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Forward guidance (Odyssean)

period 0 period τ > 0

Aggregate demand

Forward guidance⇐=⇐=⇐= interest rates ↓
⇓

debt service costs ↓
⇓

fiscal resources ↑
⇓

Fiscal announcement⇐=⇐=⇐= transfers ↑
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Forward guidance and a simple monetary-fiscal interaction

period 0 period τ > 0

Aggregate demand

Forward guidance⇐=⇐=⇐= interest rates ↓
⇓

debt service costs ↓
⇓

fiscal resources ↑
⇓

Fiscal announcement⇐=⇐=⇐= transfers ↑
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Monetary-fiscal forward guidance (MFFG)

period 0 period τ > 0

Aggregate demand

Forward guidance⇐=⇐=⇐= interest rates ↓
⇓

debt service costs ↓
⇓

fiscal resources ↑
⇓

Fiscal announcement⇐=⇐=⇐= transfers ↑
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MFFG and constrained monetary/fiscal policies
The announced fiscal stimulus:

neutral for the path of public debt
neutral for the path of taxes
increasing in the level of public debt
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MFFG and (un)bounded rationality

Rational expectations:
Ricardian agents aware of monetary-fiscal interactions
no additional information conveyed by the fiscal announcement
the effects of MFFG and FG are the same

Bounded rationality:
confirmed by laboratory experiments
resolves numerous New Keynesian puzzles (including the FG puzzle)
the effects of MFFG and FG are different

Q: By how much does the fiscal announcement improve the FG effects?
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This paper

Nested models with level-k thinking (exposition à la Farhi and Werning [2019]):
Representative Agent New Keynesian model (RANK)
Tractable Heterogeneous Agent New Keynesian model (THANK)
Heterogeneous Agent New Keynesian model (HANK)
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RANK: overview of the model

Environment: Farhi and Werning [2019] + public debt
Demand block: identical households
Supply block: perfectly rigid prices (Angeletos and Lian [2018], Farhi and
Werning [2019], Bilbiie [2019])
Government:

▶ monetary authority
▶ fiscal authority

Bounded rationality: level-k thinking
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Households and monetary policy

Households

Maximization problem:

max
{ct }+∞

t=0

E0

∞∑
t=0

βt · u (ct)

∀t≥0 ct + bt+1 = Rt · bt − Tt + Trt + Yt

Utility function:

u (c) = c1− 1
σ − 1

1 − 1
σ

Central bank

Monetary policy rule:

Rt =
{

R if t ̸= τ,

R + dR if t = τ.
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Fiscal policy, market clearing, consumption function
Fiscal policy

Budget constraint:
∀t≥0Tt + Bt+1 = Trt + Rt · Bt

Fiscal rules:

∀t≥0Bt = B̄ > 0, Tt = T = (R − 1) · B̄, Trt = − (Rt − R) · B̄

Market clearing

∀t≥0ct = Yt , bt = Bt

Consumption function in PE (arbitrary expectations)

∀t≥0 ct = C
(
Rt ,Yt ,Trt , {Rt+m,Yt+m,Trt+m}m>0

)
.
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Equilibrium

Definition
The equilibrium under MFFG is

{
Y k

t
}

t≥0
such that given {Rt+m,Trt+m}m≥0 for each

k ≥ 1:
∀t≥0 Y k

t = C
(

Rt ,Y k
t ,Trt ,

{
Rt+m,Y k−1

t+m ,Trt+m
}

m>0

)
,

where
{

Y 0
t
}

t≥0
= {Y }t≥0 (i.e. level-0 expectations correspond to the steady state

equilibrium) such that market clearing conditions, monetary and fiscal rules hold.

Note: Under FG, {Trt+m}m>0 is replaced with
{

Tr k−1
t+m

}
m>0

and Trt is replaced with
Tr k

t in the equation above and, moreover, I set
{

Tr 0
t+m

}
m>0

= {0}m>0.
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Additional notation 1: measures of policy effectiveness

The elasticity of output in period 0 (horizon τ , level-k thinking, MFFG):

ϵ (τ, k) ≡ − R
Y · dY (τ, k)

dR

Under FG it is denoted by: ϵ̂ (τ, k)
The impact of the fiscal announcement:

∆ϵ (τ, k) ≡ ϵ (τ, k) − ϵ̂ (τ, k)
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Additional notation 2: auxiliary objects

MPC:
MPC ≡ dc0

dY0
= 1 − β

iMPC with respect to a one-period-ahead income shock (see Auclert et al. [2023b]):

iMPC ≡ dc0

dY1
= β · (1 − β)

