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Throughout this document, references to lemmas, equations etc. which start with a “S” are

references to this document. Those which consist of just a number refer to the main text.

S1 Supporting Lemmas

Lemma S1. Given Assumptions 1-2 and Assumption R we have that
656,
and if Assumption I also holds we have for any ~n — ~ that

Y(v) P

Proof. For both claims we verify the conditions of Theorem 2.1 in Newey and McFadden
(1994). Starting with part 1. Assumption R-1 ensures that the ergodic theorem implies that
% o m(ay; 5) 2 Em(d,, d). Since by Assumption R-4-(i) this expectation is only zero at
d, |Em(d,, 8)||? is uniquely minimized at §. By R-2 the parameter space A is compact. By
R-4-(ii) m(dy, &) is continuous with respect to 8. Further,

E (s;up Imia: 5)11) <E <§up 150 (s S)H) (L+e)/(al-e)<co.  (S1)

ISYAN [ ISTAN

which follows from R-4-(iii),(iv). Combining the previous two statements Lemma 2.4 in

Newey and McFadden (1994) allows us to conclude that Em(dy, §) is continuous and uniform

convergence holds supgca [+ 370, m(qy; 0) —Em(d,, d)|| & 0. This implies that

1 & < <
sup |= Y _ [lm(dy, 8)[|* — [Em(d,, 8)|*| 50,
sen N

and since & = argminge, = >,y [[m(dy, 8)||? we may apply Newey and McFadden (1994,
Theorem 2.1) to conclude 558

Next for part 2. Assumption R-1 ensures that the ergodic theorem implies that hn(zﬁ) N
Eh(d;, 1;) Further, ~, — ~ implies that W,, 2> W where

1 ~, O I ~ 0
Wo=1 7% "W, 0 and  W=1 vy 0 |,
0 0 Idv 0 0 Idv

which are positive semi-definite. From Lemma 2.3 in Newey and McFadden (1994) it fol-



lows that if (a) Eh(dy,2p) = 0 and (b) WEA(dy, %) # 0 for all 4 # 1, then Q1)) =

Eh(ds, ) WEhA(d;, 1) has a unique minimum at ).
For (a) note that by the law of iterated expectations

ZtLStL-i-hE(SAqta Z#)/H(Qt;(;)
Eh(ds, ) =E | vi&iy,(1 — E(selar, 27) /k(a;6)) [ =0, (S2)

£ (q1;6) (E(st|ar,2i-) —k(at;0))
k(qt;0)(1—rk(qt;9))

where the second equality follows as E(s:|qs, z") = E(s¢|q;) = x(qs;8) by Assumption 2,
making the second and third entries zero. Further, by Assumption 1 we have E(z"¢;,) = 0
ensuring that the first entry is also zero.

For (b) note that this is implied when Eg(dy, ¥:~) # 0 and Em(q.; ) # 0 for ¢ # b,
where g and m are defined in (14) and (15). Assumption R-4-(i) imposes Em(qy, 8) # 0 for
& # &, which can be verified for any preferred binary response model. Hence, for Eg(d,, b, )

we only need to consider the case where § = 4, i.e.

Eg(dy, 0, 6;7) =E(2;"8nse/w(ae: 8)) + YE(V&in (1 — s¢/k(qy; 6)))
:E<Z#_£z£_+hE(5t|qt7 7 ) /k(a 8)) + 7/E<Vtét{_kh(l — E(s¢|ar)/r(ar; 9)))

:E(thgtL—&-h) )

where &, =y, —Onpi = &+ (0n—0n)pi and E(21EL,) = E(264,)+(0n—0n)E (21 pi) =
(0 — 0,)E(zipt) # 0 unless ), = 0;,, which follows from Assumptions 1 and I. We conclude
that the limiting objective function Q(@L) is uniquely minimized at 1.

Next, the parameter space for 1 is compact by Assumption R-2. Finally, to verify that
Q(1)) is continuous with respect to 1) and that SUD ey M (V) W () — Q()| B 0 we
first check the conditions of Lemma 2.4 in Newey and McFadden (1994)%! to verify that
Eh(d,, %) is continuous with respect to tp and SUD e |h () — Eh(dy, )| 2 0.

First, h(dy, ) is continuous at each 1 € ¥ with probability one. This follows as the
functions 2" (y;y, — Onpi)se/k(ar; 8) and vi(yzs, — Onpi)(1 — s¢/k(qy; 6)) are continuous in
any 6, € © (linear) and in any & € A as & is continuous by R-4-(ii). The function m(qy, d)
is continuous at each & € A as it is a continuous function of & and x(!) which are both

continuous by R-4-(ii).

SINote that their lemma applies after replacing the iid assumption for the data with Assumption R-1.



Second, we verify the dominance condition E(supcy [|2(d:, )||) < co. Note that
= (s 1) <2 (s 5~ i)
Pev Pev

+E <§up Ive(Witn — Onpi ) (1 — s¢/k(au; 5))”)

Ppevw

+E (gup [ (a; S)H)

dcA
Using Assumption R-4-(iii) the first term can be bounded as follows

E (S}lp |ZtL(ytL+h - éhptl)st/“(%;(gﬂ) <q'E (?up ’ztj_(yt{_kh - éhptLN)
Ppev 0,€0

< o (Bl &l + sup [6n — On[El2 w7 ]) < oo (S3)
0,€0

where the last inequality follows from R-2 and R-3. Similarly, for the second term

E (spp IVe(wiin — Onpi) (1 — se/m(au; 5))||) <(1+¢hE <§up Ive(yiin — 5hp#)ll>
PYevw 0,6

< (14 ) ENvi&hall + sup 0 — Ou|E[vip/|]) < oo . (54)
0,€0

Finally, the last term follows from (S1).
This completes the verification of the conditions of Lemma 2.4. We use these to conclude

that Q(w)) is continuous with respect to b and since

[ (3) Wt (1) = Q)| < || (th) — ER(dy, )| W]
+2|[Eh(ds, )| () — EA(d, )|[[[Wo | [ER(dr, )2 W, — W

the uniform convergence of h, (1)) — Eh(dy, ), the dominance condition and W, — W 5 0
imply the uniform convergence of the objective function.

This completes the verification of the conditions of Theorem 2.1 in Newey and McFadden
(1994) and we may conclude that 1,/b\('yn) 2 4p which implies 6 5 & and éh('yn) 2 0,. O

Lemma S2. Given Assumptions 1-2 and Assumption R, we have that
(i) supgey 1Go: (1) — EGs. (¥)|| B 0 and EGe,(h) is continuous in 1.

(i) SUpgen |Gy (1)) — EGso()|| 2 0 and EG,(v) is continuous in .



