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This Paper

Consumer theory: pent-up demand is stronger for durables

Q: What does this imply for how spending composition affects recoveries?
variation across recessions: (i) long-run shares, (ii) sectoral shock incidence

1. Theory
Multi-sector model with demand-determined output + demand shocks

Recoveries from recessions concentrated in durables are stronger than
recoveries from recessions concentrated in services

⇔
durables spending reverts faster conditional on aggregate demand shock (*)

2. Measurement

a) Document strong support for testable condition (*) in U.S. time series data

b) Quantify effect of demand composition on recovery strength
Use estimated IRFs + (i) semi-structural shift-share, or (ii) full structural model

3. Implications for optimal monetary policy
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Model Sketch

• Environment: textbook NK model + multiple sectors

1. Representative household: consume durables and services

2. Rest of the economy

a) Labor-only production of intermediate goods + nominal price & wage stickiness

b) Intermediate good can be freely turned into either durables or services

c) Nominal rate set by monetary authority

• Agg. risk: shocks to agg. demand batbatbat and sectoral demand {bdtbdtbdt , bstbstbst}
Interpretation: shock/wedge to (shadow) prices of different consumption goods
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Household

• Preferences
E0

[ ∞∑
t=0

βt {u(ststst , dtdtdt ; bt)− v(ℓt ; bt)}
]

where

u(s, d ; b) =

[
eb
ababa+bsbsbs ϕ̃ζsss1−ζ + eα(b

ababa+bdbdbd )(1− ϕ̃)ζddd1−ζ
] 1−γ
1−ζ − 1

1− γ ,

v(ℓ; b) = eςcb
ababa+ςsbsb

sbs+ςdb
dbdbdχ
ℓ1+

1
φ

1 + 1
φ

[today: γ = ζ]

◦ batbatbat : aggregate demand shifter (uncertainty, income risk, deleveraging, …)
Note: batbatbat has no real effects in flex-price eq’m = multi-sector notion of “agg. demand”

◦ {bstbstbst , bdtbdtbdt }: sectoral demand shifters (preference changes, disease risk, …)

• Budget constraint

ststst + [dtdtdt − (1− δ)dt−1dt−1dt−1]︸ ︷︷ ︸
etetet

+φ({dt−ℓ}∞ℓ=0)φ({dt−ℓ}∞ℓ=0)φ({dt−ℓ}∞ℓ=0) + at = wtℓt +
1 + r nt−1
1 + πt

at−1 + qt

rest of the model
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The Pent-Up Demand Mechanism
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The Pent-Up Demand Mechanism

special case: no adj. costs, iid shocks, fixed prices
Q: consider {ba0, bs0, bd0} s.t. ŷ0 = −1%. how does the recovery differ with sectoral composition?
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ŷd =
−1 + (1− δ)

−1 = δ

5



The Pent-Up Demand Mechanism

special case: no adj. costs, iid shocks, fixed prices
Q: consider {ba0, bs0, bd0} s.t. ŷ0 = −1%. how does the recovery differ with sectoral composition?

2. Services demand shock bs0: no pent-up demand, lost output is foregone

ŷs =
−1 + 0
−1 = 1
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The Pent-Up Demand Mechanism

special case: no adj. costs, iid shocks, fixed prices
Q: consider {ba0, bs0, bd0} s.t. ŷ0 = −1%. how does the recovery differ with sectoral composition?

3. Aggregate demand shock ba0: hybrid case

ŷa = 1−
1− ϕ

ϕ(1− β(1− δ))δ + 1− ϕ(1− δ)
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The Pent-Up Demand Mechanism

special case: no adj. costs, iid shocks, fixed prices
Q: consider {ba0, bs0, bd0} s.t. ŷ0 = −1%. how does the recovery differ with sectoral composition?

