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Introduction

The Phillips curve is still alive.
NKPC: ’ﬁ't == /B]Et['ﬁ't_l,_]_] + K}fﬁct + 5’;
» estimate DSGE w/ flexible prod ftn., pre- and post-2000 data

» k| modestly and statistically insignificantly

But it appears to be flat.

Conventional form: 7 = BE¢[Rer1] + kxe + w(mice — x¢) + ¥
P> x;: conventional measure of inverse slack, e.g., output gap
» k(mcy — x¢): omitted variable

» Input complementarity T — more procyclical rts
— larger negative corr(x, mc — x) — flattening due to OVB
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(Barnichon and Mesters, 2020; 2021)
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[[lustrative model
Calvo — NKPC. 7}1— == ﬁEt['ﬁ't+1] + K/rﬁct + 5’;

Production function. y = f(h, k;&9)

P> two types of labor, symmetric equil'm only

/1:/2://2 and Wi = Wo = w

ol .
> q; = 8IZ§Z in the SS = 0.5

= y ~ exp(e?) /93195 ~ exp(¢?)/ to the first order (C-D).

T 52 log y . .
> B = log[ologl " the SS: Translog parameters
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Cobb-Douglas

y=1hr"h"

¥ =aih + ash

dlogy
= a"

8Iog I;
rs =1
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0log A
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CES

1/¢
y= (ozllfS —|—042/§))
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+ 0.5011(12(15(7\1)2
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+0.5c1020(h)?

Ology .
dlogli '

+ arap(fi — 1)

rts =1

Translog

v =aih + axh
+0.50811(h)?
+ Br2lih
+0.5822(h)?

dlogy .
dlogli '

+ Bitli + Byl

rts =1
+(Bu + B2)h
+(B12 + B) b
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Marginal costs and cyclical returns to scale
F.O.C. cost minimization. wi=mcxf; for i=1,2.

= W4 [ — § = mic + (B11 + 2612 + Ba)]

= mc = wo— &? —rts
~—~ ~~
factor prices tfp

Households. utility:  log ¢ — /[11/7

mc = (1+1/n)l—rts = [L+1/n — (11 + 2812 + B2)]]

Suppose that f11 = B = 0.

7/1\'1- = BEt[’ﬁ-t#»ll + K/rﬁct + 6’;
= BEe[fer] + #(L +1/n-26102)k + ef

stronger complementarity 512 7 = PC (based on /) slope |

b/c of the cyclical rts.
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Phillips curves

NKPC, mc 7t = BE¢[Re11] + kricy + &F
output gap e = BE¢[Fe41] + 5(1 4 1/n)output gap, + ef —rrts;
emp. gap 7t = PE¢[Te41] + (1 + 1/n)emp. gap, + 5’;—H,ft§}

lab. share Tt = 5Et[7’1\'t+1] + klab. share; + 6?—}@;{:51.
wage 7y = BE[#ey1] + rwage, + ef —r(rts; + ¢2)

» Use monetary policy shocks as Vs (no endogeneity from &P).
> rts still induces an OVB.

» (More) procyclical rts (Hyun, Kim, and Lee, 2024)
=  PC shifts |
= (More) negative bias in the estimated slope.
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Quantitative model

Smets and Wouters (2007)
» sticky prices and wages (Calvo 4+ Kimball +indexation)
» fixed costs of production
» investment adj. costs, costly capacity utilization
» external consumption habit
» 7 structural shocks and observables (+—¢z)

+ Input comp. & TL production function
» Factors inputs: K Strc., K Equip., L Skilled, and L Unskilled
» Skilled and unskilled workers in a representative family
» Two wage Phillips curves and two wage markup shocks

» Number of skilled workers is exogenous and time-varying

We minimally deviate from the S&W model.
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(Normalized) Translog production function

Yit = exp(ei)(ks,it)aks(ke,it) ke (s /t) (Iu It)

Cobb—Douglas

ket
ke,it Bkk log(Z)
X = X ... — v
ke ~~

fixed costs

second-order terms

Normalization of the second-order terms

» compatible with the same BGP as the C-D case.
» ks appears only in C—D component. (KORV, 2000; 00S, 2023)

» ke, Is, and [, can have an arbitrary degree of the second-order
interactions.

» log(s.o.t.) = 5,(,(/28#/2& + ...
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Bayesian estimation
Sample periods. Early: 1966-1999, Late: 2000-2019.

