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Introduction
The Phillips curve is still alive.

NKPC: π̂t = βEt [π̂t+1] + κm̂ct + εpt

▶ estimate DSGE w/ flexible prod ftn., pre- and post-2000 data

▶ κ ↓ modestly and statistically insignificantly

But it appears to be flat.

Conventional form: π̂t = βEt [π̂t+1] + κxt + κ(m̂ct − xt) + εpt

▶ xt : conventional measure of inverse slack, e.g., output gap

▶ κ(m̂ct − xt): omitted variable

▶ Input complementarity ↑ → more procyclical rts
→ larger negative corr(x , m̂c − x) → flattening due to OVB
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Illustrative model
Calvo → NKPC. π̂t = βEt [π̂t+1] + κm̂ct + εpt

Production function. y = f (l1, l2; ε
a)

▶ two types of labor, symmetric equil’m only

l1 = l2 = l/2 and w1 = w2 = w

▶ αi =
∂ log y
∂ log li

in the SS = 0.5

⇒ y ∼ exp(εa)l0.51 l0.52 ∼ exp(εa)l to the first order (C–D).

▶ βij =
∂2 log y

∂ log li∂ log lj
in the SS: Translog parameters
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Cobb-Douglas

y = lα1
1 lα2

2

ŷ = α1 l̂1 + α2 l̂2

∂ log y

∂ log li
= αi

rts = 1

=
∂ log f (λl1, λl2)

∂ log λ
|λ=1

CES

y =
(
α1l

ϕ
1 + α2l

ϕ
2

)1/ϕ

ŷ ≈ α1 l̂1 + α2 l̂2

+ 0.5α1α2ϕ(l̂1)
2

−α1α2ϕl̂1 l̂2

+ 0.5α1α2ϕ(l̂2)
2

∂ log y

∂ log li
= αi

+α1α2ϕ(l̂i − l̂j)

rts = 1

Translog

ŷ = α1 l̂1 + α2 l̂2

+ 0.5β11(l̂1)
2

+ β12 l̂1 l̂2

+ 0.5β22(l̂2)
2

∂ log y

∂ log li
= αi

+ βii l̂i + βij l̂j

rts = 1

+(β11 + β12)l̂1
+(β12 + β22)l̂2

4-input
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Marginal costs and cyclical returns to scale
F.O.C. cost minimization. wi = mc × fi for i = 1, 2.

⇒ ŵ + l̂ − ŷ = m̂c + (β11 + 2β12 + β22)l̂

⇒ m̂c = ŵ︸︷︷︸
factor prices

− εa︸︷︷︸
tfp

− r̂ts

Households. utility: log c − l1+1/η

m̂c = (1 + 1/η)l̂ − r̂ts = [1 + 1/η − (β11 + 2β12 + β22)]l̂

Suppose that β11 = β22 = 0.

π̂t = βEt [π̂t+1] + κm̂ct + εpt

= βEt [π̂t+1] + κ(1 + 1/η−2β12)l̂t + εpt

∴ stronger complementarity β12 ↑ ⇒ PC (based on l) slope ↓
b/c of the cyclical rts.

6 / 23



Phillips curves

NKPC, mc π̂t = βEt [π̂t+1] + κm̂ct + εpt

output gap π̂t = βEt [π̂t+1] + κ(1 + 1/η)output gapt + εpt−κr̂tst

emp. gap π̂t = βEt [π̂t+1] + κ(1 + 1/η)emp. gapt + εpt−κr̂tst

lab. share π̂t = βEt [π̂t+1] + κlab. sharet + εpt−κr̂tst

wage π̂t = βEt [π̂t+1] + κwaget + εpt−κ(r̂tst + εat )

▶ Use monetary policy shocks as IVs (no endogeneity from εp).

▶ r̂ts still induces an OVB.

