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A The investment Euler equation

A representative household’s lifetime utility, separable in consumption, C;, and hours worked,

L;, is expressed as

Eoi BU(Cy, Ly), (CS 1)

t=0

where [ is the discount factor. The household’s period ¢ budget constraint is

Bii _ BB Wil

Pt ~ Pt Pt + Ht ‘I— Tfut_f(t — a(ut)f(t, (CS 2)

C,+ I, +

where [, is investment, B; is the amount of risk-free bonds that pay a nominal gross interest
rate of Ry, W; is the nominal wage, II; denotes firms’ profits net of lump-sum taxes, r¥ is
the real rental rate of capital, K, is the physical capital stock, and a(u;) is the function
that measures the cost of capital utilization per unit of physical capital. Capital owning

households choose the capital utilization rate, u;, that transforms physical capital K, into

effective capital K; as follows

Kt = Ut[A(t. (CS 3)



Effective capital is rented to intermediate goods producers at the rate r¥. Standard assump-
tions are: i) w = 1 and a(u) = 0, where a bar over a variable denotes its steady state value;
ii) the curvature of the function a(u), given by a”(u)/a’(u), measures the elasticity of capital
utilization cost and it is such that ¢ = a”(1)/a’(1) > 0.

The representative household accumulates end-of-period ¢ capital according to a standard

capital accumulation equation

Kt+1 = UVt |:1 — S ([i>:| It + (1 — (S)Rt, (CS 4)
t—1

where 0 is the depreciation rate and v; is the investment-specific technology shock, that is,
a shock to the efficiency with which the final good can be transformed into physical capital,
as in JPT. The log of the investment shock follows the autoregressive stochastic process
logv, = plogr,_1 + €}, where p is the autoregressive coefficient.

The TAC is specified as

2
S <%) I = g (% - 1) L. (CS 5)
where the IAC function S(+) is such that S(1) = §'(1) = 0 with k = §”(1) > 0. Here, &, the
adjustment cost parameter, denotes the inverse of the elasticity of investment with respect
to the shadow price of capital. There are no adjustment costs at the steady state when [ is
fixed.
The representative household chooses I, uy, Kt+1, and By;1 to maximise (CS 1) un-
der the period-by-period budget constraint (CS 2) and capital accumulation equation (CS
4). Appendix A.1 shows how log-linearizing the first-order conditions of this problem and

rearranging them yields the dynamic equation for investment (2)
Aiy = (B + ¢q) EtAigyy — Bdg By Nigy o + p [OrC By — T + ] — %Etyt+17

where lowercase letters with a tilde denote the respective log deviations of the variables from
their steady state, 7 denotes the log-deviation of the ex-ante real interest rate from steady

state, and ¢, = (1 —6)F and ¢, = 1 — ¢,.



A.1 Derivation of equation (3)

The first-order conditions are
1 I I
L: 1= 1-— — | -8 — —_—
oradi-s () - (05) (65)
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where @); denotes the marginal Q, defined as the ratio of the Lagrange multipliers associated
with the capital accumulation equation and the budget constraint ()\;), and . is the
inflation rate in period t + 1.

Log-linearizing the above first-order conditions around the non-stochastic steady state

yields
Eft =K (f;t _,{t—1> - B/{ (Et"zt_’_l _,;t) - ,I;ta (CS 6)
G = By = Ao+ BB + 8 (1= 0) B, (CS7)
EtXt—l—l — Xt = —(77,5 - Et%t+1)7 and (CS 8)
= Cly, (CS 9)

where lowercase letters with a tilde denote the respective log deviations of the variables from
their steady state. Although (CS 6)-(CS 9) can be estimated, the empirical literature has
struggled to find an appropriate proxy for ¢;, the marginal Q, which is unobservable. Hayashi
(1982) showed that under some regularity conditions the average Q is equivalent to marginal
Q. However, subsequent empirical studies have confirmed such regularity conditions to be
unsatisfactory, finding insignificant coefficients on average Q. Thus, we follow the treatment

in Groth and Khan (2010) and get rid of ¢; from the log-linearized conditions. Substituting



(CS 6) and (CS 8) into (CS 7) yields our preferred baseline investment Euler equation with
IAC

