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Abstract

Technical appendix to “Optimal Monetary Policy in an Operational Medium-Sized DSGE
Model”

JEL Classification: E52, E58
Keywords: Optimal monetary policy, forecasts, judgment

This technical appendix of Adolfson, Laséen, Lindé, and Svensson [1] contains the detailed
specification of the matrices A, B, C, and H in the model, as well as the detailed specification of
the measurement equation and the related matrices Dy, D, and D;.

1. Definition of the matrices A, B, C, D, and H and the instrument rule [fy f,]
We want to identify the submatrices in the model,
Xey1 = A Xy + Argx + Brig + Cepya,
Hzy g = Agowy + A1 Xy + Bai.

We specify the predetermined variables X; = (X, X} d’)’ , the forward-looking variables z;, the

policy instrument i;, and the shock vector ¢; as follows (the number of the elements in each vector

*All remaining errors are ours. The views expressed in this paper are solely the responsibility of the authors and
should not be interpreted as reflecting the views of Sveriges Riksbank.
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1.1. Predetermined variables

First we specify the exogenous variables and the shocks, then the endogenous predetermined vari-

ables.

Row 1 - Stationary technology shock

€441 = Pe€t + Oc Eett1-

An (17 1) = Pes
C(1,1) =o...

&

Eet+1

The notation means that the value of the persistence of the technology shock, p,., is placed in the

first row and first column of the matrix A1;. The notation ”& :
pertains to that specific variable.

Row 2 - Lagged stationary technology shock

Row 3 - Permanent technology shock

Pzl = Py Mzt + 0 €zt41

An (37 3) = Pe>
C(3,2) =o.,.

Mzt
Ezt+1

Row 4 - Lagged permanent technology shock
fiog = -
Qe A1 (4,3) = 1.
Row 5 - Firm money demand shock
Uiyl = pylt + 0c €0t 41

v o A1 (5,5) = p,,

81/71;4—1 C (5, 3) - 0-81/ .

Row 6 - Consumption preference shock
~C ~C
<t+1 = p(ECt + Ocec€¢e t+1-
~C
G

€¢et+1

All (67 6) = Peey
C(6,4) = 0cpe-

2

means that the parameter value



Row 7 - Labor supply shock
~h ~h
Cre1 = Pgth + Oecnch ittt

~h
Gt An(7,7) = pen,

ECh,t+1 . C (77 5) = O¢

¢h”
Row 8 - Household money demand shock

~q ~h
Cry1 = PCQCt + Ocrq€¢dt+1-

ég : A11 (8, 8) = P¢as
ECq,t-i-l : 0(8,6) = O'ggq.

Row 9 - Markup shock - domestic firms

~d ~d
Apr1 = PaNs + 0cyEntrt

~d
Ao A11(9,9) = py,
ENt+1 - C (9, 7) = O¢gy-

Row 10 - Shock to substitution elasticity between domestic and foreign consumption
goods

Lsmc Lmc

>\t—|—1 = p)\mc)\t +U€Amc6/\mc7t+1-

S\ch . A]_]_ (10, 10) == pnmc,
exmerr  C(10,8) = 0cyme-

Row 11 - Shock to substitution elasticity between domestic and foreign investment
goods

~ma

N
Aor A (11,11) = py,
Exmigyy C(11,9) = Oc,mi-

Row 12 - Risk premium shock

Pre1 = PPt 0e ;€541

¢ ¢ An(12,12) = py,

Epur1 + C(12,10) =0



Row 13 - Investment specific technology shock

Yiv1 = prYe+ 0cypex i1

Tt : All (13, 13) = P,
exapn : C(13,11) = 0.

Row 14 - Relative (asymmetric) technology shock (between foreign and domestic)

~%

~k
Ziy1 = P32t T Ocsu€2% 141

~%

ezpp 2 C(14,12) = o....

Row 15 - Lagged relative (asymmetric) technology shock (between foreign and domes-

tic)
~k ~k

Zt :Zt'

Z, t App (15,14) = 1.

Row 16 - Markup shock - exporting firms

Azt+1 = Py, Aat + Ocy €, t41-

Aot + A1 (16,16) = py_,
6)\1,7,5_;,_1 . C (16, 13) = 0-5)\1'

Row 17 - Monetary policy shock

€Rt+1 = Pep€Rt T Oc. ,Eep t+1-

ere A (17,17) = p. .,
Eepen1 © C(7,14) =0

Row 18 - Inflation target
=C =C
Tip1 = P3oTg T Ocac€3° 441

T, A1 (18,18) = p=e,
C (18,15) = o-...

C

€z

A+l

Row 19 - Lagged inflation target
=C ==C

7Tt — ﬂ-t'

Ty 1 A (19,18) = 1.



Row 2029 - Fiscal VAR(2)
Tea1 = 0174 + OoTiq + ert+1s (1.1)
where ©; = 96191, Oy = 96192 and e, = @aleeﬂg ~ N (0,%;). Rewrite (1.1) as VAR(1):

Te41 | _ O, O, T 4| Eren
Tt I 0 Ti-1 0
T ¢ A11(20:24,20:24) = O,

Fio1 o A1 (20:24,25:29) = O,
7A't . AH (25129, 20 : 24) = I,
!/
Ers1  C(20:24,16: 20) = chol (@glsT (95157)’) .
Row 3041 - Foreign VAR(4)
X1 = ®1X7 + Qo Xy ) + PaX[p + ®aX{ 5+ extn s, (1.2)

where ®; = <I>51<I>1, Py = <I>0_1<I>2, ete., and ex+; = CIDEISx*Ex*t ~ N (0,%;+). Rewrite (1.2) as
VAR(1):

Xt*—|—1 él ‘i)g ‘i)g ‘i)4 Xt* EX* t+1
X |_| T 0 0 0 Xt |, 0
X7, 0 I 0 0 X;, 0
i 0 0 I 0 ¥ 0
X7 : A;1(30:32,30:32) = ®y,

. o A11(30:32,33:35) = By,

¥y ¢ A11(30:32,36: 38) = P3,

X/ 4 A11(30:32,39:41) = &y,

X7 @ A11(33:35,30:32) =1,

¥ A (36:38,33:35) =1,

t*—2 : A11(3941,3638):I,

Soair ¢ C(30:32,21:23) = chol (@578, (@glsm*)’)/.

