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A Time-Series of the Labor Market and Labor Share, U.S. 1954.I-
2012.III

In this section, we present several time-series labor market variables. The top-left panel of Figure A-1 shows
the time-series data for intensive and extensive margins of labor supply, i.e., respectively hours per worker and
employment per capita, and their product, i.e., hours per capita. The construction of these variables is discussed
in section A.2. We plot each labor market variable from 1954I to 2012III. The intensive margin of labor supply, h,
constantly declines from 39 hours in 1954 to 33 hours in 2012. On the other hand, the extensive margin, e, rises
from 43% in 1954 to 52% in 2000, and then declines thereafter to 45%. The product of intensive and extensive
margins, i.e., hours per capita, eh, displays a stationary behavior which is consistent with the assumption in the
model. In addition, most of the volatility of labor supply comes through the extensive margins of labor supply as
shown in the bottom-left panel of Figure A-1.

Finanly, decomposing employment per capita e into the labor market participation rate (LAB/POP) and the
employment rate (EMP/LAB), see the top-right panel of Figure A-1, shows that the participation rate mildly
increased until 2000 and declined thereafter, while the employment rate is stationary. Further, the volatility of
employment rate accounts for most of the volatility of the extensive margin in the bottom-right panel of Figure A-1.



Figure A-1: Time-Series of Labor Market Behavior: Raw (top panels) and HP-Cyclical (bottom panels)



B IRFs of Labor Share to Productivity Shocks z vs. Productivity
Shocks Adjusted by ISTC

In the construction of the productivity shock z in section A.6, we assumed that v=1. In other words, we constructed
capital stock, k, from series of real investment, i, to recover the productivity residual. Here, for robustness, we
show when we use quality-adjusted productivity shocks, the IRFs that we use as targeting moments in estimation
do not change.

Figure B-1 shows the data IRFs that are quality-adjusted counterparts of the data IRFs described in section 2.2.
Particularly, the overshooting effect of labor share in response to quality-adjusted productivity shocks is similar to
the one described in section 2.2 with, perhaps, as somewhat larger effect with quality-adjusted productivity shocks.
The initial drop as a response to the productivity shocks is almost the same, but the persistence of overshooting
is larger that the labor share remains around 0.003 even after the 50th quarter. The IRF of productivity shock to
itself and IRF of output to productivity shocks are similar to their unadjusted counterparts although somewhat
more persistent.



Figure B-1: Data IRFs of Productivity, Labor Share and Output to Productivity Shocks vs.
Productivity Shocks Adjusted by ISTC

Notes: IRFs of productivity shocks (top), labor share (middle), and output (bottom) to quality-adjusted and
-unadjusted productivity shocks.



C Treating vt as Non-Observable vs. Observable: IRFs Comparison

In our model we have considered the presence of investment-specific technical change (ISTC) vt, which alters the
efficiency of investment and, hence, capital in efficiency units differs from real capital and follows

vtit = kt+1 − (1− δ0)kt, (1)

where δ0 denotes a constant depreciation. As we discuss below, in a one sector model vt is identified with the
inverse of the relative price of investment in terms of consumption. The construction of the relative price of
investment, and the resulting investment in efficiency units and capital in efficiency units is described in detail in
Appendix A. Figure C-1 shows the behavior of the variables created in Appendix A.

Here, we compare the model generated IRFs for the case where we treat the investment shock vt as unobserv-
able and structurally estimate the properties of φv1, φv2 and υv versus the case where we treat the shocks to vt
as observable. In the latter case, we use an AR(2) process to estimate investment shocks and find φv1 = 1.7428,
φv2 =-.7535 and υv =.0029. As we see in Figure C-2 when we treat vt shocks as observable we find similar IRFs
to the case in which vt shocks are treated as unobsersable, except for a somewhat weaker overshooting response
of labor share to productivity shocks.