CDF of the binominal distribution: F (k − 1|τ − 1, 1 − β)
PMF of the binominal distribution: f (k − 1|τ − 1, 1 − β)
Formulas for F and f : more

Figures plotting F and f : more
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Main result in RANK

Theorem
Consider a monetary policy shock dR in period τ > 0 in the RANK model under
level-k thinking of order k and under the MFFG. We have:

ϵ (τ, k) = F (k − 1|τ − 1, 1 − β) · σ

and the impact of fiscal announcement is:

∆ϵ (τ, k) = f (k − 1|τ − 1, 1 − β) · iMPC
1 − MPC · R · B̄

C

Paweł Kopiec MFFG March 2025 15 / 53



Main result in THANK details

Theorem
Consider a monetary policy shock dR in period τ > 0 in the THANK model under level-k
thinking of order k and under the MFFG. We have:

ϵ (τ, k|δ) = F (k − 1|τ − 1, 1 − M) · σ︸ ︷︷ ︸
intertemporal substitution

− F (k − 1|τ − 1, 1 − M) · iMPCS (1 − s)
1 − MPCS · R · B̄

CS︸ ︷︷ ︸
interest earnings

+ F (k − 1|τ − 1, 1 − M) · iMPCS (δ)
1 − MPCS · R · B̄

CS︸ ︷︷ ︸
transfers (restribution)

+ F (k − 2|τ − 1, 1 − M) · (1 − M) · ϵ (0|δ)︸ ︷︷ ︸
transfers (effects on output)

and the impact of fiscal announcement is:

∆ϵ (τ, k|δ) = f (k − 1|τ − 1, 1 − M) · iMPCS (δ)
1 − MPCS · R · B̄

CS
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HANK: overview of the model

Environment: Auclert et al. [2023a] (’canonical’ HANK) + level-k thinking
Demand block: heterogeneous households (wealth and income heterogeneity)
Supply block: NKPC driven by nominal wage rigidities
Government:

▶ monetary authority
▶ fiscal authority

Bounded rationality: level-k thinking
HANK = THANK + endogenous wealth distribution
Details: more

Calibration: more

Simulated scenarios: more
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HANK with perfectly rigid wages/prices: interest rate
elasticity of output
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HANK with perfectly rigid wages/prices: contribution of
the fiscal announcement to MFFG
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HANK with the standard NKPC: relative improvement of
the FG effects by the fiscal announcement
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HANK with the standard NKPC (high debt): relative
improvement of the FG effects by the fiscal announcement
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Conclusions

A theory of coordinated monetary-fiscal announcements
Application: macro stabilization under constrained monetary and fiscal
policies
Closed-form, intuitive formulas in RANK and THANK
Improvement of the FG effects (4 quarters) by the fiscal announcement in
HANK for k = 1:

uniform targeted
normal debt 34.2% 42.1%
high debt 68.7% 85.2%
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The end

THANK YOU FOR YOUR ATTENTION!

Paweł Kopiec MFFG March 2025 23 / 53



Acknowledgments

P. Kopiec acknowledges financial support from the Polish National Science Centre (Grant
2021/42/E/HS4/00142).

Paweł Kopiec MFFG March 2025 24 / 53



References I
Sushant Acharya and Keshav Dogra. Understanding HANK: Insights From a

PRANK. Econometrica, 88(3):1113–1158, May 2020. doi:
10.3982/ECTA16409. URL
https://ideas.repec.org/a/wly/emetrp/v88y2020i3p1113-1158.html.

Sumit Agarwal and Wenlan Qian. Consumption and Debt Response to
Unanticipated Income Shocks: Evidence from a Natural Experiment in
Singapore. American Economic Review, 104(12):4205–4230, December 2014.
URL
https://ideas.repec.org/a/aea/aecrev/v104y2014i12p4205-30.html.

George-Marios Angeletos and Chen Lian. Forward Guidance without Common
Knowledge. American Economic Review, 108(9):2477–2512, September 2018.
URL
https://ideas.repec.org/a/aea/aecrev/v108y2018i9p2477-2512.html.

George-Marios Angeletos and Karthik A. Sastry. Managing Expectations:
Instruments vs. Targets. The Quarterly Journal of Economics, 136(4):
2467–2532, Nov 2021. URL
https://ideas.repec.org/a/oup/qjecon/v109y1994i3p659-684..html.

Paweł Kopiec MFFG March 2025 25 / 53

https://ideas.repec.org/a/wly/emetrp/v88y2020i3p1113-1158.html
https://ideas.repec.org/a/aea/aecrev/v104y2014i12p4205-30.html
https://ideas.repec.org/a/aea/aecrev/v108y2018i9p2477-2512.html
https://ideas.repec.org/a/oup/qjecon/v109y1994i3p659-684..html


References II

George-Marios Angeletos, Chen Lian, and Christian K. Wolf. Can Deficits Finance
Themselves? NBER Working Papers 31185, National Bureau of Economic
Research, Inc, April 2023. URL
https://ideas.repec.org/p/nbr/nberwo/31185.html.

