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MOTIVATION

- U.S. inflation seems to have stabilized at ~ 3%

- What if we let inflation settle at ~ 2.5% or ~ 3%?



MOTIVATION

- U.S. inflation seems to have stabilized at ~ 3%

- What if we let inflation settle at ~ 2.5% or ~ 3%?

- At moderate levels of inflation, welfare costs are negligible and flat

- “Elusive costs of inflation” in state-dependent pricing models (Burstein and
Hellwig, 2008; Nakamura et al., 2018; Blanco, 2021)

- Standard sticky price model has no input-output linkages

- Roundabout production amplifies cost of inflation in time-dependent models
as dispersion propagates through intermediate inputs (Christiano, 2015)



RESEARCH QUESTIONS AND WHAT WE DO

Research Questions

- How do production networks affect the welfare costs of inflation in
state-dependent pricing models?

1. Theoretical: What are the sources of these welfare costs?

2. Quantitative: How large are these welfare costs?

What We Do

- Production networks model with heterogeneous sectors and
state-dependent pricing

- Calibration: US I-O tables; data on moments of price change distribution



WHAT WE FIND

- Theoretically, the welfare cost of inflation in our model is driven by:
1. Aggregate misallocation: aggregate within-sector misallocation
2. Menu costs paid by firms to adjust prices

3. Across-sector misallocation and labor stimulus



WHAT WE FIND

- Theoretically, the welfare cost of inflation in our model is driven by:
1. Aggregate misallocation: aggregate within-sector misallocation
2. Menu costs paid by firms to adjust prices

3. Across-sector misallocation and labor stimulus

- Quantitatively, in our calibrated baseline model:
- Welfare cost of inflation at 2% is ~ 0.15% (CE units relative to 0% inflation)
- Welfare cost of inflation 2.7 times larger relative to a multi-sector economy

- Moving from 2% to 4% inflation
- Cost increases by 21 bps, compared with 7.87 bps in the multi-sector economy

- Menu costs account for 69.5% of the increase



RELATED LITERATURE

- Welfare cost of inflation
+ Lucas (2000); Ireland (2009); Benati and Nicolini (2025)
- Benabou (1992); Diamond (1993); Sara-Zaror (2025)
- Burstein and Hellwig (2008); Nakamura et al. (2018); Alvarez et al. (2018)

- Random menu costs/Calvo plus models
+ Nakamura and Steinsson (2010); Alvarez and Lippi (2014); Baley and Blanco (2021); Luo and Villar
(2021); Alvarez et al. (2016, 2021); Cavallo et al. (2023a, 2024)

- Production networks model with state-dependent pricing
* Ghassibe and Nakov (2025)

- Welfare cost of inflation in production network, time-dependent pricing model
+ Christiano (2015); Castro (2019)

- Contribution: Welfare cost of inflation in a quantitative multi-sector production
network model with state-dependent pricing and idiosyncratic shocks



Model



MODEL DESCRIPTION

- Time is continuous and runs forever

- nindustries indexed by i € [n] ={1,...,n}

- A measure of monopolistically competitive intermediate firms in each sector
- A final good producer in each sector packages and sells a sectoral good

- Sectoral goods consumed by households and used for production

- Objective: Steady-state welfare comparative statics w.rt. inflation
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MODEL

- Household - Final Good Producer
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- Monetary Policy {M; = P;Ct}t>0

Mt = 7TMt



MODEL

- Household - Final Good Producer
& d Ui
max / e "[log(C;) — Lidt Ys t—AUt(,%) Yis
0
: ] Aji ¢ isij's taste shock
Zie[n] PitCit + Bt < Wile + 1tBt + Tt it 15 1)
_ Cit 2 it PitCit - Intermediate Good Producers
SO
ie[n] i i
qu}',t = Z,‘m(LUﬁ/a/')a H (ij,k,t/(]m)ak
ke[n]
- Monetary Pollcy {Mt = PtCt}tzo d |0g(zij,t) = p;dt + UidWij,t
Mt = 7TMt

o o
and Aj; tZ:/t =1, Wi+ Is Wiener

- -0 matrix: A = [a,,?],»ﬁ,?eln]



MODEL — INTERMEDIATE GOOD PRODUCERS — PRICING

- Calvo Plus/Random menu costs set-up (Nakamura and Steinsson, 2010; Alvarez and
Lippi, 2014; Baley and Blanco, 2021; Alvarez et al,, 2022)

- can pay total menu cost \;x; > 0 (in units of labor) to change prices

- receives i.i.d free price change opportunities that arrive at Poisson rate 6; > 0



MODEL — INTERMEDIATE GOOD PRODUCERS — PRICING

- Calvo Plus/Random menu costs set-up (Nakamura and Steinsson, 2010; Alvarez and
Lippi, 2014; Baley and Blanco, 2021; Alvarez et al,, 2022)

- can pay total menu cost \;x; > 0 (in units of labor) to change prices

- receives i.i.d free price change opportunities that arrive at Poisson rate 6; > 0

- Let Nj;; be a Poisson counter with arrival rate ¢;. Nominal adjustment cost is

0 ,If dPij,t =0or dNij,t =N

depjjr = @
” Wil ,ifdP;, # 0and dNj, =0

where dPj;; is price change, XA = (I—A)7"8is cost-based Domar weights
(normalization)



MODEL — INTERMEDIATE GOOD PRODUCERS — PRICING

- Firm chooses sequence of prices (Pj; )2, to solve
o0 p=pt W TTper PR P\ 7
Vio = ma E{ [ 1— 7. )P, — L 2kell Rty ( u,t) Y. dt — do; ]}
1j,0 (Pf/',t)i))(:oo /O P.C, {(( Tl,t) ijt Zjt ) e\ P I,t} Pijt

