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The Linearized System

Transformation of the variables:

y, = Va7, oo = Cyf 7, N = Ny, 2 = 74/ 7, 1 (with a reference to Z))
and m = /1L, rs = Ry/I1} and o) =1} /11 ; (with a reference to I1}).

Conditions that hold in steady state:

gi=lmt = Lves Lw=lgb= Lgh= L=t g=rand allerwieghoal

culationswe get: g% = z, A =8/(8—1),y = {(6 —1)/8} {(z — Bv)/(z — )},
r=z/Band 7T =z/Bfort=1223, ..

Percentage deviation of the variable from steady state value:

3;}1‘ = "In(yi/y):éi = .ER(C-L\/‘CJJ Ty = .’ITL(?TJ,?{} = .’I?l(?‘t/‘?"),é? = ln(gg/gy)aé;r -
in(gf), i = In(w/y), 6 = In(gl), 71" = In(r]7/77"), A = In{A/ ), 6 =
inla:),8: = in(8:/8), 2 = In(z:/2),0: = In(w), and 7} = In{x)).

The system of the stationary equations log-linearized around the steady state. A
first—order approximation of equations imply (for allt =1,2,...)

(=) (z—B) = vehr+By2 B — (2" + 07 Vet (2 =) (e —Brype)de—yz4e (1)
Ay Etj\t+1 + 7y — Byt (2)

(14 Bo)ity = s + BEieyy + (s — M) — & — o] (3)
Tt — Feo1 = Pl Py — T O (4)

Ty = On€rt — Op€ep — Oy€s (5)
F=%h—Y1t+5 (6)

gf = — froo1 + 7] (7)

F =7y — T (8)

Gy = Palty_1 + Ca€qy (9)

€ = Pe€i_1+ O€a (10)

2y = 0,6, (11)

Uy = Pyti—1 + Oyt (12)



The new varlables are;

é = (1/$)b, 9 = (6 — 1)/$,6. = 6 and 0. = 6y/

The first five equations are the ground of the model.
e Marginal utility of households’ consumption (1)

¢ New Keynesian [S curve (2)

e New Keynesian Phillips curve (3)

¢ Monetary policy (4) — (5)

The subsequent three equations () — (8) state the definitions of the growth rate
for the output, the inflation rate and the nominal interest rate to the inflation.

The rest equation describes
o shock to the households’ preference (9)
o cost—push shock (10)
e technology shock (11)
e monetary shock (12).

There are 17 parameters:
2, 8,9, @, Pry Pays Pas Pes Pus Oy Oy Oy O, O, O 81 0,
and 3 observable variables
¢ the growth rate of the output (¢f = /1),
e the growth rate of the inflation (¢ = m;/m;_1) and

e the growth rate of the nominal interest rate to the inflation (+{™ = r;/m).




Solving the Model

Let
ot A ]
S =WV T T 9 /1t Yo Ty 4,
and
A A A A Ax T
5; :[at e Zi VY ﬂt]
Then (1), (2), (3) and (4)
0o 0
AEt S = Bst + Cé:t (13)

Meanwhile (5), (9), (10), (11) and (12)

51 = Pgt—l + th (14)

where

gt = [gat get gzt gvt g;zt ]T

Equation (13) takes the form of linear expectational difference
equations, driven by the exogenous shocks in (14).

The system can be solved by uncoupling the ustable and stable
components and than solving unstable component forward.

The approach taken here uses the methods outlined by Klein.

Klein's method relies on the complex generalized Schur
decomposition, which identifies unitary matrices Q and Z such than



QAZ = S
and
OBZ =T

are both upper triangular, where the generalized eigenvalues of B and
A can be recovered as the ratios the diagonal elements of 7'and S

AB,A) =i, /s, | i=1,2,..8}

: : : 0 :
There are four predetermited variables in the vector S, .Thus, if four
generalized eigenvalues in A(B, 4) lie inside the unit circle and four

of the generalized eigenvalues lie outside the unit circle, then the
system hes a unuque solution.

If more then four generalized eigenvalues in A(B, A) lie outside the
unit circle, than the system has no solution.

If less than four generalized eigenvalues in A(B, 4) lie outside the unit
circle, then solution has multiple solutions.

