixed revenue category ("dividendes et revenus mixtes").

B.5 From government forecasts to quarterly data

The transfers (T') are the sum of "Social benefits in cash” + "Social benefits in kind”. The energy
price is first divided by the EUR/USD exchange rate and by the inflation level. For GDP, IPC,
energy price and wage of the year 7, we compute the quarterly growth rates ¢gZ using the annual
growth rates g7 . (forecasts of the GDP, IPC, energy price and wage growth rates reported in the
Table 12)?°, solving

4Q
L+02,)% Y Zor = Z1gresr ¥ [L+ (1 +g2) + (1+g2)* + (1 + ¢2)°]
q=1Q

where Z = GDP, IPC, energy price and wage. We built the quarterly data for GDP, IPC and energy
price over the periods 1Q2022 to 4Q2027 (see panels (a), (b) & (c¢) of Figure 17). We get quarterly

2For the energy price, we deduce the annual growth rate from forecasts of the data in level.
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https://www.insee.fr/fr/statistiques/4648339

2022 2023 2024 2025 2026 2027
Population (15-64) 41427249 41402466 41381174 41360167 41338765 41311515
GDP growth 2.6% 1.0% 1.6% 1.7% 1.7% 1.8%
GDP share of G 23.7% 23.2% 22.8% 22.5% 22.3% 22.1%
GDP share of T' 25.7% 24.9% 25.0% 24.8% 24.6% 24.3%
Debt-to-GDP 111.6% 109.6% 109.5% 109.4% 109.2% 108.3%
Energy price $101 $83 $83 $83 $83 $83
IPC (inflation rate) 5.2% 4.9% 2.6% 2.0% 1.8% 1.8%
Employment 2.4% 0.8% 0.6% 0.8% 0.8% 0.8%
Wage 5.0% 4.8% 3.0% 2.8% 2.4 2.5%
Short-term interest rate 0.3% 3.1% 3.7% 3.4% 3.4% 3.4%
GDP share of interest charges 1.9% 1.7% 1.9% 2.1% 2.3% 2.4%
Exchange rate EUR/USD 1.05 1.07 1.07 1.07 1.07 1.07

Table 12: Government forecasts. Source: Finance Act

series by interpolating the GDP share of G (government consumption) and the GDP share of T'
(government transfers). Then, using the quarterly data of GDP, we built quarterly data for G and
T over the periods 1Q2022 to 4Q2027 (see panels (a) & (b) of the Figure 18). Concerning the debt-
to-GDP ratio, the GDP share of interest charges and employment, we simply perform quarterly
interpolation to construct quarterly data over the periods 1Q2022 to 4Q2027 (see panel (c¢) of the
Figure 18), considering that the Finance Act gives the end-of-year value. For the short-term interest
rate, we use the annual value for each quarter of the corresponding year.

Projected data for the labor markets. On the labor market, the government forecasts give
aggregate projections for the employment rate (V) and the real wage (w). In order to construct
hours worked (employment rate multiplied by number of hours worked per employee, H = N X h)
and real wages by salary level over the period 1Q2023 to 4Q2027, we use the government forecasts
for N and w and the projections of the trends of Ng, hs and w, observed over the period 2Q-2003
to 4Q2022. To do this, we assume that:

(1) the distribution of jobs remains stable, ie. Ny = wsNy, for t = [1Q2023;4Q2027]. Hence,
using the values of w,, we build Ny, consistent with IV; provided by the government forecasts.

(#) the ratio between the salary of a job of type [ and the aggregate salary continues to evolve as
it did between 2Q2003 to 4Q2022, w;; = puw; with p; observed between 202003 and 42022
then projected linearly between 1Q2023 to 4Q2027. This provides the data for w;;, given the
government forecasts for wy.

(i) the wage gaps between m, h and [ remain stable, i.e. wg; = 5wy, for s =m, h.

(iv) the number of hours worked by type of employee s = I, m, h evolves in the future (3Q2023 to
4Q2027) continuing the linear trend observed since 2Q2003.

Using this set of restrictions, we built total hours worked H; and real wage w; for each labor market
s =1, m, h for the sample 1Q2023 to 4Q2027. Data for the labor market are in the Figure 19.
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https://www.budget.gouv.fr/files/uploads/extract/2022/programme_stabilite/PSTAB%202022.pdf
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Figure 18: Data and Govt. Forecasts — Government Accounts
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C Estimation of the exogenous shocks processes

The persistence p and the standard deviation o of the shock processes are estimated using a Bayesian
procedure: based on a Metropolis-Hastings algorithm, we draw one million draws. The first half of
accepted draws were burned in to correct for possible mischoice of the starting point.

