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A new tool in the toolbox
❖ Active literature on Heterogeneous-Agent New-Keynesian (“HANK”) models

Does it really matter? Isn’t it like a bit like a 
black box?

What if I am only 
interested in aggregates?

Aren’t two agents 
enough?

Can’t I match my IRFs 
equally well with RANK?

…today?
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This talk: Intro to HANK via “sequence space”
1. Introduce a canonical “HANK” model in the sequence space

2. Fiscal policy: Persistent inflation

3. Monetary policy: Reliance on investment for transmission

4. Global spillovers: Large and persistent spillovers of U.S. fiscal stimulus

❖ Based on joint agenda with Adrien Auclert and Matt Rognlie

    + Rishabh Aggarwal, Bence Bardóczy, Hugo Monnery, Rodolfo Rigato, Martin  
        Souchier…
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Consumption mostly determined 
by income (incl. past income)
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Making of a canonical HANK model
❖ The textbook representative-agent NK (RANK) model consists of:

1. household side: representative agent

2. fiscal policy: irrelevant due to Ricardian equivalence

3. monetary policy: Taylor rule

4. supply side: linear production, sticky prices set by firms

❖ Will go over all four ingredients in an economy with perfect foresight

❖ without loss to first order (certainty equivalence)

heterogeneous agents, s.t. income risk

No more Ricardian equivalence!
Start with “real interest rate rule”

wages set by unions

Auclert Rognlie Straub “Intertemporal Keynesian Cross”
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(1) Heterogeneous households
max 𝔼0

∞

∑
t=0

βt (u(cit) − v (Nt))

cit + ait ≤ (1 + rt−1)ait−1 + eit (1 − τt) wtNt ait ≥ a

idiosyncratic productivity shocks (Markov chain)

hours set by unions (later)

≡ Zt

𝒞t {rs, Zs}
Aggregate consumption function 
in the sequence space



(2, 3) Fiscal and monetary policy
❖ Government sets  subject to

❖ Central bank sets nominal rate

{Gs, Ts}

Bt = (1 + rt−1) Bt−1 + Gt − Tt

it = r + ϕπt+1 + ϵt

Tt = τtwtNt  boundedBt

today:  ϕ ↘ 1 i.e. real rate = rt = r + ϵt
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❖ Linear production    with flexible prices, so that real wage  Yt = Nt wt = 1

❖ Sticky nominal wages, set by unions

❖ useful starting point: labor rationed equally  nit = Nt

❖ Better than sticky prices + flexible wages (  countercyclical profits…)→

average labor wedge

πt = κ∫ (v′ (nit) −
ϵ

ϵ − 1 (1 − τt) wteitu′ (cit)) di + βπt+1

(4) Supply side

(see Ferriere-Navarro for a richer model)
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Equilibrium as a graph

r

C YT

G

Yt = Gt + 𝒞t ({rs, Ys−Ts})

weak

strong

strong

if ϕ > 1
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Intertemporal Keynesian cross
❖ Imagine central bank keeps real interest rate constant: .
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Intertemporal Keynesian cross
❖ Imagine central bank keeps real interest rate constant: .

❖ Fiscal policy shock , , same NPV.

❖ What happens to output,  

rt = r

dG = (dG0, dG1, …) dT = (dT0, dT1, …)

dY = ?

Yt = Gt + 𝒞t ({Ys−Ts})

Intertemporal Keynesian cross

dY = dG − MdT + MdY

Derivative of  
“intertemporal MPCs”

𝒞t

Mt,s ≡
∂𝒞t

∂Zs

Auclert Rognlie Straub “Intertemporal Keynesian Cross”
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What is M for a representative agent?
❖  is the matrix derivative (Jacobian) of the cons. functionM

M =

1 − β (1 − β) β (1 − β) β2 ⋯

1 − β (1 − β) β (1 − β) β2 ⋯

1 − β (1 − β) β (1 − β) β2 ⋯
⋮ ⋮ ⋮ ⋱

Impulse response of C to date 0 
(unanticipated) increase in income Z

Impulse response of C to date 1 
(anticipated) increase in income Z

𝒞t ({Ys−Ts})



M in models and the data
❖ Can compare first column with the data from Fagereng-Holm-Natvik:
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Heterogeneous Agents
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The long shadow of Covid stimulus
❖ Feed in Covid stimulus and solve for output and inflation.
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Tax change



Why does heterogeneity lead to persistence?

