New meeting times for Econ 210D
Mondays 8:00-9:20 a.m. in Econ 300
Wednesdays 11:00-12:20 in Econ 300

Identification using
nonrecursive structure,
long-run restrictions and

heteroskedasticity

General statement of problem of
structural interpretation:
Can observe in the data:

£1t,...,&n = errors | make forecasting
variables from lagged values.

Think of these as resulting from n
structural shocks:

uy; = shock to technology

Uz = shock to price markup

us = shock to monetary policy
€ = Hu

&t = Hu

E(eier) = Q (can observe in the data)

E(u¢u;) = D (unknown variance of structural shocks)
Q = HDH'

A. Nonrecursive Orthogonalized

VARS
Structural model:
Boy; = BX¢ + Uy

Xy = (1-Y£71-YL72*---’YLp)/

ur = vector of structural shocks
E(utut) = D (diagonal)

recursive identification assumed B
was lower triangular




If uy ~ N(0,D) then log likelihood is
~(Tn/2)log(2x) - (T/2)log|B*D(B,Y)'|
~(U2) X, (Boy, - Bx)'D(Boy, - Bxo)

If B is unrestricted, MLE of Bp and D are

values that maximize

(T/2)1og|Bol* — (T/2) log|D]
—(T/2)trace{(B,D1Bo)2>

If model is just identified, estimates will satisfy
Bo' DB, = @

B. Identification using long-run
conditions

Xt log of productivity in quarter t

(log GDP minus log of hours worked)
n; log of hours worked in nonag establishments
1948:Q1-1994:Q4

_ AXt 10)
Vo= Ang

VAR (reduced-form) (p = 4)
Yo = C+ @1y, g + Doy, o+ -+ DpY, , + &

E(eigr) = Q
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Structural model:
Boy, = A+ Bu1y, g +Bay, + - + Bpy,, + Ut

E(uu) = 12 (normalization)
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Relation between representations:
Uy = Bost
Q = By'(BgY)'
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Premultiply structural model,
B(L)Y, =A+ut

by C(L) = B(L)™:
Vi =pn+Cuut+ Crura + Colep + -+

which gives structural MA representation

Uit

Uy =

Uzt

ui technology shock
Uz hontechnology shock

Assumption: only technology shocks can have
a permanent effect on productivity

lim OXtss =0
soo OU2t
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y, = Xt — Xt-1
Notice te
Nt — Nt
OXtss — O(Xt+s—Xt+s-1) + O(Xt+s-1—Xtrs-2) 4+ O(Xt—Xt-1)
Uz AUz U ouz Oexer) Oy
OuUzt Oupt
Yi = B+ COUt +CiUr1 + CoUgo + -+
15 16
ayHm — Cm
auy lim 2= —
Os | s Husn) | 0usixs2) L 20w o U2

(7U2[

(7U2[

(7U2t

(7U2t

is given by the row 1 column 2 element of
Co+C1+Co+ - +Cs

requires that the following matrix is lower triangular
Co+C1+Co+---=C(D)

18




Goal: find structural disturbances u; that are
a linear combination of the VAR innovations,
u; = Bogt,
such that:
(1) E(uy) =1,
= BoQBg = 1>
= Q = (ByH (B

@)y = p+CLOW
(3) C(2) is lower triangular
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P(L)y, = C+&t
g = Bolug
= @(L)y, = c+ Bglu
=Y, = p+HOL)]"Bg Uy
Yy = p+C(L)u
= C(1) = [@(1)]'Bg*
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C(1) = [@(1)] "By
cCcw] =

[@(1)]'Bz*(BY {[@(D)] ™}
cICW] = [eW1*{@w)]™}
Can estimate ®(1) and Q from VAR
Q=T &&
O =1,-, -0, -D3-D,
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Want: Lower triangular matrix C(1) such that
cCO] = [ e{lew™*}’

Conclusion: C(1) is Cholesky factor of

1@}
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To get By we then use fact that
C(1) = [@(1)]'Bg"
Bo= [C(D] ' [@()]™
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Summary:
(1) Estimate VAR by OLS

_ AXt
Vi Ang

Vi = &+ @1y, + Doy, 5+ + Dpy, , + &
A _ T A’
Q=TT  &&
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(2) Find Cholesky factor or lower triangular

AN
matrix C such that

AN A A Al
cc =0
Q= (l2-d1-d, - -&) ™
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(3) Technology shock and transitory shocks
for date t are first and second elements of

0¢ = Bo&:
where

A A1

Bo=C Q

27

(4) Effect of tech shock and transitory shock at
date t ony,, are given by first and second columns,
respectively, of

a)’n’s — \_IJSBal
aAug
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Estimated structural IRF with
95% CI (Fig 2 in Gali)

Figure 2: US

logy wansitory shock

¢ Conclusion: technology shock raises
productivity and lowers hours worked
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o_| 043 -006
~0.06 0.42

small negative correlation between VAR resids
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OXtss OXtys
s s A 0.89 -0.50
lim | @ o @)t = [
s Ons s, 0.87 1.73
Os1t Osat