The prior distributions considered are reported in Table 13. For energy prices (prg), government
spending (G) and transfers (7'), our HANK model simply replicates the exogenous input series.
Consequently, guesses for the values of these parameters can be obtained by estimating an AR(1)
on the time series {prp, G, T}. These estimates are used as information to define the priors of these
shocks. The remaining priors for {5, 1, e, 9, {¥s}s=t.m,hs» {As}s=i,m,h. €} are assumed to follow
beta distributions for the persistence and inverse-gamma distributions for the standard deviation,
as usual in the literature. The results of the estimation are in the Table 13 and in the Figure 20.

Shock Prior Mode Mean Std 95% CI
Preference I53 £(0.8,0.05) 0.779433 0.778482 0.025231 [0.735657,0.818507]
invI'(0.05, 1.0) 0.008922 0.009143 0.001438 [0.006991,0.011675
Price markup 7 £(0.8,0.05) 0.797303 0.789200 0.027489 [0.784003,0.866901
invl(0.05,1.0) 0.022775 0.023420 0.002331 [0.019887,0.027508
Energy price PFE N(0.89,0.054) 0.793492 0.794674 0.022682 [0.755927,0.830306

N (0.13,0.067) 0.113373 0.116112 0.009058 [0.102126,0.131723

Monetary policy € £(0.8,0.05) 0.578370 0.575467 0.040994 [0.506296,0.641365
invI'(0.05,1.0) 0.006279 0.006381 0.000498 [0.005615,0.007241
Spread 9 £(0.8,0.05) 0.835287 0.832970 0.034203 [0.773230,0.884632
invI(0.05,1.0) 0.001158 0.001172 0.000126 [0.000981,0.001391
Disutility ! ) £(0.8,0.05) 0.772068 0.771044 0.048294 [0.688632,0.847175
invI'(0.05,1.0) 0.019574 0.020303 0.002861 [0.015940, 0.025250
Disutility m ©m £3(0.8,0.05) 0.778410 0.772314 0.046330 [0.692780,0.844720
Disutility h ©h £(0.8,0.05) 0.703815 0.692028 0.058132
invI'(0.05,1.0) 0.031485 0.032577 0.003967 [0.026451,0.039417
Productivity { Al £3(0.8,0.05) 0.819040 0.815107 0.029585 [0.764506,0.861222
invI'(0.05,1.0) 0.024080 0.024635 0.002089 [0.021438,0.028305
Productivity m A™ £(0.8,0.05) 0.804328 0.795198 0.029001 [0.745639,0.840641
invI'(0.05,1.0) 0.021964 0.022278 0.001954 [0.019318,0.025698
Productivity h A £3(0.8,0.05) 0.844523 0.839992 0.032298 [0.784530,0.890326

invI'(0.05,1.0) 0.024729 0.025028 0.002205
N(0.726,0.085) 0.705917 0.714310 0.056981
N (0.0041,0.0029) 0.004198 0.004220 0.000379

0.021721,0.028933
0.619684, 0.807090
0.003650, 0.004887

Government spending G

Transfers T N (0.815,0.073) 0.812377 0.797681 0.044078 [0.722558,0.867606
N (0.0052,0.0059) 0.005212 0.005315 0.000465 [0.004602,0.006132
Measurement error er £(0.8,0.05) 0.779472 0.773476 0.047124 [0.691685, 0.846046

DA TDATDATDATD AT AT IATDTATDT AT 9D I AT 9D

[
[ |
[ ]
[ |
[ |
[ |
[ |
[ ]
[ |
[ ]
[ ]
T
inol(0.05,1.0)  0.017942 0.018561 0.002492 [0.014766,0.022911]
[0.594230, 0.785392]
[ ]
[ |
[ |
[ ]
[ ]
[ |
[ |
[ ]
[ ]
[ |
[ ]
[ |
[ ]

inwI'(0.05,1.0) 0.014396 0.015915 0.004046 [0.010032,0.023161

Table 13: Bayesian estimation results of the parameters of the AR(1) processes

Because our model is not formulated in a linear state-space way, the Kalman filter cannot be
used to evaluate the log-likelihood. Instead, and consistently with Auclert et al. (2021), the log-
likelihood of our model is computed using the covariance matrix linking the model’s variables. This
covariance matrix relies on the Jacobian of the model which can be obtained using the sequence-
space method. Note that because we do not estimate structural parameters that affect the Jacobian
of the system, the same Jacobian can be reused throughout the entire process of estimation, which
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Figure 20: Prior and Posterior Distributions of the Estimated Parameters