(71) Sup ey ||ﬁ(1,5) - ]Eﬁ(v,@)” 20 and Eﬁ(z/j) is continuous in .
() supgey IH,, () — EH(d;, ¥)|| & 0 and EH(d,, ) is continuous in 1.

where N is some neighborhood of ¥ and

G () = ——Zstzt (Y, — Onp) R O(d7; 8)/K2(dF, 8)
teN
Gs(1h) = —Zstvt (Yirn — Onp )V (d]; 8) /57(d], 6)
teN
ﬁ(zﬁ):——zm (d7; 8)k ™M (dF: )/ (k(d]; 8)(1 — w(d]: 5)))
teN

1

with H(d,, ) = 24w,

o’
_ZtLPtLSt/’f(qﬁ J) _th_(y#;h - thtL)St W (qe; 6) /"f (q¢; 6)
H(dtﬂ,b) = —thf(l - St/H(Qt; 5)) Vt(ytih - thf)stﬂ(l)@h ) /’f <Qt7 )
0 om(qy, 9)/068’

and

om(q, 8)/00’ :"@(2)(%7 0)(s: — k(as, 8))/(k(ar, 6)(1 — k(qy, §)))
- ’i(l)(Qt, 5)"5(1)(%7 0)'(1 —2k(qy, 8))(s; — r(q, 8))/(k(ar, 0)(1 — k(qy, 5)))2
— & (ar, )k (ar, )/ (r(ar, §)(1 = w(ar, 9))) -

Proof. To prove (i)-(iv) we repeatedly apply Lemma 2.4 from Newey and McFadden (1994)
which requires checking that the argument of the sum is continuous with respect to ¢ and

that the argument is dominated in expectation. Part (i). Note that by Assumption R-1:

EGs. (%) = —Esiz (yisy — Onpi)sV (dF; 8)/k2(d], 8)

and 5.2 (i), — Onpi )k (dF; 8) /K2(dF, §) is continuous with respect to & on A by R-4-(ii).
Also,

E <§up [ExC i 5hpf)8tf<a(”(qt;3)'/%2(%;5)”) <

PEN

e *E(sup [ (as; 6) (%)% x E(sup (|2 €] + 10n — Onll 201 )?)* <00 (S5)
deN 0,eEN



by R-2,3,4-(iii,v). Part (ii). We have
EGs, () = Esevi(yivy — Onpi ) (d7; 8) /r2(d], 6) .

Continuity follows from the same argument as above and

E <S~up ve(yiin — Onpi) s (i 0)' /K (i 5)”) <

PeN
e E(sup || (i )1*)2 > E(sup ([|ve&iull + 10n — Onlllvepi [)*)* < 00 (S6)
deN 0,eEN

by R-2,3,4-(iii,v). Part (iii). We have
EM () = Ex)(d7; 8)x M (d]; 8)'/(5(d]; 8) (1 — K(d]; 8)))

and

E (Sup ' (dF; 8)x™ (d; 0)'/(r(dF; ) (1 ~ ﬁ(dﬁsg)))H) <

PeN

E (?UP ||'"v(1)(qt;5)H2> /(i1 =) < o0 (S7)
deN

by R-4-(iii,v). Finally, for part (iv) note that H(d;, ) is dominated in expectation if its

sub-blocks are dominated. The top and middle right blocks are dominated by (S5) and (S6).

For the remaining terms we have

E | sup |ZtLptLSt/’%(qt;S)|> < ¢ 'E(|zpp]) < oo (S8)
PeN

E | sup [[vep; (1 - St/ff(qt;&)ll) < (L+ e HE([[vepy |I) < o0 (59)
PeN

E [ sup ||vg,m<qt,8>||) <E (w ||n<2><qt;8>||> (1 + /(e - )
YpeN 0eN

+E (sup M (qu; 5)||2> (24 3¢y +2c2)(c1(1 —c)) 7t < o0 (S10)

deN

where we used R-2,3,4-(ii),(iii),(v). The continuity of H(d, %) follows from R-4-(ii) and
conventional arguments. This allows to apply Lemma 2.4 of Newey and McFadden (1994)
to conclude that (iv) holds. O



Lemma S3. Given Assumptions 1-2 and R we have that

Vh, () % N(0,S) .

Proof. Consider any A € R¥™(*) with A’A. Under assumption R-1 have that X'h(d,, ) is
stationary by White (2000, Theorem 3.35) and a-mixing of size —r/(r — 2) White (2000,
Theorem 3.49). Also, by (52), E(N'h(d¢, 1)) = 0. Consider the moment condition

EIND(dy, )P < E|Xz & pse/ k(e 8) 7T + EIAGvViE L, (1 — se/k(qp; 6)) 7
+ Ep‘g"?(l)(q]ﬁ; 5)(3t — K(qy; 5))/(’{(%; 5)(1 — K(qy; 5)))|2+U
< MR T A (L4 T A PTVE vl

Bl (q: 8) 7 Al (L4 2> (01 (1 - e2)) > < oo

by Assumptions R-3,4-(iii),(vi). Also, note that by R-5 we have lim,,_, o, var(y/nX h, (1)) > 0
as S is positive definite. These conditions are sufficient to apply the central limit theorem for
a-mixing processes as stated in White (2000, Theorem 5.20) to v/nX'h,(¢). Subsequently
by the Cramer-Wold device (White, 2000, Proposition 2.1) we have v/nh, (1) A N(0,S).
[

S2 Deterministic selection

Recall the selection indicator

1 if teG={teN:z credible}
Sy =
' 0 if teB

which classifies whether period t was used for identifying the causal effect of interest. In the
main text we treated s; as a stationary random sequence that took on the value one with
probability 7(q;). While this approach covers numerous applications there are others that
cannot be covered by this assumption, yet innovation powering can still be used.

A prominent category arises when s; is a deterministic series. As a concrete example
we can think of Gertler and Karadi (2015), where the good period is post 1990 since high
frequency monetary surprises can only be computed once a fed funds futures market exist.
The period before 1990 is then the bad period. In this case s; = 0 prior to 1990 and then
shifts to s; = 1 for all post-1990 periods and we can treat s; as a deterministic sequence.
Note that here the stationarity assumption of the main text (Assumption R-1) does not hold.
The good news is that innovation powering can be applied without much modifications.

When s; is deterministic the selection assumption 2 can be replaced by the following



assumption.

Assumption S1. The indicator {s;} that defines the sample G is deterministic and

ZCOV(Vf,k‘t)—)O as n— oo with ng/n—m>0,
teg

1
E Z COV(Vt, ]{ft) —

1
teN ng

fO’I" kft € {gtﬁ,h?p#_’y#rh :

This assumption is clearly satisfied for stationary time series (Vt,p#,ytjh), but it can
be also satisfied under weaker conditions.%> The key difference with the main text is that
there, since s, is random, we need to ensure that E(s,v,&5,) is equal to E(v,&,) which
requires an assumption on E(s;|v, pi, ytfrh, z+), i.e. Assumption 2. As discussed in the main
text, a random s; arises for example when the narrative accounts are more likely to detect
an informative shock when the shock is large, or, more generally, whenever detecting an
informative shock depends on the state of the economy. In the case where the sample is split
into good and bad for data availability reasons no such considerations arise and s; can be
treated as deterministic.

The methodology of the main text simplifies under this assumption as no selection model

needs to be estimated and the only moment condition of interest is as follows.

Lemma S4. Given Assumptions 1 and S1 for any v € R* we have that

]Eg(dta eha 677) =0 ;
9(ds, 0, 6;7) = 2 (yisn — Onpi)se/m + ¥ Ve(yin — Onpi) (1 — s¢/7) (S11)

Here 7 replaces the selection model. Since 7 can be estimated by ng/n the IPIV estimator
simplifies to
1 1
A _n ZtEN 7/VtytL+h + ng Zteg(ztj_ - 7/Vt)ytL+h

On(y) = (S12)
% Zte/\/’ Y'vipi + % Zteg(ztj_ —Y'Ve)pi

which is the same estimator that one would use when P(s; = 1|qy, ;") = 7, i.e. completely
random selection as considered in the simple illustrative example of Section 2. In both cases
the selection model drops out and the frequency ng/n reweights for the fraction of good

periods.

S2Note that the stationary assumption in Assumption R is only imposed for convenience in the main
text — it is not a required structural assumption. E.g. alternative laws of large numbers and central limit
theorems can be applied for heterogeneous processes.



Similarly, the IPAR statistic also simplifies to

. (AN \/Lﬁ D ten %(éh)lvt(ytih — Ohpy") + ;{_gﬁ Zteg(th - W(H_h)’vt)(yﬁh — Oupy)
ARfp(0n) = )

VLA (1,56,

(S13)

where 3(6,,) is any consistent estimate for

S(0) = T var(Vafu@))  fulB) = > f(def)
with

- Lyt — g ot A
Fldify) = (Wi T BT
Vi(Yirn — Onpy ) (1 — s¢/7)

and T = ng/n. Estimators such as those proposed in Newey and West (1987), Andrews
(1991) and de Jong and Davidson (2000), can be used.