For uy to have zero long-run effect on x,
it must be interpreted as something that
moves ¢1; and g2 in the same direction.
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|

& = Bglut
.For uy; to be uncorrelfe\ted with uy, it must » 0.59 0.30
be interpreted as something that moves &1 Bo =
. o -0.37 0.53
and g2 in opposite directions.
. . .. 05 (78
So if technology shock raises productivity, o ~ 0.59 0.30
it must increase ¢1: and decrease &x. ga_zt dex | _0.37 053
U1t Ouzt
(7Xt+s ast o€ oe
lim ouy ouzt — [(i)(l)]—lBal Oui Oug B |: 0.59 0.30 :|
0 ONs ONus Og O¢ N
S_> ourt Ouyt Wz ﬁ _0 37 O 53

| 0.89 -0.50 0.59 0.30
| o087 173 ~0.37 0.53
| o7 o

| -0.14 1.18
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A one-unit shock to uy is interpreted as
causing a 0.30 increase in g1; and 0.53
increase in e

lim 2= — (0.89)(0.30) — (0.50)(0.53) = 0

(7U2t

36




Os1t Os1t

0.59 0.30

out Ougt _
Dea - Oea -0.37 0.53
Oun (7U21 ) )

A one-unit shock to uy; is interpreted as
causing a 0.59 increase in g3 and 0.37
decrease in e

MNts 0.59 ONtys 0.37 ONys

ouxt Og1t Os1t
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Nonorthgonalized of hours to productivit

1.00

050 —

T T T 3 T 3 g iy pus T:

ized response of hours to hour:

tructural of hours to
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Additional comments:
W= (lz-br-dommdy)”
is estimated poorly, sensitive to p
Note: algorithm may be a little more
robust if instead use
Q=¥,+¥:+ - +¥nforsomem
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Chari, Kehoe and McGrattan (2008) give
example of DSGE for which when this kind
of procedure is applied does not uncover
technology shock.
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(2) technology shock could be temporary
(e.g., delay in adoption of discovered technology)
(3) demand shock could be permanent
(e.g., lost human capital)
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C. Identification using
heteroskedasticity (Wright, 2012)

t = daily Nov 3, 2008 to Sep 30, 2011
y1u = 2-year Treasury yield
ya = 10-year Treasury yield
ya = 5-year TIPS break-even

(nominal yield minus TIPS yield)
ya = 5-10-year TIPS forward break-even

(2 x 10-year TIPS break-even minus

5-year TIPS break-even)

yst = BAA yield
Yet = AAA yield 42




Suppose we believed that:
Yi=C+ @1y, g+ +DPpy, , + &t (1) monetary policy shocks have

& = Balu ¢ higher variance on particular days

Ui = monetary policy shock B2 - d?+2 iftes
) = )
want to estimate b® (first d9  ifte s

column of 851) Set Sis known (Wright uses FOMC dates
and dates of monetary policy announcements)

o (2) A monetary policy shock of given

T size would have the same effects on

= these dates as others

= 13 (3) Variance and effects of other shocks
k same on these dates as others

FOM( ‘
FOMC Me
FOMC «
FOM( «
FOM(
FOA
Bema
FOMC Merting

D +/lele’1 ifte S & = Boluy = Zin:lb(i)un
D ifte S Bo'D(B,H) +bP (™) ifte S

E(eigr) =
-t B5'D(B;Y)’ ift ¢ S

e; =collof |,




Q1 =T &&ste S
Ti=>,8te9

Qo=T'Y a6t e S
To=Y,0teS

Q1 -Qo 5 D (D)’

so we can estimate b® up to an
unknown scale, e.g.: normalize 1 = 1

JT1[vech(Qa) — vech(Q1)]

5 N(O,V,)
element of V; corresponding to
covariance between 6j; and 6 m
given by (6ii0jm + Gimoji)
(Hamilton, TSA, p. 301).

(1) Test null hypothesis that Q¢ = Q1
a'[V T+ VolTol 1 5 22(n(n + 1)/2)
g = vech(le) —vech(fzo)
or bootstrap critical value

This statistic is 67.9.
asymptotic: P[2(21) > 46.8] = 0.001
bootstrap p-value = 0.005
= reject Ho : Qo = Q1
Variance on announcement days different
from others so this assumption of
framework is correct.
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(2) Estimate b™® by minimum chi square:
~ (D)

b =arg min C]/[\71/T1+\70/To]*161

b®
g =q-vech[b®®®)]
v _ g p®

(3) Test null hypothesis restriction valid:
value of objective function asymptotically
x?(n(n—1)/2) or bootstrap critical value.
This test does not reject

= assumption that Q; = Q¢ + bPb®’
is consistent with observed data.




10 Year Treasury 2 Year Treasury

0 50 100 150 200 250 0 50 100 150 200 250

Normalization: second element of 5 Year Breakeeven 510 Year Breakeven
b® = -0.25 '

Monetary policy shock lowers 10-year

yield by 25 bp. 0 50 100 130 20 N

BAA Yields AAA Yields

55 0 50 100 150 200 250 0 50 100 150 200 250

* No evidence that unconventional monetary
policy works through changes in expected
inflation or risk premia.
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