55



D Variance decomposition
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Variance decomposition of inflation
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2023 2024 2025 2026 2027
1Q 2Q) 3Q 4Q 2Q 2Q 2Q 2Q)
32.8% 26.0% 49.4% 505% 55.0% 51.6% 35.3% 19.7%

po| 284% 12.5% 10.6% 12.1% 23.6% 23.9% 26.8% 25.9%
Prp | 214% 87% 04% 01% 0.0% 00% 0.0% 0.1%
e | 05%  09% 39% 34% 01% 0.0% 02% 0.1%

9 | 23% 86% 99% 72% 7.0% 21% 18% 1.5%

o | 23%  23%  13%  13%  05% 01% 0.0% 0.0%
om | 1.3% 04% 0.0% 0.0% 08% 3.8% 8.0% 11.5%

y o | 02%  06% 05% 05% 0.7% 11% 2.0% 2.7%
A 01% 1.8%  13%  1.3%  05%  05%  0.7%  0.9%
A™ | 0.0%  47%  39%  47%  26%  3.5%  71%  11.0%
AP 1 0.0%  04%  03%  03%  02%  0.3%  05%  0.8%
G | 01% 50% 74% 74% 3.1% 48% 6.6% 84%

T | 09% 27% 05% 01% 02% 02% 0.4% 04%
sg | 94% 127% 104% 10.7% 05% 0.1% 0.0% 0.0%
er | 03% 129% 01% 05% 52% 8.0% 10.5% 17.0%

6 | 07% 00% 08% 1.0% 11% 13% 01% 0.1%

po | 16.5% 20.7% 10.6% 92% 181% 11.6% 9.3%  9.2%
Prp | 58.7% 48.6% 63.4% 59.9% 53.3% 48.7% 40.4% 30.4%
e | 01% 01% 16% 16% 01% 00% 01% 0.1%

9 | 01%  0.7% 3.1% 28% 2.1% 0.7% 03% 0.2%

o | 0.0%  01% 02% 0.3% 0.0% 0.0% 0.0% 0.0%
om | 01% 1.7% 0.6% 0.8% 4.0% 2.7% 45% 2.9%

T ¢n | 01%  03% 02% 02% 06% 0.6% 09% 0.7%
AL 36%  39%  01%  02%  0.1%  0.0% 0.1% 0.1%
A" | 19.1%  182% 24%  34%  04% 24% 31%  3.5%
Al L 05%  08%  01%  03%  0.1%  03% 0.3%  0.3%
G | 00% 01% 3.0% 38% 15% 26% 29% 3.1%
T | 06% 24% 13.6% 15.8% 10.3% 16.3% 22.1% 29.1%
sg | 01%  01% 0.1% 01% 24% 0.0% 0.0% 0.0%
er | 0.0% 24% 02% 06% 59% 12.8% 15.8% 20.4%
B |69.0% 64.0% 60.5% 57.8% 56.4% 492% 38.7% 28.6%
| 01%  05% 08% 12% 2.1% 49% 78% 9.7%
Prp | 04% 03% 01% 05% 1.9% 59% 10.3% 13.3%
e | 27.1% 30.8% 31.8% 33.5% 32.0% 29.8% 25.7% 20.6%
9 | 0.0%  0.0% 03% 06% 1.9% 4.0% 5.7% 6.6%
o | 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0%
om | 02% 02% 05% 0.5% 04% 05% 0.6% 0.8%
on | 0.0% 0.0% 0.0% 0.0% 01% 01% 0.1% 02%
A 08%  1.0%  09%  0.8% 0.7% 05% 04%  0.2%
A" | 01%  0.0%  0.0%  01%  0.1% 02% 0.3% 0.4%
AV 1 02%  02%  02%  02%  02%  02%  02%  0.2%
G | 05% 12% 28% 32% 32% 27% 1.7% 0.8%
T | 1.5% 1.7% 2.0% 16% 08% 00% 05% 2.3%
sg | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
er | 0.0% 01% 00% 00% 01% 19% 7.9% 16.3%