Figure C-1: Time-Series of the Relative Price of Investment and ISTC-Adjusted TFP, U.S. 1954.I-2012.III

(a) Relative Price of Investment (b) Quality-Adjusted Investment

(c) Quality-Adjusted Capital (d) ISTC-Adjusted TFP



Figure C-2: IRFs of Labor Share and Output to z-shock: Non-observable vt vs. Observable vt

(a) Non-observable vt (b) Observable vt



D Estimation Results Under Alternative Weighting Matrices

We use the full variance-covariance matrix estimated by bootstrap methods in the main context. Due to the
nonlinearities in our model, in our becnhmark we incorporate the off diagonal for efficiency reasons as per the
discussion in Ruge-Murcia (2012). Here, we reproduce our results for the estimation where we include only the
diagonal elements from bootstrap standard errors, as in Christiano et al. (2005)—precisely, Christiano et al. (2005)
use the diagonal elements in W (computed from sample variances) in their SMM estimation. Table D-1 shows
our structurally estimated parameters when we only use the diagonal weighting matrix. Our results do not vary
much whether we use the full weighting matrix or the diagonal weighting matrix.



Table D-1: Structurally Estimated Parameters: With A Diagonal Weighting Matrix

Parameter Value 95% C.I.

σ 0.6285 [0.5882,0.6687]

ψ1a 0.9121 [0.8623,0.9619]
ψ2a -0.0647 [-0.0803,-0.0409]
υa 0.0089 [0.0081,0.0098]
ψ1σ 0.9776 [0.0447,1.8998]
ψ2σ -0.2168 [-0.9306,0.4969]
υσ 0.0116 [-0.4764,0.4996]
ψ1aσ -6.8588 [-9.5012,4.7836]
ψ2aσ 2.9178 [-3.3276,9.1632]
υaσ -0.4816 [-1.5403,0.5772]

ψ1b 1.0249 [-6.7028,8.7526]
ψ2b -0.0556 [-3.9004,3.7891]
υb 0.0029 [-0.0064,0.0122]

ψ1v 1.6973 [1.6961,1.6985]
ψ2v -0.7009 [-0.7026,-0.6993]
υv 0.0033 [0.0023,0.0042]

ν2 -5.6251 [-10.1368,-1.1135]
κ2 1.8951 [1.8502,1.9400]

ζ 0.1271 [0.0098,0.2445]

Notes: The variance of estimates are computed by V = 1
T

(
DW−1D′

)−1
where D = ∂(φd−φm(γ))

∂γ and W is the
weighting matrix that we applied in section 6.2.1. The standard errors are the square root of the diagonals of V .



E Orthogonal Contribution of Each Shock a, b, v and g shocks

Recall that σt serves as a propagation mechanism for the rest of shocks that are actual sources of fluctuations,
see our discussion in Section 5.2. For that reason when analyzing the role of σt we used a simple additive variance
decomposition in Section. Here, we provide the results for the standard orthogonal variance decomposition.

E.1 Orthogonal IRFs to a, b, v and g shocks

Figure E-1 shows the IRFs of our model variables in response to all shocks, {a, b, v, g}. It is worth highlighting
the performance of labor share with respect to each shock in this figure. As is clear from the figure, an initial
drop comes mostly from a-shock, whereas the high persistence of labor share overshooting comes mostly from
the v-shock.

More specifically, we can closely look at the effect of each shock to the wages and labor productivity, the
difference of which determines the performance of labor share. The initial drop of labor share generated by a-shock
is mostly driven by the initial jump in labor productivity. Since the IRF of wages with respect to a-shock mildly
increases with a hump shape, the difference between the wages and labor productivity accounts for the initial drop
of labor share. On the other hand, the persistent overshooting effect of v-shock to wage is 0.2 log points higher
than that to labor productivity. This difference is the main driving force of the highly persistent overshooting in
the labor share. We discussed about the overshooting effect of labor share from a-shock (together with σ-shock)
and v-shock in the section 8.

Another feature that we can highlight in this figure is that all the labor supply variables, eh, e, and h, have
similar effects from the shocks except for b-shock. The IRFs of extensive margin of labor supply drops by 0.3 log
points due to the b-shock, where as intensive margin jumps up by 0.1. In all, the effect from a-shock, g-shock
and b-shock die out pretty quickly, while the effect of v-shock remains persistently.