▶ (More) procyclical rts (Hyun, Kim, and Lee, 2024)
⇒ PC shifts ↓
⇒ (More) negative bias in the estimated slope.
TFP vs. RTS

7 / 23



Quantitative model
Smets and Wouters (2007)

▶ sticky prices and wages (Calvo + Kimball + indexation)

▶ fixed costs of production

▶ investment adj. costs, costly capacity utilization

▶ external consumption habit

▶ 7 structural shocks and observables (+ ρga)

+ 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(εat )(ks,it)
αks (ke,it)

αke (ls,it)
αs (lu,it)

αu︸ ︷︷ ︸
Cobb–Douglas

×
(
ke,it

k̄e

)βkk log
(

ket
k̄e

)
× . . .︸ ︷︷ ︸

second-order terms

− υ︸︷︷︸
fixed costs

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; OOS, 2023)

▶ ke , ls , and lu can have an arbitrary degree of the second-order
interactions.

▶ log(s.o.t.) = βkk k̂e,it k̂et + . . .
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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 I
▶ 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:

∆ log( labor hours, skilled / labor hours, unskilled )
▶ change in the relative wage rate:

∆ log( wage, skilled / wage, unskilled )

▶ employment share of skilled workers (=college graduates):
CPS-IPUMS, 11 ↗ 39% from 1966-2019
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Bayesian estimation II
Priors.

▶ Very similar to S&W (2007). Loose priors for βs.

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 (ke) 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

yit = exp(εat )(ks,it)
αks (ke,it)

αke (ls,it)
αs (lu,it)

αu − υ

▶ Nested CES (KORV, 2000; OOS, 2023)

yit = exp(εat )(ks,it)
αks (yCESit )1−αks − υ

yCESit = (alϕux

u,it + (1− a)xϕux

it )1/ϕux

xit = (bkϕks
e,it + (1− b)lϕks

s,it )
1/ϕks

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

yit = exp(εat )(ks,it)
αks (ke,it)

αke (ls,it)
αs (lu,it)

αu × s.o.t.− υ
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Overview of the quantitative results

1. Bayesian estimation and the model-fit comparison:

TL model fits the data well!

2. β’s in 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 varc(πt) using the PC.
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Result 1. Model Comparison

Mode and the 95% credible sets

▶ βk· = βkk + βks + βku
2-input

▶ βk· = βs· = βu· = 0 for C–D and CES, which are rejected at the 5% level.

Other criteria, now shown Table

▶ (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. βs in TL rejects nested CES and C–D

Mode and the 95% credible sets

▶ ϕ ∈ (−∞, 1]: Nested CES parameters (−∞ : Leontief, 0 : C–D, 1 : Linear).
▶ ϕ prior: 1− ϕ has a Gamma dist. w/ mean 1 and std 0.5.
▶ β prior: Normal w/ mean 0 and std 0.15 (loose)

βs in TL rejects nested CES. Nested CES rejects C–D. α and Φ 15 / 23



Result 3. Slopes of the Phillips curves
Phillips curves:

π̂t = β̃Et [π̂t+1] + slope xt + errort

Slopes: projection of π̂t on Et [π̂t+1] and xt(
*

slope

)
=

{
varc,mp

(
Et [π̂t+1]

xt

)}−1

covc,mp

((
Et [π̂t+1]

xt

)
, π̂t

)

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

≡ infinite time series, ideal band-pass filter, use mp shocks as IVs
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Slopes of the Phillips curves
Phillips curves:

π̂t = β̃Et [π̂t+1] + slope xt + errort

Measures of the inverse slack, x

▶ m̂c real marginal costs

▶ ŷ − ŷ∗ output gap

▶ l̂agg − l̂agg∗ employment gap, lagg = ls + lu

▶
̂(

ws ls+wu lu
y

)
labor share (unit labor cost)

▶
̂(

ws ls+wu lu
y+υ

)
labor share (fixed cost adjusted) ∼ mc under C–D.