Row 42 - Physical capital stock (note that k;.; is predetermined variable no. 42 in period
t 4+ 1 and forward-looking variable no. 22 in period ¢):

kiv1 = kg,

]{Jt . A12(42,22) =1.
Row 43 - Financial assets (note that My+1 is predetermined variable no. 43 in period ¢ + 1
and forward-looking variable no. 23 in period t):
Mit1 = M1,

My : A12(43,23) = 1.



Row 44—-66 - Lagged forward-looking variables

Ry : Bi(44,1) =1

7o A (45,1) =1
M Agg (46,2) = 1
M A (47,3) =1

G ¢ A (48,4) =1

AT A1p(49,5) =1

w; A (50,6) =1

& 1 A (51, 7)_1

%o A (52,8) =
Uy 0 A1 (53,9) =
Py, o A (54, 10)
AS, i Ay (55,11) =

H, : Ap(56,12) =

@ A (57,13) =

G : A (58,14) =

f o A12(59,15) =

a; 1 A12(60,16) =

Amed . A (61,17) =
Amid Ay (62,18) =
AT A9 (63,19) =

T A (64,20) =

mef : App(65,21) =

Row 66 - Lagged physical capital stock
ey Ap (66,42) = 1
Row 67 - Lagged capacity utilization

U1 = kg1 — k1

ki1
ki1

A11(67,57) =1
A11(67,66) = —



Rows 68-71 - Lagged inflation

7t Ay (68,45) =1
A Ay (69,46) =
wd ., + A (70,68) =
TS A1 (71,69) =
1.2. Forward-looking variables
Row 1 - Domestic inflation
~d =cC B ~d ~c Rd ~d ~c
T =My = m (Wt+1|t - pfrCTrt> + 1+ rgf (ﬂ-tfl - 7Tt>

KB (1 = pze)me | (L =E)(1 = Bq) (~a 14
B T+ £ (L+ raB) <mct+)\t),

IYI\CEI = Oé(ﬂzt—FI:It—ift)—Fﬁ)t—FR,{—ét,

~ VR - v(R—1)
Rl = ——~ R 4" A
t B+l TR 1

—~d A 2 ~ VR > Z/(R_l) ~ 2 p

=aH; — ok ——— R+ 0 —
mec; = aH; at+wt+v(R—1)+1 t 1+U(R—1)+1Vt €t +
Rewrite the above equations as:
B .4 ~d Kd .4
TTggg e T TR T pt

(1-&)(1 = /3§d)odﬁ[ (1= - /de)al%
§q (L + kaf) ' §q (1 + kaB) '
(1-E)A=PEy) s (&)1 -PB&) vR 5
&1+ rgB) ¢ 1+ raB) ovR—-1)+1 1
(L—&)(t—fB&y) v(R-1) . (1-E)A=FE)

c 1+ raf) oR-_D+1 T T (1+rgB) P
_1 &) =B, | (=&)L = BEy) 5

§q (L + kaf) Ea(1+raB)
(1= ) (Bpre = 1) ~c

B 1+ kgB t

_l’_

_l’_




B

Marginal cost

U_Jtl

I’AItZ

ke

&

P -

vt

Rt—l .

Row 2 - Imported consumption inflation

~ ~C
T — Ty

meme

: H(Ll):_l‘i‘ﬂdﬁ
: A22 (1, 1) =-—1
. J— Hd
© An (1,45) = g
Kd KdB (1 — pze)
oAz (1 18) =1 - 1+ raB"™ T+ raB 1+ k4B
_ (-89 - BEy)
A21 (1,9) - éd (1 n Kddﬁ)
: A9 (1,9) =1 (rescaled)
_ (=& - BEy)
A0 = )
_ (=& - BEy)
A2 (1.12) = c(L+raB)
. (=& —Ba)
AR =y
. (=& —B)
AL =T )
_ (=& - BEy)
An () = s
, (=€) =By v(R-1)
AT TR ) wR- 4
_(1-&)A-B&) VR
Az (1,44) = €41+ raB) v(R—1)+1
1+ fimeB (ﬁm\t N pﬁa%f) 1 +H:;Cﬁ (7 - )

_ Kva/B (1 — pﬁc);—rtc

(1 — gmc)(l — /Bémc)

1+ ’fmcﬂ !

—~ & Xk ~med
—IC; — 7

— 7Vt

Eme (L+ FmeB)

(mer + A7),



~mc
i1t

~mc

~mc
Tt—1

Marginal cost
—
mc;

2Tk
Yt

~med

Yt

g

Row 3 - Imported investment inflation

~ . ~C
Tt =Ty

mc;

~m
i1t

i
~mi
Ti—1

Marginal cost

~mid

Yt

2Tk
Yt

—~ T

mc;

H(22) = 17—
Ap (2,2) = —1

Agy (2,46) = J#cﬁ

o019 = = e~ —
- Lt

Azt (2,10) = 1 (rescaled)

- Loyt
Lyt

- Lt

ﬁ (Riye = pecs) + J#ﬁ (7 — 79)

EmiB (1 = pze) e | (L= &ni) (L= BEni) (mi | mi
_ A 7
14+ KB i Emi (L4 EmiB) <mct A >
1z agx amid
—meé =% — M
B
H3,3)=———
( ) 1+I€mi,3
A9 (3,3) = -1
Kmi
A 47) = ——44—
21 (3’ 7) 1+’£miﬁ

o (1=6,)0 = B6)
A2 (3,18) == Emi (14 KmiB)

o (1=6,)0 = B)
Aoo (3, 19) = — e (1 n Iimzﬁ)

1-— (1 — .
daa 32) = : éﬂ(i)i Rmfgf”)