E.2 Orthogonal Variance Decomposition

Table E-1-E-3 present the business cycle moments of simulated model with each shock. Note that if σ-shock is
absent, then the sum of variances generated by each orthogonal shock {a, v, g, b} is identical to the fluctuation
of CES-CD model (see Table E-1). Yet, this is not the case when σ-shock is present. Since σ-shock has a
propagation effect on the fluctuations of other shocks, the sum of variances generated by each orthogonal shock
{σ, a, v, g, b} is not identical to the fluctuation of NCES-CD (see Table E-2). Nevertheless, the orthogonalized
variance decomposition is informative about the role of each shock to the model variables.

Table E-1 and E-2 show that a-shock accounts for most of the volatility of z-shock. Moreover, a-shock
together with σ-shock brings the correlation of wage and labor productivity to output less procyclical. As we
discussed in section F, it is evident that v-shock and g-shock are those that generate the consumption coun-
tercyclical. Finally, b-shock plays only a role of breaking a tie between intensive and extensive margins of labor
supply. In fact, Table E-3 shows that all the shocks other than b-shock cannot break the one-to-one comovement
of the intensive and extensive margins of labor supply.



Figure E-1: IRFs to a, σ, b, v and g



Table E-1: Orthogonal Contribution of Each Shock to the Cyclical Behavior of the NCES(SR)-CD(LR) Business Cycle Model

Elasticity Shocks Productivity Shocks Investment Shocks Government Shocks Home Product. Shocks
{σ} {A} {V } {G} {B}

υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′)

Output:
y 0.00 0.00 0.00 2.01 1.00 0.71 0.43 1.00 0.79 0.42 1.00 0.71 0.04 1.00 0.75

Labor Market:
eh 0.00 0.00 0.00 0.71 0.99 0.71 0.78 0.99 0.76 0.85 1.00 0.71 0.08 1.00 0.74
e 0.00 0.00 0.00 0.63 0.99 0.71 0.69 0.99 0.76 0.75 1.00 0.71 0.16 1.00 0.74
h 0.00 0.00 0.00 0.00 0.99 0.71 0.00 0.99 0.76 0.00 1.00 0.71 0.01 -1.00 0.74
w 0.00 0.00 0.00 0.07 0.66 0.89 0.18 -0.88 0.72 0.21 -1.00 0.71 0.02 -0.98 0.74
lp 0.00 0.00 0.00 0.36 0.98 0.74 0.06 -0.88 0.72 0.08 -1.00 0.71 0.01 -0.98 0.74
ls 0.00 0.00 0.00 0.17 -0.98 0.71 0.03 -0.88 0.72 0.03 -1.00 0.71 0.00 -0.98 0.74

Elasticity:
w/r 0.00 0.00 0.00 4.49 -0.96 0.71 2.01 -0.89 0.75 2.16 -1.00 0.71 0.20 -0.98 0.74
eh/k 0.00 0.00 0.00 0.84 0.91 0.72 0.85 0.89 0.77 0.85 1.00 0.71 0.08 0.98 0.74
σ 0.03 -0.24 0.70 - - - - - - - - - - - -

Cons./Inv.:

c 0.00 0.00 0.00 0.06 0.45 0.94 0.24 -0.91 0.72 0.29 -1.00 0.71 0.00 0.61 0.91
i 0.00 0.00 0.00 10.65 1.00 0.71 4.90 0.99 0.76 0.02 1.00 0.71 0.19 1.00 0.74
R 0.00 0.00 0.00 0.00 0.98 0.71 0.00 0.89 0.77 0.00 1.00 0.71 0.00 0.98 0.74

Shocks:
A∗ - - - 1.42 1.00 0.71 - - - - - - - - -
V ∗ - - - - - - 0.99 0.67 0.92 - - - - - -
G∗ - - - - - - - - - 0.82 1.00 0.71 - - -
B∗ - - - - - - - - - - - - 0.17 -1.00 0.74

TFP Residual:
Z∗ 0.00 0.00 0.00 0.75 1.00 0.71 0.01 0.94 0.91 0.00 0.99 0.71 0.00 0.95 0.74

Notes: See footnote of Table 4.