⇒ For any {ba0,bs0,bd0}, let impact services share be ωωω ≡ ϕŝ0
ϕŝ0+(1−ϕ)ê0 . Then:

ŷ = 1− (1−ωωω)(1− δ)
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Measurable Implications and Generalizations

Formal insight: pent-up demand⇒ ranking of durables and services nCIRs

Proposition
Let sasasa and eaeaea denote the services and durables nCIRs to the aggregate
demand shock ba0. Then, given {ba0,bs0,bd0}, ŷ is increasing in ωωω if and only if

sasasa > eaeaea (1)

In words: after an aggregate demand shock ba0ba0ba0, durables revert back faster than services.

• Richer models: no simple IRFs, but (1) remains necessary & sufficient
(i) Full model: only requires neutral monetary policy (= fix expected real rate)

Intuition: (1) ensures that pent-up demand effects remain “strong enough”

(ii) Further extensions: incomplete markets, N sectors, sticky information, net
substitutes, supply shocks Details

• Next: measure IRFs to bababa in U.S. time series

6



Measurable Implications and Generalizations

Formal insight: pent-up demand⇒ ranking of durables and services nCIRs

Proposition
Let sasasa and eaeaea denote the services and durables nCIRs to the aggregate
demand shock ba0. Then, given {ba0,bs0,bd0}, ŷ is increasing in ωωω if and only if
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sasasa > eaeaea (1)

In words: after an aggregate demand shock ba0ba0ba0, durables revert back faster than services.

• Richer models: no simple IRFs, but (1) remains necessary & sufficient
(i) Full model: only requires neutral monetary policy (= fix expected real rate)

Intuition: (1) ensures that pent-up demand effects remain “strong enough”

(ii) Further extensions: incomplete markets, N sectors, sticky information, net
substitutes, supply shocks Details

• Next: measure IRFs to bababa in U.S. time series

6



Measurable Implications and Generalizations

Formal insight: pent-up demand⇒ ranking of durables and services nCIRs

Proposition
Let sasasa and eaeaea denote the services and durables nCIRs to the aggregate
demand shock ba0. Then, given {ba0,bs0,bd0}, ŷ is increasing in ωωω if and only if
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Measurement & Quantification
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Measurement & Quantification

Q: How does sectoral spending respond to an agg. demand shock bababa?

• Ideal laboratory: monetary policy shocks

◦ Equivalent to aggregate demand shocks batbatbat Proposition

◦ Relatively standard approach to time series identification is available
Christiano-Eichenbaum-Evans (1999), Gertler-Karadi (2015), Ramey (2016), …︸ ︷︷ ︸

Today: simple recursive VAR

7



IRF Estimation

1. Coarse sectoral spending dynamics
Echoes previous work documenting durables overshoot (Erceg-Levin, McKay-Wieland)

⇒ at posterior mode: scscsc is 88% larger than ececec

2. Supplementary evidence:

◦ Granular sectors: PUD for semi-durables, little evidence of “memory goods”
Details

◦ Other shocks: uncertainty, oil, reduced-form innovations Details

8
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Measurement & Quantification
How important is demand composition for

recovery strength?
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Counterfactual Experiments

Q: Does demand composition matter quantitatively for recovery dynamics?
(i) how different is ωωω across recessions? (ii) what’s the effect of that variation?

(i) Two main reasons to expect ωωω to vary across recessions:
1. Fixed agg. demand shock batbatbat , but changing long-run shares ϕ [in paper]

2. Fixed shares ϕ, but changing shock combinations {batbatbat , bstbstbst , bdtbdtbdt }
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Caveat: many differences beyond demand composition (e.g., policy, shock persistence)

(ii) Use estimated IRFs in two ways: 1. shift-share and 2. struct. model
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Semi-Structural Shift-Share

Approach I: re-weight the empirically estimated IRFs

Proposition
Consider the full model, and suppose that monetary policy is neutral, up to
monetary policy shocks with persistence ρm.