Further, the estimate for the efficient weights also simplifies to

where the sub-blocks conform to the partition in f(d;, d;,).

Under Hy : 0, = ), and given Assumptions 1, S1 and regularity conditions R we continue
to have that AR}y (0)) 4 N (0,1). Also, the construction of the confidence set remains the
same.

As such for practical purposes we can now distinguish between two options:

1. s; is a random sequence and Assumption 2 holds. In this case the methodology pre-

sented in the main text can be followed.

2. s; is a deterministic sequence or Assumption 2 holds with 7(q;) = 7 (i.e. complete

random selection); in case the expressions (S12) and (S13) can be used.

S3 Compatible underlying structural models

The main text did not specify an underlying structural model for p; and y,. In this section we
show that multiple different structural models are compatible with the general framework and
our methodology applies regardless which is true. Specifically, we will show that innovation
powered inference improves over standard IV regardless of whether the structural shocks of

interest actually do or do not exist on the B sample.



Narratively undetected structural shocks

To set the stage we first take a conventional perspective and postulate that the vector of

macro variables w; = (g, Ys, Wat, - . ., Wry) follows a structural vector autoregressive model
(SVAR) model of order p.

p
W = Z (bjwt_j + €; €e; ~ lld(O, E) s €e; —= q)()'r’t s t e N N (814)
j=1
where e; are the reduced form shocks with variance ¥ and 1 = (4,79, ...,MK¢)" is the

vector of structural shocks that has unit variance such that ¥ = ®¢®{,. We are interested
in ¢, which is normalized to have unit effect on p;. The other shocks do not necessarily
have a structural interpretation.>® For this underlying model we can characterize narrative

instruments similarly as in the illustrative example:

g+ if teg
0 if teB

ZtL:f(EuCt): { )
where (; is required to be uncorrelated with £tL+h = ytﬁh — O,pi and for simplicity we assume
that the variables that are projected out include exactly the p lags of the variables in the
SVAR model. We note that as long as the zeros on B are determined as a function of ¢; and
(; we have that z; is an exogenous instrument and Assumption 1 holds.

In this underlying model structural shocks ¢; arrive every period, but the narrative does
not always record the shock. We do not need to take a stance on why this is, but a plausible
reason is that the narrative only captures large exogenous events, i.e. large values of ¢;, and
misses the smaller ones.

This perspective underlies the narrative SVAR literature (Ludvigson, Ma and Ng, 2017;
Antolin-Diaz and Rubio-Ramirez, 2018; Giacomini, Kitagawa and Read, 2022), where the
identified set of structural parameters in (S14) is refined using the available information in
the narrative accounts. The narrative series of Romer and Romer (1989, 2023) is often used
as an illustration: monetary policy shocks arrive every period but the narrative accounts only
capture a few of such exogenous events. This justifies imposing an SVAR as the underlying
model — which assumes that structural shocks arrive every period — and using the narrative

to further inform the direction or magnitude of the structural shocks on specific dates.

S3We adopt an SVAR model for comparability with the existing literature. From the perspective of IP
inference this section could also be written for any structural vector (autoregressive) moving average model.

10



Non-existent structural shocks

To motivate a second plausible underlying structural model, suppose that the narrative series
z; corresponds to the military defense spending news series of Ramey and Zubairy (2018).
This series is equal to zero for about 80% of periods, but the reason for why it is often zero
is quite straightforward: the US was not involved in any major war and there were simply
no surprises to military defense spending. This leaves us with two options.

First, if we postulate that e, is the shock to government spending (arriving every period)
and we assume that the components of this shock, including military defense spending,
have homogeneous effects on the macro outcomes, then the conventional SVAR model (S14)

remains appropriate. In this case we can view the narrative instrument as

5kt+ct if tEg
0 if teB

Y

ZtL = flee, &) = {

where f() now isolates the military defense component ey, of the shock ;. Under this
assumption z; remains a valid instrument (e.g. Stock and Watson, 2018), but the implicit
homogeneous effects assumption is strong.

Second, we can instead postulate that €; corresponds specifically to the shock to military
defense spending and suppose that this shock is often zero. Let s; = 1(e; occurs) be the
indicator for whether the shock materializes and 7; the probability that s; = 1, which may
depend on the state of the economy. To incorporate the non-random arrival of structural

shocks we consider the extended SVAR model

p
W; = Z @jwt_j + €; , e —= Si@o'rh + (1 — Si)et s t e N s (815)
j=1

where the reduced form shocks are only mapped to the structural shocks when s; = 1,
i.e. when the structural shocks occur. We note that the model remains stationary and the
regularity conditions needed for IP inference can be verified to hold.*

For simplicity, we impose that s; = s; which implies that the narrative is observed

S4In contrast, if (S15) is the true underlying structural model, the conventional SVAR model (S14) is mis-
specified and the narrative SVAR methods of Antolin-Diaz and Rubio-Ramirez (2018); Giacomini, Kitagawa
and Read (2022) cannot be applied.

11



whenever the structural shock occurs, and we define™

g(éft)—f—ct if teg
0 if teB

Zf:f(é?t;@):{ ;
which implies a subtle difference in interpretation: on B there were no shocks to defense
spending and the narrative documents the correct value of zero, i.e. 0 = ¢, for t € B. This
instrument series together with model (S15) fits in the general framework of the previous

section, and hence innovation powered narrative inference can be applied in this setting.

Invariance of Innovation Powered Inference

Next, we clarify why innovation powered inference is invariant to the underlying structural
model and we show that the gains in efficiency are the same regardless whether model (S14)
or (S15) is true. In other words, the reductions in variance are the same regardless whether
structural shocks exist on B.

For simplicity suppose that a researcher uses innovations v; = p;-. Model (S14) implies
— after projecting out the lags — that ptL = D01 = Pr1oer + Zfiz ®y;0m;¢ and the
innovations depend on the structural shock of interest for all time periods ¢t € N. In contrast
for model (S15) we have p;- = &; + ZJKZQ ®4;0m;: only on G and p;- = ey, on B.

Consider the main innovation powered sample moments for horizon h = 0

1 1
ﬁt%jvzﬂy#—eopﬁst/m(qt;éw 3 Egjvpﬂyf—eopﬁ(l—st/m(qt;a)),

, weight ,
- -
narrative part innovations part

which determines the IPIV estimator and the IPAR test statistic.

The narrative part of the moment condition depends on &; via z;* and hence this part
exploits the correlation between the structural shock and the macro variables. However, this
term is only nonzero for t € G, and therefore the existence of structural shocks on B does
not matter — they never contribute —.

The innovations part is non-zero for all ¢, but in contrast to the narrative term it does

not exploit any correlations among structural shocks and observables. Indeed, we can write

1 1
- E p#(ytl - 90?#)(1 - St/H(Qﬁ 5)) = — E elt(ezt - 90e1t>(1 - St//‘i(qw 5)) )
n n

teN teN

S5Violation of this assumption can go two ways. First the narrative may miss certain structural shocks
(e.g. because they were small) in which case the narrative instrument will remain exogenous (similar as in
the scenario above). Second if the narrative documents a structural shock when there was none, we violate
Assumption 1 and we fall outside the scope of innovation powered inference.

12



which only depends on the reduced form correlations among e;. As both models have identical
reduced form shocks these correlations are identical for (S14) and (S15). The fact that
different structural shocks may have generated them is irrelevant. As long as the stationarity
assumption continues to hold and the correlations among the macro variables are not different
on G and B innovation powering will reduce the variance.