Table E-2: With σ: Orthogonal Contribution of Each Shock to the Cyclical Behavior of the NCES(SR)-CD(LR) Business Cycle Model

Elasticity Shocks Productivity Shocks Investment Shocks Government Shocks Home Product. Shocks
{σ} {A, σ} {V, σ} {G, σ} {B, σ}

υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′)

Output:
y 0.00 0.00 0.00 2.21 1.00 0.72 0.45 1.00 0.79 0.43 1.00 0.72 0.04 1.00 0.75

Labor Market:
eh 0.00 0.00 0.00 1.08 0.94 0.72 0.83 0.99 0.76 0.88 1.00 0.72 0.08 1.00 0.75
e 0.00 0.00 0.00 0.95 0.94 0.72 0.73 0.99 0.76 0.78 1.00 0.72 0.16 1.00 0.75
h 0.00 0.00 0.00 0.00 0.95 0.72 0.00 0.99 0.76 0.00 1.00 0.72 0.01 -1.00 0.75
w 0.00 0.00 0.00 0.09 0.70 0.86 0.18 -0.87 0.72 0.22 -1.00 0.72 0.02 -0.98 0.74
lp 0.00 0.00 0.00 0.37 0.83 0.74 0.07 -0.88 0.73 0.08 -1.00 0.72 0.01 -0.98 0.74
ls 0.00 0.00 0.00 0.23 -0.63 0.72 0.03 -0.82 0.72 0.04 -0.99 0.72 0.00 -0.98 0.74

Elasticity:
w/r 0.00 0.00 0.00 4.36 -0.89 0.71 2.10 -0.88 0.76 2.24 -1.00 0.72 0.21 -0.98 0.74
eh/k 0.00 0.00 0.00 1.22 0.89 0.73 0.89 0.89 0.77 0.88 1.00 0.72 0.08 0.98 0.74
σ 0.03 -0.24 0.70 2.21 -0.57 0.90 0.03 -0.03 0.70 0.03 0.00 0.70 0.03 0.00 0.70

Cons./Inv.:

c 0.00 0.00 0.00 0.06 0.49 0.91 0.25 -0.90 0.73 0.30 -1.00 0.72 0.00 0.61 0.92
i 0.00 0.00 0.00 11.62 1.00 0.71 5.16 0.99 0.76 0.02 0.97 0.71 0.20 1.00 0.75
R 0.00 0.00 0.00 0.00 0.93 0.71 0.00 0.88 0.77 0.00 1.00 0.72 0.00 0.98 0.74

Shocks:
A∗ - - - 1.42 0.97 0.71 - - - - - - - - -
V ∗ - - - - - - 1.04 0.68 0.92 - - - - - -
G∗ - - - - - - - - - 0.85 1.00 0.72 - - -
B∗ - - - - - - - - - - - - 0.18 -1.00 0.75

TFP Residual:
Z∗ 0.00 0.00 0.00 0.74 0.97 0.71 0.01 0.93 0.91 0.00 0.99 0.71 0.00 0.95 0.74

Notes: See footnote of Table 4.



Table E-3: Orthogonal Contribution of Each Shock to the Labor Market Comovements of the
CES-CD and NCES-CD Business Cycle Models

y eh e h w lp ls y eh e h w lp ls

CES-CD Model, σt = .5891 ∀t NCES-CD Model, σt

Productivity Shocks {A} Elasticity and Productivity Shocks {A, σ}
y 1.00 0.99 0.99 0.99 0.66 0.98 -0.98 1.00 0.94 0.94 0.95 0.70 0.83 -0.63
eh 1.00 1.00 1.00 0.54 0.94 -1.00 1.00 1.00 1.00 0.62 0.60 -0.38
e 1.00 1.00 0.54 0.94 -1.00 1.00 1.00 0.62 0.60 -0.38
h 1.00 0.54 0.94 -1.00 1.00 0.62 0.61 -0.39
w 1.00 0.80 -0.52 1.00 0.64 -0.19
lp 1.00 -0.92 1.00 -0.88
ls 1.00 1.00