™

< o

Table 14: Variance decomposition. After re-estimation (B). Share of the deviation from the steady state
explained by each shock 57



2023 2024 2025 2026 2027
1Q 2Q 3Q 4Q 2Q) 2Q) 2Q) 2Q
31.3%  20.0% 235% 24.4% 261% 262% 16.4% 8.6%

wo1232%  8.0% 4.3%  5.0% 9.8% 10.3% 10.6% 9.8%
Prp | 14.4% 199% 54.2% 53.3% 522% 53.6% 60.2% 63.2%
€ 02% 02% 11% 09% 04% 02% 1.0% 1.0%
9 | 20%  61% 4.7% 3.5%  3.4% 1.0% 0.7%  0.4%
o [ 178% 15.9% 57% 59% 29% 07% 01%  0.0%
om | 02%  01% 01% 01% 00% 0.0% 0.0% 0.0%
N, e | 00%  0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0%
AL | 6% 147%  2.0%  25%  0.7%  08% 12% 1.4%
A™ | 08%  0.0% 01%  01% 0.0% 0.0% 0.0% 0.1%
AP 1 01%  01%  0.0%  0.0%  0.0% 0.0% 0.0% 0.0%
G | 01% 32% 35% 35% 14% 23% 2.9% 3.8%
T | 07% 16% 01% 0.0% 04% 07% 13% 1.7%
sg | 1.5% 13% 06% 06% 03% 01% 0.0% 0.0%
er | 0.3% 88% 0.0% 02% 25% 42% 56% 10.0%
6 |312% 187% 22.6% 24.2% 265% 255% 16.0% 8.9%
wo| 265% 7.9%  3.9% 48%  9.7% 9.7% 96% 8.7%
Prp | 19.7% 25.8% 60.0% 58.0% 52.9% 47.6% 47.4% 43.9%
€ 05% 0.7% 19% 18% 00% 00% 00% 0.0%
9 | 26% T76% 4.9% 3.6% 34% 1.0% 08% 0.7%
o | 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0%
Oom | 32%  06% 0.0% 0.0% 15% 62% 12.3% 17.5%
Ny on | 0.0%  0.0% 00% 0.0% 00% 00% 0.0% 0.0%
AL 0.0%  02%  02%  02%  0.1%  0.0% 0.0% 0.0%
A™ | 12.9%  182% 1.7%  26% 12% 26% 46% 6.8%
AL 01%  01%  0.0%  0.0%  0.0% 0.0% 0.0% 0.0%
G | 01% 46% 37% 38% 15% 26% 32% 4.0%
T | 1.0% 24% 03% 01% 01% 01% 02% 0.2%
sg | 20%  1.7%  07%  0.7% 03% 0.0% 0.0% 0.0%
er | 03% 115% 0.0% 02% 28% 46% 58% 9.2%
B 135.7% 228% 23.0% 23.7% 241% 21.6% 133% 7.5%
no|256% 10.0% 5.6% 6.7% 11.9% 134% 14.7% 14.9%
Prp | 20.9% 24.4% 494% 474% 42.7% 36.0% 32.5% 27.7%
€ 2.0% 24% 32% 32% 02% 0.7% 03%  0.4%
9 | 1.6% 45% 34% 2.7% 2.7% 11% 1.0% 1.0%
o | 0.0% 00% 0.0% 00% 00% 0.0% 0.0% 0.0%
Oom | 02% 01% 01% 0.0% 0.0% 0.0% 0.0% 0.0%
Ni  on | 86% 16.0% 101% 10.6% 14.5% 21.9% 31.9% 40.5%
AV 01% 02%  02%  01%  0.1%  0.0% 0.0%  0.0%
A™ | 05%  0.0% 01% 0.0% 0.0% 0.0% 01% 0.1%
Ab | 24%  6.8% 1.0% 16% 08% 16% 2.7% 3.6%
G | 01% 27% 27% 28% 13% 1.9% 21% 24%
T | 08% 21% 06% 05% 01% 03% 05% 0.9%
sg | 14%  11%  05% 05% 02% 0.0% 0.0% 0.0%
er | 03% 7.0% 0.0% 02% 14% 15% 1.0% 1.0%
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Table 15: Variance decomposition. After re-estimation (B). Share of the deviation from the steady state
explained by each shock 58