Finally, one may wonder whether the efficient weight estimate 4 change when structural
shocks are missing. To show that this is not the case consider the expression in equation
(28). There are two types of terms: those that depend on z;* and those that do not. Similar
as above the terms that depend on 2z are only computed on periods G, whereas the other
terms only exploit reduced form shocks which are identical across the different SVAR models.

We conclude that each of the components of the innovation powered sample moments is
invariant to whether or not structural shocks arrive on B, hence the resulting estimators and

tests are are as well.

S4 Simulation study

We discuss the details of the simulation study that we conducted to verify the finite sample
properties of the IPIV estimates and IPAR tests.

S4.1 Simulation design

We simulate data from two different models: the static simultaneous equations model that
was discussed in the illustrative example and an SVAR model calibrated to different empirical
settings considered in the literature. The first model aims to explore the performance of our
method in a stylized setting, whereas the second class of SVAR models aims to assess the
workings of our method in realistic macro examples.

Within in each model class we consider different specifications that we detail below. For

each specific simulation design we simulate M = 5000 datasets.

Linear simultaneous equations model We consider the model

v = Opy + 0&; pe = cep + o, fort e N,
where (&, ¢;) YN (0,15). The scale o is fixed at one, the degree of endogeneity is fixed at
v = 1.5, instrument strength is governed by ¢ which is varied between ¢ = 0.5 and ¢ = 1.0,
and 6 = 1 is the parameter of interest. The narrative instrument is generated as z; = ¢; and

the innovations are set as

v =pu+(1-p%&,

13



where p € (0.4,0.8) captures the relevance of the innovations. Note that all these parameter
choices interact for determining instrument strength. Therefore, for each combination of
parameters, we summarize the model by reporting the average F' statistic across simulations.

The narrative instrument is observed either completely at random or as a function of the
state variables. The first case is included to explore the minimum ng requirement for which
our methodology has good finite sample properties. Specifically, to have exact control over
the number of narratives we select a fixed number of ng periods to be observed at random
from n. We consider ng = 25, 50, 100, 150 and n = 200, 500.

For the second case we model 7(q;) using the logistic specification

() = exp(q;9)
Y T4 exp(qpd)

and we consider two parametrizations: q; = (1,p;, %) and d = (¢,0.2,0,2) — indicated by
7 =1 in the results — and q; = (1, |&])" and 6 = (¢, 0.2)— indicated by 7 = 2 —. For each
specification we only consider draws for s; such that 50 < ng < 150. To ensure this happens

on average we pick the constant ¢ = —1 for n = 200 and ¢ = —2 for n = 500.

Structural VARs In our second design we simulate data from an SVAR model that is

calibrated to monetary or fiscal policy data from the US. The general model is given by

P
Wy = Z Q;wi ;i + Aomy

j=1

where w; is a vector of macro variables that includes y; and p;, and 7, are the structural
shocks which include ¢;, which is the shock that generates exogenous variation in p,. We are
interested in estimating 6y, in model y;1p, = Opp; + B),X¢ + sy, Where x; includes a constant
and the lags of vy, p;.

The narrative instrument is generated in a dynamic way
jid
2= 16+ g1 + G ¢~ N(0,1),

which allows for serial correlation in the instrument. The latter is important as most instru-
ment series in macro are serially correlated (Alloza, Gonzalo and Sanx, 2019). We consider
(c1,¢2) = (0.9,0.5) or (c1,c2) = (0.5,0.2). Similar as for the simultaneous equations model
we select the observed narrative periods s; = 1 either completely at random or with prob-
ability 7(q¢) taken as a logit with q; = (1,p;", y;1,) and & = (¢,0.2,0,2) — indicated by
7 = 1 in the results — and q; = (1, |&|)’ and § = (—1,0.2)— indicated by 7 = 2 —, and
¢ = —1 for n =200 and ¢ = —2 for n = 500.

14



The variables and parameters are based on our empirical studies.

1. Monetary policy. We consider w; = (wyy, wor, w3¢)" with unemployment y; = wy;, PCE
inflation wy; and the short term interest rate p; = ws;. Using p = 12 the model is
fitted using monthly US data over the 1954M7-2016M12 period. The structural shocks
are ordered as 1y = (914, N2r, €¢)’, where &, is the monetary policy shock. This shock is
identified by imposing short run recursive restrictions on the impact matrix Ag. The
parameters are estimated using OLS and we use these parameter to generate the data
and the define the true impulse response. The results are shown for 8, corresponding

to the unemployment response at horizon h = 30.

The innovations that we consider are: (i) v; = ws; and (ii) v; = w;;, which are
the interest rate or growth rate after projecting out the lags of p;, y;. Intuitively, (i)
which uses interest rate innovations is more promising as the monetary policy shock is
typically more pronounced in these series. In contrast, (ii) uses GDP innovations and
variance decompositions show that monetary policy explains little variation in output.
Note that neither choice makes use of the lower triangular ordering in the SVAR used

for simulating the data.

2. Fiscal policy. We consider wy = (wyy, way, wsy) with wy, is taxes, p, = wy, is spending
and y; = ws, is gdp growth. We fit the reduced form VAR to quarterly US data from
1947Q1 until 2015Q4. We use the short run restrictions from Blanchard and Perotti
(2002) to identify the effects of spending. The innovations that we consider are: (i)
v; = ws; and (i) v; = wy;, which are the interest rate or growth rate after projecting
out the lags of p;,y;. The results are shown for 6, corresponding to the gdp growth

response at horizon h = 30.

S4.2 Evaluation criteria

We compare the accuracy of the ézuc IPIV estimator and the conventional IV estimator that
is based on the instrument z; that includes the zeros. We report the root mean squared
error (RMSE) and the mean absolute error (MAE). We note that due to the relatively
weak instruments in some simulation design some outliers in the parameter estimates occur
(notably in the conventional IV estimator). This makes the comparison based on mean
squared error somewhat distorted and the results for MAE are more reliable.

Further, we evaluate the size of the IPAR and AR tests and the length of the confidence
interval based on inverting these tests. To evaluate the empirical size of the test we compare
the empirical null rejection probability (ERP) the nominal level « = 0.05. Finally, the length

of the confidence set is capped at 50 for each draw to reduce the computational time. This
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implies that for very weak IV designs we will not see much differences in the confidence set
length as both IPAR and AR are uninformative.

S4.3 Results

Linear simultaneous equations model The results for the simultaneous equations

model are shown in Tables S1 and S2, where S1 considers random selection for good pe-

riods and S2 considers G selection via the discussed logit models.

The following patterns can be detected under random selection from Table S1.

(i)

(i)

(iii)

The length of the confidence set based on the IPAR test is virtually always smaller on
average when compared to the length based on the AR test. The leading determinants
for the magnitude in reduction are: (i) the correlation between the innovation and the
instrument as captured by p — larger p leads to more gains — and (ii) ng/n ratio —
when ng is small relative to n the gains are larger. The strength of the instrument
as measured by the F-statistic is moderately important for the reduction: stronger
instruments lead to slightly larger improvements for IPAR, but a part of this is driven

by the maximum length of the confidence intervals being capped at 50.

For example, when n = 200, ng = 50, p = 0.4 and F' = 7.6, the gain in confidence set
length reduction is 32%. When we increase p to 0.8, the gain becomes to around 80%.

In the same scenario varying ng = 25 to ng = 150 modifies the gains between 30% and

0%.

The size of the IPAR test is generally good. Only when ng = 25 we find that the
test starts over-rejecting. This is not surprising as our asymptotic approximation is
based on ng — oo. Interestingly, when p increases — i.e. the innovations become more
relevant — the size distortions also disappear for ng = 25. Nonetheless, we strongly
recommend to only use the IPAR test when ng > 50. In future work we aim to explore

alternative ways of approximating the distribution of IPAR.