Investment Shocks {V } Investment Shocks {V, σ}
y 1.00 0.99 0.99 0.99 -0.88 -0.88 -0.88 1.00 0.99 0.99 0.99 -0.87 -0.88 -0.82
eh 1.00 1.00 1.00 -0.94 -0.94 -0.94 1.00 1.00 1.00 -0.93 -0.94 -0.87
e 1.00 1.00 -0.94 -0.94 -0.94 1.00 1.00 -0.93 -0.94 -0.87
h 1.00 -0.94 -0.94 -0.94 1.00 -0.93 -0.94 -0.87
w 1.00 1.00 1.00 1.00 0.99 0.97
lp 1.00 1.00 1.00 0.92
ls 1.00 1.00

Government Shocks {G} Government Shocks {G, σ}
y 1.00 1.00 1.00 1.00 -1.00 -1.00 -1.00 1.00 1.00 1.00 1.00 -1.00 -1.00 -0.99
eh 1.00 1.00 1.00 -1.00 -1.00 -1.00 1.00 1.00 1.00 -1.00 -1.00 -0.99
e 1.00 1.00 -1.00 -1.00 -1.00 1.00 1.00 -1.00 -1.00 -0.99
h 1.00 -1.00 -1.00 -1.00 1.00 -1.00 -1.00 -0.99
w 1.00 1.00 1.00 1.00 1.00 1.00
lp 1.00 1.00 1.00 0.99
ls 1.00 1.00

Home Productivity Shocks {B} Home Productivity Shocks {B, σ}
y 1.00 1.00 1.00 -1.00 -0.98 -0.98 -0.98 1.00 1.00 1.00 -1.00 -0.98 -0.98 -0.98
eh 1.00 1.00 -1.00 -0.99 -0.99 -0.99 1.00 1.00 -1.00 -0.99 -0.99 -0.99
e 1.00 -1.00 -0.99 -0.99 -0.99 1.00 -1.00 -0.99 -0.99 -0.98
h 1.00 0.98 0.98 0.98 1.00 0.98 0.98 0.97
w 1.00 1.00 1.00 1.00 1.00 1.00
lp 1.00 1.00 1.00 1.00
ls 1.00 1.00

Notes: See footnote of Table 4.



F Re-Estimation of CES-CD and CD-CD Models

In Section 8.1 we compared our model results to the CES-CD and CD-CD models without re-estimating the
model parameters for the CES-CD or CD-CD cases. Here we conduct the same exercise with re-estimation.
Table F-1 shows the esitmation results. Table F-2 shows the unconditional business cycle moments for our
benchmark NCES-CD model and the re-estimated CES-CD and CD-CD models. Table F-3 shows the associated
labor market co-movements. Finally, Figure F-1 shows the IRFs of productivity, labor share and output in response
to productivity shocks. Overall, we do not find substantial differences between our results with re-estimation and
our results witout re-estimation in Section 8.1 except for a now targeted, hence, lower volatility of the CD-CD
model that matches the data.



Table F-1: Estimation Results [Simulated Methods to Match IRFs and Additional BC Moments]

NCES(SR)-CD(LR) CES(SR)-CD(LR) CD(SR)-CD(LR)
Parameters Estimated 95% C.I. Estimated 95% C.I. Estimated 95% C.I.

σ 0.5981 [0.5943,0.6019] 0.4445 [0.4439,0.4452] 1.0000 -

ψ1a 0.9536 [0.9518,0.9554] 0.9547 [0.9537,0.9556] 0.9543 [0.9036,1.0049]
ψ2a -0.0595 [-0.0618,-0.0571] -0.0686 [-0.0698,-0.0675] -0.0610 [-0.1174,-0.0046]
υa 0.0090 [0.0088,0.0092] 0.0096 [0.0096,0.0097] 0.0056 [0.0054,0.0058]
ψ1σ 0.9830 [0.0394,1.9265] - - - -
ψ2σ -0.2049 [-0.7763,0.3666] - - - -
υσ 0.0145 [-0.0208,0.0499] - - - -
ψ1aσ -6.8144 [-8.2596,-5.3691] - - - -
ψ2aσ 2.9812 [-2.4067,8.3691] - - - -
υaσ -0.4827 [-1.4951,0.5298] - - - -