Agustín Arias, Benjamín García, and Ignacio Rojas. Forward Guidance: Estimating
a Behavioral DSGE Model with System Priors. Working Papers Central Bank of
Chile 994, Central Bank of Chile, October 2023. URL
https://ideas.repec.org/p/chb/bcchwp/994.html.

Adrien Auclert, Matthew Rognlie, and Ludwig Straub. Micro Jumps, Macro
Humps: Monetary Policy and Business Cycles in an Estimated HANK Model.
Technical report, 2020.

Adrien Auclert, Bence Bardoczy, and Matthew Rognlie. MPCs, MPEs, and
Multipliers: A Trilemma for New Keynesian Models. The Review of Economics
and Statistics, 105(3):700–712, May 2023a. doi: 10.1162/rest_a_01072. URL
https://ideas.repec.org/a/tpr/restat/v105y2023i3p700-712.html.

Paweł Kopiec MFFG March 2025 26 / 53

https://ideas.repec.org/p/nbr/nberwo/31185.html
https://ideas.repec.org/p/chb/bcchwp/994.html
https://ideas.repec.org/a/tpr/restat/v105y2023i3p700-712.html


References III
Adrien Auclert, Matthew Rognlie, and Ludwig Straub. The Intertemporal

Keynesian Cross. NBER Working Papers 25020, National Bureau of Economic
Research, Inc, 2023b. URL
https://ideas.repec.org/p/nbr/nberwo/25020.html.

Saroj Bhattarai, Gauti B Eggertsson, and Bulat Gafarov. Time Consistency and
Duration of Government Debt: A Model of Quantitative Easing. Review of
Economic Studies, 90(4):1759–1799, 2023. URL
https://ideas.repec.org/a/oup/restud/v90y2023i4p1759-1799..html.

Riccardo Bianchi-Vimercati, Martin S. Eichenbaum, and Joao Guerreiro. Fiscal
Stimulus with Imperfect Expectations: Spending vs. Tax Policy. NBER Working
Papers 29134, National Bureau of Economic Research, Inc, August 2021. URL
https://ideas.repec.org/p/nbr/nberwo/29134.html.

Florin Bilbiie. Monetary Policy and Heterogeneity: An Analytical Framework.
2019 Meeting Papers 178, Society for Economic Dynamics, 2019. URL
https://ideas.repec.org/p/red/sed019/178.html.

Florin O. Bilbiie. The New Keynesian cross. Journal of Monetary Economics, 114
(C):90–108, 2020. doi: 10.1016/j.jmoneco.2019.03. URL
https://ideas.repec.org/a/eee/moneco/v114y2020icp90-108.html.

Paweł Kopiec MFFG March 2025 27 / 53

https://ideas.repec.org/p/nbr/nberwo/25020.html
https://ideas.repec.org/a/oup/restud/v90y2023i4p1759-1799..html
https://ideas.repec.org/p/nbr/nberwo/29134.html
https://ideas.repec.org/p/red/sed019/178.html
https://ideas.repec.org/a/eee/moneco/v114y2020icp90-108.html


References IV
Roberto M. Billi and Carl E. Walsh. Seemingly Irresponsible but Welfare

Improving Fiscal Policy at the Lower Bound. Working Paper Series 410,
Sveriges Riksbank (Central Bank of Sweden), February 2022. URL
https://ideas.repec.org/p/hhs/rbnkwp/0410.html.

Jeffrey R. Campbell, Filippo Ferroni, Jonas D.M. Fisher, and Leonardo Melosi.
The limits of forward guidance. Journal of Monetary Economics, 108(C):
118–134, 2019. doi: 10.1016/j.jmoneco.2019.08. URL
https://ideas.repec.org/a/eee/moneco/v108y2019icp118-134.html.

Lawrence Christiano, Martin Eichenbaum, and Sergio Rebelo. When Is the
Government Spending Multiplier Large? Journal of Political Economy, 119(1):
78–121, 2011. doi: 10.1086/659312. URL
https://ideas.repec.org/a/ucp/jpolec/doi10.1086-659312.html.

Olivier Coibion, Dimitris Georgarakos, Yuriy Gorodnichenko, and Michael Weber.
Forward Guidance and Household Expectations. Department of Economics,
Working Paper Series qt7np4511v, Department of Economics, Institute for
Business and Economic Research, UC Berkeley, January 2023. URL
https://ideas.repec.org/p/cdl/econwp/qt7np4511v.html.