The reductions in RMSE and MAE are very large for the IPIV continuous updating
estimator (relative to the conventional IV). This holds for virtually all specifications
considered. We note that due to the large outliers when the instruments are weak the
patterns are not always clear. Further inspection shows that the reductions all come
from the variance part of the MSE, the bias term is is virtually identical for IV and
IPIV.

Table S2 shows the results for the setting where the selection probabilities depend on the

state of the economy. The conclusions made above also hold for this design. We make the

following additional observations.
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(iv)

The specification of the selection model does not affect the results much. The gains for
the case where the selection probability depends on |&;| — i.e. the size of the shock —
are generally a bit smaller when compared to the case where the logit model is defined
by observables p;, y;. Nonetheless, the reductions in confidence set length can still be

large.

Structural VARs The estimation results for the structural VAR model are shown in
Tables S3 and S4 for the monthly monetary SVAR and in Tables S5 and S6 for the quarterly
fiscal SVAR. Again, the first table corresponds to the completely ignorable selection case

where G is picked at random and the second tables correspond to the case where the logit

selection model is included.

We make the following observations.

(v)

(vi)

(vii)

S5

The TP gains in RMSE, MAE and CS length reduction clearly depend on the choice
of the innovation. While in the previous simulations this was tightly controlled by the
parameter p, here it becomes clear when we compare using p;- and y;- as innovation. In
each design the shock of interest, e.g. the monetary shock, is much more pronounced in
pi- and therefore using this as innovation leads to much improved results. In contrast
when we use v; = y;i- the gains are much more modest, and in some designs we even

lose relative to conventional IV.

The size of the IPAR test is somewhat less well controlled overall — the ERP is slightly
above the nominal level. We note that this is also observed for the conventional AR
test and is most likely due to the estimation of the long run variance matrix. This is a
well known difficult problem and our choice for relying on the Newey and West (1987)

estimator can possibly be improved (e.g. Lazarus et al., 2018).

Comparing the monetary and fiscal VARs we find little differences. The gains are
somewhat larger in the quarterly VAR, which is possibly due to the reduced serial

correlation in the model.

Additional empirical results

S5.1 Romer and Romer (1989) meets Romer and Romer (2004)

In this section, we revisit our empirical application on the effects of monetary policy by

considering an alternative candidate for the innovations v;: the Romer and Romer (2004)
monetary shocks, henceforth RR04. RR04 estimate a time series model of the fed funds
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rate (a policy rule), where they use internal forecasts from the Fed Board staff —the Green-
book forecasts— to control for the Fed’s information set. This provides a more credible
identification strategy than Sims (1980)’s original approach, as the Fed reacts to a lot more
information than can be included in a macro time series model. By controlling for the staff
forecasts for unemployment and inflation, RR04 can isolate movements in the policy rate
that are orthogonal to the expected paths of unemployment and inflation.

Unlike the narrative approach of Romer and Romer (1989) (henceforth RR89) however,
the Greenbook forecasts may not control for all the information that the Fed is reacting to,
such that the RR04 innovations may be contaminated by residual endogeneity. As Romer and
Romer (2004) note (p. 1066), “To the extent that policy makers employ useful information
about the paths of output and inflation beyond what is in the Greenbooks,|...], our series
could still include [some] anticipatory actions.”

The comparison between RR89 and RR04 is a great illustration of the power-credibility
in time series macro. On the one hand, RR89 is a very credible approach to isolate exogenous
changes in the policy rate, but the method can only isolate a few episodes: credibility is very
high but power is lower. On the other hand, RR04 identify monetary innovations at every
single dates but some of these innovations may not be entirely exogenous: power is high but
credibility is lower.

Figure S1 plots our IPIV estimates using RR04 as innovations. Compared to the Sims
(1980)’s type innovations, the RR04 innovations are closer to the true underlying monetary
shocks, and the correlation with RR89’s narrative shock proxy is higher (0.43 vs 0.40),
implying larger gains from innovation powering. Counterbalancing this effect, the RR04
series is shorter, covering only 1967-2007 (using Tenreyro and Thwaites (2016)’s extension)
instead of the 1954-2023 sample underlying our baseline estimates in Figure 4, implying
smaller expected efficiency gains from innovation powering.

Overall, the results are similar to those presented in the main text with substantial
reductions in confidence bands for both inflation and unemployment. The reductions are a
bit smaller for unemployment however, with reductions in the order of 20 percent at horizons

above 10 months. This is likely due to the smaller sample period covered by the RR04 series.

S5.2 Romer and Romer (1989) with selection

On possible worry for our IPIV estimate of the effects of monetary policy is that the selection
process for the Romer and Romer (1989) dates are not random. Indeed, Romer and Romer
(1989) are careful to select times when output is at potential but inflation is suddenly deemed
too high by the central bank. This indicates that the selection of RR89 dates is not random

but depends on the underlying state of the economy.
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To address this concern, we model the credible event selection probability by considering
a linear logit model in p;-, y;-, with vz, the unemployment and inflation rates. Figure S2
plots the results and show similar efficiency improvements, in fact slightly larger for the

unemployment response while a bit smaller for the inflation response.
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Appendix: Tables and Figures

Figure S1: Effects of Monetary Policy, Innovation-Powered IV, RR89 meets RR04
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Top row: TPIV point estimates (éﬁue, thick black line) for unemployment and inflation, together with the
innovation-powered AR bands (IPAR) and regular AR bands at 95% confidence levels. Middle row: differ-
ences in the lengths of the 95% bands for the regular IV estimator (“AR bands”) and the Innovation-Powered
IV estimator (“IPAR bands”). Bottom row: Time series of the Romer and Romer (1989) shocks and Romer
and Romer (2004) innovations. The table reports the mean absolute error (MAE), Empirical Re-
jection Probability (ERP) and the width of the confidence interval (wCS) for the standard
IV estimator with AR confidence set and the innovation powered versions.
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Figure S2: Effects of Monetary Policy, Innovation-Powered IV with selection model
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Notes: The top row shows the IPIV point estimate (ézue, thick black line) for unemployment and inflation,
together with the innovation-powered AR bands (IPAR) and regular AR bands at 95% confidence levels.
The bottom row reports the difference in the lengths of the 95% bands for the regular IV estimator (“AR
bands”) and the Innovation-Powered IV estimator (“IPAR bands”)

23



"suotsIaA paremod UOTIRAOUIUT 91} PUR 19S 9OULPYU0D Y [IM IOJeIISd AT PIepuUR)s a1} 10] (YISUS] §)) [RAIIUT 9OUSPYUOD

a1} Jo IpIM o1y pue (JUH) Aiqeqold woryoaler Testrdure ‘(HyIN) 10110 9jnjosqe uesw ‘(HSINY) 10110 porenbs weawl 001 o1} s110dal o[qe) O, §90N