11 Observables.

» 7 quarterly variables used in S&W

» growth rates of per capita real GDP, C, and |
P aggregate labor hours and growth rates of real wage rate
» inflation and nominal interest rate (shad. r. of Wu and Xia, 2016)

» 3 annual variables from Ohanian, Orak and Shen (2023)

> growth rates of per capita K equipment (+ IPP)
» change in the relative labor supply:

Alog( labor hours, skilled / labor hours, unskilled )
» change in the relative wage rate:

Alog( wage, skilled / wage, unskilled )

» employment share of skilled workers (=college graduates):
CPS-IPUMS, 11 * 39% from 1966-2019
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Bayesian estimation |l

Priors.
> Very similar to S&W (2007). Loose priors for Ss.

9 Structural shocks and 3 Measurement errors.

» 7 structural shocks in S&W

» Hicks-neutral prod., investment-specific prod.
» monetary policy, risk premium, G spending
» price mkup, wage mkup

» 2 more structural shocks

> 1 more wage mkup shock (skilled and unskilled)
> Log employment share of skilled workers ~ AR(1)

» 3 measurement errors

» 3 annual variables from Ohanian, Orak and Shen (2023):
constructed using the perpetual inventory method (k.) and
CPS (labor market variables)
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Six estimated models
2 sample periods. Early: 1966-1999, Late: 2000-2019.

3 production functions.

» Cobb—Douglas
Yir = exp(e7) (ks,it)** (ke,it) ™ (Is,it)** (fu,it)** — v

» Nested CES (KORvV, 2000; 00S, 2023)

yie = exp(ed) (ks,it) (v =)' — v

CES ux ux ux
yie® = (@l + (1= a)xi)?

xie = (bkZ + (L — b)IZke )Y/ &%

e,it

» (Normalized) Translog (Hyun, Kim, and Lee, 2024)

Yit = exp(ef)(ks lt)aks(ke /t)ake( s /t) (lu t) “Xs.o.t.—v
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Overview of the quantitative results

1. Bayesian estimation and the model-fit comparison:
TL model fits the data well!

2. B'sin TL rejects nested CES and C-D.

3. Slope of the price Phillips curves:
PC-mc is well alive. It may appear to be flat for other measures.

4. Procyclical RTS:

(More) procyclical RTS in recent periods weakens the connection
b/w mc and, e.g., output gap.

5. Inflation dynamics under TL:
Variance decomposition. TL relies more on risk premium shocks for
the late sample than the other models.
Further decomposition of var.(m;) using the PC.
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Result 1. Model Comparison

&) ® ® @ ®) ®
Early sample (1966-99) Late sample (2000-19)
C-D CES Translog C-D CES Translog
Panel A. Returns to scale parameters

Br. 0 0 -0.27 0 0 -0.21

- - (-0.63, -0.13) - - (-0.26, -0.19)
Bs 0 0 -0.13 0 0 0.23

- (-0.23, -0.06) - (0.14, 0.31)
Bu- 0 0 -0.37 0 0 -0.28

(-0.69, -0.11) (-0.51, -0.19)

Mode and the 95% credible sets

> Bk. = Bk + Bks + Bru
> B. = Bs. = Bu. = 0 for C-D and CES, which are rejected at the 5% level.

Other criteria, now shown

» (Measurement errors). Not easy to rationalize all three annual variables in a GE
framework. TL does a better job.

» (Likelihood). Log likelihood at the mode is largest for the TL models.
» (MDD). Marginal data density is indecisive between CES and TL.

Overall, the TL model fits the data reasonably well!
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Result 2. (s in TL rejects nested CES and C-D

) ) 3) “) (5) (6)
Early sample (1966-99) Late sample (2000-19)
C-D CES Translog C-D CES Translog
Panel B. Translog and CES parameters

Bk 0 0.11 -0.09 0 -0.04 0.04

- (0.09,0.13)  (-0.42, -0.03) - (-0.14,-0.03)  (0.02, 0.04)
Bles 0 -0.03 -0.06 0 0.08 0.00

- (-0.04,-0.01)  (-0.12, -0.02) - (0.07,0.19)  (-0.01, 0.03)
-7 0 0.08 -0.12 0 -0.04 -0.25

. (-0.10, 0.07)  (-0.23, 0.07) R (-0.05,-0.03)  (-0.30, -0.23)
Bss 0 0.09 0.08 0 0.00 0.13

. (0.07, 0.12) (0.07, 0.10) . (-0.09,0.02)  (0.05, 0.17)
Beu 0 -0.07 -0.16 0 -0.07 0.10

e (-0.09, -0.05)  (-0.20, -0.10) = (:0.14, 0.07)  (0.04, 0.18)
Bun 0 0.15 -0.10 0 0.11 -0.13

- (0.12,018)  (-0.33, 0.02) - (0.10,0.19)  (-0.36, -0.05)
buz 0 0.74 - 0 0.52 -

- (0.60, 0.84) = - (0.47, 0.86) =
Srs 0 0.78 . 0 -0.65 -

. (0.64, 0.92) = . (-1.95, -0.57) =

Mode and the 95% credible sets

> ¢ € (—o0,1]: Nested CES parameters (—oco : Leontief, O :

»> ¢ prior: 1 — ¢ has a Gamma dist. w/ mean 1 and std 0.5.