ψ1b 1.0370 [-0.2809,2.3550] 1.0166 [0.8288,1.2044] 0.9872 [0.3934,1.5810]
ψ2b -0.0619 [-1.2392,1.1153] -0.1084 [-0.4000,0.1831] -0.0114 [-0.0279,0.0050]
υb 0.0031 [-0.0003,0.0065] 0.0018 [0.0016,0.0021] 0.0037 [0.0013,0.0060]

ψ1v 1.6763 [1.6762,1.6763] 1.6950 [1.6950,1.6951] 1.6772 [1.6770,1.6774]
ψ2v -0.6808 [-0.6809,-0.6808] -0.7039 [-0.7040,-0.7038] -0.6810 [-0.6812,-0.6809]
υv 0.0035 [0.0034,0.0036] 0.0060 [0.0059,0.0060] 0.0035 [0.0031,0.0039]

ν2 -5.5979 [-6.6821,-4.5138] -6.4956 [-6.7785,-6.2127] -5.6998 [-12.0544,0.6548]
κ2 1.9096 [1.8738,1.9455] 1.9407 [1.9319,1.9496] 1.9092 [1.6318,2.1867]

ζ 0.1192 [0.0926,0.1457] 0.1252 [0.1238,0.1265] 0.1764 [0.1696,0.1833]



Table F-2: The Quantitative Importance of σt (I) (w/ re-estimation)

NCES(SR)-CD(LR) CES(SR)-CD(LR) CD(SR)-CD(LR)
σ =.44 ∀ t σ =1 ∀ t

υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′)

Output:
y 3.28 1.00 0.72 3.34 1.00 0.76 3.28 1.00 0.77

Labor Market:
eh 3.32 0.91 0.72 3.23 0.88 0.78 4.49 0.97 0.79
e 3.04 0.91 0.72 2.93 0.88 0.78 4.12 0.96 0.79
h 0.03 0.51 0.73 0.02 0.64 0.77 0.03 0.54 0.76
w 0.63 -0.14 0.75 1.14 -0.53 0.77 0.34 -0.41 0.80
lp 0.58 0.19 0.70 0.80 0.28 0.73 0.34 -0.41 0.80
ls 0.52 -0.35 0.80 0.76 -0.93 0.73 0.00 0.00 0.00

Elasticity:
w/r 9.32 -0.77 0.73 18.51 -0.91 0.75 4.85 -0.92 0.80
eh/k 3.50 0.88 0.72 3.53 0.80 0.79 4.88 0.92 0.80
σ 2.21 -0.48 0.90 - - - - - -

Cons./Inv.:

c 0.72 -0.26 0.73 1.38 -0.58 0.77 0.48 -0.54 0.81
i 18.24 0.92 0.72 24.94 0.92 0.77 19.39 0.91 0.80
R 0.00 0.84 0.72 0.00 0.93 0.74 0.00 0.96 0.78

Shocks:
A∗ 1.42 0.79 0.71 1.63 0.71 0.71 0.54 0.68 0.71
V ∗ 0.98 0.24 0.92 3.48 0.45 0.93 1.03 0.51 0.92
G∗ 0.84 0.34 0.71 0.81 0.36 0.71 0.81 0.41 0.71
B∗ 0.18 -0.12 0.75 0.07 -0.05 0.74 0.23 -0.16 0.73

TFP Residual:
Z∗ 0.74 0.83 0.71 0.92 0.81 0.71 0.31 0.81 0.72

Notes: See Notes of Table 4.



Table F-3: The Quantitative Importance of σt (II): Labor Market Comovements (w/ re-
estimation)

y eh e h w lp ls

NCES(SR)-CD(LR) Model
y 1.00 0.91 0.91 0.51 -0.14 0.19 -0.35
eh 1.00 1.00 0.54 -0.37 -0.23 -0.17
e 1.00 0.47 -0.38 -0.23 -0.17
h 1.00 -0.12 -0.07 -0.06
w 1.00 0.57 0.50
lp 1.00 -0.43
ls 1.00

CES(SR)-CD(LR) Model: σ =.44 ∀ t
y 1.00 0.88 0.88 0.64 -0.53 0.28 -0.93
eh 1.00 1.00 0.71 -0.85 -0.22 -0.81
e 1.00 0.68 -0.85 -0.22 -0.81
h 1.00 -0.58 -0.13 -0.58
w 1.00 0.62 0.59
lp 1.00 -0.27
ls 1.00

CD(SR)-CD(LR) Model: σ =1 ∀ t
y 1.00 0.97 0.96 0.54 -0.41 -0.41 0.00
eh 1.00 1.00 0.53 -0.63 -0.63 0.00
e 1.00 0.46 -0.63 -0.63 0.00
h 1.00 -0.24 -0.24 0.00
w 1.00 1.00 0.00
lp 1.00 0.00
ls 1.00

Notes: See Notes of Table 4.