~ 1/k _
¢ :—1 n B/_i_ ¢ [¢kEt7’:?+1 — Et/ff + Vt:|
q
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(CS 10)

where 7 denotes the log-deviation of ex-ante real interest rate from steady state, i.e., 77 =
Ty — 71, and ¢y = (1 = 6)/(1 =5 +7%); ¢p =75 /(1 =+ 7F); and #* = 1/8 — 1 + 6.1
We can use (CS 9) to substitute out the rental rate of capital, 77, which is an unobservable

variable, with the capacity utilization, u;, for which a time series is available. So, (CS 10)

becomes
i :% [GrC Bt — B + 1]
+ L3 B—i_%—(l—i_ﬁ)l«j? P gy Oulr BV
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Note that this equation is the same as equation (2) in the main text, that is simply rewritten
in first differences of the investment terms. For any variable z; the rational expectations (RE)
forecast error is M1 = Tt — Ey_1(zy), which implies that Ey(zyy1) = 2441 — . Moreover,

Evy 1 = piy, since vy ~ AR(1) : vy = pry—y + €}. Finally, define Et@Jrg) :;Hg — n§+2|t, then

~ 1 ~ u ~p T 1 ~
=T g, [T — e~ ] + g
B+ ¢g(1+8) (~ i Beq [+ i 1/k (1 — ¢gp) -
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IReplacing 7* into the equations of ¢, and ¢y, results in ¢, = 8 (1 — &) and ¢ = 1— (1 — ) respectively.



or

~  1/k ~  p I~ 5+¢q(1+ﬁ)
"T1 B+ e, [OrCiley =] + 1+B8+6, ' 1+8+0,
11344 _I_B;Sj_ 3 7t+2 + &, (CS 11)

B+éq(1+8) i Bé i 1/k(1=¢qp) ~
where & = 7 ¢k<’m+1|t + 77t+ut] W"ﬁm t Tprg, Moy T W

. B+ (1+8)~ Btog
Using the facts that 7, i = 1+ d %ztﬂ ﬁ74/+1 + =L 1+5+¢ th,

V.

0q zt, an

1
14+B+¢q 1+ﬁ+¢

the terms in ¢ could be written as first difference, so equation (CS 11) becomes
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or

A, = @gum _ %rt 4 (B + ) Nivar — BdyNivia + (14 B+ 6y e (CS 12)

We then just eliminate 7 in the error term &;, again by lagging (CS 12), multiplying it by

p, which results in

P8t = P2~ D3 4 p (54 64) 87— pBu T+ p (14 B 65) 0o,

and subtracting the result from (CS 12), such that

Aiy — pAtyy = %C (Uer — pt) — P (?f - P?f_ﬁ + (B + ) (Ath - PAZt)

— By <A7t+2 - PAZ:H) + (14 B+ ¢q) (60 — pei—1) -

Rearranging terms we obtain the baseline specification (3)

(14 p (B + ¢g)] Aiy = pAiy_1 + (B + ¢y + pBS) N1 — BNy

1
+¢k<’ut+1—p;¢k t——?“t +p7“t 1+6t7
K K
where
e = (1+B+¢,) (e — peii) (CS 13)
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B Computational Details

The empirical moments of the linear model can be represented by %Zle fi (0,d), where
fe(0.d) = Z, (Vb (0) — Xid), Y; = [ Nip Nigy Nippy Nipo 7T Uy Uy ] Z =
(X¢, Zay) is the set of instrumental variables partitioned into included (X;) and excluded,
(Zs,) instruments, b (8)' = {1 Fp(B+60),—p,— (B4 0y + p50y) 50y, -~ u, —@é}
is a vector which contains the structural parameters and d are the strongly identified param-
eters, which are estimated before the computation of the statistical tests. The variable X,
is 1 corresponding to the constant in the estimated regression specification, which captures
all the steady-state terms. We use Zy; = {Ait_l,riQ,ut_l} in our baseline results. The

sample size is T

B.1 S and qLL-S tests

Under Hy : 0 = 6y, b (b)) is fixed. The S statistic is

S () = mln—z i (60,d)' V (6o, d) fi (6g,d) . (CS 14)

IIM’%

The minimand in the above expression is the so-called continuously updated GMM objective
function, evaluated at the continuously updated estimator for the untested parameter d under
Hy, see Stock and Wright (2000). The variance estimator 1% (0o, d) is a heteroskedasticity
and autocorrelation consistent (HAC) estimator of Var (JLT Zthl fi (6o, d)>

F0+Zw]< +F’),

where Ty = [L 37, @t@;} @, is (eo, ) r (eo, ) r (90, ): S (90,d).

The parameter w; represents the Barlett kernel.



The S statistic is obtained by plugging d (0o) into the objective function (CS 14). The S
test at level a rejects Hy : 0 = 6y when the S statistic exceeds the 1 — o quantile of the x?
distribution with k, — k, degrees of freedom, where k. and k, are the number of elements in
vectors Z; and X;, respectively.