Paweł Kopiec MFFG March 2025 28 / 53

https://ideas.repec.org/p/hhs/rbnkwp/0410.html
https://ideas.repec.org/a/eee/moneco/v108y2019icp118-134.html
https://ideas.repec.org/a/ucp/jpolec/doi10.1086-659312.html
https://ideas.repec.org/p/cdl/econwp/qt7np4511v.html


References V

Isabel Correia, Emmanuel Farhi, Juan Pablo Nicolini, and Pedro Teles.
Unconventional Fiscal Policy at the Zero Bound. American Economic Review,
103(4):1172–1211, June 2013.

Marco Del Negro, Marc P. Giannoni, and Christina Patterson. The Forward
Guidance Puzzle. Journal of Political Economy Macroeconomics, 1(1):43–79,
2023. doi: 10.1086/724214. URL
https://ideas.repec.org/a/ucp/jpemac/doi10.1086-724214.html.

Michael Dobrew, Rafael Gerke, Sebastian Giesen, and Joost Roettger. Make-up
strategies with incomplete markets and bounded rationality. Technical report,
2023a.

Michael Dobrew, Rafael Gerke, Daniel Kienzler, and Alexander Schwemmer.
Monetary policy rules under bounded rationality. Technical report, 2023b.

Gauti B. Eggertsson. What Fiscal Policy is Effective at Zero Interest Rates? In
NBER Macroeconomics Annual 2010, Volume 25, NBER Chapters, pages
59–112. National Bureau of Economic Research, Inc, February 2011. URL
https://ideas.repec.org/h/nbr/nberch/12027.html.

Paweł Kopiec MFFG March 2025 29 / 53

https://ideas.repec.org/a/ucp/jpemac/doi10.1086-724214.html
https://ideas.repec.org/h/nbr/nberch/12027.html


References VI

Christopher J. Erceg, Dale W. Henderson, and Andrew T. Levin. Optimal
monetary policy with staggered wage and price contracts. Journal of Monetary
Economics, 46(2):281–313, October 2000.

Emmanuel Farhi and Iván Werning. Monetary Policy, Bounded Rationality, and
Incomplete Markets. American Economic Review, 109(11):3887–3928,
November 2019. URL https:
//ideas.repec.org/a/aea/aecrev/v109y2019i11p3887-3928.html.

Emmanuel Farhi, Mikel Petri, and Iván Werning. The Fiscal Multiplier Puzzle:
Liquidity Traps, Bounded Rationality, and Incomplete Markets. Technical
report, 2020.

Xavier Gabaix. A Behavioral New Keynesian Model. American Economic Review,
110(8):2271–2327, August 2020. doi: 10.1257/aer.20162005. URL
https://ideas.repec.org/a/aea/aecrev/v110y2020i8p2271-2327.html.

Jordi Gali. The effects of a money-financed fiscal stimulus. Journal of Monetary
Economics, 115(C):1–19, 2020. doi: 10.1016/j.jmoneco.2019.08. URL
https://ideas.repec.org/a/eee/moneco/v115y2020icp1-19.html.

Paweł Kopiec MFFG March 2025 30 / 53

https://ideas.repec.org/a/aea/aecrev/v109y2019i11p3887-3928.html
https://ideas.repec.org/a/aea/aecrev/v109y2019i11p3887-3928.html
https://ideas.repec.org/a/aea/aecrev/v110y2020i8p2271-2327.html
https://ideas.repec.org/a/eee/moneco/v115y2020icp1-19.html


References VII

Mariana Garcia-Schmidt and Michael Woodford. Are Low Interest Rates
Deflationary? A Paradox of Perfect-Foresight Analysis. American Economic
Review, 109(1):86–120, January 2019. URL
https://ideas.repec.org/a/aea/aecrev/v109y2019i1p86-120.html.

Alex Grimaud. Precautionary saving and un-anchored expectations. MPRA Paper
110651, University Library of Munich, Germany, July 2021. URL
https://ideas.repec.org/p/pra/mprapa/110651.html.

Marcus Hagedorn, Jinfeng Luo, Iourii Manovskii, and Kurt Mitman. Forward
guidance. Journal of Monetary Economics, 102(C):1–23, 2019. doi:
10.1016/j.jmoneco.2019.01. URL
https://ideas.repec.org/a/eee/moneco/v102y2019icp1-23.html.

Luigi Iovino and Dmitriy Sergeyev. Central Bank Balance Sheet Policies Without
Rational Expectations. Review of Economic Studies, 90(6):3119–3152, 2023.
URL
https://ideas.repec.org/a/oup/restud/v90y2023i6p3119-3152..html.