Figure F-1: IRFs of Labor Share and Output to Z-shock (w/ re-estimation): NCES-CD vs. CES-CD vs. CD-CD

(a) NCES-CD (b) CES-CD (c) CD-CD



G NCES-CD vs. NK vs. DMP: Unconditional Business Cycle Moments

In terms of unconditional business cycle moments, we find that SW are on target for the variance of output, wages
and labor productivity. However, they fall short in the variance of hours (attaining only 1/3 of the data) and
display twice the actual variance of labor share (see Table G-1). Looking at the comovements with output, we find
that wages and labor productivity are too procyclical, respectively, ρ(w, y) =.40 and ρ(lp, y) =.80, with respect
to what they are in the data, ρ(w, y) =-.13 and ρ(lp, y) =.15. That is, the Dunlop-Tarshis phenomenon and the
labor productivity puzzles remain as such in this NK framework. Then, not surprisingly, the hours-productivity
puzzle survives as well with model generated ρ(eh,w) =.22 and ρ(eh, lp) =.27 (see Table G-2), while the data
counterparts are ρ(eh,w) =-.44 and ρ(eh, lp) =-.33.

We find that the ACEL model performs well in the unconditional moments of labor market variables with a low
correlation of wages and output ρ(w, y) =.13 and of labor productivity and output ρ(lp, y) =.04. However, labor
share is off target with a minor procyclical behavior ρ(ls, y) =.07 that falls short of capturing its countercyclicality
in the data ρ(ls, y) =-.34. The ACEL model also does well in terms of the hours-productivity puzzle when we use
labor productivity ρ(eh, lp) =-.44 but not so much when we measure productivity with wages ρ(eh,w) =-.05.

Finally, we discuss the performance of the GT model with respect to these same selected labor market comove-
ments. First, the correlation of wage and labor productivity with output is both strong and positive, ρ(w, y) =.66
and ρ(lp, y) =.97, while this is not so in the data. Second, while labor share moves countercyclically, its magni-
tude, ρ(ls, y) =-.56, is almost more than 2/3 higher (in absolute terms) than in the data. The comovements of
wages (and labor productivity) and the extensive margin of labor supply are strongly procyclical, while not so in
the data.

Overall, it seems fair to say that none of these noncompetitive-market models generate comovements of labor
market variables with output (and with itself) as close to the data as our competitive-market NCES-CD model
does.1

1The data and code for SW are publicly available from the journal. Those for ACEL are available from
Chriatiano’s website (http://faculty.wcas.northwestern.edu/ lchrist/research/ACEL/acelweb.htm). Although the
ACEL published version of their paper reports the sample period of 1959.II-2008.IV, provided data and code
contains up to 2001.IV. Therefore, we report the moments for the sample 1959.II-2001.IV. For models solved with
stochastic trends we recover the level of each variable, log it, and HP-filter it when documenting unconditional
business cycle moments (we do not HP-filter the data used in IRFs estimations). The log-linearized GT model
and its parameterization are illustrated in their paper, and we build MATLAB code for it.