The qLL-S test rejects for large values of the statistic

10

qLL-S(6o) = 11

S (o) + qLL-S"(6p)

where S(f) is the S statistic evaluated at 6 = 6, and qLL-SZ(6) is the statistic that detects
violations of the moment conditions in subsamples. The algorithm for computing the qLL—
SB is detailed in Magnusson and Mavroeidis (2014), where one can also find tables of critical
values.

The confidence sets derived from the tests are obtained by performing a grid search over
the parameter space. The 90% confidence sets are formed by the collection of points that

do not reject Hy : 0 = 6y at 10% significance level.

B.2 Split-sample S test

We derive a GMM version of the split-sample Anderson-Rubin test proposed by Mikusheva

(2021) for linear models. Let Y; be the demeaned values of Y;. Define W, () = f@aabé?),

which is of dimension 1 x 3, and let W (6) be the T x 3 matrix with stacked terms W, (),

t=1,...,T. Define also the matrices Y and Z of dimensions 7" x 8 and 7' x k (k = 3 in the
baseline case) of stacked elements of ¥; and demeaned excluded instruments 227,5. Partition

W () = Y2 Y and Z as W (0) = [W, (0) : W, (0) : W2 (0)], Y = [Y1:Y,: Yo, and

Z:[ZliszZQ].

In our case, the first subsample corresponds to 45% of the initial observations. The terms
W, (0) and Z, are not used in the procedure in order to keep the exogeneity assumption
valid. Following Mikusheva (2021, p. 30), we set p = 3 because the error ¢ in (CS 13) is
adapted to the t+ 2 information set and the instruments include variables dated t —1. Then,
estimate the fitted value of Wy (8) as W (8) = Zy7y (), where 7y (0) = (Z4Z1)”" Z, W ()

and W (0) = Ylaab—g).



Finally, we compute the split-sample S statistic as

1 “ ~ -1 L
Su(0) = b (0) YsW2 (0) [2(0)] W (0) Yab (6),
2
where 0 (6) is the HAC estimator of the variance of \/% ZtT:tQ W, (0)'Y;b(0) and Ty corre-
sponds to the number of observations of the last subsample.

The split-sample S test at level a rejects Hy : 6 = 0y when Sy;(6y) exceeds the 1 — «

quantile of a x? distribution with 3 degrees of freedom.

C Data

C.1 Data Sources for baseline analysis

e Gross Private Domestic Investment [GPDI]: Billions of Dollars, Seasonally Ad-
justed Annual Rate; Source: U.S. Bureau of Economic Analysis; FRED - https:
//fred.stlouisfed.org/series/ GPDI.

e Fixed Private Investment [FPI]: Billions of Dollars, Seasonally Adjusted Annual
Rate; Source: U.S. Bureau of Economic Analysis; FRED - https://fred.stlouisfed.org/
series/FPI.

e Personal Consumption Expenditures: Durable Goods [PCDG]: Billions of Dol-
lars, Seasonally Adjusted Annual Rate; Source: U.S. Bureau of Economic Analysis;

FRED - https://fred.stlouisfed.org/series/PCDG.

e Gross Domestic Product (implicit price deflator) [GDPDEF]: Index 2012=100,
Seasonally Adjusted; Source: U.S. Bureau of Economic Analysis; FRED - https://
fred.stlouisfed.org/series/ GDPDEF.

e Gross Private Domestic Investment (implicit price deflator) [AO06RD3Q086SBEA]:
Index 2012=100, Seasonally Adjusted; Source: U.S. Bureau of Economic Analysis;
FRED - https://fred.stlouisfed.org/series/ AOO6RD3Q086SBEA.


https://fred.stlouisfed.org/series/GPDI
https://fred.stlouisfed.org/series/GPDI
https://fred.stlouisfed.org/series/FPI
https://fred.stlouisfed.org/series/FPI
https://fred.stlouisfed.org/series/PCDG
https://fred.stlouisfed.org/series/GDPDEF
https://fred.stlouisfed.org/series/GDPDEF
https://fred.stlouisfed.org/series/A006RD3Q086SBEA

Gross Private Domestic Investment: Fixed Investment (implicit price defla-
tor) [AO07RD3QO86SBEA]: Index 2012=100, Seasonally Adjusted; Source: U.S. Bureau
of Economic Analysis; FRED -
https://fred.stlouisfed.org/series/AO0TRD3Q086SBEA #0.