* Let Xj;; = log(Pit/P;,) be firm ij's price gap, where P7, is its ideal price



MODEL — INTERMEDIATE GOOD PRODUCERS — PRICING

- Firm chooses sequence of prices (Pj; )2, to solve
o0 p=pt W TTper PR P\ 7
Vi = E{ | 5= [{((0 = mio)Pye — =325 (F) i}t — doye] }
UvO (PTta);))(:oo /Ob PtCt {(( Tlvt) 1, Zij,t ) 1t Pi,l Ivt} (70U7t
* Let Xj;; = log(Pit/P;,) be firm ij's price gap, where P7, is its ideal price
- Equilibrium concept: Recursive stationary equilibrium

- xis a sufficient state variable for the firm's pricing problem

- Letvi(x) = AVC; in stationary equilibrium
- A= Pilli is sector i's sales-based Domar weight

P¢C

W' Tlren Pt

CQ=(0-7)"(5 . )



MODEL — INTERMEDIATE GOOD PRODUCERS — PRICING

- We solve the recursive problem, where the HJB-VI equation is given by

() = max { plvi67) — 60, £+ (s — W) + 2 S0 + (v () = i) }

change

no change

where X7 = arg max, v;(y); fi(x) = (eX 'm )e X B =

- Optimal policy: reset point, X7, and Ss bands {x;, x;}
- Each i € [n] characterized by (¢, 0;, o7, 1) and can be calibrated separately

- For counterfactuals, we recover x; from calibrated (¢;, 6;, o}, 1) and
distribution of price gaps

Value Function X Value matching and smooth pasting



Theoretical Results



STEADY-STATE ALLOCATIONS AND SOURCES OF INEFFICIENCIES

- Cost minimization of firms in sector i implies sectoral production function:

X . 1 A P —n;
R o\ L 1\ dik _ Ij,t ij,t U 5
Yi= 5 (/e TT (iafaw)™,  Di(r) /O Zij,t<Pi,t) dj > 1

ke[n]

- Sectoral marginal cost:

MCi=  min  Wil; + Z PeiXir St D'ZW) % (Li/a’_)a,' H (Xl,yk/am)am >1
/

Li,(Xi k kel keln] T
- Optimal pricing of firms implies
P +«(Wt, P1t,...,Pnt; D; ; _
M(r) = ut( ts Pt y Pt /(7)) _ N 1 ()

I\/\C,-’t(Wt, Pit,...,Pnt; Di(m))  mi—11—1(m)



SOURCES OF INEFFICIENCIES: AGGREGATE PRODUCTIVITY AND LABOR WEDGE

1. Let MPL = 0C¢/a1r = 7 , where LP is total labor used in production;
2. Let MRS = —U;/U. = C. Then,

7_204 73)

i€[n]

log Z(m ZA x log Di(m {Z)\xlogM +Iog(z Mw)ﬂ

ic[n] i€[n] ie[n]

where X = (I1-A)"8;, Xr)= (- A’diag(Mﬂ(ﬂ))”ﬂ
- Inflation distorts:

- Equilibrium labor supply as the factor of production (by changing MRS)

- Aggregate productivity by distorting relative prices within and across sectors
7



WELFARE COST OF INFLATION

- A(7) such that U(C(n), L(r)) = U(e~N™)C(0), L(0))

12



WELFARE COST OF INFLATION
- A(7) such that U(C(n), L(r)) = U(e~N™)C(0), L(0))

PROPOSITION

Let taxes be (7;)igjn), constant across 7. The welfare cost of inflation 7 is

A(m) =" A x [log Dj(m) — log D;(0)] + > _ Aixi[N["*™ () — N["*™(0)]

icin] i€n]
within-sector price distortion menu cost paid
2 2i(0)
Aj I : I ’
+ Iez[n] | X [ OgMI(ﬂ-) OgM I;ﬂ] M (7_[. M,(O)]

>l

across-sector price distortion + labor stimulus

where N"®"(7) measure of firms paying the menu costini € [n] at«




WELFARE COST WHEN FISCAL POLICY ENSURES M, =1,Vi € [n], =

- Baseline: Fiscal policy chooses 7i(w) such that M;(w) =1, Vi € [n],

- Then,

MRS =1 and logZ(mw)=— Z i x log Di()

i€[n]

13



WELFARE COST WHEN FISCAL POLICY ENSURES M, = 1,Vi € [n], w

- Baseline: Fiscal policy chooses 7i(w) such that M;(w) =1, Vi € [n],
- Then,

MRS

?:1 and logZ(w Z)\ x log Dj(m

i€[n]

PROPOSITION

When 7j(7) such that M;(w) =1,Vi € [n], 7

) = Z i % [Iog Di(r) — log Di(O)] + Z S\ix,'[N,me”“(w) = N,me”“(O)]
i€[n) i€[n]

- Sources of welfare cost:

1. Aggregate misallocation — Domar-weighted sum of log dispersion difference

2. Menu cost paid E



DISPERSION AT ZERO INFLATION STEADY STATE

- In the stationary equilibrium

In Di() = In (Eqr [e™"]) + (3 ﬁim) In (Egr [e'=])




DISPERSION AT ZERO INFLATION STEADY STATE

- In the stationary equilibrium

In Di() = In (Egr [e™"]) + (5 77",]‘) In (Egr [e0'7])
— 1
- From Baley and Blanco (2021); Cavallo et al. (2023b)
Assume (i) profit function f(x) is quadratic; (ii) = = 0; (iii) u; = 0. Then,