65 TL 8F0- 9T°0 2¢0 9F0°0 €500 ¥0°0 900 SO0 800 0ST 80 OT 00S
8e'8F 840~ 610  9F0 TFO0 FS00 FO0 800 SO0 TIT0 00T S0 OT 009
0T 88°0- ¥¢0 ¥0¢ 0F00 €900 SO0 €10 900 610 05 S0 OT 009
67 LT L60- ¥€0 ¢Z€T ¥90°0 0F00 900 0z0 800 O0FV0 S¢ S0 0T 009
29°c. TT°0- 820 TI€0 8S0°0 6800 900 900 800 800 0ST ¥#0 OT 005
8L°6F ST'0- 80  9%°0 6500 SS0°0 200 800 OT0 TII'0 00T #0 OT 009
65°LC LF0- 10T €6°T 1800 1600 TIT°0 20 S8T0 610 05 ¥0 OT 009
9z9T T190- S6C  FSGT CSIT'0 0S00 L0 L£0 2¢l %6€ S¢ ¥0 0T 009
I€8T ¢80~ S0 LLC 6V00 0S0°0 800 910 ¢I'0 1I€0 O0ST 80 S0 005
2Cel T60- LS50  L6L 6800 6F00 600 SZ0O €10 TOT 00T 80 S0 00
96,  S60- OT'T  6£€ €500 G500 TIT°'0 090 ST'0 90¢ 05 80 S0 009
Ge'¢ 060~ 8€¢  GTLE 6900 SE00 STO  PET F9O0 T8 SC 80 S0 009
GZ'8T 820~ S8T 6S¢C SG00 800 ST'0 910 G20 920 0ST ¥0 S0 009
PLET LE0- FST I€L €900 8€00 020 ¢Z0 €F0 G0 00T ¥O S0 009
G0'8 920~ 06'C€T T161¢ ¢L00 LS00 9%'0 @80 S9C ¢TS6 05 ¥0 S0 00
Ge'C  ¢€0- LP¥e ¥F9S 9110 0F00 €0T  SFT $9C G669  S¢ ¥0 S0 009
6989 ST'0- 820  €£0 0.0 1900 900 900 800 600 0ST 80 0T 002
9667 9¢0- 620 9F°0 FS00 8F0°0 900  80°0 800 TIT0 00T S0 OT 002
8.°L% T80~ ¥E0O 00T SPO0O LFOO 900 0 600 610 05 S0 OT 002
899T 960- ¢¢0 OFFl 6F0°0 SF00 800 220 ¥I0 09T S¢ S0 OT 002
¥Z'0L ¢00- TI€0 2¢0 8F0'0 P00 900 90°0 800 800 0ST ¥O0 OT 002
0167 0T°0- TIFO 970 2S00 GS00 800 800 TIT0 TI'0 00T #0 OT 002
L0LZ 970~ ST'T  1¢¢ T1.00 €C00 ¢I'0 €10 610 020 05 #0 0T 00T
LZ9T GS0- 609  FLET 00T°0 GS00 620 LS80 €8T T9LT SZ ¥0 0T 00T
0¢8T ¥F0- 69T €0°¢ 1900 ¥S00 STO LT0 S€0 TFO0 0ST S0 S0 002
28T LLO- LLT  G8L TG00 TIS00 ¥T0 120 IO IF0 00T 80 S0 002
L9L T80~ T8E  LgTT SF00  SP00 9T0 8T LZ0  TILLT 0% 80 S0 00T
9z°¢ 180~ 189 IT°.L8 6F0°0 9¥0°0 610 ¢TT 8€0 16S¢ G¢ 80 S0 002
2981 000 8¥¢ 8FC TG00 SS00 ST0O ST0 920 920 0ST ¥0 S0 002
6.¢T 9T°0- ¥S9 ¥8L 0500 ¢€00 120 ¢g0 1.0 TL0 00T #0 S0 002
L9L  €¢0- T1¢GT GLTZ GL00 FH00 ¥90 T0T 09C 60TT 05 ¥0 S0 00T
PG 020~ L£C6Z  TIF9¢ OIT'0 SF00 €I'T 89T 8¢C 6861 G¢ ¥0 S0 002
wpd V% UVdl MV UVdl UMV AIdI Al AIdl Al bu d o u
q38uo] SN d494 HVIN HSINY

(1) THAON SNOLLVADH SNOANVIINNIS — HONAAIAF NOLLVINNIS :TS 9[qR],

24



'SUOISIoA @@M@BOQ uorjeAoulUl 97} PUR 39S 90UPYUOI Y YHM IOJeWI)So AT pIlepueis ayj I0j AQQWQ®~ mOv [BAIOUT 99UOPHUOD

o1} Jo Ipm o1) pue (JYH) ANfiqeqold uorjoslor reotnidue ‘(FyN) 10110 9injosqe weow ‘(FSINY) I0110 porenbs ueour 3001 o1} s310dol 9[qR) O, S0\

L88€ ¢L0- 8T0 890 6900 9900 ¥00 600 900 €TI0 ¢ 80 0T 009
¢l'es ¥90- €10 9¢0 6¥0°0 LvOO €00 TI10 %00 €10 T 80 0T 004
L60y ¢€0- 9¥0 L90 L1900 <900 600 600 <10 ¥I0O ¢ ¥O0 OT 00§
60vS I11°0- 1€0 G€0 ¢900 8900 L0O TIT0 600 €10 T ¥0 0T 009
G111 96°0- ¥9°0  ¥8ITL ¥S00 ¥vOO 600 L9°0 €TI0 O08L ¢ 80 G0 009
80°¢T 96'0- S¢€0 ¢88® 8300 0800 L00 ¢<¢¢0 600 ¥90 T &0 G0 00¢
¢L0l ¢v0- ¥cL 89¢l ¢800 9900 €20 G0 10 80 ¢ ¥0 G0 004
€6¢cl €60~ 990 8I'® ¢¥00 €900 010 G0 €0 ST T ¥0 G0 004
¢rve 890- 620 ¥60 6500 0900 900 010 8OO0 ¥I'0 ¢ 80 071 00¢
LLey €90- 920 690 0L00 71500 900 TIT0 L00O0 ¥#I0 T 80 OT 00¢
66 7€ €€0- 690 680 8.0 9700 010 OT0 ¥#I'0 <910 ¢ ¥0 0T 00¢
L9¢y 1¢0- 0F0  TI90 9000 4500 800 OT0 TI0 €10 T ¥0 OT 00¢
GL'6 980~ T1€¢ 9.9l G500 Tv00 910 8EO0 9¥0 Lv'T ¢ 80 G0 00¢
L9°0T 060- €T ¢4¢l 8900 9500 €10 920 610 980 T 80 G0 00¢
€L6  €€0- L80T T¥9T L1900 0900 690 090 ¥€9 7¥9¢ ¢ ¥0 G0 00¢
vL0T 08°0- €v¢ 99¢l 6900 800 LT0 ¥#€0 60 86T T ¥0 G0 00¢
wd V% 9VdI UV 9Vdl 4V AIdI Al AIAI ATt d 2 u

139l §O d4d HVIN HSINY

(11) THAOIN SNOLLVNADH SNOANVIININIS — HONHAIAH NOILVINIWIS :gS d[qe],

25



"suotsIaA paremod UOTIRAOUUL 91} PUR 19S 9OULPYU0D Y [HM IOJeWIISd AT PIepurIs o) 10] (Y1SUs] §)) [RAIIUT 9OUSPYUOD

at[} Jo Ipm o1y pue (JUH) Lyiqeqoid uorgoelor reorndue ‘(HyIN) 10110 ojnjosqe weawl ‘(FSINY) 10110 parenbs weaur j001 o) s10dol o[qe) Y, 90N