(1= i) (1 = BErns)
Az (3,11) =1 (rescaled)

B Pre — Rms
1+ ﬁmiﬁ i 1+ ﬁmiﬁ

A Agy (3,11) =

. Hm’iﬁ (1 — pﬁc)
1+ ki

Ay (3,18) =1 —

10



Row 4 - Output gap

0= —G¢ + Apér + Mgy — Apajiy, + Ap (1 —a) Hy

frop © A2 (4,3) = —Ara

Row 5 - Export price inflation

x D B ~z ~ K ~z =
7Tt - 7'[';: = m <7Tt+].|t - p&cﬂ‘f) + m (T‘-t—l — 77;)
Faf (L= pre) ~e (1 =&,)(A = BE,) (/\x N
o T T T A >’
1+ 3 T + € (1+raf) mc; + A;

B
14+ k.8
7y 0 A (5,5)=—1

K
A7 A 49) = i
Ti—1 21 (5,49) 1+ raf3

o o H(5,5) =

Marginal cost

IYI\CtI . A22 (57 21) — (1 — 52:)(1 — 651)

gx (1 + ﬁxﬁ)
3T _ (1_5:1:)(1_/85:1:)
At An (5.16) = =)
A ¢ Ay (5,16) =1 (rescaled)
p Ra Kz (1 — pze)

T, ¢ Ao (5,18) =1—

T+ /B ™  T+mfB 1+ rf

Row 6 - Real wage

NoWi—1 + MWy + Mot +ns (77— 7F) + Uigﬁgﬂ — pzeTy)

0 = E +15 (ﬁ§—1 - 797?) + s (frf - P%”_Tt)
o . R R .
+070 4 + ngHy 4+ 197 4+ 1107 + 111G
7= @mw) () A e R

11



where

I bwf'w | [ To |
oAy — by (1 + ﬁga) m
bwb)fw Mo
_bwgw 73
bw/Bfw Un

bwgw"iw
n= b B = ZZ . (1.3)

1= Ay N7
—(1 — )\w)UL g
_<1 - Aw)ﬁ Mg
—(1 = Aw) (147::10) Mo

| —(1—XAyp) i | 1 |

Collect terms and use the definition of 7§ :

A A~ N N _(1_773) ~
N2 Wet1)e + 7747T§l+1|t = ~NoWt—1 — MWt — [773 + 76 ((1 — we) <7€d) )] i
—ngwe(y ") TR

s (=0 (1)) R = (om0 7

~T ~ R R ~h =~
—07 ¢ — NgHy — ngT{ — 10Tt — N11Ge + M3 + paeny + 15 + pzeng] 77:::

12



AP0 A (6,2) = —ngwe(y™me) )
Wy Ass (6,6) = —ny

Ul A (6,9) = —n;

Hy : A (6,12) = —ng

Rescaling the labor supply shock so its coefficient is of the same magnitude as w;
~h
G A2 (6,7) = =y

" >0= A2 (6,7) =m
: lf YN < 0 = A2]_ (677) =T
=0= A2 (6,7) =y

T, : A (6,18) = (773 + pzeny +n5 + pzeng)
70 A (6,21) =
1 A1 (6,23) = =y
—~ 7(1777c)
Fla s An (6,45) = (1 —wo) (1)
T A21(6,46) = —nswe (VCmC)_(l_"C)
Wy—1 A2 (6,50) =

Row 7 - Consumption
—bBu 1 + (12 +2B) & — bpCe + by, (fup — Blteyin) +
E, +(/~Lz_b6) (/Lz_b)qbzt_{_#(ﬂz_bﬁ) (:U’z_b)%g_‘_(:uz_bﬁ) (/-Lz_b)’%:d =0
= (1 = b) (1) — 057 )

i = ey e
ﬂz,t+1|t = puzﬂzt
~cC ~c
Ct+1|t = pCCCt
DBy = (42 +0°B) & — bu.ér1 + by, (1 - 5!@) fhzt
C
+ (1 = b8) (12 = b) by + T e (e = 0B) (= B) 75

+ (1, — bB) (1 — b we (o) "I Fmed (4, —b) (n, — bBpee) (

13



42C
e
7

Row 8 - Investment

H (77 7) = bﬁ:“’z
Agy (7,7) = (2 + b?B)
Az (77 51) = _blu’z

A22 (77 9) = (:U’z - bﬁ) (Mz - b)
Ago (T,17) = (11, — bB) (1, — b) we (7€)~ 71)

A (7,3) = bu, (1= Bp,..)
Rescaling of 6; to give it the same coefficient as ¢;
&y + A2 (7,6) = = (1, = b) (42 — bBpe) |
Ao (7,6) = = (2 +b°8)
— (= b5) (. — 1)

-
1+ 7¢

Az (77 22) =

E; {Pk‘t + 71— ’Ari’d —u28" (1) [@ —’%}_1) -3 @H _%\t> + [y — Bﬂz,t-&-l} } =0

~id i;mi\ —(1=1;) ~mid
Yo = Wi (’7 ) Rl
Hztt1lt = Pu, Mzt

11

p2S" (o) By = 128" () (L4 B) o — 428" (1) 1 — P

. oy — 1_ i) ~ ~7 " ~ S
ey (yme) U mid 26" () (1 - 5%) froe — T

H(8,8) = 28" (u.) B
A2 (8,8) = p2S" (1) (1 + B)
Ay (87 52) = _MES” (:uz)

Ago (8,10) = —1
A22 (8, 18) = w; (,yi,mi)_(l—ni)

Az (8,3) = 28" (1) (1 - ﬁpuz)

Rescaling of T to give it the same coefficient as W
A2 (8,13) = 28" (.) (1 + )