Var(Ap) x Kur(Ap)
6

In(D(0)) ~ g x
where Var(Ap) and Kur(Ap) are the variance and kurtosis of price changes

- Targeting them is important for quantification of welfare costs of inflation

14



Quantitative Results



BASELINE CALIBRATION

Parameter Description Value Explanation

n Number of sectors 65 BEA Summary 10 tables
A Production exp. share BEA IO tables

B Consumption exp. share BEA IO tables

p Discount rate 0.0034 4% annual

™ Steady-state inflation log(1.02)/12 2% annual

{7i(m) i Tax T Mi(T) =1
{niYiem Elasticity of substitution 4

{Bi}iem Menu cost Internally Calibrated
{0i}iem Calvo arrival rate Internally Calibrated
{oi}iem Std. dev. of firm-level shock Internally Calibrated

{,u,‘},‘e[n] Productivity drift

Internally Calibrated

Table 1: Model parameters calibration.

15



INTERNALLY CALIBRATED PARAMETERS AND TARGETS

Data:

- Frequency of price adjustment from Pasten et al. (2020)

- Standard deviation, kurtosis and fraction of positive price change by decile of
frequency (Hong et al,, 2023)

Targets and methodology:

- Linear interpolation based on frequency to impute sector-specific targets

- Fori € [n], (¢j,6;,0i, 1) to match frequency of price adjustment, standard
deviation, kurtosis, and fraction of positive price change

Computer and electronic products Rental and leasing services... X Wood products X Correlation Freq. x Moments
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WELFARE COST OF INFLATION: ROLE OF PRODUCTION NETWORKS

—=®— Production Networks
—A — Multi-Sector
0.8 | |[—#A— One-Sector

Annual Inflation Rate (r, %)

Figure 2: 3", \j = 2.59.

1. At 2%, production networks alone amplify the welfare cost significantly
2. Slope is also steeper



WELFARE COST OF INFLATION AT 2%

- Multi-sector (w/o production networks)

_ ) ) menu
mss Prod. Networks Multi-Sector Ratio A(m) = E[A log Di(m)] + Eg D AN ()]

~0.013 ~0.041
2.0 0.1462 0.0541  2.70
40 03595 01328 271 =0.054%
6.0 0.6232 02301 271
8.0 09221 03405 271

Table 2: 100 x A(7). Y Ai = 2.59

Multi x One X' \; x AlogD; X B; x AlogD; X Robustness 0.66 x GOS
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WELFARE COST OF INFLATION AT 2%

- Multi-sector (w/o production networks)

_ ) ) menu
mss Prod. Networks Multi-Sector Ratio A(m) = E[A log Di(m)] + Eg D AN ()]

~0.013 ~0.041
2.0 0.1462 0.0541 2.70 -
4.0 0.3595 01328 271 =0.054%
6.0 0.6232 0.2301 271 - Production networks
8.0 0.9221 0.3405 2.71

A(r) = (30 M) (EalA log Di(m)] + EA DGANT™" ()
IGA*[Z]SQ

Table 2: 100 x A(7). Y Ai = 2.59

~0.0148 ~0.041

=0.146%

Multi x One X' \; x AlogD; X B; x AlogD; X Robustness 0.66 x GOS

19



WELFARE COST OF INFLATION : MOVING FROM 2% TO 4% INFLATION

- Multi-sector (w/o production networks)

— ) v A NMenu _ 0
mss  Prod. Networks Multi-Sector Ratio AA(m) = E[A log Di(m)] + Es DG AN™™ ()] = 0.079%

~0.023 ~0.056

2.0 0.1462 0.0541 2.70

4.0 0.3595 0.1328 271 - Production networks

6.0 0.6232 0.2301 2.71

8.0 0.9221 0.3405 2.71 AN(T) = (Z Ai ) (Ex[A log Di(m)] + Ex[xi AN (7)])

i€[n] - -
Table 3: 100 x A(r). i N = 2.59 - 0:0% 0097
=0.213%

20



WELFARE COST OF INFLATION: DECOMPOSITION

mss  Dispersion  Menu Cost  Menu Cost Share

2.0 0.0384 0.1079 73.8
4.0 0.1034 0.2561 71.2
6.0 0.1921 0.4311 69.2
8.0 0.3003 0.6218 67.4

Annual Inflation Rate (=, %)

- At 2%, bulk of welfare cost due to menu cost

- Going from 2% to 4% inflation, ~ 70% of increase due to menu cost

- 21
Baseline Calibration: letalmenu cost paid _ 0.228%, C R

Total sales



WELFARE COST OF INFLATION: SECTORAL DISAGGREGATION

Pct\m 0.0 2.0 4.0 6.0 8.0 Pct\m 0.0 2.0 4.0 6.0 8.0

20 0.0065 0.0067 0.0069 0.0071 0.0074 20 0.0190 0.0228 0.0274 0.0326 0.0382
40 0.0072 0.0073 0.0074 0.0076 0.0079 40 0.0280 0.0341 0.0414 0.0495 0.0584
60 0.0087 0.0087 0.0089 0.0092 0.0096 60 0.0393 0.0493 0.0617 0.0757 0.0905
80 0.0093 0.0094 0.0097 0.0100 0.0105 80 0.0879 0.1069 0.1381 0.1714 0.2022

(a) log(Dispersion) (b) Fraction of non-free price changes

Table 4: Moments of the sectoral price-change distribution across steady-state inflation