Personal Consumption Expenditures: Durable goods (implicit price defla-
tor) [DDURRD3QO86SBEA]: Index 2012=100, Seasonally Adjusted; Source: U.S. Bureau
of Economic Analysis; FRED -
https://fred.stlouisfed.org/series/DDURRD3Q086SBEA.

Effective Federal Funds Rate [FEDFUNDS]: Percent, Not Seasonally Adjusted; Source:
Board of Governors of the Federal Reserve System; FRED - https://fred.stlouisfed.org/
series/ FEDFUNDS.

Capacity Utilization: Total Index [TCU]: Percent of Capacity, Seasonally Adjusted,;
Source: Board of Governors of the Federal Reserve System; FRED - https://fred.
stlouisfed.org/series/ TCU#O.

Additional exogenous instruments

Romer and Romer (2004)’s narrative-based monetary policy shock (1969m3-
2007m12); retrieved from Valerie A. Ramey’s website under Data and Programs for
“Macroeconomic Shocks and Their Propagation”, 2016 Handbook of Macroeconomics.

- https://econweb.ucsd.edu/~vramey /research.html#data.

Ramey and Zubairy (2018)’s military news shock (1967q1-2015q4); retrieved
from Valerie A. Ramey’s website under Programs and Data for “Government Spending
Multipliers in Good Times and in Bad” with Sarah Zubairy, April 2018 Journal of
Political Economy. - https://econweb.ucsd.edu/~vramey/research.html#data.

Spot Crude Oil Price: West Texas Intermediate (WTI) [WTISPLC|] (1967ql-
2019q4); Deflated using CPI, Not Seasonally Adjusted; Source: Federal Reserve Bank
of St. Louis; FRED - https://fred.stlouisfed.org/series/ WTISPLC.

10
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e VXO (1967q1-2019q4); Source: Chicago Board of Options Exchange (CBOE) and
retrieved from FRED - https://fred.stlouisfed.org/series/ VXOCLS.
Note: This index is unavailable before 1986. Following Bloom (2009), pre-1986 monthly
return volatilities are computed as the monthly standard deviation of the daily S&P500
index normalized to the same mean and variance as the VXO index when they overlap

from 1986 onward.

C.3 Data Transformation

Investment: Investment series is first divided by the civilian non-institutional population
(16 years or over) to convert into per capita terms and the resulting per capita series is then
deflated using the respective implicit price deflators. Two per capita measures of investment

are used in the analysis. They are:

1. SW - Real Fixed Private Investment (FPI).

2. JPT - sum of Real Gross Private Domestic Investment (GPDI) and Real Personal
Consumption Expenditure: Durables Goods (PCDG).

FPI GDPI PCDG
and S+
Prpi Pypai Ppeag

The investment measures are computed, respectively, as , where

Pypiis Ppeag and Py are the respective implicit price deflators. Growth rates of investment

are then computed as the log difference of the resulting series.
Inflation: Log difference of the quarterly implicit GDP price deflator.

Real (ex-post) interest rate: Difference between the Federal Funds Rate and the GDP

deflator inflation rate.
Capacity utilization: Log of the capacity utilization index.

Narrative-based monetary policy shock: Quarterly average of the monthly series from

Romer and Romer (2004).

Narrative-based military news shock: Defense news variable of Ramey (2016) scaled

by trend GDP following Ramey and Zubairy (2018).

VXO: Quarterly average of the monthly series, demeaned and standardized.

11
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Oil: Log difference of the real oil price series.

D Robustness checks

In this section we report further results to investigate the robustness of the empirical results
reported in the main text. Figure S.1 shows the results when we use two lags of endogenous
variables as instruments and compares them with our baseline results using one lag. Figure
S.2 shows the results when we restrict our estimation sample to 2004Q4 (as in SW and JPT)
and compares it with our baseline sample ending in 2019Q4. Figures 5.3 and S.4 correspond
to Figures 5 and 6 in the main text, respectively, but the external instruments are now added
together with 7, and u;_; in the set of instruments. The results are unchanged when using
external instruments both for the SW and JPT investment measures, respectively. The main
conclusion from these sensitivity analyses is that the results reported in the paper remain

largely robust.