14



Row 9 - Lagrange multiplier (first order condition with respect to m;;1)

k
t | —H + Y, — WATiLl = Pyt (M - ﬁTk> Ry + T (B — ) 7A'f+1 =0
ﬂz,t+1|t = puzﬂzt
g ~d g k) P - 7 Kk
M¢z,t+1\t THT ey T Py — (,u — B ) Ry + Bl 1)t — 1_F (B—p) Tivi)t
iaz,t+1\t = puzﬂzt
’ g N k) £ ~d T Ak
0 = —py + 1, 1) — Ml g1y + <M - pr ) Ry — iy + 1=+ (B = 1) T
[ N N puzﬂzt

e = O1(L1D)#F+61(1,2) 7 + 61 (1,3) 7 + 61 (1,4) 7' + 61 (1,5) &
+®2( ) 1’5C é (172)72%—1"’_@2 (173)72;52—1"’_(:)2 (174)%?—1"’_@2 (175)gt—1

R y R R 2\
R T N T (u — BT ) Ry

Tk ~k Tk Y
_1 Tk(ﬁ_:u)el(lal)Tt_l Tk(B_IUJ)Gl(LQ)Tt
k k
o (B w01 (L3) 7 — T (8- ) 61 (L4 7
k 5 k B
(B 01 (1L5) g — T (B W) G2 (L) 7,
k 5 k 5
~ T (B ) O (LA, — T (B— ) 62 (1,3) 7
k - k 5
— T (B ) O (L) 7y — T (B— ) 62 (1,5) iy

7T;ti+1|t : H(9,1)=—p
%/Jz,t+1|t : H(9,9) =p

Vo o A22(9,9) = p
Ri : By(9,1)=— (u—57k>

15



froy + A21(9,3) = pp,,
k
R T ~
Tf Aoy (97 20) == 1_ 7k (ﬁ - :U’) S (17 1)
. T+ ~
7 Ao (9,21) = T (B—wn)061(1,2)
) " -
Tior A21(9,22) = 1 (B—p)01(1,3)
) " -
s Ag1(9,23) = 1 (B—p)61(1,4)
ok
g+ A21(9,24) = 1= (/3 1) ©1 (1,5)
. ok
i o A2 (9,25) = —7—— (8- 1) 6:2(1,1)
) T’“ ~
Ty 0 A2 (9,26) = 1% (B —n)02(1,2)
) T+ ~
Tiop o A21(9,27) = —— p (B—n)O2(1,3)
R T+ ~
T}fu—l A21 (97 28) - - 1— 7k (ﬁ - :U’) 92 (174)
Tk ~
gt—1 A (97 29) == 1— 7k (ﬁ - :U’) O2 (175)
Row 10 - Price of capital
. . B(1—6) - o, —B1=0
I T
Tk —p(1— 5)
TIC Tk . e
~ ~ VR v(R—1 R ~ ~
Tf+1\t Pzt + Wepa)e + R-1)+ Rt + v(R(— 0 J)r 1PVt + Hepaje = Beape
ap = ©O1(L1)# +61(1,2) %+(1) (1,3)7¢ + 01 (1,4) 7% + O (1,5) i
+0 (1,1) 71 + 62 (1,2) 71 + 02 (1,3) 7{_1 + O2 (1,4) 7121 + O2(1,5) Gr1

16



Ve + Py 1 + el Wiyt Hypqp
z l’LZ MZ
ke — AU _5)7%1: 1)t
o o
g _Mz_ﬁ(l_é) ~ B _Mz_ﬁ(l—s) VR
wzt—i_ Pu 1L Pu Mzt+Pkt 1L, U(R—1)+1
p,—BL—6) v(R-1)

k —B(1-9o X —B(1—3) - A
liTk“Z i( )@1(1,1)f+1i7,§“2 i( )@1(1,2)735
™ —5(1—5)~ ™ u, — B(1—96)
+ = O1(1,3) 75 + = O1(1,4) 7y
l_Tk; ,LLZ 1( )t 1_ k Mz 1( )t
Tk — 1—8 R 7'k7 — 1—9) =~ R
+1_7-kuz i( )61(1,5)t+1_7,€“z i( )92(1,1)751
™ p—B1-0)q W T B8
+1 e . O9 (1, 2) Ti 1+ 1= F . ©9 (1,3) Ty 1
Tk Mz_ﬂ(1_5)~ AW Tk luz_ﬁ(l S) A
T o 62(1,4)7,1+1 s ™ O (1,5) §i—1
~ —B(1-34¢
Wiyt H (10,6) = W
Vo o H(10,9) =1
. 1-29
P H(lo,lo)zﬁ(u )
(U H (10,13) = _w
I
U, ¢ A (10,9) =1
Yo Az (10,9) =1
Py Ay (10,10) =1
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> :uz_/B(l_(S) vR
R, : By(10,1) = —
! 2( ) . v(R—1)+1

R . —B(1-0
Moy - A21 (1073) = puz - %()
[ v(R—l)—i—lpV

M

Dy Asp (10,5) = —

7o A (10,20) = 5 ik He — i(: —g, (1,1)
s Ay (10,21) = - ik e i(l 96, (1.9)
7o A (10,22) = - ik e — i(l ~96, (1.3
U Ay (10,23) = : ik My — i(l - 5)@1 (1,4)
Gr ¢ Az (10,24) = 1ika Mz—i(zl g (1,5)
#y o A (10,25) = : ika P — i(: 9) 05 (1,1)
S Am(l&26)::1iikuz_fgl )6, (1,2)
Py Az (10,27) = - ik B — i(zl ~96,(1.3)
Tl 1 A2 (10,28) = ika My — i(l =) O, (1,4)
g1 A2 (10,29) = - ika Pz — iil —9) O (1,5)

Row 11 - Change in nominal exchange rate (UIP)

(1 — 555) E;ASi1 = ¢,AS; + (Rt — R;‘) - ?m

N H(11,11):<1—(}53>
AS; 1 Ay (11,11) = ¢,

&t . Azg(ll,lﬁ):(ba
Ry : By(11,1) =1

b Ap(11,12) = —1
Rf : Ao (11,32) = —1
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Row 12 - Hours worked (aggregate resource constraint)