TOP 1%

UPPER MIDDLE CLASS 

POOR AND 
MIDDLE CLASS

AGGREGATE DEMAND

Auclert Rognlie Straub “Trickling Up of Excess Savings”



Why does heterogeneity lead to persistence?

TOP 1%

UPPER MIDDLE CLASS 

POOR AND 
MIDDLE CLASS

AGGREGATE DEMAND

Auclert Rognlie Straub “Trickling Up of Excess Savings”



Why does heterogeneity lead to persistence?

TOP 1%

UPPER MIDDLE CLASS 

POOR AND 
MIDDLE CLASS

AGGREGATE DEMANDPoor & middle class spend 
down the fastest

Auclert Rognlie Straub “Trickling Up of Excess Savings”



Why does heterogeneity lead to persistence?

TOP 1%

UPPER MIDDLE CLASS 

POOR AND 
MIDDLE CLASS

AGGREGATE DEMANDPoor & middle class spend 
down the fastest

Auclert Rognlie Straub “Trickling Up of Excess Savings”



Why does heterogeneity lead to persistence?

TOP 1%

UPPER MIDDLE CLASS 

POOR AND 
MIDDLE CLASS

AGGREGATE DEMANDPoor & middle class spend 
down the fastest

Auclert Rognlie Straub “Trickling Up of Excess Savings”



Why does heterogeneity lead to persistence?

TOP 1%

UPPER MIDDLE CLASS 

POOR AND 
MIDDLE CLASS

AGGREGATE DEMANDPoor & middle class spend 
down the fastest

Top 1% earn income but 
don’t spend much

Auclert Rognlie Straub “Trickling Up of Excess Savings”



Why does heterogeneity lead to persistence?

TOP 1%

UPPER MIDDLE CLASS 

POOR AND 
MIDDLE CLASS

AGGREGATE DEMANDPoor & middle class spend 
down the fastest

Top 1% earn income but 
don’t spend much

Excess savings slowly “trickle up” towards the top 1%

Auclert Rognlie Straub “Trickling Up of Excess Savings”



Monetary policy



Monetary policy
❖ Allow for central bank to shock the real interest rate 

❖ Assume gov. keeps debt repayment  constant and adjusts  

{rs}

(1 + rt−1)Bt Tt

Yt = Gt + 𝒞t ({rs, Ys−Ts}) Tt = (1 + r)B + G −
(1 + r)B

1 + rt



Monetary policy
❖ Allow for central bank to shock the real interest rate 

❖ Assume gov. keeps debt repayment  constant and adjusts  

{rs}

(1 + rt−1)Bt Tt

Yt = Gt + 𝒞t ({rs, Ys−Ts})

dY = Mr dr
1 + r

− MB
dr

1 + r
+ MdY

Tt = (1 + r)B + G −
(1 + r)B

1 + rt



direct effect of r

Monetary policy
❖ Allow for central bank to shock the real interest rate 

❖ Assume gov. keeps debt repayment  constant and adjusts  

{rs}

(1 + rt−1)Bt Tt

Yt = Gt + 𝒞t ({rs, Ys−Ts})

dY = Mr dr
1 + r

− MB
dr

1 + r
+ MdY

Tt = (1 + r)B + G −
(1 + r)B

1 + rt



indirect effect 
via gov. budget

direct effect of r

Monetary policy
❖ Allow for central bank to shock the real interest rate 

❖ Assume gov. keeps debt repayment  constant and adjusts  

{rs}

(1 + rt−1)Bt Tt

Yt = Gt + 𝒞t ({rs, Ys−Ts})

dY = Mr dr
1 + r

− MB
dr

1 + r
+ MdY

Tt = (1 + r)B + G −
(1 + r)B

1 + rt



indirect effect via Yindirect effect 
via gov. budget

direct effect of r

Monetary policy
❖ Allow for central bank to shock the real interest rate 

❖ Assume gov. keeps debt repayment  constant and adjusts  

{rs}

(1 + rt−1)Bt Tt

Yt = Gt + 𝒞t ({rs, Ys−Ts})