Table G-1: Competitive NCES(SR)-CD(LR) Model vs. NK Models vs DMP Models (I)

U.S. Data NCES(SR)-CD(LR) SW (2007) ACEL (2011) GT (2009)
υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx ρ(y, x) ρ(x, x′) υx/υy ρ(y, x) ρ(x, x′)

Output:
y 1.00 1.00 0.87 1.00 1.00 0.72 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.84

Labor Market:
eh 1.05 0.88 0.91 1.01 0.91 0.72 0.63 0.80 0.81 1.11 0.88 0.90 - - -
e 0.87 0.82 0.93 0.96 0.91 0.72 - - - - - - 0.35 0.77 0.90
h 0.29 0.73 0.82 0.09 0.51 0.73 - - - - - - - - -
w 0.50 -0.13 0.75 0.44 -0.14 0.75 0.56 0.40 0.84 0.48 0.13 0.77 0.56 0.66 0.95
lp 0.50 0.15 0.73 0.42 0.19 0.70 0.63 0.80 0.80 0.52 0.04 0.71 0.71 0.97 0.76
ls 0.41 -0.34 0.75 0.40 -0.35 0.80 0.64 -0.43 0.76 0.58 0.07 0.73 0.57 -0.56 0.65

Elasticity:
w/r 1.80 -0.75 0.82 1.61 -0.73 0.69 0.47 -0.29 0.85 1.07 -0.82 0.83 0.90 -0.67 0.93
eh/k 1.01 0.90 0.91 1.03 0.88 0.72 0.68 0.53 0.85 1.03 0.90 0.89 0.43 0.61 0.99
σ - - - 0.98 -0.48 0.9 - - - - - - - - -

Cons./Inv.:

c 0.81 0.93 0.88 0.47 -0.26 0.73 0.71 0.67 0.85 0.53 0.73 0.84 0.35 0.90 0.86
i 3.12 0.95 0.86 2.36 0.92 0.72 3.09 0.76 0.91 3.80 0.93 0.83 3.18 0.99 0.86
R 0.05 0.80 0.82 0.05 0.84 0.72 0.02 0.71 0.85 0.03 0.95 0.84 0.03 0.97 0.94

TFP Residual:
Z∗ 0.53 0.68 0.76 0.48 0.83 0.71 0.72 0.92 0.84 0.53 0.63 0.72 0.62 0.98 0.96

Notes: See footnote of Table 6. We recover series of capital from simulated investment and model-specific investment equations. We compute the moments
reported in italics. In Gertler and Trigari (2009), model parameters are calibrated by targeting monthly data moments. We adopt their parameter values and
report logged and HP-filtered business cycle moments with a smoothing parameter of 129,600 for monthly data.



Table G-2: Competitive NCES(SR)-CD(LR) Model vs. NK Models vs DMP Models (II): Labor
Market Comovements

y eh e h w lp ls

U.S. Data 1954.I – 2012.III
y 1.00 0.88 0.82 0.73 -0.13 0.15 -0.34
eh 1.00 0.97 0.70 -0.44 -0.33 -0.14
e 1.00 0.51 -0.41 -0.39 -0.03
h 1.00 -0.36 -0.02 -0.42
w 1.00 0.67 0.42
lp 1.00 -0.39
ls 1.00

NCES(SR)-CD(LR) Model
y 1.00 0.91 0.91 0.51 -0.14 0.19 -0.35
eh 1.00 1.00 0.54 -0.37 -0.23 -0.17
e 1.00 0.47 -0.38 -0.23 -0.17
h 1.00 -0.12 -0.07 -0.06
w 1.00 0.57 0.50
lp 1.00 -0.43
ls 1.00

SW Model (2007)
y 1.00 0.80 - - 0.40 0.80 -0.43
eh 1.00 - - 0.22 0.27 -0.07
e - - - - -
h - - - -
w 1.00 0.42 0.46
lp 1.00 -0.61
ls 1.00

ACEL Model (2011)
y 1.00 0.88 - - 0.12 0.04 0.07
eh 1.00 - - -0.05 -0.44 0.35
e - - - - -
h - - - -
w 1.00 0.33 0.53
lp 1.00 -0.62
ls 1.00

GT Model (2009)
y 1.00 - 0.77 - 0.66 0.97 -0.56
eh - - - - - -
e 1.00 - 0.56 0.79 -0.43
h - - - -
w 1.00 0.60 0.22
lp 1.00 -0.65
ls 1.00

Notes: See footnote of Table 6. In Gertler and Trigari (2009), model parameters are calibrated by targeting
monthly data moments. We adopt their parameter values and report logged and HP-filtered business cycle
moments with a smoothing parameter of 129,600 for monthly data.
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