Ne C ~ N . n; 71: o~ N g N y* R . .
(1—we) <76d) 5 < t + 77c’Y§d> + (1 - wi) (’Yld> 5 < t + Ui’Yfed) + ggt + ? (y;:k -+ zt)

i+ (b= ) + (- o) ] - (1- ) 5% (b~ )

Ne C (.. R N T~ N g . Yy R R ~k
0 = (I-we) (’r“l) - ( ¢+ nc%?d> + (1 —wi) (7”) - ( ¢+ mid) + =0+ = (yf -0+ Zt)
y y yo oy
2 7 N A E1 /- =
Y [gt ta (kt - uzt) +(1-a) Ht] + (1 - Tk) el 2 (k;t - k;t>
Y 1
i = we (yme) T e
ﬁi,d - w (vz‘,mz‘)*(lfm) %m‘,d
Ne C M. ¢ (1 )~ N PN
0 = (=we) (3) " Cert (1=wo) (3°1) " Dnewe ()OI (1= ) () i
N smiN—(1=0) ~mid Y a9 Y Y
+1—W'(1d> s i,mi a  J + 24 + =1 + 727
(1 —ws) (v ymz(v ) Vi MR (o e

A N E1=
~ At + Aacvfizy — Aa (1 - @) Hy — [Ada - (1-7%) rkg—} b (1-7%) rkgu_kt
z

¢ A (12,7) = (1 —we) <70d)n“

7w A (12,8) = (1 —w;) <7id>77i

H; : A22(12,12):—)\d(1_a)

;%ncd i Ago (12, 17) = (1 _ Wc) (’YCd> e gﬁcwc (,chC)f(lfnc)

i SN T . _
ﬁ:m’d 0 A (12,18) = (1 — wy) (’yZd> émwi (Vz’ml) (1—-n;)
y*
Yo A (12,19) = —
& A21 (12, 1) = —)\d
frp @ A21(12,3) = Mo
o Ay (12,14) = %
Gr o Az (12,24) = %
gF ¢+ Agi (12 31):9_*
t . 21 y "
% k1
ke @ Ao (12,42) = — (1 — 7-]‘3> Tkﬁ_
Y i,
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Row 13 - Capital-services flow

. 1., 1 &
Uy = —7y ——— T

0o o4 (1 —7F) t
Uy = ky — Ky,

Moo= 4@+ R+ Hy — k.

k
N =~ R ~ ~ N T .
o:—(1+aa)kt+aakt+uzt+wt+R{+Ht—mTf
~ = ~ ~ vR ~ . V(R—l) “ Tk ~k
0=-(1 k k Hi+ —————Ri_ -
(1+04) ke + 0aks + Wi + t+U(R_1)+1 t 1+MZt+U(R—1)+1Vt (1_7_k)7't

’U_Jt : A22 (13, 6) =1
Ht . A22 (13, 12) =1
ke @ Ay (13,13) = — (1 +04)

B, Ay (13,3) =1

. v(R—1)
0 A9 (13,5) = ——+—
vt 21 (13,5) v(R—1)+1
N r*
Ty . A21 (13, 20) = —m
ke : Ap (13,42) = o,
N vR
-1 : A (13,44)= ———
Hi1 21 (13,44) v(R—1)+1
Row 14 - Real money balances
~ 1 [4q Tk ~k ~ R ~
Qt:a_q G + 1kt _@[}zt_ﬁRtfl ;
L5 R ~q ke
0: —Jqqt—wzt— mRt_l +Ct + 1 _Tk’i'f,

~

U, A2 (14,9) = -1
G A (14,14) = —0y

(o Ay (14,8)=1

o Az (14,20) = T——

Rtfl : A21 (14,44) = _ﬁ
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Row 15 - Loan market clearing

pme .
Ty — —g Mzt — 494,

z

~%
* * ~
t TY 2

_ ~ ~ Fy m ~ = A ~ 5
vwH <1/t+wt+Ht> = lfi (ut—kmt—wf—uzt) — qqy,
T,
O:—mDHﬁt—mDH{I\Jt—Z/QIJHﬁt—i—'L;—mﬂt—i—'lZ—mfnt— ﬁ;m 7d dm
~d pm
# Agy (15,1) = —
! ™,
wy : Agg (15,6) = —vwH
Hy : A (15,12) = —voH
qt Agg (15,14) = —¢q
N um
fi : Ag(15,15) =
! L
Uy Aoy (15, 5) = —vwH
N wm
Ag (15,3) = —
[z 21 (15,3) T
~ o um
my A21 (15, 43) = 7Td ]
Row 16 - Net foreign assets
G =~y — YA Y (T A]
7(17770)
—c"é + M, (1 — we) (7“1) Ayt
_ .\ —(1-n;) .
ST (=) (V) AR =,
z
A = mey 4
0 = —a—[y" — (" +3")]mey — [npyp — (" +7")] %" + 979

="+ M (1 — we) (’YCd> Yt

~ . _(1_771’)
T (- w) () A

~med

~mid

R
+ at—1,
™

z
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A22 (16, 7) = —Cm
A (16,8) = —i™
Ao (16,16) = —1
(

Ag2 (16,17) = ", (1 — we) (’YCd>

. —(1—’7¢)
A (16,18) = ™1, (1 — w;) (fyld>
A22 (16, 19) = — [nfy,’f + (Cm + Tm)]
A22 (16, 21) = — [y* + (Cm + i/m)]

A21 (16, 14) = y*
A21 (16, 31) = y*
R

Az (16, 60) =

T,

Row 17 - Relative price - imported cons vs. domestic

0=—%

i

e

~med

Yt

~med
Yt—1

~med ~mc ~d

TV T T Ty
Ag (17,1) = —1
Ay (17,2) = 1
Azs (17,17) = —1

A1 (17,61) = 1

Row 18 - Relative price - imported investment vs. domestic

0=-—

il

e

~mid

VTt

~mid

Yi-1

~mid ~mi ~d

T Vi1 T — T
Az (18,1) = —1
Agy (18,3) = 1
Ags (18,18) = —1

Ay (18,62) = 1

Row 19 - Relative price - export vs. foreign

0=—

~T
Tt
2,T*
t

~ %
Tt
2 T*

Yi—1

2T AT ~ %
TV T T

Aoz (19,5) =1
Ao (19,19) = —1
Az (19,30) = —1
Az (19,63) =1
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Row 20 - Real exchange rate