- Not only dispersion increases, but also fraction of non-free price changes

Other moments

22



Further Analysis




FURTHER ANALYSIS

- Role of (fiscal policy) ensuring sectoral markups are one

- Heterogeneous 7,

23



100 x A

WELFARE COST OF INFLATION: 7i(7) = 7;

0.8 -

- What if 7j(7) = 7;, where 7; such that M;(0.02) =1, Vi€ [n], 7 ?
- Equilibrium labor supply and sectoral relative prices are distorted

—=®— Production Networks
— — Multi-Sector

— — One-Sector

mss  Production Networks Multi-Sector (1)/(2) One-Sector (1)/(4)
2.0 0.1462 0.0541 2.70 0.0485 3.01
4.0 0.3595 0.1328 271 0.1132 3.18
6.0 0.6232 0.2301 271 0.1911 3.26
8.0 0.9221 0.3405 2.71 0.2796 3.30
Figure 3: 100 x A(w).
Annual Inflation Rate (x, %)
- Amplification relative to multi-sector and one-sector same as baseline
2%

- Why? New terms offset each other IS CEIIEETID



WELFARE COST OF INFLATION: 7i(7w) = 0,/ € [n], 7

- Now, what if 7j(x) =0,Vi € [n], © ?

—8— Pr odlu‘l o N(‘lm rks
| —A— Multi-Sec

mss  Production Networks Multi-Sector Ratio

2.0 0.0719 0.0403 1.78
4.0 0.1961 0.1020 1.92
6.0 0.3630 0.1805 2.01
8.0 0.5616 0.2712 2.07

Annual Inflation Rate (r, %)

- At 2%, amplification relative to multi-sector still significant (1.78 x)
- Slope still steeper relative to multi-sector: 12.5 x 6.1 bps (7 = 2% — 4%)
- Welfare cost is smaller than baseline (at 2%, ~ 14.5bps) 25



WELFARE COST OF INFLATION: BASELINE X 7i(7) = 0,i € [n], =

Tss Total Dispersion  Menu Cost
2.0 0.1462 0.0384 0.1079
40 0.3595 0.1034 0.2561
6.0 0.6232 0.1921 0.4311
8.0 09221 0.3003 0.6218

Table 5: 7j(7) st. M(m) =1,i € [n], 7

Lower welfare losses under 7i(w) = 0 (w.rt. baseline) due to
1.

2.

lower calibrated menu costs

Tss Total Dispersion  Menu Cost = Labor Stimulus
2.0 0.0719 0.0381 0.0578 -0.0241
4.0 0.1961 0.1030 0.1371 -0.0439
6.0 0.3630 0.1915 0.2306 -0.0592
8.0 0.5616 0.2995 0.3327 -0.0705

Table 6: 7i(7) =0, Vi € [n], =

- Baseline subsidies remove market power, making firms larger
- Larger firms require higher menu costs to match the same moments

labor stimulus

Baseline comparison

26



HETEROGENEOUS 7, | € [n] : i TO MATCH SKEWNESS

Frequency
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Figure 4: Moments: Data x Model. 7



WELFARE COST OF INFLATION: HETEROGENEOUS 7, i € [n]

—®— Production Networks
— — Multi-Sector

mss  Production Networks Multi-Sector Ratio

3l 2.0 0.7347 0.2454 2.99
3 4.0 1.7210 0.5761 2.99
Epy 6.0 3.0091 1.0089 298

8.0 4.7202 1.5841 2.98

Annual Inflation Rate (n, %)

- At 2%, large amplification relative to multi-sector CIRIETIEETD
- Slope is still steeper relative to multi-sector: 100 x 33bps (7 = 2% — 4%)
- At 2%, welfare cost is substantially larger than baseline (5x)

28



WELFARE COST OF INFLATION DECOMPOSITION: HETEROGENEOUS 7);, i € [n]

mss  Dispersion  Menu Cost Menu Cost Share

sl 2.0 0.5044 0.2302 313
= 4.0 1.2095 0.5115 29.7
=Ry 6.0 2.1838 0.8253 27.4

8.0 3.5622 1.1580 245

Annual Inflation Rate (r, %)

- Dispersion accounts for bulk of welfare cost

29



Additional Results




ADDITIONAL RESULTS

- Welfare cost of nominal rigidities CEEEIEIFTIED

- Different calibration of Domar weights @D

- Role of sector-specific productivity drift CEEL®

- Comparison with pure time-dependent pricing CIEEEEITEETD
- Comparison with pure state-dependent pricing EIEEREED

- One-sector economy (for comparison with previous literature)

30



Conclusion




CONCLUSION

- Production networks significantly amplify welfare cost of inflation
- At 2%, welfare cost is around 2.7x larger relative to a multi-sector economy

- When moving from 2% to 4% inflation,
- Cost increases by 21 bps, compared to 79 bps in the multi-sector economy

- Menu costs account for 69.5% of the increase

- Future work
- General consumption aggregator and production functions

- Transition dynamics

31



Appendix




WELFARE COST OF NOMINAL RIGIDITIES

- So far, welfare cost relative to zero-inflation steady state. What about relative
to the efficient steady state?