E Innovations Before and After Estimation
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Figure 21: Innovations of households and firms shocks. (A) before and (B) after re-estimation.
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F Evaluating the Uncertainty Around a Finance Act

F.1 Smaller Decreases in Firms’ Markups

The first “favorable wind” concerns the fall in firms’ markups. These markup reductions contribute
to 26% of the 2027 GDP forecast (see figure 5).  These contractions in markups are essential
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Figure 22: Counterfactual: Smaller Decreases in Firms’ Markups. (B) after re-estimation.

to the overall coherence of the Finance Act which indicates a rapid exit, from 2024, from the
current period of high inflation and a return to moderate inflation occurring in a context of strong
employment growth. To reconcile the dynamism of the labor market with the slowdown in inflation,
our estimation indicates that the firms markups should fall by 9 percentage points. Contractions in
the markups of French firms, favorable to growth, were observed during the inflationary episode that
began in 2021 (see Barnard and Ollivaud (2023)). But French companies were the only ones within
the OECD to have reacted in this way, which makes the hypothesis of reproduction of this behavior
fragile, especially with this magnitude. These contractions in markups may be partly induced by
the announced reductions in taxes on business added value: their decrease from 1.50% to 0.75%

60



reduces the markup by almost 1pp, and their disappearance would reduce it by 1.5pp, leaving the
remaining 7.5pp burning to the firms.

Finance Act forecasts predict a rapid exit, from 2024, from the current period of high inflation
thanks in part to a reduction in corporate margin rates. If we reduce these expected declines in
firms’ markups by 25%, then, greater inflationary pressures (the inflation rate would be on average
3.05% per year compared to 2.42% in the Finance Act) would lead to an increase in interest rates
and a fall in real wages, reducing growth (1.53% per year compared to 1.64% in the Finance Act).
The debt would then amount to 111.0% of GDP in 2027. The employment growth rate would be
at 0.62% per year, compared to 0.64% in the Finance Act.

F.2 Less Favorable Labor-Market Adjustments

The second “favorable wind” concerns the evolution of the labor market. Indeed, the Finance
Act projections require strong employment growth which cannot occur, according to our model,
without changes in labor-supply behavior.  Our estimates indicate that these changes in labor
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Figure 23: Counterfactual: Smaller Decline in the Disutility of Working. (B) after re-estimation.

61



supply contribute to 14% of the 2027 GDP forecast. They also indicate that the adjustments are
different from one labor market to another: the drop in transfers, provided for in the Finance Act,
encourages low-wage employees to compensate for these reductions in income by increasing their
hours worked. As the hours forecasted for this type of employee will increase as much as what this
mechanism generates, the model then identifies that their disutility of work remains stable. On
the contrary, the expected number of hours worked by middle and high-wage employees increases,
while they are only little affected by the drop in transfers: an exogenous increase in the labor
supply is then necessary (the disutility of work falls) to generate the expected increase in their hours
worked. Thus, beyond the repercussions of reductions in transfers on hours worked, it does not seem
unrealistic to envisage that pension and unemployment-insurance reforms will result in variations in
the employed population and hours worked which are different depending on remuneration. Indeed,
social measures accompany these structural reforms via modulations in favor of the more modest
workers (for example, the “early retirement for long career” procedure of the latest pension reform).
Exogenous and differentiated variations in labor supply can therefore be interpreted as the impact
of these modulations.

Thus, our model suggests that middle and high-wage workers are willing to work more for
unchanged wage levels. Our estimate reveals that the success of these policies is necessary for the
Finance Act forecasts to be realized. If the magnitude of these changes in the labor supply of middle
and high earners were reduced by 25%, growth would be lower (1.53% per year on average, a loss
of 0.11pp compared to the Finance Act) and the increase in employment of high earners would
be slowed down, going from 0.9% per year to 0.62%. When the labor supply is less stimulated,
inflation is higher (2.79% per year on average between 2023 and 2027 compared to 2.42% in the
Finance Act), which partly cushions the increase in the debt ratio which would represent 109.0% of
GDP at the end of 2027 (an increase of 0.7 points compared to the Finance Act).

F.3 A Less Favorable Interest Rate Spread Dynamics

The third “favorable wind” concerns the evolution of the interest rate. Finance Act projections
require low-interest rates, with a slow transmission of the ECB-rate increases, that occurred in 2022
and 2023, to the apparent debt rate. Given the fairly long maturity of the French debt (8.5 years in
August 2023), the government is not directly exposed to the rise in short-term rates. However, in
the event of tension in the sovereign-debt market, the gap between the ECB and debt rates could
narrow more quickly and weaken the projections.