= ceme\—(1-n,.) 2 med AT K —~
Ty = —we(y") ( nc)% — 7 —me
0 = —a— wc(,ycmc)—(l—ng),ymcd ’?tz * IYI\C;;C
me; = meyp, +ay -7y —AS,
ATK ATk
Vo= A AR R
~med ~med ~mc ~d
Ve = V-1 Tt T T

At o A (20,17) = —wc( eme)=(1=nc)
W An(20,19) =

Tr o Ay (20,20) =

mey A22(20,21):

Row 21 - Marginal cost export

0= —me} +mel | + 7y — 7% — A5,
78 A (21,1) =
RT L A (21,5) =
AS; Ay (21, 11) ~1
mel ¢ Apy(21,21) = —1

me? | ¢ Ag (21,65) =1

Row 22 - Physical capital stock (note that k;.; is predetermined variable no. 42 in period
t 4+ 1 and forward-looking variable no. 22 in period ¢):

= ~ 1= ~ 1| & ~ 1 |~
0=~ Fuia (1= 8) = (L= Bt [1= (=8| Tt [1- =83

z z z

ki1 @ Axp(22,22) = — 1,

= 1
ke @ A1(22,42) = (1 — 5)u

. -1

P - A21(2273) = _(1 - 5)/L_’

T : |An(22,13)=1—(1— S)/H :

- ~ 1
T: : Ax(22,13) = S"u2 (1 +p) (1 —(1- 5)N_> (rescaled shock!)
z

o A9n(22,8)=1-(1— 5);%
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Row 23 - Financial assets (note that 7m;, 1 is predetermined variable no. 43 in period ¢+ 1 and
forward-looking variable no. 23 in period t)

= ~ N ~d =
0= —mpy1+ iy — floy — T + 71

mip1 : A92(23,23) =
froe @ A2(23,3) =
my : Agi(23,43) =
78 A(23,1) =
fp o A22(23,15) =

1.3. Specifying D

We also specify the target variables, for convenience including some variables of interest which may
have zero weight in the loss function. They are the quarterly and four-quarterly CPI inflation gaps
relative to steady-state inflation, which equals the official inflation target; the output gap relative
to steady-state output (we may also use the gap relative to potential output, meaning the flexprice
and flexwage output level); the quarterly interest rate; the quarterly interest-rate differential; and
the real exchange rate. The inflation and interest rates are all measured at an annual rate. Then
the vector of target variables, Y;, and the corresponding matrix D satisfy

Xy
}/;f [ Acpl Acpz7gt74Rt7 (Rt - Rt—l)vj}t]/ = -D Tt )
it
where .
%gim Acpz + 7_‘_C]zn + 71‘_%:1:12 + ﬁ_gng
Quarterly CPI inflation gap:
4757 = 4[(1 = we) (v TOTIIRY A we(yme) TR, (1.4)

74 . D(1,nx + 1) = 4(1 — we) (v~ 1me),
%;nc : D(l,nX + 2) = 4wc(,ycmc)—(1—nc).

Four-quarter CPI inflation gap:

77 1 D(2,69) = we(yme) "),

)¢
A 0 D(2,71) = we(yeme) e,

EAAN S L O [ (1.5)

70 DE2nx4+1) = (1 —w)(ye) "1
a0 D(2,45) = (1 —we)(y*) 17,
w0 D(2,68) = (1—we)(y*) 177,
g 0 D(2,70) = (1—we)(y*) 177,
T D(2,nx +2) = we(y")” (- "6),
A0 D(2,46) = we(yme) e,

(

(
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Alternatively, we could incorporate the exogenous time-varying inflation target in the inflation
1
gap,

Xi
}/;5 [4( gpz - %g) 7 - 47Tt7yt74Rt7 (Rt - étfl)afi't], =D Tt )
it
in which case
7, @ D(1,18) = —4,
7, D(2,18) = —4.
Output gap,
Ut D(3,nx +4) =1.
Interest rate, A
Ri: D(4,nx 4+ ny +n;) = 4.
Interest-rate differential,
R D(5,nx +ng +n;) =4,
Ri_1 : D(5,44) = — 4.
Real exchange rate, R
Ty : D(6,nx +20) = 1.
1.4. Defining fx and f, - Interest rate rule
i = fxXi + foly
R = pRRt_l + (1 —pp) [%5 + 7 (7%?,1 — %E) +ryfi—1 + FeTi_1

+rae (77— 75_1) +ray (G — Gi—1) + €Re

Ry = ppRiy+ (1= pp) 7 + (1 — pp) raftf_y — (1 — pp) 727
+ (1 — pg) ryle—1 + (1 — pr) ngt—l + PARTY = TART{_ 1 + TAyYt — TAyYi—1 + Rt
= PRRt 1+ (1 =pp)1 Tﬂ] %f +rar(l— WC)('YCd)i(linJ%g
() () 0717
+[(1 = pR) x — ran) (1 — we) () "7
+[(1 = pp) e = rae] we (777) 0T A

+rayde + (1= pr) ry — raygl G—1+ (1 — pp) roli-1 + ERe

! Note that one could alternative replace 47; by Ty + Tr_1 + Ts_a + T¢_3 and consider the latter the time-varying
four-quarter inflation target.
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P fx (1,44) = pp

Fos fx(1,18) = (1= pp)[1 =]

R e (11) = ran(l - we) ()
R L (1,2) = ramwe ()70

74 fx (1L,45) = [(1 = pgr) rr — rax] (1 — we) (%) ~(17)