298C 0000~ T €T 0L00 9900 OV0O TI¥0 TG0 ¢&0 o<t (z0‘co) 005 -fi
€00z 200 9TF  <¢OF 6900 <T90°0 TS0 050 890 290 00T (zo‘co) oog +fi
PEIT 600 00FT €8¢l 1600 9900 680 OI'T 69T ¢g6  0¢ (zo‘co) 00g A
ITL €00 90.% 2092 6IT0 100 26T OLT S08 089 G (zo‘co) oog +fi
8zZ'CL 000 ST  ¥ZT 8S00 0900 G20 920 2€0 €£0 o<t (S0°60) 005 -fi
99'8F 1000~ €9°T S9T G900 €900 &0 €80 ¢h0 ¢F0o 00T (S0°60) 005 -fi
0292 €10 9¢% CL¢ 6L00 ¥S00 6F0 050 S90 690 05 (¢0‘60) o00g +fi
68°GT €1°0 LT'ZT ST'CT 1800 LS00 €80 €80 €€T1T ¢¢T ¢z (50°60) 005 fi
9¢'1Z 900~ 0¢¢ SPe 0800 L0TO OF0 OF0 ¥S0 ¥S0 0St (20°‘¢0) 00z -f
6CFT 200~ S¢S IFS  L0T0 600 €S0 €50 940 FL0 00T (20‘c0) 00z fi
66, €00 FELT 9L9T 6600 T1600 S&T €8T ¥9L 090T 0% (20‘¢0) 00z +fi
20 Y00 LT6T 60°8C 7800 T900 FIT SPT LS6  8¢Tl  ¢¢ (T0‘co) 00z fi
6826 L00- T0T 60T 8600 <¢OT'0 920 220 ¥€0 60 o0cr (¢0'60) 00z -fi
02¢¢ 200~ 8ST 9T SOT'0 G600 €80 €80 €0 ¥F0 001 (S0°60) 00T -fi
€e LT 010 289 TLS 7800 0800 TS0 2¢O SI'T 280 0% (S0'60) 00z fi
PIOT 910 €602 LVLT 1800 G800 00T €T <Lz 1F%l < (¢0'60) 00T A
298C 60°0- 20T €ZT 9900 9900 8&0 IF0O 6F0 ¢¢0 ocr (T0‘¢0) 00¢ d
€00z 020 €°¢  S0O¥% 0S00 ¢900 9%'0 0S¢0 €90 290 00T (20‘¢0) 00¢ +d
PEIT €20- GL6 €8¢l G500 9900 9.0 OT'T 281 ¢z6  0¢ (zo‘co) 00s +d
ITL 220~ I8ST 2092 SF00 1600 LT OLT .98 089 <S¢ (z0‘¢o) 00 +d
QzZ'ZL VIO~ L0T  ¥ZT SPO0 0900 TZ0 920 620 €€0 0S¢t (S0°6'0) 005 d
99'8F ST°0- FET  S9T TS00 €900 820 €80 98¢0 ¢Fo 001 (50'60) 005 -d
0292 8€0- ¢€CT GL¢ 0S00 ¥S00 OF0 0S¢0 8¢0 €90  0¢ (¢060) 008 +d
6€°GT €9°0- €0L S8T'CT LP0'0 LS00 ¢€T €80 8907 ¢C¢T ¢z (g06°0) 005 -d
9¢'1Z 800~ ¥¢¢  Sve  ¥S00 L0T0 IFO  OF0 S50 ¥S0 oSt (20'¢0) 00z Ld
6ZF%T CI'0- ¢L¥ IFS  S0T0 ¥600 €S0 €S0 €20 ¥L0 00T (20‘¢0) 00z -d
66, 9T°0- 00FT 9L9T 6L00 1600 62C €£T 162 090T 05 (20'¢0) 00z -d
20°G 20~ T6'1Z 608 ¢90°0 T900 ¢l SFT 9L s¢el s (z0‘¢o) ooz +d
6826 80°0- 00T 60T G800 ¢TOT'0 .20 LZ0 S€0 S€0 0St (S0°6'0) 00z -d
02¢¢ ¥I'0- 68T C9T 0600 G600 ¢80 €80 ¢h0 ¥F0 00T (50°60) 00z -d
€e LT 820~ S0F  TLS  ¥90°0 0800 GS0 TS0 ¢9C 280 0S5 (§0'6'0) 00z Ld
PO CP0- €T0T LPLT 1900 G800 080 €T 0¢T 1F¥%1 ¢ (¢0°60) 002 +d
wd V% UVdl MV YVdl 4V AIdL Al AIdI AL bu (') u

q)SUd[ SO dyd HVIN HASINY

(1) ¥VAS AMVIANOIN — @ONAAIAY NOILVIAWIS €S 9[qel,

26



"SUOISIOA Palomod UOTPRAOUUL 9} PUR 3OS 9OUSPYU0D Y YIM I0JRWISO AT pIepur)s oyj 10f (38us] ) [RAIOIUT SOUSPYUOD

o1} Jo pmm o1) pue (JYH) Anfiqeqold uorjoslor reotnidue ‘(FyN) 10110 9injosqe weow ‘(FSINY) I0110 porenbs ueour 3001 o1} s310dol o[qR) O, :$90N

91’61 TIT°0 6LF TI€¥ 1200 0900 0L0 G690 S6¢ ¥#S¥ ¢ (z0‘¢0) o00g -f
89°LT €00 OFVS ¢I'S T.00 8S00 2&0 ¢S50 ¢,0 c¢,Lo 1 (zo‘co) oog -f
29O9F 000 TLT  OLT 0900 9500 €€0 €80 b0 €0 ¢ (50600 00¢ fi
€6'0F €00 T6T L8T 2900 SS0°0 FEO0 Se0 ¥HO  <k0 T (S06'0) 00¢ fi
Crer 110 ¥09 TFS 2800 F800 IS0 050 120 890 ¢ (zo‘co) ooz A
€6'¢l T00 €49 9¢9 1600 SL00 ¥S0 290 ¥80 Foz 1 (z0‘G0) ooz fi
¢e'ge 00 TLT  L9T 9L00 0800 2€0 ¢eo0 1v0 ¢vo ¢ (¢060) o0z fi
L6°€¢ F0°0- 89T  9LT L6000 ¥600 ¥E€0 S&0 ¥HO SF0 T (§0'6'0) 00T fi
9T'6T S0'0 9SF  0€F LS00 0900 GL0 S90 6VL ¥5F ¢ (z0‘¢0) 00¢ -d
89°LT T¢0- 00F 2I'S 0900 8500 SF0 S0 L90 cL0 T (zo0‘¢o) 00 -d
Zo9% IT°0- 0ST 0LT 200 9S00 620 €€0 8¢0 €0 ¢ (5060) 008 -d
€6°0v ¢T0- ST L8T LFO0 SS0°0 S0 GE0 L&0 S0 I (S0°60) 008 d
GI'ST 900 LLSG IFS 8L00 %800 ¢&0 0¢0 1.0 890 ¢ (z0‘¢0) 00z -d
€6'¢T TT0- 9T'G 999 TL00 8L00 80 90 60C ¥0¢ T (z0‘¢0) 002 -d
¢e'ge TI1°0- 6FT 29T 8600 0800 080 2&0 8¢0 c¢Fo ¢ (g0'60) 00z -d
L6°€E LT°0- SFT 9LT 1600 ¥60°0 I1€0 <€0 0v0 <o 1 (¢0'60) 00z 4
pd V% UVdl UV UVdl MV AIdL Al AL Al (D) u

REELEIENG d4dd HVIN HSINY

(II) YVAS AUVIANOIN — FONAAIAH NOLLVINNIS :FS O[qRT,

27



"suotsIaA paremod UOTIRAOUUL 91} PUR 19S 9OULPYU0D Y [HM IOJeWIISd AT PIepurIs o) 10] (Y1SUs] §)) [RAIIUT 9OUSPYUOD

at[} Jo Ipm o1y pue (JUH) Lyiqeqoid uorgoelor reorndue ‘(HyIN) 10110 ojnjosqe weawl ‘(FSINY) 10110 parenbs weaur j001 o) s10dol o[qe) Y, 90N