Then the IRF to a shock mixture {ba0ba0ba0, bs0bs0bs0, bd0bd0bd0} with persistence ρm and trough
services share ωωω satisfies

ŷt = −
[
ωωω × ŝmt̂s

m
t̂s
m
t

ŝmtroughŝmtroughŝmtrough
+ (1−ωωω)× êmt̂e

m
t̂e
m
t

êmtroughêmtroughêmtrough

]
(2)

+ Construct counterfactuals semi-structurally, w/o solving a model
E.g.: no need to take a stance on relevant adjustment costs, depreciation rate, …

- Model space: relies on neutral monetary policy (or fully fixed prices)

- Applicability: only works for shocks as persistent as the estimated one
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Results

nCIR: 65% larger for services-led vs. ordinary recession
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Structural Model

Approach II: construct counterfactuals in a quantitative structural model

• Environment

◦ Full model: partially sticky prices & wages, conventional monetary rule
Implies: shift-share is not exactly valid in the model

◦ Addition for quantitative fit: sticky information [Mankiw-Reis]

• Estimation

◦ IRF matching: target empirically estimated monetary policy shock IRFs

◦ Why? may not be exact “sufficient statistics”, but still likely to be highly
informative about our counterfactuals [Christiano-Eichenbaum-Evans]︸ ︷︷ ︸

solve for counterfactuals at & around posterior mode

12
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informative about our counterfactuals [Christiano-Eichenbaum-Evans]︸ ︷︷ ︸

solve for counterfactuals at & around posterior mode
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IRF Matching

Model Parameterization
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Results I

nCIR: 60% larger for services-led vs. ordinary recession
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Results II: lower persistence

nCIR: 55% larger for services-led vs. ordinary recession
15



Results III: varying NKPC slope and adj. costs

Experiment: nCIR ratio for COVID-19 shares vs. avg. recession shares

︸ ︷︷ ︸
robust take-away: slower recoveries for larger ωωω share
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Policy Implications
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Policy Implications

Large effects of demand composition. Implications for optimal policy?

1. Aggregate demand shocks bctbctbct with changing long-run shares
E.g.: How should central banks behave in more services-intensive economies?

◦ Optimal monetary policy is independent of services share ϕ Details

◦ Intuition: transmission of both bctbctbct and interest rates r ntr ntr nt are equally affected

◦ Knife-edge result, but illustrates more general principle...

2. Fixed long-run shares with changing shock incidence {bctbctbct , bstbstbst , bdtbdtbdt }
E.g.: How should central banks respond to services-led recessions?

◦ Ease for longer if recession is biased towards services

◦ Formally: fix bs0bs0bs0 and bd0bd0bd0 s.t. r n0 (bs0bs0bs0) = r n0 (bd0bd0bd0 ) = −1%. Then: Details

r nt (b
s
0b
s
0b
s
0) < r n0 (b

d
0b
d
0b
d
0 ), ∀t ≥ 2
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Conclusions

basic consumer theory + demand-determined outputw�
demand composition matters for strength of recoveries

1. Key testable implication receives strong support in U.S. time series

2. Demand composition effects can be quantitatively meaningful

3. Implications for optimal stabilization policy

a) No obvious intertemporal trade-off: pent-up demand for shocks & policy

b) Hike rates too fast if services recession is treated like an avg. recession

18



Thank you!
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Rest of the Model

1. Unions
◦ Standard wage-setting protocol gives

π̂wt =
(1− βϕw )(1− ϕw )
ϕw (

εw
φ
+ 1)

[
1

φ
ℓ̂t −

(
ŵt + λ̂t − (ςcbct + ςsbst + ςdbdt )

)]
+βEt

[
π̂wt+1

]
where λt is the marginal utility of wealth

2. Producers
◦ Labor-only production and nominal rigidities give price-NKPC:

π̂t = ζp

(
ŵt −

y ′′(ℓ)ℓ

y ′(ℓ)
ℓ̂t

)
+ βEt [π̂t+1]

3. Policy
◦ Neutral rule: r̂ nt = Et [π̂t+1] and limt→∞ ŷt = 0

◦ Active rule
r̂ nt = ϕππ̂t

back
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Full Model Solution

• The sectoral spending impulse responses satisfy

ŝt =
1

γ
(bc0 + b

s
0)ρ

t
b, êt =

1

γ
(bc0 + b

d
0 )
θb
δ

(
ρtb − (1− δ − θd)

θtd − ρtb
θd − ρb

)