E The Capital Adjustment Cost Model

In this section, we derive the investment Euler equation with capital adjustment cost. Similar
to the capital accumulation equation (1), the representative household accumulates end-of-
period t capital

Kii = v+ (1 - 0)K, — D(Ky, I,). (CS 15)

The function D(K;, I) is the capital adjustment cost (CAC) which can be defined as

o

2
Dk 1) =] ( —5) k.
t

where o > 0 governs the magnitude of adjustment costs to capital accumulation and ¢ is the
depreciation rate. This functional form is a variant of the one considered in Lucas (1967)
and Lucas and Prescott (1971), and has reappeared more recently in the DSGE literature,
see, for example, Christiano, Eichenbaum, and Rebelo (2011) and Basu and Bundick (2017).

The representative household still chooses I, KHM Byy1, and u; to maximise (?7?) under

12



SW Investment JPT Investment

One Lag Two Lags One Lag Two Lags
(a) (b) (d)

qLL-S set

Figure S.1: 90% S and qLL-S confidence sets for § = (p,k,() in the investment euler
equation model (3). Instruments: One lag - constant, Aé;_1, ¥ 5, us_1; Two lags - constant,
Niy_y, Nig_o, 18 o, 70 o w1, ug—o. Left two columns show the results based on using Fixed
Private Investment as investment proxy, while right two columns use the sum of Gross
Private Domestic Investment and Personal Consumption Expenditure on Durable Goods as
investment proxy. Period: 1967Q1-2019Q4. Newey and West (1987) HAC.
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SW Investment JPT Investment

1967Q1-2004Q4 1967Q1-2019Q4 1967Q1-2004Q4 1967Q1-2019Q4
(a) (b) (c) (d)

S sets

qLL-S set

Figure S.2: 90% S and qLL-S confidence sets for § = (p, k,() in the investment euler
equation model (3). Instruments: constant, Aé;_1, 7 5, u;—1. Left two columns show the
results based on using Fixed Private Investment as investment proxy, while right two columns
use the sum of Gross Private Domestic Investment and Personal Consumption Expenditure
on Durable Goods as investment proxy. Newey and West (1987) HAC.
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Exogenous Instruments with SW Investment Proxy

Baseline Mon. pol. shock Military news Oil
1967Q1-2019Q4 1969Q2-2007Q4 1967Q1-2015Q4 1967Q1-2019Q4
(a) (b) (c) (d)
wn
g
[9p] ¢ 210
";ns‘ zC D/:”' 2(
VXO (b)+(c) (d)+(e) (b)+(c)+(d)+(e)
1969Q2-2007Q4 1967Q1-2019Q4 1969Q2-2007Q4
() (2) (h)
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Baseline Mon. pol. shock Military news Oil
1967Q1-2019Q4 1969Q2-2007Q4 1967Q1-2015Q4 1967Q1-2019Q4
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—
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% 02
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04 06

Figure S.3: 90% S and qLL-S confidence sets for § = (p, , () derived from the investment
Euler equation model (3) using Fixed Private Investment as investment proxy. A constant,
Ai;_q, rt_, and uy_; are common instruments in all specifications. The additional instru-
ment(s) by specification is (are): Mon. pol. shock: Romer and Romer’s (2004) monetary
policy shock; Military news: Ramey and Zubairy’s (2018) military news shock; Oil: growth

rate of real oil price; VXO: financial uncertainty.
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Exogenous Instruments with JPT Investment Proxy

Baseline Mon. pol. shock Military news Oil
1967Q1-2019Q4 1969Q2-2007Q4 1967Q1-2015Q4 1967Q1-2019Q4
(a) (b) (c) (d)
wn
z
wn
VXO (b)+(c) (d)+(e) (b)+(c)+(d)+(e)
1969Q2-2007Q4 1967Q1-2019Q4 1969Q2-2007Q4
() (8) (h)
n
E
m <
» ct ¢
Baseline Mon. pol. shock Military news Oil
1967Q1-2019Q4 1969Q2-2007Q4 1967Q1-2015Q4 1967Q1-2019Q4
() (K) )
0
E
@2
— ¢ €
—
o
0; s 2 . “ps 08 0 2 ;
VXO (3)+(k) (D)+(m) () +)+1)+(m)
1967Q1-2019Q4 1969Q2-2007Q4 1967Q1-2019Q4 1969Q2-2007Q4
(m) (n) (0) (p)
2]
E
o2
— 210 210
—
o

v - 0,
02 02 -
04 04
08 o8 2 08 o8 X
P ¢ 2 ¢

Figure S.4: 90% S and qLL-S confidence sets for § = (p, , () derived from the investment
Euler equation model (3) using the sum of Gross Private Domestic Investment and Personal
Consumption Expenditure on Durable Goods as investment proxy. A constant, Ai;_q, 7} _,,
and u;_; are common instruments in all specifications. The additional instrument(s) by
specification is (are): Mon. pol. shock: Romer and Romer’s (2004) monetary policy shock;
Military news: Ramey and Zubairy’s (2018) military news shock; Oil: growth rate of real
oil price; VXO: financial uncertainty:.
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the period-by-period budget constraint (CS 2) and capital accumulation equation (CS 15).
The relevant first-order conditions required to derive the log-linearized investment Euler