» S prior: Normal w/ mean 0 and std 0.15 (loose)
Bs in TL rejects nested CES. Nested CES rejects C-D.

C-D, 1: Linear).
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Result 3. Slopes of the Phillips curves

Phillips curves:

#e = fE¢[Re11] + slope x; + error

Slopes: projection of 7y on E;[7¢4+1] and x;

—1
*\ L E¢[fe 4] Ee[fer1]) o

cyclical variation (6-32 qtr) due to monetary policy shocks

= infinite time series, ideal band-pass filter, use mp shocks as Vs
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Slopes of the Phillips curves

Phillips curves:

#e = fE¢[Re11] + slope x; + error

Measures of the inverse slack, x
> mc real marginal costs
> y—y* output gap

> Jees _ [age*  employment gap, /%68 = [, + I,

> (W) labor share (unit labor cost)

> (w) labor share (fixed cost adjusted) ~ mc under C-D.

yt+v
—_—
> e = (%) wage = total wage bills / total hours
s u
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(1) 2 (3) ) (5) (6)
Early sample (1966-99) Late sample (2000-19)
D CES Translog Cc-D CES Translog

Panel A. Calvo price stickiness parameter

& 0.66 0.72 0.65 0.84 0.89 0.75
(0.53, 0.79) (0.59, 0.85) (0.53, 0.78) (0.82, 0.88) (0.89, 0.97) (0.73, 0.79)
Panel B. Slope of the price Phillips curves

real marginal costs 0.023 0.013 0.026 0.006 0.003 0.017
(0.007, 0.057)  (0.004, 0.037)  (0.009, 0.059)  (0.004, 0.008)  (0.000, 0.003)  (0.012, 0.022)

output gap 0.016 0.010 0.028 0.006 0.001 0.005
(0.004, 0.027)  (0.003, 0.021)  (0.009, 0.049)  (0.004, 0.008)  (0.000, 0.003)  (0.004, 0.007)

employment gap 0.027 0.020 0.039 0.006 0.002 0.005
(0.007, 0.044) (0.005, 0.037) (0.013, 0.066) (0.004, 0.009) (0.000, 0.003) (0.003, 0.006)

labor share 0.047 0.044 0.118 0.009 0.005 0.009
(-0.140, 0.197)  (-0.084, 0.143)  (-0.481, 0.406)  (0.005, 0.012)  (0.000, 0.006)  (0.006, 0.012)

labor share, ® adj. 0.023 0.016 0.047 0.006 0.003 0.006
(0.007, 0.057)  (0.005, 0.041)  (0.010, 0.197)  (0.004, 0.008)  (0.000, 0.003)  (0.004, 0.008)

wage 0.021 0.014 0.052 0.007 0.003 0.009

(0.007, 0.061)  (0.004, 0.040)  (-0.190, 0.418)  (0.005, 0.010)  (0.000, 0.003)  (0.007, 0.013)

Mode and the 95% credible sets

_ (1=&)(1=B&p) 1
>oh= & 1+0(0,—1)

> 0.006 (C-D) vs. 0.003 (CES) vs. 0.017 (TL)

, v : BGP growth rate, 6,: Kimball curvature

The PC is alive. It appears to be flat due to the mismeasurement of mc.
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Nested CES model. Mode and the 95% credible sets. One std expansionary MP shock

» similar responses in mc in the early and late samples.

> (post-2000 sample). excessively sticky prices — highly stable 7 dynamics (0.01

= 1bp, not annualized)
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0.1 Gl (:I‘L)

—Early
W Early CS

-0.02 : : 04"
) 4 8 12 16 0 4 8 12 16

TL model. Mode and the 95% credible sets. One std expansionary MP shock

»  Very persistent © dynamics with a smaller initial response for the late sample
> persistent mc dynamics w/ small short-term eff’ts (even negative = mkup 1)

small short-term effects on mc — persistent discounted sum of mc — persistent =

Proc. RTS
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me — output gap (TL) 'me — labor gap (TL)

0.1

=—Early
[ Early CS

-Late CS

12 16
TL Model. Mode and the 95% credible sets. One std expansionary MP shock

> Tt — B]Et[ﬂ't-%—l] + KXt + n(mct — Xt) + E?
> Omitted variables, x(mc: — xt), are negatively correlated w/ x; (late sample).