• For aggregate output we thus get

ŷt = ϕŝ0ρ
t
b + (1− ϕ)ê0

(
ρtb − (1− δ − θd)

θtd − ρtb
θd − ρb

)

• The CIR to a generic shock mix {bct , bst , bdt } thus satisfies

ŷ =
1

1− ρb

[
1 − (1− ω)(1− δ

1− θd
)

]

back
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Extensions

• Incomplete markets
◦ A fringe µ of households has the same preferences, but is hand-to-mouth
◦ Assume their income follows

ϕŝHt + (1− ϕ)êHt = ηŷt

⇒ Irrelevance result: HtMs scale IRFs up or down, but leave shapes unchanged

• Supply shocks
◦ Intermediate good is turned into services at rate z st and durables at rate zdt
◦ Then supply shocks show up in two places:

1. Prices in the household budget constraint satisfy
p̂st = −ẑ st , p̂dt = −ẑdt

2. The output market-clearing condition becomes
ŷt = ϕ(−ẑ st + ŝt) + (1− ϕ)(−ẑdt + êt)

back
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Extensions
• N sectors

◦ Household preferences over consumption bundles are now

u(d ; b) =

(∑N
i=1 e

αi (b
c+bi )ϕ̃id

1−ζ
it

) 1−γ
1−ζ − 1

1− γ
◦ CIR satisfies

ŷ = −
N∑
i=1

ωi
δi

1− θid
= −

N∑
i=1

ωie
c
i

• Sticky information
◦ Let x ∈ {c, s, d, e}, p ∈ {r n, π, ba, bs , bd} and define

Xp ≡ ∂X (•)
∂p

Sticky information then modifies these derivative matrices as

Xp,i,j =
min{i ,j}∑
s=0

[θs − θs+1]XRp,i,j

◦ Key insight: does not affect separability of the system back
4



Monetary Policy Shocks

Proposition
Consider the full model, extended to feature innovations mt to the central
bank’s rule. The impulse responses of all real aggregates x ∈ {s, e, d, y} to:

(i) a recessionary common demand shock bc0 < 0 with persistence ρb

(ii) a contractionary monetary shock m0 = −(1− ρb)ςcbc0 with persistence
ρm = ρb

are identical:
x̂ct = x̂mt

back
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Fine Spending Series

Durables Non-Durables Services

All 1.00 All 1.28 All 1.97
Motor Vehicles 1.14 Food 1.01 Health 1.98
Furniture 1.31 Clothes 0.97 Transport 1.65
Recreation Goods 0.86 Gas 1.53 Recreation 1.43
Other 1.19 Other 0.76 Food 2.19

Financial 1.24
Other 1.55

back
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Fine Spending Series: Durables

back
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Fine Spending Series: Non-Durables

back
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Fine Spending Series: Services

back
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Other Shocks: Uncertainty

• Second main experiment: uncertainty shocks
Implementation as in Basu & Bundick (2017)

• Find: V- vs. Z-shape as for monetary policy

back
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Other Shocks

• Oil shocks

◦ Project granular sectoral spending series on oil shock series
Implementation: use shock series of Hamilton (2003)

◦ Find: PUD for durables/gas/transport, not for food/clothes

• Reduced-form dynamics

◦ Estimate reduced-form VAR in all spending components

◦ Find: services CIR 120% larger than for durables
back
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Estimated Model: Parameterization

back
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Shock Persistence

Consider a shock as transitory as COVID-19:

back
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Optimal Policy

• Common shocks

◦ The Wicksellian equilibrium rate of interest is

r̂t = (1− ρb)bct

◦ Can be replicated by setting

r̂ nt = (1− ρb)bct

• Sectoral shocks

◦ The Wicksellian eq’m rate for two sectoral shocks satisfies

r̂t(b
s
0) = −ρtb − ζs

t−1∑
q=0

ρt−qb ϑ
q, r̂t(b

d
0 ) = −ρtb + ζd

t−1∑
q=0

ρt−qb ϑ
q

where {ζs , ζd , φ} are all strictly positive
back
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