See Blanchard and Kahn (1980) and Klein (2000).
Assumed from now on that there exactly four generalized

eigenvalues that lie outside the unit circle, and partion the matrices O,
Z, S, and T

2H

where Q1 and Qz are both 4 x 8, and



7 — le le} S = Sn Slz T= T11 le
Zzl Zzz 0(4x4) Szz O(4x4) Tzz
The solution to be writen more conveniently as

At _J;t-l
% Vs
B e
7Z-t ’/i-l
4, | 9] (15)
-1
M1 - Zzlzll
-1 -1
Mz - - [Zzz 'Zzlzll le]Tzz R
Substitute results to obtain the solution
At );t-l
s T
3}t = M3 AH + M4§t
7Z-t rt-l ( 16 )
ét ] ét-l _

M3 = ZnSl_llTuZl_ll
M4 = leSl_ll (TIIZI_IIZIZTZ_ZIR +Q1C + Slsz_leP' T12T2;1R) - Z12T2_21RP

To complete the construction of the solution, let

N ~N

S, :[yt-l T, Ny 4y 4 €



M3 M4
1= w
O(5x4) P

O(5x4)
X

The compactly solution

St+1 — HSz‘ + W5t+1

(17)
Estimation of the Model
The empirical model hes 19 parameters
z, P, ¥, O, W, Gx, G, Gey, Sa, Ge, Sv, Oa, O, Oz, Ov, Or, Oy, O and o,
Data:
g/

— i~ 72-

dt = | 8
&

The empirical model for estimating
St+1 — ASt +Bgt+1 (18)
d, = Cs, (19)

where

A=11, B=W



Note ( 19 ) that

dt|t—1 = CSt|t—1

Hence

u, =d

t t

-c;’t|t—1 — C(S, 'St|t—l)

in such that

Euu' =CzT, C'

te-1

Hamilton's formula for updating a linear projection

ey A T T —1

Sge = Sy T zyr e (Czrv ¢ )

Hence from ( 18)

A . A T T —1
St+1|t — ASt|t—1 + A2t|t—1Ct (Cz:ﬂt—lCr ) u

Using this last result, along with (18)

Sia t+1|z‘ - ASt|t p A(St 'St|t—1) +B‘9 Aztv ICT (Cztv ICT)
Hence
Zt+1|t — BVBT + Azﬂt—lAT B Azﬂt—lCT (Czt|t—1CT) Czt|tl

The results can be summarized as follows.

St — §t|t—1 — E(St | t— 19d dl)

and

zz = Z“z|t—1 = E(Sz |dt—1’dt—2"”’dl )t|t—1 = E(Sz -§t|t—1XSt '§t|t—1)T



Than
S, = As, +K, u,

N d
d =C5 +u

where
u, =d, +Ed |d_.d.,..d)
Euu' =C2, C'=Q

-1t t

the sequences for K, a X, can be generated recursively

K, =4z,C"(cz,.C)

and

S, = BVBT + A%, AT- A%

flt-1

tlt—lcT (szlt—l CzT )_1 CX

tlt-1

and 1nitial conditions

§1|o = Ly, = O(9xl) ,

vec(Zl‘O) =vec(Es, s, tT) )

The inovations {u, Jt=12,.,T } than can be used to form log
likelihood function for {d o1 =12,..,T } as

In L = -(3TR2x)InQ27x) - 12 XIn|Q, | -1/2 Zu, Q'u

AT

T
t



Results of Estimation

Estimates of the Model with Endogenous Target

Parameter Estimate  Standard Deviations Target

z 1.0057 0

B 0.99778 0

y 0.91272 0.025536
o 0 *

\j 0.1 0

Cr 0.30946 0.080288
Cay 0.023574 0.069327
Ga 0 *

Ce 0 *

Sy 0 *

G, 0.0240390  0.0062766
Ge 0.0041403  0.0018223
G, 0.0311820  0.0052965
G, 0.0049429  0.0006269
Gy 0.0024665  **

Se 0.0023736  0.0006249
5, 0.0020351  0.0009140
] = 456.871

* the estimate lies up against the boundary of the parameter space,
** the calibrated value
J the maximum value of log likelihood function



Cunsumer price inflation and inflation target (annualized)

annualized inflation and inflation target by constrained/endogenous model
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