equations are

. _ It_
I, : VtQt_[1+U(Kt 5)@,51,

N A o I 2
K : Q: =BE; {%1 [rf+1ut+1 —a (Ut+1) - 5 ( AtH - (5) ] }
¢

K
A 1 I
+5Et{ t+1 {J( L1 —5) lir 0,01 _5)} }
At Kt+1 t+1
By 1 :5Et{)\;\“ By }, and
t Ti+1

Uy rf =a' (u),

where ); denotes the marginal O, defined as the ratio of the Lagrange multipliers associated
with the capital accumulation equation and the budget constraint (\;), and 7 is the
inflation rate in period t + 1.

Log-linearization of the FOCs around the steady state yields

g =00 (Zt - Et) — (CS 16)

G = Edir — A + Bo6? (Egt+1 . Em) + B(L = 0)Eoar + BFEEFE,,, (CS 17)

EtS\/t+1 — S\/t = _G:t — Et%tJrl); and (CS 18)

Similar to the TAC model, combining (CS 16)-(CS 18) yields our baseline investment Euler
equation with CAC

~ o~ 1. _ ~ ~ 1 _ 1-9
iy = ki + Py [57“kEtﬁ+1 - EtF:f] + 8 (Et2t+1 - kt+1> + < — B )

0_5 O_—(SEt’ﬁH_l. (CS 20)

Using equation (CS 19), we replace 7%, by (U1 to obtain

1 p(1-9)

~ I ~ ~ ~ -
i =k + — [ﬂrkCEtutH - Eﬁﬂ +p (Etlt+1 - kt—i—l) + =V — Eiviia.
o) o) o)
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As before, we replace the variables in expectations with the observed values and its

respective rational expectation forecast error and also replace F;v;, 1 by pr;, which results in

~ = 1 _ ~ u 7r 7 i L L=f=9)p;
- k’t—l—g [57"kC (ut+1 _ 77t+1|t) — (" + 77t+1|t)] +3 (Zt+1 = Megape — k‘t+1> + ((75 )pyta

or
-~ T 1 _ ~ ~ 7
1 = ]{Jt + E [51”’“Cut+1 — ?’Itp:| + ﬁ (Zt+1 — kt+1) + Et, (CS 21)

where ¢, = —% [ﬁfkgnf+1|t + 'r]f+1|t] — 577,f+1‘t + %D}. Since in steady state ] = 6K

and 7 = 1, log-linearizing the capital accumulation equation (CS 15) results in
Fopr = 0(0 + ) + (1 — 0)ks.

Therefore, multiplying (CS 21) by (1 — §), lagging it, and subtracting from the original

equation results in

i — (1= 0)i—1 = 6(p—1 + i4—1) +

=3 [577’6@7&1 — 7 —(1=6) (Br*Cu, — )]+
+ (’;t-i-l —(1-9)

Zt) — ,85 (D/t +’;t> + Et — (1 — 5)575_1,
where Et —(1- 5)Et_1 is replaced by §(v—; —l—zt_l). Further simplification leads us to
~ ~ 1 _ ~ ~ _ ~ ~ ~
Aiy = BAiy1 + s [57"kfut+1 — 7 —(1-90) (57"k<ut - Tf—l)] + €1, (CS 22)

where &1 = —f0v; + 6141 + &4 — (1 — 0)ey—q, Or

5t_1:_(ﬁ5_1—6(1—5>p)5t+[5_“_5)1—5(1—5)/) 5

oo od

1 . .
5 [ﬁfkntu+1\t + 77?+1|t —(1-9) [ﬁfknﬁtfl + 77;11571” -p [77§+1|t —(1- 5)77§|t71} :

We need to get rid of the 7 in the error term. Therefore, lagging (CS 22), multiplying it by
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p, and subtracting from (CS 22) results in

Nip — pAiy_y = B ANy — PAlt) + = [57“ ¢ (g1 — ptie) — (Ff — pip)]
=0 (87 (i — pii) — (41— 079-2))] + 1 — pErcn
or
,Bf’f 1, 0 —0)prt . 1-4,
Alt (1+pB) = PAZt 1+ 5Alt+1 + Cut+1 — =Ty — QU + Tiq
od oo od
pprr 8 Bre p(l1—9) - .
— iy (ut + ﬁrf_l + %Cutl — ( iy )Tf_z + &1 — PEL—2.