▶ ŵ agg =
̂(

ws ls+wu lu
ls+lu

)
wage = total wage bills / total hours
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Mode and the 95% credible sets

▶ κ =
(1−ξp)(1−β̃ξpγ)

ξp
1

1+Φ(θp−1)
, γ : BGP growth rate, θp : Kimball curvature

▶ 0.006 (C–D) vs. 0.003 (CES) vs. 0.017 (TL)

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 π dynamics (0.01
= 1bp, not annualized)
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TL model. Mode and the 95% credible sets. One std expansionary MP shock

▶ Very persistent π dynamics with a smaller initial response for the late sample

▶ persistent mc dynamics w/ small short-term eff’ts (even negative = mkup ↑)
small short-term effects on mc → persistent discounted sum of mc → persistent π

Proc. RTS
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TL Model. Mode and the 95% credible sets. One std expansionary MP shock

▶ πt = β̃Et [πt+1] + κxt + κ(mct − xt) + εpt
▶ Omitted variables, κ(mct − xt), are negatively correlated w/ xt (late sample).

The estimated slopes w/ conventional measures are downward biased (late sample).
ULC and Wage
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Result 4. Procyclical RTS

▶ m̂ct = αks r̂st + αke r̂et + αs ŵst + αuŵut︸ ︷︷ ︸
factor prices

− εat︸︷︷︸
tfp

− (βk·k̂st + βs· l̂st + βu· l̂ut)︸ ︷︷ ︸
rtstl

Procyclical rtstl (and rts) weakening the connection b/w factor prices (incl. wages)

and mc (and, therefore, π). r̂ts = r̂ts
tl
+ {̂ y+υ

y
}. mc π cov decomp

22 / 23



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!
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Remarks

ŷ = εa + α1 l̂1 + α2 l̂2 + 0.5β11(l̂1)
2 + β12 l̂1 l̂2 + 0.5β22(l̂2)

2

▶ βs do not affect the measurement of TFP:
ŷ ≈ εa + α1 l̂1 + α2 l̂2 to the first order.

▶ βs 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 (εa).

▶ No statistically significant strengthening of the estimated IRF
of TFP (Fernald, 2014) to MP shocks (Bauer and Swanson, 2023) in
recent periods. Detail Back
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Early: 1988:q1-1999:q4, Late: 2000:q1-2019:q4 Back

1 Std Cont. Orthogonalized MP Surprise, Bauer and Swanson (2023)
Annualized responses of RGDP, TFP (Fernald, 2014), and industrial use of energy
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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! Back
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Result 2. βs in TL rejects nested CES and C–D

Mode and the 95% credible sets

▶ Φ = gross markup in the SS

▶ fixed cost = ν = (Φ− 1)y in the SS ⇒ zero SS profit

Okayish and rather similar first-order coefficients across the models Back
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Mode and the 95% credible sets. One std expansionary monetary policy shock

Cobb–Douglas
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TL Model. Mode and the 95% credible sets. One std expansionary MP shock

▶ πt = β̃Et [πt+1] + κxt + κ(mct − xt) + εpt
▶ Omitted variables, κ(mct − xt), are negatively correlated w/ xt (late sample).

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

▶ In the late sample, π 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.

Translog model for the early and late samples.

▶ πt = β̃Et [πt+1] + κmct + εpt

▶ varc (πt) = covt(πt , β̃Et [πt+1]) + covt(πt , κmct) + covt(πt , ε
p
t )

▶ covc (πt , κmct) = κ× corrc (πt ,mct)× stdc (πt)× stdc (mct)

Inflation expectation becomes important. (Coibion and Gorodnichenko, 2015; Hazell et al. 2022)

covt (πt ,β̃Et [πt+1])
varc (πt )

↑ from 74% to 84%.

mc’s contribution ↓ b/c κ ↓ and corrc(πt ,mct) ↓.
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Further decomposition using the Phillips curve II.

▶ covc, each shock(πt ,κmct )

covc, all shocks(πt ,κmct )

▶ m̂ct = αks r̂st + αke r̂et + αs ŵst + αuŵut︸ ︷︷ ︸
factor prices

− εat︸︷︷︸
tfp

− (βk·k̂st + βs· l̂st + βu· l̂ut)︸ ︷︷ ︸
rtstl

▶ Expansionary demand shocks (rp and mp)

→ π ↑ and mc ↓ if rtstl is sufficiently procyclical Back
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