06¢¢ €00~ FSSC 909 €900 SS00 TII'T II'T TPFT CFT oSt (20°‘¢co) 005 -fi
€C°6C C00- ST'S 8¢S 16000 L9000 FHT LT 06T 26T 00T (20°‘¢0) 005 fi
9L°¢T €00~ SELT 9¢8T GLO0 ¥P00 ¥2T 91 8SF  FLE 05 (20‘¢0) 00 Lf
G688 L00- 0£LC GV6C 6010 ¥£00 96°€ SOF 668 80T <S¢ (20‘¢0) 005 -fi
QT°26 TO0- ¥9'¢ €€ FO0 0F00 690 1.0 880 160 0ST (S0°60) 005 -fi
7099 €0°0- 89F  L8F 9S00 0S00 680 ¢60 <r'T ST 00T (¢0'60) 00¢ A
86°G¢ L0°0- 89°L 08 6900 0S00 LT STT ¥9T 99T 0S¢ (¢0‘60) 00c i
QZ'IZ 800~ €LLT 6£61 SIT0 0800 €1'c S0¢ ¥¢e S0¢ <z (S0°60) 00 -fi
99°¢¢ 800~ TGS €09 9900 6V00 90T SOT 98T 6¢T  0ST (20‘¢0) 00T Lf
z8TT 600~ T6L TLS 6L00 8G00 FET  PET OLT  LLT 00T (20‘¢0) 00z fi
€L°ZT 800~ 09°LT €Z61 8800 %S00 91c ¥2¢ 8€¢ ¢r'y 05 (T0‘co) ooz -fi
G6L 800~ L8LT SL0& TITO 6F00 TI€¥  08F STIT 0911 <2 (20°‘¢0o) 00z +fi
L1L6 2000~ €8¢ 29¢ 2800 G900 €0 GL0 €0 960 0ST (50°6°0) 00 A
2819 L000- 8€F  TLF 6800 0S00 S80 880 Or'T  FI'T 00T (S0°60) 00T -fi
¢60¢ 01°0- 86L €68 2900 8G00 TI&T G&T cLT LT 0% (S0°60) 00z -fi
GO'8T IT°0- TPFST ¥80¢ ¥OT0 TFh00 L0C 90C II'¢€ L6C <& (S0'60) 00T +fi
06¢¢ TI'0- 2€<¢ 909 GS0'0 SS00 €0T IIT €T ¢FT1  oer (T0‘e0) 00 d
€Z°6C 9T°0- ST'L 8¢S  0L00 2900 9¢T L¥1 641 6T 00T (20°¢0) 00¢ +d
9L°¢T €20~ CU'FT  9€'8T TC00 FPO0 86T 9TC I8¢ FLe 05 (20°G0) 00¢ -d
688  LT0- SV'IC SP6C 9¥00 ¥E00 88T 80T 626C 8¢0T ¢z (20'¢0) 008 Ld
QT'26 91°0- TII'€ €L ¢ ¢h0o0 0F00 290 1.0 840 160 0ST (50°60) 008 -d
7099 120~ ¢8¢ L8F  SPO0 0S00 9.0 60 960 ST 00T (¢0°60) 00¢ Ld
86°GE €£0- IS¢ 0¢€8 900 0S00 ¢OT 8T €¢T 99T  0¢ (¢060) 008 +d
Q' 1C L0~ ST0T 6861 8800 0800 SST 80¢ 8F¢ S0¢  <¢ (50'60) 005 -d
99°¢¢ 800~ TSS €09 2900 6V00 60T SOT OFT 6T 0ST (20'¢0) 00z Ld
e8TC CI'0- T¥L TLS  0L00 8600 TIST  PET FLT LT 00T (20‘¢0) 00z Ld
€LZl €T0- 6LFT  €T6T 9900 ¥S00 61 ¥ZT 9¢9 Iy 0S5 (T0‘c0) 00z Ld
C6L  FC0- 8LCT GEL0L SS00 6F00 09F 0¢v SFIZ 0911 ¢ (20°¢0) 00z +d
LTL6 80°0- 0¢¢ 29¢ 9800 S900 €40 SL0 €60 960 0Sr (50°60) 00z +d
2819 CI'0- 86'¢  TLF 0900 9500 ¢80 880 90T FI'T 00T (50°60) 00z -d
C60¢ €€0- TS €68 9900 8600 CI'T  SeT SPT LLT 0S5 (S0°6'0) 00z Ld
GO'ST S0~ FSOT ¥80C LS00 THO0 99T 90C I8¢ 2L6C  <¢ (§0'60) 00z -d
wpd V% UVdlI 4V  9Vdl 4V ALl Al AIdT Al v (P0)  u
q38uo] §D d494 HVIN HSINY

(I) YVAS TVOSI — AONHAIAY NOLLVINNIS :GS d[qe],

28



"SUOISIOA Palomod UOTIRAOUUL 9} PUR J0S 90USPYU0D Y [IIM I0JRWISO A] pIepur)s oyj 10f (38us] §)) [RAIOIUT SOUOPYUOD

o1} Jo pm o1) pue (JYH) Afiqeqold uorjoslor reotridue ‘(FyN) 10110 9injosqe weow ‘(FSINY) I011o porenbs ueour 3001 o1} s310dol o[qR) O, S0\

¥6'2¢ ¥0°0- 0£6  0L6 9S00 6V00 S€T 68T ¥8T 68T ¢ (20°'¢0) 005 f
7981 GO0~ ¢9CI 6C€T TL00 TS00 08T 08T ¢¢¢ ¢sc 1 (20‘¢o) 00s -
00€9 €00- ¥8F F0OG TLOO 0900 €0 ¥60 61T 1T ¢ (¢0°60) 00¢ -fi
6¢°LF SO0~ 96 €89 GLO0 €500 €IT  €IT 9FT 9T T (¢0‘6'0) 00g Lfi
€z'Te 900~ L26 166 €L00 1S00 OFT OFT 88T 8T ¢ (¢o‘co) 00z A
09°LT 600~ €6TT SIT'E€l TL00 LPOO 89T 99T ¢€¢¢ 9z¢ 1 (z0‘¢o) ooz +fi
T€LS G0°0- LLF 20 8900 0900 ¥60 G60 12T <ol ¢ (¢0'60) 00T -f
LLVP L000- 08¢ L9 TL00 TSO0 OT'T  €IT €1 LFT T (§0°'60) 00T +fi
v6'2C €0°0- 8€6 0L6 THO0 6V00 68T 68T 28T <81 ¢ (T0‘c0) 005 d
7981 120~ ZFOT 6C€T 800 TS00 S9T 08T ¢he ¢¢z 1T (20'co) 005 -d
00€9 CI'0- 9¢% ¥0G ¢PO0 0900 ¢80 %60 ¥OT 12T ¢ (S060) 005 +d
6¢°LF LT0- 65F €89  6V00 €500 160 €T 9T'T 9FT 1 (g0°6'0) 00 +d
€z'ZC €00~ SS6 166 €900 T1S00 TIFT OFT 88T L8T ¢ (20‘¢0) 00z +d
09°LT 0Z0- 2G0T ST'E€T LS00 LPOO 9ST 99T L1C 9z¢ 1 (20‘¢0) 00z +d
1€26 210 9%F  L0°¢  9S0°0 0900 280 <60 TII'T 221 ¢ (g0'60) 00 -4
LLVP €20~ 9L% L9 2S00 T1S00 ¥60 €I'T 1¢T LT T (§0°60) 00z L4
wd V% UVdl UV UVdl MV AL Al AIdL AT 2 () u Ta

REELEIENG d4d HVIN HSINY

(II) YVAS TVOSI] — EONHAIAF NOLLVINNIS :9S o[qR],

29



	S1 Supporting Lemmas
	S2 Deterministic selection
	S3 Compatible underlying structural models
	S4 Simulation study
	S4.1 Simulation design
	S4.2 Evaluation criteria
	S4.3 Results

	S5 Additional empirical results
	S5.1 romer1989does meets RomerRomer.04
	S5.2 romer1989does with selection