. . - =k
N = < fpﬁAitl + ﬁmm + %g@“ ﬁﬂ”
B i B &
R S s
%@1 _ %m + (CS 23)
where 2,1 (14 pf) := (6,1 — pé_2) is
— 867, + 6y — % (BT 0 e + 0] — B + 1-0 (015_ d L5,

—(1-96) {—% (87 ity + 08, a] — By + 1=F (015_ ) pﬁm}

+ BV — poVia + - [ﬁr M1 + M) + POy — o2 (015_ b5, ,
+p(1—6) {—3 (BP0 1o + 1 1je—a) + PN 10 — pr=F ((715_ ‘) pﬁtz} -
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Further simplifying the above equation becomes

= v v 1 k. u T i 1— B 1—0 P o
g1 (1+pB) = — Boe} + 0e]_| — s [ﬁrkmﬂu + 7]t+1|t] - 57715+1|t + 3‘5 ) €
I ok w . ; 1-8(1—=9d)p ,
—(1-9) {_5 [Brknt\t—l + 77t|t—1] - Bnt\t—l + 25 ) 5t—1:|
P ~k, _u T %
+ s [ﬁrknt\t—l + 77t|t—1] + pﬁmu_l
1 =k, _u ™ %
+ ;0(1 - 5) {_5 [ﬁrknt—1|t—2 + nt—l\t—z} + Pﬁm_u_2] . (CS 24)
Then, grouping some terms from above we get
~ P ~ B ~ gt ~ 1 N
Ay = ——Aly_1 + —A _ -7
N T N T S o T s (Lt )
Brr(l—6+p) .  1=6+p ,,  p(l=08)prF _
SA+p8) T osar s T st pp)
p(1—6) ~p =
S a——— 1. 2
05(1+p5)rt_2+€t 1 (CS 5)

It can be gauged from looking at the equation (CS 24) that we need to use at least the
second lag of endogenous variables as instruments in order to ensure exogeneity.
Figure 5.5 shows that confidence sets are large suggesting weak identification of the

structural parameters also in the capital adjustment cost model.

F  On Cross-equation Restrictions and Identification

In this Subsection, we use a simple example to demonstrate how cross-equation restrictions
from a system method can achieve identification of a model that is not identified using a
single-equation GMM approach at the cost of losing robustness to misspecification.

Recall that GMM estimates the single equation (2), where we have also assumed that
and ¢ are known. For the purpose of this discussion it suffices to simplify the exposition to
the case of a single unknown parameter. Hence, assume p = 0 and & is known, so there is

only one unknown parameter, ¢, and the model in equation (2) can be written as

Etyt_l,_Q = CEt'rt—l-l + gt (CS 26)
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Figure S.5: 90% S and qLL-S confidence sets for 6 = (p, o, () derived from the investment
Euler equation model (CS 25). Instruments: constant, Ai; o, 17 5, u;_5. The investment
proxies are Fixed Private Investment (left column) and the sum of Gross Private Domes-
tic Investment and Personal Consumption Expenditure on Durable Goods (right column).
Newey and West (1987) HAC. Period: 1967Q1-2019Q4.
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where 10 == K (AZ — (B + bg) Nigsy —|—ﬁ¢qAZt+2> + 7 and x; := ¢y, with ¢p = 1 —
(1—0)p5.

Now, ( is identified in (CS 26) if and only if var (Eix41) > 0. But in a limited-information
setting, we do not observe F;x;,1, so we have to instrument for it using predetermined
variables Z; that belong to the information set at time ¢ — 1. Specifically, the corresponding

single-equation GMM regression for (CS 26) is

Yer2 = (g1 + [V + Y2 — By — (2041 — Eyae)], (CS 27)

7
—~
&

with E; & = 0, and any predetermined variable is a valid instrument for z,,;. So, for the
(single-equation) GMM approach to identify ( it is necessary that var (E;_ix41) > 0.
It is possible to come up with examples where a system method will identify ¢ while the

single-equation GMM approach will not. Suppose

Ty = W + (90.),571, |(9‘ < 1, (CS 28)

(an invertible first-order moving average process) and w; (the structural shock driving ca-
pacity utilization x; = ¢gu,) is orthogonal to the investment-specific technology shock 7.
Equation (CS 28) implies that Fyx;, 1 = 0wy, while E;_ 12,1 = 0. So, ¢ can be identified if we
use the additional equation (CS 28), but it is not identified from a single-equation approach
that does not make enough assumptions to pin down Eyz,, .