U - fm(174):rAy

" fx (1, 46) = [(l — pR) Ty — TATF] (wc) (,.YC’ITLC)—(].—TIC)

gl e (Lne +4) = —ray,
U1 : fx (1,48) = (1 —pg)ry —ray
gl fx (Linx +48) = —((1— pp) 1y — 7ay)
Tror ¢ fx (1,64) = (1—pp)ra
ERt fx (1,17) =1

2. Potential output under flexible prices and wages - expanding the state

The flexible price and wage model is parameterized under i) €4 = £M¢ = €M = ¢ = ¢¥ = (, ii)

setting the four markup as well as the fiscal shocks to zero (0., =

Ue’;‘xmc = O—akmi = 0-8)\1 = 07 and

O, IST = 05,5, respectively), and iii) we solve the system under the assumption that #P" = (. The

flexprice model can be written

X X; C
{ it ] =A" |z | 4| Onyxn. | €621, (2.1)
H :I"t-'rllt ,L't O .
where,
I A A B
Hf: |:0 :|, Af: A21 A22 B2 )
Lxns Oixny e 0
and

A e (1,1) = (1 —we)(y*) 0,

7y

This implies the following solution

e1(1,2) = w, (o)~ 1me)

thlex Mflea:XtJ:lelx + Cﬂexét’
.%{lem Ffle:cthlez’
Fflel’MflewXﬁefC + ﬁvflea:c«flea:gt7
:Eflez ~
where :Z‘{lem = iflex and Ffler — | Eifle Fiflex ',

We expand the state of the distorted economy with the predetermined state variables in the

flexprice model so that X, = (X’, th ‘') which implies

Xt+1 = A1 Xy + Aaxy + Brig + C€t+1a
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H331‘,+1|t = A21Xt + A22$t + B2it,

By -

Agi = [ Aot Onginx |, Azo = Agp, By = [ , By = Ba,

OnX*m
C:[Cgex],andH:H.

We also need to change the target variable matrix to include the flexprice output gap

Xy
~cpi —=cpt —=d ~ ~ ~ o~ . Xflea:
Yy = [4a" R (= ol ) ARG AR, — Rea) B) =D | T
t
it

D — |: DX DXfle:r, DJ: Dl j|,,

where D above has been partitioned such that D = [ Dy D, D, ]/ and Dy ie. is defined so
that
g{lea: : DXflez(4, nx + 4) = —Filzfm.

3. The measurement equation and the definition of the matrices Dy, D, and D,

Let s; = (X{,=2}_1,z}, ;) and call s; the state of the economy (although it includes nonprede-
termined variables). The solution to the model under optimal policy under commitment can be
written in Klein form as

Xin M 00 I
i1 = | @1 | = | foM 0 0 | sg+ | fo | Cepyr.
41 fiM 0 0 i
As noted in Adolfson et al. [1, Appendix C], it can also be written in AIM form as
St41 = BSt + C€t+1, (31)
where
C=oU

and the innovation Ce; has the distribution N(0,Q) with Q = E[Ces41(Cey1)'] = CC'. Consider
the state unobservable, let Z; denote the nz-vector of observable variables, and let the measurement
equation be

Zy = Do + Dssy +n,, (3.2)

where 7, is an nz-vector of measurement errors with distribution N(0,%,) (the vector 7, here
should not be confused with vector 7 of coefficients specified in (1.3)). We assume that the matrix
R is diagonal with very small elements.? Equations (3.1) and (3.2) correspond to the state-space
form for the derivation of the Kalman filter in Hamilton [3].
Note that the matrix Dy is related to the matrix D = [Dx D, D;] (partitioned conformably
with Xy, x¢, and ;) as
Ds;=[Dx 0 D, D,

since s; includes the vector of predetermined variables =;_1.

2 The role of the measurement errors in the estimation of the model and the state of the economy is further
discussed in Adolfson et al. [2].
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3.1. Difference specification

The vector of observable variables is

ﬂ'gl Ahl(Wt/Pt) A]nCt Aln[t /.’L':t Rt f{t '
g 1 2 3. 4 5 6 7 ..
T Ay AlX, Alnd, % gl AmYr nr R

8 9 10 11 12 13 14 15

and corresponds to the data used in estimating Ramses.
Next, we need specify how the data corresponds to the model variables:

7l = 400(w — 1) + 4nid,
AIn(W;/P) = 1001npu, + Awy + fi,y,

d .m
. c e _ .
AlnCy = 100Inp, + A& + == —— [(vc”w) F— ()T } AFP A iy,
=~ g i i,mi) L id\ | Asmid
Alnl, = 1OOlnuZ+Azt+id+§mm77 (’y’ ) —(’7’) A7,
-1
+ (1 — Tk> rRe— Aty + [y,
M
T = Iy,
R, = 400(R—1)R+4RR;,
gt = IA{t;
Ayt = 100In oy + Agt + ﬂzta
AlnX, = 100lnp, + A |g —nA" +§j§} + i,
y " c” d\—(1—n,) d
_ A c ) ASme
AlnM, = 1001nu3+cm+€mAct—cm_i_imnc(l—wc)(y )T AR
m ~ m : *(1*771') ~mi,d
cm L gm A — cm 4 gm ni(l - wi) <7Z7d> A'le + [
. C
7P = 400(r — 1) + 4naP + 4771 s AL

= 400(m — 1)w + 4n(1 — wc)(fyCd) (1- m)’\d

+amwe (o)~ (1) zm +47r 5 s - AT,

Wtdef,i = 400(7 — 1) + 470 a7td + Anipm 7T
~ d (1=,
A (Zﬂ.d — ﬁ) ;Wi (’YZJM) (=) A/\mi,d
+ ™ _ 7[ . m 1 _ . i,d 7(17771) PYt ’
T Jdm 777,( wz) (7 )
AlYy = 100Inp, + Aj} + A% + i,
7w, = 400(7m — )7 + 477},

R = 400(R —1)R+4RR;.