PROPOSITION

Let 7j(w) such that M;(x) = 1, Vi € [n], 7. The welfare cost of inflation =
relative to the efficient steady state is

A" () = Ailog Di(m) + Y XN ()

i€[n] i€[n]

where A= (I - A)'8

32



WELFARE COST OF NOMINAL RIGIDITIES

3.5 [ |—e— Bascline
— — Multi-Sector
— — One-Sector
30 mss  Baseline Multi-Sector (1)/(2) One-Sector (1)/(4)
00 2.6679 0.9857 271 0.9760 2.73
=25 20 28142 1.0399 2.71 1.0245 2.75
8 40 3.0274 1.1186 271 1.0891 2.78
20r 60 32911 12159 271 11670  2.82
sl 8.0 3.5901 1.3263 271 1.2555 2.86
Wppm——=—=A— ="
0 2 4 6 8
Annual Inflation Rate (x, %)
- Even at 0% steady-state inflation, there is substantial welfare loss
- Amplification results are similar to baseline

33



DIFFERENT CALIBRATION OF DOMAR WEIGHTS

0.6 [ |—&— One-Sector
mss  Production Networks — Multi-Sector  (1)/(2) One-Sector (1)/(4)
_oal 2.0 0.1080 0.0541 1.99 0.0485 222
x a4 40 0.2654 0.1328 2.00 0.1132 2.34
= T 6.0 0.4601 0.2301 2.00 0.1911 2.41
02l 8.0 0.6808 0.3405 2.00 0.2796 2.43
0.0

Annual Inflation Rate (%, %)

Figure 5 Zi )\[ —1.928. Gross Output __ Total Intermediate+Compensation of Employees+0.66 x GOS

GDP - Compensation of Employees+0.66 x GOS
+ 4. Gross Qutput __ Total Intermediate+Compensation of Employees
Baseline: GDP - Compensation of Employees

- Assumption: GOS; + Taxes on production and imports, less subsidies; = 0, i € [n]

. . 34
Here: Add 0.66x‘Gross Operating Surplus’ to ‘Compensation of Employees’



WELFARE COST OF INFLATION: ROLE OF SECTOR-SPECIFIC DRIFT

- pj=0,Vi € [n] : Drop fraction of positive price change as target

mss Baseline Zero Drift Ratio

20 0.1462 0.0669 2.18
4.0 0.3595 0.1971 1.82
6.0 0.6232 0.3788 1.65
8.0 09221 0.5992 1.54

100 x A

Table 7: Welfare cost in % : 100 x A(r).

0 2 4 6 8
Annual Inflation Rate (x, %)

- Heterogeneous drift amplifies welfare cost

35



PURE CALvO vs. CALVO PLUS

/A
/
6 /
7 mss Baseline Pure Calvo Ratio
/
<y 47 2.0 0.1462 0.7050 0.21
7
g e 40 0.3595 1.9281 0.19
9l ‘// 6.0 0.6232 3.9190 0.16
(/// 80 09221 7.2135 0.13
Obe== : - : : Table 8: 100 x A(r)

Annual Inflation Rate (x, %)

- Much higher welfare cost of inflation in the pure Calvo model
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PURE CALVO: PRODUCTION NETWORKS x MULTI-SECTOR x ONE-SECTOR

Annual Inflation Rate (r, %)

- Amplification compared to multi-sector is same

- Amplification compared to one-sector is higher

mss  Production Networks Multi-Sector (1)/(2) One-Sector (1)/(4)
2.0 0.7050 0.2672 2.64 0.1821 3.87
4.0 1.9281 0.7220 2.67 0.4310 4.47
6.0 3.9190 1.4428 2.72 0.7540 5.20
8.0 7.2135 2.5624 2.82 1.1598 6.22
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PURE MENU vs. CALVO PLUS

mss Baseline Pure Menu Ratio

20 0.1462 0.0055 26.48
4.0  0.3595 0.0196 18.33
6.0 0.6232 0.0411 15.16
8.0 09221 0.0687 13.43

Table 9: 100 x A(m)

Annual Inflation Rate (n, %)

- Much lower welfare cost of inflation in the pure menu cost model
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PURE MENU: PRODUCTION NETWORKS x MULTI-SECTOR x ONE-SECTOR

mss  Production Networks Multi-Sector  (1)/(2) One-Sector (1)/(4)

2.0 0.0055 0.0022 2.56 0.0016 3.42
- 4.0 0.0196 0.0075 2.62 0.0047 4.16
x 6.0 0.0411 0.0156 2.64 0.0092 4.48
= 8.0 0.0687 0.0259 2.65 0.0148 4.63

Annual Inflation Rate (r, %)

- Amplification compared to multi-sector is same
- Amplification compared to one-sector is higher
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ONE-SECTOR: WELFARE DECOMPOSITION (CALVO PLUS x PURE MENU)

0.25 025
0.20 020
<015 ~ 015
z x

Z 010 =010
0.05 0.05

e w——— e w———-—4

——— e ——— - ¥ 0.00 - ——— - ——— A 0.00 = — — —g——— — @ — e
0 0 8 0 8

2 4
Annual Inflation Rate (r, %)

(a) Total Welfare

2 4 6
Annual Tnflation Rate (, %)

(b) Dispersion

2 1 6
Annual Tnflation Rate (, %)

(c) Menu Cost

Figure 6: One-Sector. Calvo Plus x Pure Menu.
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ONE-SECTOR PURE MENU COST

Statistic\m 0.0 2.0 4.0 6.0 8.0

log (Dispersion) 0.00191 0.00191 0.00191 0.00191 0.00191
Frequency 0.15815 0.15950 0.16208 0.16576 0.17041
Std. Dev. of price changes 0.07541 0.07400 0.07166 0.06859 0.06498
Kurtosis of price changes 1.05159 1.23185 1.54735 2.01149 2.64524