Paweł Kopiec MFFG March 2025 31 / 53

https://ideas.repec.org/a/aea/aecrev/v109y2019i1p86-120.html
https://ideas.repec.org/p/pra/mprapa/110651.html
https://ideas.repec.org/a/eee/moneco/v102y2019icp1-23.html
https://ideas.repec.org/a/oup/restud/v90y2023i6p3119-3152..html


References VIII
D. Krueger, K. Mitman, and F. Perri. Macroeconomics and Household

Heterogeneity, volume 2 of Handbook of Macroeconomics, chapter 0, pages
843–921. Elsevier, 2016. doi: 10.1016/bs.hesmac.2016.04. URL
https://ideas.repec.org/h/eee/macchp/v2-843.html.

Alisdair McKay and Ricardo Reis. The Role of Automatic Stabilizers in the U.S.
Business Cycle. Econometrica, 84:141–194, 01 2016. URL
https://ideas.repec.org/a/wly/emetrp/v84y2016ip141-194.html.

Alisdair McKay, Emi Nakamura, and Jón Steinsson. The Power of Forward
Guidance Revisited. American Economic Review, 106(10):3133–3158, October
2016. URL
https://ideas.repec.org/a/aea/aecrev/v106y2016i10p3133-58.html.

Pascal Michaillat and Emmanuel Saez. Resolving New Keynesian Anomalies with
Wealth in the Utility Function. The Review of Economics and Statistics, 103
(2):197–215, May 2021. doi: 10.1162/rest_a_00893. URL
https://ideas.repec.org/a/tpr/restat/v103y2021i2p197-215.html.

Oliver Pfäuti and Fabian Seyrich. A Behavioral Heterogeneous Agent New
Keynesian Model. Technical report, 2022.

Paweł Kopiec MFFG March 2025 32 / 53

https://ideas.repec.org/h/eee/macchp/v2-843.html
https://ideas.repec.org/a/wly/emetrp/v84y2016ip141-194.html
https://ideas.repec.org/a/aea/aecrev/v106y2016i10p3133-58.html
https://ideas.repec.org/a/tpr/restat/v103y2021i2p197-215.html


References IX

Lukasz Rachel and Lawrence Summers. On Falling Neutral Real Rates, Fiscal
Policy, and the Risk of Secular Stagnationy. Bpea conference drafts, 2019.

Iván Werning. Incomplete Markets and Aggregate Demand. NBER Working
Papers 21448, National Bureau of Economic Research, Inc, August 2015. URL
https://ideas.repec.org/p/nbr/nberwo/21448.html.

Christian K. Wolf. Interest Rate Cuts vs. Stimulus Payments: An Equivalence
Result. NBER Working Papers 29193, National Bureau of Economic Research,
Inc, August 2021. URL
https://ideas.repec.org/p/nbr/nberwo/29193.html.

Michael Woodford. Simple Analytics of the Government Expenditure Multiplier.
American Economic Journal: Macroeconomics, 3(1):1–35, January 2011. URL
https://ideas.repec.org/a/aea/aejmac/v3y2011i1p1-35.html.

Michael Woodford and Yinxi Xie. Policy Options at the Zero Lower Bound When
Foresight is Limited. AEA Papers and Proceedings, 109:433–437, May 2019.
URL https://ideas.repec.org/a/aea/apandp/v109y2019p433-37.html.

Paweł Kopiec MFFG March 2025 33 / 53

https://ideas.repec.org/p/nbr/nberwo/21448.html
https://ideas.repec.org/p/nbr/nberwo/29193.html
https://ideas.repec.org/a/aea/aejmac/v3y2011i1p1-35.html
https://ideas.repec.org/a/aea/apandp/v109y2019p433-37.html


References X

Michael Woodford and Yinxi Xie. Fiscal and monetary stabilization policy at the
zero lower bound: Consequences of limited foresight. Journal of Monetary
Economics, 125(C):18–35, 2022. doi: 10.1016/j.jmoneco.2021.11. URL
https://ideas.repec.org/a/eee/moneco/v125y2022icp18-35.html.