Domestic inflation
7d = 400(7 — 1)7 + 4n 7,
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DO(L 1)
D, (Lng +1)

400(m — 1)m
4dr

Change in real wage

An(Wy/P;) = 1001n p1, + Wy — Wi—1 + fiyy,

Dy(2,1) = 100Inpu,
wy : Ds(2,ng+6)=1
W1 D, (2,50) = —1

fo ¢ Di(2.3)=1

Change in real consumption

o ~ C cd " cmey—1 cd\—1| ~mced
AlnCy = 100Inp, +& = G1 + —mn.—— [(v e O A
d .m
C Cc’ C _ 1| ~ N
R i [(vcmc) b (v 1} D fig,
Do(3,1) = 100Inpu,
& Ds(3ng+7) =1

Gi1 Ds (3,51) = —1
~mecd > c Cd " cmey—1 cdy—1
Vt Dy (3,ng +17) = Aol o {( ) =) }
~mcd A c Cd " cemey—1 cdy—1
QS Dy (3’61)=—m%;? {(7 ) = () }

ﬂzt DS (37 3) =1

Change in real investment

Alnl, = 100Inp, +7 — 7 U iy (i) ] ami
nl, = B e i (™) ol i
d >m 1
7 7 i miy—1 d —mid
AT [(7”"”) — () } R
AT B\ k7 17 g\ k7 1 . .
+(1—T )r f—ky — (1—7 )r bk — (1—7 )r 1 + fiuy,
MZ MZ z
= k—ky
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Do(4,1) = 100Inp,
oo Ds (47n)”(+8):1
W1+ Dy(4,52) = —1

~mid . [ o T iy -1 i)

7 i gm

~mi,d — S o1 . —1
T DoA,62) = e [(szmz) — (54) }

ke Ds (4777/)”( + 13) = <1 — Tk> rk]z;lui

3 -1
ke : D (4,42):_(1_Tk) AL

Q1 Dy (4,67) = — (1 - Tk) rkE—

:&zt : DS(473):1

Real exchange rate

Bo=7%
i Dy (5,mz +20) =1

Interest rate )
R, =400(R — 1)R + 4RRy,

Dy(6,1) = 400(R—1)R
Rt : DS(6;nX+nx+nZ):4R

Hours worked

H : Ds(Tyng+12)=1
Change in output (GDP)
Ay = 100100, + G — Je—1 + flzys

Do(8,1) = 1001np,
g Ds(8,ng+4)=
Gi—1 : Ds(8,48) = —1
. D (8,3) =1
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Change in real exports

AlnX; =100Inp, + 9 — 97y — Ve F N+ 2 — 21 e

Do(9,1) = 1001np,
gF : Ds(9,31) =
Jr—1 D; (9,34) =
S Dy (9,n5 + 19) —n;
Vi D; (9,63) = 77f
z Dy (9,14) =
Z., ¢ Dy(o, 15)
ﬂzt DS ( )

Change in real imports

. o ar " dy—(1—n.)~med
AlnM, = 100lnp, + e Tt~ m -1 n 5mnc(1 — we) (YY) M)A
cm d\—(1—n,)~med "~ "=
+Cm _i_imnc(l _("‘)C)(’YC ) ( nC)’y;n—cl + Cm +imzt - Cm _i_imzt*l
amnoe) (01) A
Dp(10,1) = 1001n p,
. = ™
¢ Dy (1(),n)~(—i—7) = =
. = c™
Gt D (10,51) = ————
m
s D 10mg 17) = — 1w ()0
~ = c™ (-
Fpel Dy (10,61) = Wﬁc(l — we) (ye4) (A=)
. _ m
w . Dg (10,715(4—8) = L m
. _ m
o D (10,52) = ————

m

~mi,d = ( i\ —(1=m)
’ : Ds(10,ny 18) = ———n,(1 —w; ( ’ )
Yt ( ng+ ) om 1 Zm77 ( wi) (7

m n;(1 — w;) (,yi,d>—(1—m-)

cm o4

Ared . D, (10,62) =
D

i D (10,3) =

CPI inflation

7P = 400(r — ) + 47 (1 — we) 7l
C C
+mw ¢ + 4 7 —Ar——7¢_ 4,
T
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Dp(11,1) = 400(w — 1)w
7l ¢ Dy(1l,ng +1) =4n(l — w,)
e D, (ll,nx—i—Z) = 4rw,
. — T¢
7¢ D, (11,22) :47r1+TC
e — T¢
T{ 1 Dy (11,27) = —47r1 e
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3.2. Cointegration specification

The vector of observable variables is
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and corresponds to the data used in estimating Ramses. However, it should be noted that in the
current version of [1] we are only using the difference specification in equation (3.3).

Next, we need to specify how the cointegrated data corresponds to the model variables (see the
section above for the specification of the non-cointegrated variables):
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Real imports
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3.3. Smoothed estimates

The Kalman filter calculates a forecast of the state vector s¢, sy;_1, as a linear function of previous
observations,
Sjt—1 = Blst| Z1-1], (3.7)

where 2,1 = (Z4-1, Z4—2, ..., Z1). The matrix Py;_1 represents the MSE of this forecast

Py i1=E [(St - St\t—l) (St - St|t—1)/ ‘thl] .

The key equations of the Kalman filter are

S|t = Stt-1 T Pt\tle; (DsPt\tAD’s + En)il (Zt — Dy — Dsst\tfl) ) (3.8)
Se1e = Bsy, (3.9)
Py = Py — Py_1D} (DsPy_1 D + En)il DsPy_y, (3.10)
Py = BPuB' +Q. (3.11)

The smoothed estimates of s¢, syp for ¢ < T, are denoted
5t|T = E[St|ZT]. (3.12)

The sequence of smoothed estimates {st|T};f:1 can be calculated by first calculating the sequences

{St\t}thla {3t+1|t}tT:_11, {Pt|t};f:1 and {Pt+1|t}tT:_11 and then calculate

Sy = Syt + Pt|tB/Ptjrll|t (St+1\T - St+1\t) (3.13)
by iterating backward through the sample for ¢t =7 — 1,7 — 2,...,1 (Hamilton [3, chapt. 13.6]).
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