Fraction of positive price changes 0.55642 0.61703 0.67347 0.72463 0.76993
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WELFARE COST OF INFLATION (CALVO PLUS): MULTI-SECTOR x ONE-SECTOR

mss  Multi-Sector One-Sector Ratio
2.0 0.0541 0.0485 1.12
4.0 0.1328 0.1132 1.17
6.0 0.2301 0.1911 1.20
8.0 0.3405 0.2796 1.22

Table 10: Welfare cost in % : 100 x A(w). Multi-sector x One-sector
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FLEXIBLE SECTOR

Value Function Stationary Distribution
77 b i 1 - —
| | — () 100 n(x)
I I
| | |
= | | | = 5 L —
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g i i i =
£ | | | =
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= =]
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2 i i i 2
I I I
I I I
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E
a2 2]
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00 ] 0 . !
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Figure 7: Wood products. FPA = 0.2493; Standard deviation = 0.066; Kurtosis = 4.80; Fra.
Pos.: 0.571.
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INTERMEDIATE SECTOR

Value Function

Stationary Distribution

0.50
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Figure 8: Rental and leasing services and lessors of intangible assets. FPA = 0.1307,
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Standard deviation = 0.0739; Kurtosis = 3.85; Fra. Pos: 0.633.



STICKY SECTOR

Value Function Stationary Distribution
i i = —
| | | v(x) s+ n(x)
? 70.9 | | |
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- s | | | S log D = 0.0092
g I I I
g I I I
S nr | | | 2oL
i I I I Z
= I I I 2
P I I I
5 706 | | | 2 2 |
g | I |
I I I
705 | I |
1 0 L L J
-0.18 0.03 0.29 —0.50 —0.25 0.00 0.25 0.50
Price Gap (z) Price Gap (z)
Distribution of Price Changes Time Until Next Price Change
= £
= ¢ s Ty
£ g
Z = 50 k-
Z g
a =)
2 25
0 : ] 00 . !
~0.50 ~0.25 0.00 025 050 ~0.50 ~0.25 0.00 025 050
Size (dp) Price Gap (z)

Figure 9: Computer and electronic products. FPA = 0.0937; Standard deviation = 0.0823;
Kurtosis = 3.759; Fra. Pos.: 0.6117.
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Pit 1 N
= Mi(m
MGy (T—m)m—1 i)
where
o fe“””)xfﬁdj
Ml(ﬂ') = 4‘[ efn,x,jtdj

and is a function of 7 as the stationary distribution depends on 7
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KOLMOGOROV-FORWARD EQUATION

The stationary distribution gj(x) is given by

’gi(0)
dXz

9igi(x) =0, Vxe(x,X), X#X

o,
oL
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Value matching conditions:
VX) =v(x) =, v(X) =Vv(X) = ¢
Smoothing pasting conditions:
V=0, V(®)=0

Optimality of x*:
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VALUE FUNCTION — PRICING PROBLEM

V(x) = max { max v(y) = 5. fi(x)dt + (1 = pdt) [(1 _gdDE [v(x + dx)} +0idt x max v(y)} }

dXjj ¢ = (pj — m)dt + o dWj; ¢
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ROBUSTNESS: ADDING ‘GROSS OPERATING SURPLUS’ TO ‘COMPENSATION OF EMPLOYEES'

L | —®@— Production Networks
—4 — One-Sector

mss  Production Networks One-Sector Ratio

2.0 0.1008 0.0485 2.08
4.0 0.2477 0.1132 2.19
6.0 0.4293 0.1911 2.25
8.0 0.6353 0.2796 2.27
Annual Inflation Rate (n, %)
. . o Gross Output __ Total Intermediate+Compensation of Employees+GOS
FIgU re 10: Zi )" = 1.805. GDP - Compensation of Employees+GOS

. Baseline: Gross Output __ Total Intermediate+Compensation of Employees
: GDP - Compensation of Employees

- Assumption: GOS; + Taxes on production and imports, less subsidies; = 0, i € [n]
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ROBUSTNESS: ADDING ‘GROSS OPERATING SURPLUS’ TO ‘COMPENSATION OF EMPLOYEES'

—=®— Production Networks

s Production Networks Multi-Sector  (1)/(2) One-Sector (1)/(4)

~04f
x _ A 2.0 0.1080 0.0541 1.99 0.0485 222
S| < A 4.0 0.2654 0.1328 2.00 0.1132 2.34
- 6.0 0.4601 0.2301 2.00 0.1911 241
02r 8.0 0.6808 0.3405 200 02796 243
0.0 .
0 2 4 6 8
Annual Inflation Rate (n, %)
R . o Gross Output __ Total Intermediate+Compensation of Employees+0.66 x GOS
Flgure 1 Zi )" =1.928. GDP - Compensation of Employees+0.66 x GOS

. Baseline: Gross Output __ Total Intermediate4+Compensation of Employees
: GDP - Compensation of Employees

- Assumption: GOS; + Taxes on production and imports, less subsidies; = 0, i € [n]

Alternative
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RELATIONSHIP BETWEEN \; AND log D;(0.02) — log D;(0.00)

Figure 12:

L correlation = 0.58

0.02 0.04 0.06 0.08 0.10
Domar Weights

Binscatter plot A: x log D;(0.02) — log D;(0). 10 bins. >



RELATIONSHIP BETWEEN \; AND log D;(0.02) — log D;(0.00)
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Figure 13: Binscatter plot 3; x log D;(0.02) — log D;(0). 10 bins. >



RELATIONSHIP BETWEEN \; AND log D;(0.02) — log D;(0.00)

Figure 14:

L correlation = 0.58

0.02 0.04 0.06 0.08 0.10
Domar Weights

Binscatter plot A x log D;(0.02) — log D;(0). 10 bins. >



RELATIONSHIP BETWEEN \; AND log D;(0.02) — log D;(0.00)
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Figure 15: Binscatter plot 3; x log D;(0.02) — log D;(0). 10 bins. >



EQUILIBRIUM DEFINITION

A recursive stationary equilibrium with steady-state inflation = consists of allo-
cations Ay = {C,L,B,(C)iern}r Afinat = {(Y,-,Y;}),-E[n]}, value and policy functions,
{(vi(x))iemy, (X7, Xi, Xi})iegny } for monopolistically competitive firms, a distribution of
price gaps (Gi(x))ien, monetary and fiscal policies Ag = {M¢, T, (7)iefn }tz0, Me/me =
7, and aggregate relative prices P = {(Pit/w)ig[n, /W, i}e>0 such that P, Ay, and
Afinal are time-invariant and

1.
2.
3.

Given P and Ay, Ap, solves the household’s problem

Given P and Ag, Asina SOlves the final good price problem

Given P, Ag, and Aginar, (Vi(X))iepn and ({X7, Xi, Xi})ie[n) solve HJB-VI
(Gi(x))ign is stationary

Labor, bonds, and final sectoral goods markets clear and government budget
constraint is satisfied
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SOLVING FOR THE VALUE FUNCTION AND OPTIMAL POLICIES

- Let ui(x) = vi(x) — vi(x;") so that u;(x;") = 0. The value function becomes:

= ZEUP(X) = (s = M) + (o + B))ui(x) = =% — BT — ()

Ni
- 2nd order nonhomogeneous ODE = General Solution: u;j(x) = u; p(X) + U; p(x)
- Homogeneous: uj n(X) = c1e"™ + c,e* (where rq, are characteristic roots)

- Particular: uj p(x) = AeU=mX 4 Bie="* +

- Endogenous Boundaries: We solve for the six unknowns (c1, ¢z, G, X;, X;, X) using the
value-matching and smooth-pasting conditions:

Value matching:  u;(x) = —¢;, Ui(X) = —¢;, ui(x7) =0
Smooth pasting:  ul(x) =0, Ui(X)=0, u/(x)=0

- Once system is solved numerically, v;(x’) = —%‘*C,.

< Back to Solution Method 57



STATIONARY DISTRIBUTION VIA KOLMOGOROV-FORWARD EQUATION

- The stationary distribution gj(x) of price gaps satisfies the KFE

2
ag; -
58 () = (i — m)gi(x) — 0igi(x) =0, Vx#Xx
- Piecewise Solution: Solved across the two policy regions using roots ry, r,:
A"+ Ae for x; < x < X
gi(x) = _
Bie™ 4 Bye™*  for xf < x <X;

- Linear System: The four constants are solved analytically via the linear system
Mc = b where ¢ = [A1,A;, By, By]", pinned down by:
- Absorbing Barriers: gi(x;) = 0 and g;j(x;) =0
- Continuity at Target: gi(x)— = g(x)+

- Unit Probability Mass: f; gi(x)dx =1

<« Back to Solution Method 58



RELATIONSHIP x; AND ¢);

Let g7(x) be the density of the stationary distribution at rate of inflation «

Aj 1
Xi =% x(1-1) x

Aj

Egriole0— ] g

When taxes are such that M;(r) =1, \; = \; and

o 1
Xi

0= 1 Egr(g [e7] ¢i
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DATA

Freq. vs Std. Dev. Freq. vs Kurtosis Freq. vs Frac. Positive
7 -
0.10 correlation = -0.629 correlation = 0.952 0.70 r correlation = -0.844
6 |
- 0.09 £ 0.65
> r 0 = 0. L
g U Z 5 Z
9]
i 5, -
= 008 ¢ v g 0.60
0.07 t 51 -
’ 0.55
2 |
0.1 0.20.304 0.5 0.1 0.2 0.304 0.5 0.10.20.304 0.5
Frequency Frequency Frequency

Figure 16: Data. Relationship between Frequency and other moments @9
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Pct\m 0.0 2.0 4.0 6.0 8.0 Pct\m 0.0 2.0 4.0 6.0 8.0
20 0.0648 0.0657 0.0672 0.0690 0.0710 20 3.5621 3.1322 28568 2.4326 2.0979
40 0.0679 0.0680 0.0691 0.0696 0.0722 40 42391 3.8547 3.4599 3.0925 2.7849
60 0.0782 0.0794 0.0796 0.0809 0.0831 60 45046 42155 39143 3.6229 3.3541
80 0.0836 0.0830 0.0842 0.0869 0.0902 80 4.8333  4.6105 43751 4.2432 4.0233
(a) Standard deviation (b) Kurtosis

Pct\m 0.0 2.0 4.0 6.0 8.0

20 0.5346 0.5866 0.6226 0.6560 0.6867

40 0.5437 0.6148 0.6591 0.6970 0.7306

60 0.5606 0.6177 0.6799 0.7330 0.7712

80 0.5714 0.6360 0.6992 0.7596 0.8140

(c) Fraction of positive price change
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DIFFERENT CALIBRATION OF DOMAR WEIGHTS

e  Production Networks —Multi-Sector  (1)/(2) One-Sector (1)/(4)

=

x 20 0.1008 0.0541 1.86 0.0485 2.08

E] 4.0 0.2477 0.1328 1.86 0.1132 2.19
6.0 0.4293 0.2301 187 0.1911 225
8.0 0.6353 0.3405 187 0.2796 227

Annual Inflation Rate (n, %)