Paweł Kopiec MFFG March 2025 34 / 53

https://ideas.repec.org/a/eee/moneco/v125y2022icp18-35.html


RANK: formulas for f and F

f , F - PMF/CDF of the binominal distribution (k − 1 successes in τ − 1 trials with
probability 1 − β):

f (k − 1|τ − 1, 1 − β) =
(

τ − 1
k − 1

)
· βτ−k · (1 − β)k−1

F (k − 1|τ − 1, 1 − β) =
k−1∑
l=0

(
τ − 1

l

)
· βτ−l−1 · (1 − β)l
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RANK: figures of F and f for τ − 1 = 10 and β = 0.8

back

Paweł Kopiec MFFG March 2025 36 / 53



Details on the THANK model I

Probability of staying on island S (H) is s (h)
Ergodic populations on islands H and S:

λ = 1 − s
2 − s − h , 1 − λ = 1 − h

2 − s − h

Incomes of agents satisfy (see Werning [2015]):

∀t
Y H

t

Y S
t

= ω ∈ (0, 1)

the beginning-of-period-t + 1 per capital real asset value on island H (S) is BH
t+1

(BS
t+1). We have the following laws of motion:{

BS
t+1 = s · Z S

t+1 + (1 − s) · Z H
t+1

BH
t+1 = (1 − h) · Z S

t+1 + h · Z H
t+1

taxes levied on household H (S): T H
t (T S

t ), transfer for household H (S): TrH
t

(TrS
t )
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Details on the THANK model II
Bellman equation:

Vt
(
BS

t ,BH
t

)
= max

{cH
t ,cS

t ,ZH
t+1,ZS

t+1}

{
(1 − λ) · u

(
cS

t
)

+ λ · u
(
cH

t
)

+ β · Vt+1
(
BS

t+1,BH
t+1

)}


cS
t + Z S

t+1 − (1 − θ) · BS
t = Rt · θ · BS

t

≡ΥS
t︷ ︸︸ ︷

−T S
t + TrS

t + Y S
t

cH
t + Z H

t+1 − (1 − θ) · BH
t = Rt · θ · BH

t

≡ΥH
t︷ ︸︸ ︷

−T H
t + TrH

t + Y H
t

Z S
t+1, Z H

t+1 ≥ 0

As in Bilbiie [2019], I consider the equilibrium with ∀t Z H
t = 0, i.e., when

households H are constrained and hand-to-mouth
A generalization of fiscal policy analyzed in RANK:

∀t≥0 (1 − λ) · T S
t + λ · T H

t + Bt+1 − (1 − θ) · Bt

= (1 − λ) · TrS
t + λ · TrH

t + Rt · θ · Bt

Fiscal rules:
∀t≥0Bt = B̄ > 0
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Details on the THANK model III

Taxes finance steady-state debt service costs (incomplete markets irrelevance holds
- see Werning [2015]):

T S
t = B̄

1 − λ
·
(
R̄ · s − 1

)
, T H

t = B̄ · R̄
1 − λ

· (1 − h)

Transfers governed by δ ∈ [0, 1]:

TrS
t = − 1 − δ

1 − λ
· (Rt − R) · B̄, TrH

t = − δ

λ
· (Rt − R) · B̄

I consider:

δ =


1 − s neutral transfers
λ uniform transfers
1 targeted transfers

Market clearing:

∀t≥0λ · cH
t + (1 − λ) · cS

t = Yt , (1 − λ) · Z S
t = Bt
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Details on the THANK model IV
Consumption functions:

∀t≥0 cS
t = CS

(
Rt ,Y S

t ,TrS
t ,

{
Rt+s ,Y H

t+s ,Y S
t+s ,TrH

t+s ,TrS
t+s

}
s>0

)
∀t≥0 cH

t = R̄ · (1 − h) · B̄ − T H
t + TrH

t + Y H
t

M is the largest root of Ψ
( 1

M

)
= 0 where Ψ is a quadratic polynominal with

coefficients being functions of the models’ parameters (see the paper)
GE effects of transfers:

ϵ (0|δ) = − B̄ · R̄ · θ
Y · 1 − λ+ λ · ω

1 − ω
· (1 − δ − s)

MPC of household S:

MPCS ≡ dcS
0

dY S
0

= 1 − M
β · R · s

iMPC of the S household:

iMPCS (δ) ≡ M
β · R̄ · s

·
[
β · R̄ · (1 − s)

ω
1
σ

+1
· δ
λ

+ β · R · s − M
M · 1 − δ

1 − λ

]
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Details on the THANK model V

The elasticity of output in period 0 with respect to a monetary policy shock in
period τ under level-k thinking of order k under the MFFG and transfers δ:

ϵ (τ, k|δ) = − R̄
Y · dY (τ, k|δ)

dRt

where dY (τ, k|δ) is the reaction of output in period 0 to a shock in period τ . The
difference between elasticities under MFFG and FG is denoted by ∆ϵ (τ, k|δ) .

back
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Details on the HANK model I
households face idiosyncratic changes to income productivity yt governed by a
Markovian process featuring a transition probability P (yt+1|yt)
Bellman equation:

Vt (b, y) = max
{ct ,bt+1}

{u (ct) − v (nt) + β · EtVt+1 (bt+1, yt+1)}

{
ct + bt+1 − (1 − θ) · b = Rt ·θ

Πt
· b − Tt + Trt (y |δ) + y · Wt

Pt
· nt

bt+1 ≥ 0

where: Wt - nominal wage, Pt - price of consumption goods, Πt ≡ Pt
Pt−1

, y - labor
productivity, nt - hours worked, Trt (y |δ) transfer received by household with
productivity y under transfer policy δ
solution: policy functions ct (b, y) , bt+1 (b, y)
As we shall see: Wt

Pt
= 1, nt is taken as given by households (so the maximization

problem is analogous to the one in RANK and THANK)
Utility function:

u (c) − v (n) = c1− 1
σ − 1

1 − 1
σ

− γ · n1+ 1
ϕ

1 + 1
ϕ
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Details on the HANK model II
wages negotiated by labor unions
each union offers a different labor variety j to producers of consumption goods
labor union maximizes welfare of households subject to labor demand (a
generalization of Erceg et al. [2000] developed by Auclert et al. [2023b] and Auclert
et al. [2023a]):

Ft (Wj,t−1) = max
Wj,t , Nj,t

{∫
(u (ct) − v (nt)) dµt (b, y)

−ψ

2 ·
∫ (

Wj,t

Wj,t−1
− 1

)2

+ β · EtFt+1 (Wj,t)

}
subject to:

Nj,t =
(Wj,t

Wt

)−ξ

· Nt

where: µt (b, y) - distribution of households over assets and productivity levels, ψ -
parameter of the quadratic utility cost of wage adjustment, Wt =

(∫
W 1−ξ

j,t dj
) 1

1−ξ -
wage index and ξ governs the substitutability between labor varieties, Nt -
aggregate labor
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Details on the HANK model III

solution: the NKPC (see Auclert et al. [2023b] for derivation)

(
ΠW

t − 1
)

· ΠW
t = ξ

ψ
· Nt ·

(
v ′ (Nt) − ξ − 1

ξ
·
∫

y · u′ (ct (b, y)) dµt (b, y)
)

+β ·
(
ΠW

t+1 − 1
)

· ΠW
t+1

where ΠW
t ≡ Wt

Wt−1

perfectly competitive (generate zero profits - analogously to RANK and THANK)
and set flexible prices, therefore:

Pt = Wt

thus: ΠW
t = Πt

production technology: Yt = Nt
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Details on the HANK model IV

budget constraint (analogous to RANK and THANK):

∀t≥0Tt + Bt+1 − (1 − θ) · Bt = Trt + Rt

Πt
· θ · Bt

where Bt is aggregate government debt. Fiscal rules:

∀t≥0Bt = B̄ > 0, Tt =
(R

Π − 1
)

· θ · B̄, Trt = −
( Rt

Πt
− R

Π

)
· θ · B̄

i.e., as in RANK and THANK: debt is constant, taxes finance steady-state debt
service costs, aggregate transfers Trt are financed with a windfall resulting from the
monetary shock
redistribution (where Y is the set of income levels of households to which transfers
are sent):

Trt (y |δ) =


b
B̄ · Trt neutral transfers
Trt uniform transfers

1
P(y∈Y) · Trt targeted transfers
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Details on the HANK model V

Monetary rule (see Farhi and Werning [2019]):

Rt+s =


R if s < τ

R − dR if s = τ

R ·
( Πt+s

Π

)ϕΠ if s > τ

where dR > 0 is the size of the monetary shock and ϕΠ is the Taylor rule parameter
Markovian changes to productivity and optimal saving policies induce the following
law of motion:

∀t≥0 µt+1 (B,Y) =
∫ [

I{bt+1(b,y)∈B} · P (yt+1 ∈ Y|y)
]

dµt (b, y)

where B and Y are Borel subsets of spaces of assets holdings and labor productivity
levels, respectively and I is the indicator function
standardization of aggregate labor productivity and the population size:

∀t≥0

∫
ydµt (b, y) =

∫
dµt (b, y) = 1
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Details on the HANK model VI
Labor:

∀t≥0,jnt = Nt = Nj,t

Consumption goods:

∀t≥0

∫
ct (b, y) dµt (b, y) = Yt

Assets:
∀t≥0

∫
bt+1 (b, y) dµt (b, y) = Bt+1

given that Wt
Pt

= 1, Yt = nt (also useful when simplifying the equilibrium definition),
and Tt is constant over time, the aggregate consumption can be formulated as:

Ct ≡
∫

c
(
b, y |Rt ,Πt ,Trt (·|δ) ,Yt , {Rt+s ,Πt+s ,Trt+s (·|δ) ,Yt+s}s>0

)
dµt (b, y)