The estimated slopes w/ conventional measures are downward biased (late sample).

ULC and Wage
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Result 4. Procyclical RTS

factor prices (TL rtstt (TL

035 : (L) 03 (TL)
— Early
| Early CS

02

—
PR ~

4 8 12 16

> Mct = QksPst + Qpefer + asWst + auyWur — €7 — (Bk-kst + Bs.Ist + Bu-lut)
~—~
factor prices tfp rest!
Procyclical rtst! (and rts) weakening the connection b/w factor prices (incl. wages)

— —tl —
and mc (and, therefore, 7). s = 5" + {5
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Concluding remarks

The Phillips curve is still alive.
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Concluding remarks

The Phillips curve is still alive.

To do: Estimating production function parameters using EU
KLEMS (industry-level panel data from 1970)
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Thank you!



Remarks

9 =e?+ arh + azh +0.5811(h)% + B2l + 0.5820(h)?

» (s do not affect the measurement of TFP:
y~e? 4+ aih + azh to the first order.

» (s appear in the first-order terms only in marginal product,
marginal cost, and returns to scale.

» Different from the other supply-side effects of demand shocks
(monetary policy), such as endogenous R&D, misallocation,
utilization, and entry&exit, affecting TFP (7).

» No statistically significant strengthening of the estimated IRF
of TFP (Fernald, 2014) to MP shocks (Bauer and Swanson, 2023) in

recent periods. 25 /23



GDP, Early 4 TFP, Early N Energy, Early

Quarter Quarter Quarter

Energy, Late

% change

% change
% change

% 6
0 4 8 12 16 0 4 8 12 16
Quarter Quarter Quarter
Early: 1988:q1-1999:q4, Late: 2000:q1-2019:q4

1 Std Cont. Orthogonalized MP Surprise, Bauer and Swanson (2023)
Annualized responses of RGDP, TFP (Fernald, 2014), and industrial use of energy 2 /23



1) (2) ®3) (4) ) ©)

Early sample (1966-99) Late sample (2000-19)
C-D CES Translog C-D CES Translog

Panel B. Measurement errors

Tiikin 3.79 3.87 0.23 1.69 0.37
(3.19, 4.58) (3.22, 4.68) (0.19, 0.36) (1.25, 2.34) (0.30, 0.50)
Tu.h 3.13 0.14 0.14 0.14 0.14
(2.66, 3.83) (0.10, 0.21) (0.10, 0.21) (0.10, 0.22) (0.10, 0.22) (0.11, 0.15)
T 0.14 1.44 1.21 2.55 1.46 1.28
(0.10, 0.22) (1.20, 1.84) (1.04, 1.49) (2.10, 3.14) (1.18, 1.86) (1.12, 1.75)
Panel C. Log likelihood and ginal data densit
log LKHD (mode) -96.10 -87.20 -70.27 71.88 85.13 114.42
log MDD -347.75 -332.69 -311.52 -195.42 -165.21 -172.94

Mode and the 95% credible sets

» Std of the measurement errors for annual changes in K equip., relative hours
and relative wage.

» Prior: IG w/ mean 0.15 and std 0.03.

Not easy to rationalize all three var's in a GE framework. TL does a better job.
Log likelihood at the mode is largest for the TL models.
Marginal data density, P(Model|Data), is indecisive between CES and TL.

Overall, the TL model fits the data reasonably well!
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Result 2. (s in TL rejects nested CES and C-D

©) (2) (3) “ ) (6)
Early sample (1966-99) Late sample (2000-19)
C-D CES Translog C-D CES Translog

Panel A. Factor income shares in the steady state

ks 0.10 0.10 0.10 0.10 0.09 0.10
(0.09, 0.11) (0.09, 0.10) (0.09, 0.10) (0.09, 0.10) (0.08, 0.10) (0.09, 0.11)
ke 0.19 0.18 0.20 0.14 0.12 0.09
(0.16, 0.22) (0.15, 0.21) (0.16, 0.22) (0.11, 0.17) (0.10, 0.15) (0.08, 0.09)
as 0.09 0.15 0.12 0.20 0.24 0.24
(0.06, 0.18) (0.12, 0.19) (0.10, 0.14) (0.14, 0.24) (0.23, 0.31) (0.21, 0.27)
o 0.62 0.58 0.58 0.57 0.54 0.57