In terms of implementation, because of the triangular nature of this simple example, i.e.,
because (CS 28) does not involve 7, or v, we can demonstrate how identification works as
follows. First estimate (CS 28) to obtain w; and 6, next, compute z; := 6w, = Eyx441, and

finally, estimate ¢ from the regression

Yeiro = (2 + (U + Y2 — Eylsa) - (CS 29)

~~
€t

Unless 6§ = 0 (rank condition), which would imply z; = 0 for all ¢, the above regression iden-

tifies ¢, so a system analysis will produce bounded confidence sets, while the single-equation
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GMM analysis based on (CS 26) that uses only predetermined variables to instrument for

2411 will produce unbounded confidence sets.

Misspecification The increased precision of the system approach comes at the cost of

lower robustness to misspecification. Suppose the true law of motion for x; were given by

Ty = Yr_q + wy, (CS 30)

i.e., an AR(1) instead of an MA(1). Using (CS 28) instead of (CS 30), one would get an
inconsistent estimate of Fyx.i1, say z; = 0*w;, where 0*,w; are the pseudo-true values of
6,w; in the MA(1) specification (CS 28), when the data is generated according to (CS 30).
So, instead of using (CS 29), a misspecified system approach would be estimating ¢ from the
incorrect regression

Yiro = C2f + [C (2 — 2]) + €4, cov(z],e;) # 0. (CS 31)

(. J
-~

é
€t

This can be shown as follows. Suppose z; follows (CS 30). Then, its first autocorrelation
is . The pseudo true value of the coefficient § in the MA(1) specification (CS 28) is obtained
by solving the equation (see Hamilton, 1995, p. 49)

9*

Y

and we can choose the (unique) invertible solution that satisfies |¢;] < 1. Given 6*, the
corresponding estimate of the shock in (CS 28), wf, can be solved from {z;} using the

backward recursion

Wi =Y (=0 miy, (CS 33)
j=0

while the true structural shock in (CS 30) is simply

Wy = Ty — YT¢-1-
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So, we have

cov (2, (z — 27)) = cov (2, z) + 0 var (w})

o1 2 (1 —10%) a2
1 =921 — (46%)? (1+90%) (1 —~%) (1 —0+2)
_ nx2 * _ )2
:039* ’Y(l 02>+0 (1 79> : (CS34)
(1= (0%)°) 1 —~?) (1 —6+2)
because
cov (2], 2) = cov (9* Z (—0%y xtj,’yxt>
=0
0.20*,}/ o0 0_270* 1
= DS () =
T s 1=971— (16"
and

2= w (1+0°L) =w, (1 —yL) ",

so w; is an AR(2) process, w; (1 — a1 L — agL?) = wy, with a; = v — 6*, and ay = 7%, and

therefore, its variance is given by (see Hamilton, 1995, p. 58)

() 1—ay o2
var (wy) =
! 1+as (1 —ay)” — a2
1= o2
L0 (1 —76%)" — (v - 6*)°
(1—10%) a2

(14909 (1 =92 (1 —0672)
Substituting for v using #* from (CS 32) in (CS 34), we get

020 (2= 0*) (62 + 1)° L0

cov (2, (2 — 27)) =

It follows, therefore, that (CS 31) suffers from omitted variable bias because z; correlates
with ef. Thus, the system estimate of { will be biased.

A DSGE model allows us to use cross-equation restrictions to determine Ejx;,; under
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rational expectations, see Footnote 4. In this present simple example, one may think that we
are not actually using any cross-equation restrictions because E;x;.1 = fw; does not involve
the structural parameter ¢ of the original target equation (CS 26). However, in more general
(non-triangular) settings where z; is allowed to be simultaneously determined with vy, E;z4q

will depend also on (, and system estimation will indeed impose cross-equation restrictions.

G Prior-posterior distributions using JPT’s model and

SW'’s dataset
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Figure S.6: Prior-posterior plots using JPT’s model and SW’s dataset. All estimations are
done using Dynare. The posterior distributions are based on 500,000 draws, with the first
50% draws discarded as burn-in draws. The average acceptance rate is around 25-30%.
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Figure S.7: Prior-posterior plots using SW’s model and JPT’s dataset. All estimations are
done using Dynare. The posterior distributions are based on 500,000 draws, with the first
50% draws discarded as burn-in draws. The average acceptance rate is around 25-30%.
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