By being less optimistic than the government about the evolution of the interest rate on the
public debt, the annual growth rate would be lower by only 0.02pp over the period 2023-2027 (the
economy would be mainly impacted in 2024) but the debt-to-GDP ratio would increase by 2.8pp,
rising to 111.1% at the end of 2027.

F.4 More Moderate Productivity Declines

Our assessment of the Finance Act also reveals that “unfavorable winds” must be taken into account
to see Finance Act forecasts occurring. The first is a slowdown in labor productivity which would
contribute to 13% of the realization of GDP in 2027. This strong slowdown in productivity in France
is also underlined in the OECD forecasts. Our model also indicates that this drop in productivity
growth is observed for all wage levels.

Finance Act forecasts assume very strong employment growth. As a result, labor-productivity
growth would decline: the new-filled jobs, for each salary level, would be less productive than current
jobs. If these productivity losses were lower, then growth could be 1.76% per year (compared to
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Figure 24: Counterfactual: Higher Interest Rate on Public Debt. (B) after re-estimation.

63



Output

1104

1051

100 4

954

901

851

—— Baseline
——- Slower TFP decrease

T T T T
2020 2021 2022 2023

T
2024

T T T T
2025 2026 2027 2028

(a) Output (B)

0.6 1

0.4+

0.2

0.04

-0.29

—0.4

—-0.6 1

—— Output

—— Hours Low-skilled

—— Hours Medium-skilled
Hours High-skilled

2023 2024 2025

2026 2027

(c) Gaps in Output and Hours / 1Q-2023 (B)

Debt-to-GDP

117.54

115.04

112.54

110.0 4

107.5 4

105.0 4

102.5 4

100.0

97.51

—— Baseline
——- Slower TFP decrease

T T T T T T T T T
2020 2021 2022 2023 2024 2025 2026 2027 2028

(b) Debt-to-GDP ratio (B)

5.0 4

4.54

4.04

3.5

3.0

2.51

2.01

—— H Top 10/M Median

—— bench: H Top 10/M Median
------ M Median/L Bottom 10
bench: M Median/L Bottom 10
-=-- H Top 10/L Bottom 10

=== bench: H Top 10/L Bottom 10

(d) Consumption Inequalities (B)

Figure 25: Counterfactual: Smaller Declines in TFP. (B) after re-estimation.
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1.64%), in a context of very low inflation (2.08% per year compared to 2.42%). The debt would then
slightly decrease to 107.8% of GDP in 2027. But these better results regarding GDP, inflation and
debt would come at the cost of a lower job creation. With a more favorable productivity trajectory,
fewer jobs would be needed to produce: the employment growth rate would only be 0.65% per year.

F.5 More Moderate Demand Decreases

The second “unfavorable wind” is a low level of household demand, which contributes to 20% of the
achievement of GDP in 2027. According to the French Institute of Statistics (INSEE), the savings
rate of French households was 16% on average between 1950 and 2022, reaching a record level of
27% in 2Q2021. It fell until 2Q2022 when it was 16.6% but has since risen to 18.8% in 1Q2023. In
accordance with these data, our model identifies a preference shock that shifts household decisions
in favor of savings which remains sustainably above its average in the next two years.
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Figure 26: Counterfactual: Smaller Rise in Discount Factor (smaller contraction in Demand). (B)
after re-estimation.

Our results indicate that households would, between 2024 and 2025, have a strong propensity to
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save while moderating their consumption, despite the growth in their income. With a diminution of
these variations in demand, there would be an increase in consumption in 2024-2025 and therefore
also in economic activity and state resources. Thus, if we moderate this contraction in household
demand, the average GDP growth rate between 2023 and 2027 would be 1.73% per year, with
inflation at 2.81% (compared to 2.42%) and a debt-to-GDP ratio of 105.7% in 2027. Employment
would also grow stronger (0.78% per year vs 0.71% in the Finance Act).
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Figure 27: Predicted endogenous variables. (A) before and (B) after re-estimation.
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Figure 28: Predicted endogenous variables. (A) before and (B) after re-estimation.
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Figure 29: Predicted endogenous variables. (A) before and (B) after re-estimation.
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Figure 30: Predicted endogenous variables. (A) before and (B) after re-estimation.
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