(0.52, 0.66) (0.53, 0.63) (0.56, 0.62) (0.53, 0.61) (0.46, 0.56) (0.54, 0.60)

Panel C. Gross price markup in the steady state

@ 1.65 1.69 1.63 1.36 1.36 1.39
(1.53, 1.77) (1.54, 1.81) (1.49, 1.77) (1.19, 1.47) (1.19, 1.50) (1.26, 1.49)

Mode and the 95% credible sets

» & = gross markup in the SS
> fixed cost =v = (® — 1)y inthe SS = zero SS profit

Okayish and rather similar first-order coefficients across the models
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12 16

Mode and the 95% credible sets. One std expansionary monetary policy shock

Cobb—-Douglas
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me —wh/y (TL) me — wage (TL)

05 . . 0.4 .
—Farly —FEarly

Early CS Early CS

0.4

. - -
N e

—————

4 8 12 16 0 4 8 12 16
TL Model. Mode and the 95% credible sets. One std expansionary MP shock

> 7wt = BEe[meq1] + kxe + w(mee — xi) + ef
> Omitted variables, k(mc: — x;), are negatively correlated w/ x;: (late sample).

The estimated slopes w/ conventional measures are downward biased (late sample).
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Result 5. 7 dynamics: (cyclical) variance decomp.

1) 2 3) (4) (5) (6)
Early sample (1966-99) Late sample (2000-19)
C-D CES Translog CcD CES Translog

Panel A. Variance of inflation at the cyclical frequencies

var,(m;) 0.086 0.076 0.084 0.050 0.018 0.057

Panel B. Contribution of each structural shock, %

Productivity (Hicks neutral) 3 2 3 3 d 1
Risk premium 1 0 1 1 6 40
Government spending 1 0 1 2 0 0
Investment-specific productivity 3 L 7 41 0 12
Monetary policy 5 4 9 9 2 8
Price markup 55 69 50 38 91 34
Wage markup, skilled 1 4 1 2 0 1
Wage markup, unskilled 32 20 27 2 1 2
Skilled worker population share 0 0 0 0 0 1

» In the late sample, 7 less volatile, wage mkup shocks less important

> TL relies more on risk premium shocks (GFC?) and less on cost-push shocks
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Further decomposition using the Phillips curve.

O] &) ®3) () (5) (6)
Early sample (1966-99) Late sample (2000-19)

E¢[m41] mey et E¢[mi41] mey e

Panel A. Decopmposition of var.(m;) using the Phliips curve: m = 3]Et[m+1] + K mey + €7

cove(me, BBe[mets] / kmey | €F) 0.062 0.004 0.018 0.048 0.002 0.008
slope (8 / k / 1) 0.997 0.026 1 0.999 0.017 1

corr, (mp. Ba[meq] / mes | €F) 0.978 0.409 0.684 0.969 0.301 0.530
std.(7,) 0.290 0.290 0.290 0.239 0.239 0.239
stdo(Ee[miss] / mer | ) 0.219 1.428 0.089 0.206 1.391 0.061

Translog model for the early and late samples.
> 7 = BEe[mesa] + wmer + £F
> varc(mt) = cove(me, BEe[mer1]) 4 cove(me, kmce) 4 cove(me, €7)
> cove(me, kmct) = Kk X corre(me, met) X stde(me) X stdc(met)
Inflation expectation becomes important. (Coibion and Gorodnichenko, 2015; Hazell et al. 2022)

cove(me,PEe[mer1]) + from 74% to 84%.

varc(7re)
mc's contribution | b/c Kl and corre (e, mcy) .
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Further decomposition using the Phillips curve II.

(1) (2) (3) (4) (5) (6)
Early sample (1966-99) Late sample (2000-19)
E¢[mi41] mey g E¢[mes1] mey o

Panel B. Contribution of each structural shock, %

Productivity (Hicks neutral) 3 17 - 1 4 -
Risk premium 1 7 . 49 -2 .
Government spending 1 6 - 0 0 -
Investment-specific productivity 9 22 - 14 30 -
Monetary policy 11 20 - 9 -3 =
Price markup 40 -18 100 23 37 100
Wage markup, skilled 1 0 - 1 17 -
Wage markup, unskilled 34 44 - 2 15 -
Skilled worker population share 0 0 - 1 2 -

p SOV each shock (7Tt emce)
COVe, all shocks (77t mct)

> rict = Qgsfst + Qpefet + asWst + auWur — €7 — (Bk. kst + Bs.Ist + Bu-lut)
~—

factor prices tfp rtst!
> Expansionary demand shocks (rp and mp)
— 71 and mc| if rtst is sufficiently procyclical
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