Using this formulation, under level-k and the MFFG I define (under the FG Trt+s is
replaced with Tr k−1

t+s and Trt is replaced with Tr k
t ):

C k
t ≡

∫
c

(
b, y |Rt ,Πk

t ,Trt (·|δ) ,Y k
t ,

{
Rt+s ,Πk−1

t+s ,Trt+s (·|δ) ,Y k−1
t+s

}
s>0

)
︸ ︷︷ ︸

≡ck
t (b,y)

dµk
t (b, y)

Paweł Kopiec MFFG March 2025 47 / 53



Details on the HANK model VII
saving policy under level-k is defined as:

bk
t+1 (b, y) ≡ (1 − θ) · b + Rt · θ

Πt
· bt − Tt + Trt (y |δ) + y · Wt

Pt
· nt − ck

t (b, y)

define:

Ωt ≡ ξ

ψ
· Nt ·

(
v ′ (Nt) − ξ − 1

ξ
·
∫

y · u′ (ct (b, y)) dµt (b, y)
)

using ΠW
t = Πt rewrite the NKPC as:

(Πt − 1) · Πt = Ωt +
+∞∑
s=1

βs · Ωt+s

thus, under level-k thinking we have the following condition summarizing the
optimal price-setting behavior of labor unions:

(
Πk

t − 1
)

· Πk
t = Ωk

t +
+∞∑
s=1

βs · Ωk−1
t+s
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Details on the HANK model VIII

Definition
The equilibrium under the MFFG is:

{
Πk

t ,Y k
t ,Ωk

t , µ
k
t , ck

t (b, y) , bk
t+1 (b, y)

}
t≥0

such that
given {Rt ,Trt (y |δ)}t≥0 and given µk

0 = µ0 for each k ≥ 1: given {Rt+s ,Trt+s (y |δ)}s≥0,{
Πk−1

t+s ,Y k−1
t+s

}
s>0

, and
{

Πk
t ,Y k

t
}

functions ck
t (b, y), bk

t+1 (b, y) solve household problem
for each t ≥ 0, given

{
Ωk−1

t+s
}

s>0
and Ωk

t inflation Πk
t solves:

(
Πk

t − 1
)

· Πk
t = Ωk

t +
+∞∑
s=1

βs · Ωk−1
t+s ,

the government budget constraint holds and the monetary policy rule is satisfied, the law
of motion of measure µk

t is induced by the Markovian process P (yt+1|yt) and policy
function bk

t+1 (b, y), market clearing conditions are satisfied.

back
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Calibration 1

Idiosyncratic labor productivity process as in Krueger et al. [2016]:{
log yt+1 = log ŷt + ϵy ,t+1

log ŷt+1 = ρ · log ŷt + ϵŷ ,t+1

where ϵy ∼ N
(
0, σ2

y
)
, ϵŷ ∼ N

(
0, σ2

ŷ

)
, ρ ∈ (0, 1)

To match the average MPC, β is assumed to be uniformly distributed:

β ∼ U
[
β, β

]
Targeted transfers: Y - set of productivities corresponding to bottom 25%
income earners
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Calibration 2

Parameter Description Value Target/Source

θ debt maturity 1 one-period debt

ψ wage-adjustment cost 700 NKPC slope (Auclert
et al. [2023a])

σ intertemporal substitution 1 McKay and Reis
[2016]

ξ substitution between labor varieties 7 Auclert et al. [2023a]

γ labor disutility parameter 0.86 Y = N = 1

ϕ Frisch elasticity 0.5 McKay and Reis
[2016]

Paweł Kopiec MFFG March 2025 51 / 53



Calibration 3

Parameter Description Value Target/Source

ρ autocorrelation (persistent component) 0.99 Krueger et al. [2016]

σŷ standard error (persistent component) 0.10 Krueger et al. [2016]

σy standard error (transitory component) 0.11 Krueger et al. [2016]

ϕΠ Taylor rule parameter 1.5 standard value

B̄ government debt 2.2 annual B̄/ (4 · Y )
(Auclert et al. [2023a])

β discount factor (patient households) 0.988 annual R/Π of 2%

β discount factor (impatient households) 0.970 MPC (Auclert et al.
[2023a])

R steady state nominal interest rate 0.005 Π = 1

back
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Simulations: HANK

I now report the results for three variants of the HANK model:
the model with perfectly rigid prices/wages (ψ → +∞): to bridge the
quantitative analysis with the analytical results in the THANK model where
the perfect price stickiness was assumed
the model with the NKPC (benchmark simulation)
the model with the NKPC with high debt (i.e. B̄ doubles when compared to
the benchmark) to study the role of debt for the effectiveness of the MFFG
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