dY = Mr dr
1 + r

− MB
dr

1 + r
+ MdY

Tt = (1 + r)B + G −
(1 + r)B

1 + rt



indirect effect via Yindirect effect 
via gov. budget

direct effect of r

Monetary policy
❖ Allow for central bank to shock the real interest rate 

❖ Assume gov. keeps debt repayment  constant and adjusts  

{rs}

(1 + rt−1)Bt Tt

Yt = Gt + 𝒞t ({rs, Ys−Ts})

dY = Mr dr
1 + r

− MB
dr

1 + r
+ MdY

Tt = (1 + r)B + G −
(1 + r)B

1 + rt

Key channel with RA



indirect effect via Yindirect effect 
via gov. budget

direct effect of r

Monetary policy
❖ Allow for central bank to shock the real interest rate 

❖ Assume gov. keeps debt repayment  constant and adjusts  

{rs}

(1 + rt−1)Bt Tt

Yt = Gt + 𝒞t ({rs, Ys−Ts})

dY = Mr dr
1 + r

− MB
dr

1 + r
+ MdY

Tt = (1 + r)B + G −
(1 + r)B

1 + rt

Key channel with RA

Key channels with HA
(Kaplan Moll Violante)
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Nearly identical!



Direct and indirect effects
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❖ HANK similar to RANK because stronger indirect offsets weaker direct effect!
[Werning 2015]
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Monetary policy flowcharts
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Different decomposition,
same output responses!



What if there is investment?
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What if there is investment?
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Much greater response in HANK! 
(investment amplifies indirect effect)



Role of investment in monetary transmission
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Role of investment in monetary transmission
Consumption collapses 

without investment in HANK

… whereas RANK consumption is unaffected!

From Auclert Rognlie Straub “Micro Jumps and Macro Humps"



Broader implications of investment in HANK

❖ Limited response to monetary policy tightening

❖ if house prices & residential investment doesn’t respond much!

❖ Investment stimulus (e.g. CHIPS, IRA) spills over into consumption!

❖ Generates outsized positive effect on aggregate demand



Global spillovers



World economy
❖ Now consider a world economy with  large economies

❖ Each home to heterogeneous households

❖ average productivity differs but not nature of idiosyncratic risk

❖ Same  in each country

❖ Armington trade network: fraction  of country ’s spending goes to country 

❖ Fiscal policy of country :  subject to ’s government budget constraint

❖ Monetary policy (today): “constant real rate”  Real exchange rate constant

N

M

aij i j

i Git, Tit i

→



Fiscal shock in the U.S.
❖ Consider sequences of fiscal policy shocks  for each dGi, dTi i

❖ Output given by:

dYj = dGj −
N

∑
i=1

aijMdTi +
N

∑
i=1

aijMdYi

(related to Sunder-Plassmann et al 2024, Gourinchas et al 2022)



Fiscal shock in the U.S.
❖ Consider sequences of fiscal policy shocks  for each dGi, dTi i

❖ Output given by:

❖ Solution for 177 countries computationally highly non-trivial!

❖  like inverting 54,000 x 54,000 matrix (3bn entries)

❖ doable with Sequence-Space Jacobian 2.0 in 3 seconds

∼

dYj = dGj −
N

∑
i=1

aijMdTi +
N

∑
i=1

aijMdYi

(related to Sunder-Plassmann et al 2024, Gourinchas et al 2022)



Large output and inflation effects of U.S. stimulus
❖ Same fiscal shock to the U.S. as before

Standard hybrid NKPC with 50% weight on lagged inflation, κ = 0.01
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Large output and inflation effects of U.S. stimulus
❖ Same fiscal shock to the U.S. as before

Standard hybrid NKPC with 50% weight on lagged inflation, κ = 0.01
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Who is affected by U.S. stimulus?
2020



Who is affected by U.S. stimulus?
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Who is affected by U.S. stimulus?
2030



Who is affected by U.S. stimulus?
2035



Conclusion



Conclusion: Three takeaways
❖ HANK implies that consumption depends more on income than interest rates

❖ Natural to organize and analyze HANK models in the sequence space

❖ Three lessons:

❖ deficit-financed fiscal stimulus is persistent

❖ monetary policy only works if investment responds

❖ global spillovers are large and slow to die out

❖ Lots of work to do!