. . o Gross Output __ Total Intermediate+Compensation of Employees+G0OS
F|gure 17 Zi )" = 1.805. GDP - Compensation of Employees+GOS

Here: Add ‘Gross Operating Surplus’ to ‘Compensation of Employees’
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MEDIAN MOMENTS

Statistic Value
Frequency 0.1595
Std. Dev. 0.0734
Kurtosis 3.8871
Frac. Pos.  0.6170

Table 12: One-sector economy moments.
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ROLE OF FISCAL PoLICY — USEFUL APPROXIMATION

- Up to first order, around 2% inflation, with 7; such that M;(0.02) =1

Ai(m) 5 _
iez[;] aiM;(W) ~1— Z Ajlog M;(mr)

ieln]
- Therefore,
)\,‘ ™ )\,‘ 0 Y
Z ai[M<(7r)) _ /\/l((g)] ~ — Z Ai[ log M(m) — log M;(0)]
ie[n] ’ : i€[n]
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WELFARE COST OF INFLATION: 7; = 6,1 € [n]

121 e production Networks
—A— Multi-Scctor

mss  Production Networks Multi-Sector Ratio

2.0 0.1987 0.0755 2.63
4.0 0.4844 0.1830 2.65
6.0 0.8342 0.3144 2.65
8.0 1.2275 0.4621 2.66

Annual Inflation Rate (=, %)
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WELFARE COST OF INFLATION DECOMPOSITION: 7; = 6,/ € [n]

mss  Dispersion Menu Cost Menu Cost Share

2.0 0.0653 0.1334 67.2
4.0 0.1703 0.3141 64.8
6.0 0.3079 0.5263 63.1
8.0 0.4696 0.7579 61.7

Annual Inflation Rate (=, %)
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WELFARE COST OF INFLATION: BASELINE X 7i(w) = 0,i € [n], =

Annual Inflation Rate (=, %)

mss Baseline Zero Tax Ratio
2.0 0.1462 0.0719 2.03
4.0 0.3595 0.1961 1.83
6.0 0.6232 0.3630 1.72
8.0 09221 0.5616 1.64

- Welfare cost is smaller than in the baseline
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WELFARE COST OF INFLATION: 7i(7) = 7, | € [n], m, WHERE 7; SUCH THAT M,(0.02) =1

Tss Total Dispersion  Menu Cost Tss Total Dispersion  Menu Cost  X-Sec. Disp. + Labor

2.0 0.1462 0.0384 0.1079 2.0 0.1462 0.0381 0.1081 -0.0000

4.0 0.3595 0.1034 0.2561 4.0 0.3595 0.1029 0.2566 -0.0000

6.0 0.6232 0.1921 0.4311 6.0 0.6232 0.1914 0.4318 0.0000

8.0 09221 0.3003 0.6218 8.0 0.9221 0.2993 0.6228 0.0000
Table 13: Baseline: 7j(7) s.t. Table 14: 7i(7) = 73 st. M;(0.02) =1,i € [n], =

Mi(m)=1i€n], =

- Composition of welfare cost changes a bit
- Recall: welfare relative to zero-inflation SS

- New terms offset each other
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Histogram ot Sectoral n,

Count

2.5 5.0 7.5 10.0
n.

3

12.5

Figure 18: Histogram of calibrated n;. Mean = 7.81. Median = 8.11.
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WELFARE COST OF INFLATION: DECOMPOSITION

mss  Dispersion  Menu Cost  Menu Cost Share mss  Dispersion  Menu Cost  Menu Cost Share

2.0 0.0384 0.1079 73.8 2.0 0.0133 0.0408 75.4

4.0 0.1034 0.2561 71.2 4.0 0.0362 0.0966 72.8

6.0 0.1921 0.4311 69.2 6.0 0.0676 0.1626 70.6

8.0 0.3003 0.6218 67.4 8.0 0.1060 0.2345 68.9
Table 15: Production Networks Table 16: Multi-Sector

Between economies:

- Ratio of Dispersion roughly constant (=~ 2.85)

- Ratio of Menu cost roughly constant (= 2.65)
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WELFARE COST OF INFLATION AT 2%, HETEROGENEOUS 7);

- Multi-sector (w/o production networks)

mss  Production Networks — Multi-Sector  Ratio A(m) = Eg[Alog Di(m)] + Es[x;AN[""(7)] = 0.245%

2.0 0.7347 0.2454 2.99 ~0.163 ~0.082
4.0 1.7210 0.5761 2.99

6.0 3.0091 1.0089 2.98 - Production networks

8.0 4.7202 1.5841 2.98

N(m) = (3 A) (Ex[Alog Di(m)] + Ex AN (x)])

i€[n] N N
, ~0.195 ~0.089

~2.59

Table 17: >~; \j = 2.59

=0.735%
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WELFARE COST OF INFLATION: MOVING FROM 2% TO 4% INFLATION, HETEROGENEOUS 7,

- Multi-sector (w/o production networks)

mss  Production Networks Multi-Sector Ratio  AA(m) = Eg[A log Di(7)] + Es[x;ANT*" ()] = 0.330%

2.0 0.7347 0.2454 2.99 ~0.229 ~0.100
4.0 1.7210 0.5761 2.99

6.0 3.0091 1.0089 2.98 - Production networks

8.0 4.7202 1.5841 2.98

Table 18: 37, \; = 2.59 AA(T) = (3 N ) (ElA log Di{m)] + Ea[GANT*" ()

i€[n] - -
~0.272 ~0.108
~2.59
=0.986%
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