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Overview

This is an introductory course for individuals with little or no previous knowledge of
the practicalities involved in dynamic stochastic general equilibrium modelling. The
intention of the course is not to train participants to become specialist model-builders
but instead for them to be fully conversant in the main techniques involved in building
and using dynamics models in their work. The aim is to make participants
‘sophisticated consumers’ of dynamic models and to provide a deeper framework and
knowledge within which to frame their discussions. Although no prior knowledge is
assumed it is a fast paced course and additional reading is provided to help
participants to consolidate material.

Course objectives
By the end of the course participants should:

¢ Understand the economic foundations of dynamic models and how they relate
to current policy issues

e Be able to write dynamic models in a general form suitable for solution and
simulation by computer

e Implement basic solution and simulation techniques to analyse dynamic
models, showing how the model economies behave and how they respond to
different shocks

e Be aware of how to extend simple models to answer more complex questions
associated with monetary policy

e Feel confident in discussing model-based analysis, evaluating the strength of
models used and engaging in conversation with people building economic
models

Organisation

The course runs over a series of five mornings. Each session will be a mixture of
small-group teaching and practical exercises using MATLAB software to solve and
simulate dynamic models. Afternoons are therefore free, allowing participants time to
reflect and consolidate the morning work before the next session. The instructors will
be available throughout each afternoon to answer any questions or queries that arise.

Pre-readings

Some pre-course readings will be assigned for those participants who wish to prepare
in advance. The issues involved in the pre-reading will be dealt with in the course so
there is no need to understand everything. The pre-reading is as much about getting
participants to gauge what they do and don’t understand as it is to get ideas and issues
across.



Ouline

Session 1

Introduction to DSGE modelling.

In this session we describe the key ingredients in a dynamic model, using the
simplest available dynamic model with monetary policy.

Exercises are designed to familiarise participants with the MATLAB
computer language environment.

Session 2

Taking a model to the computer

We show how to rewrite the model in a form suitable for solving and
simulating on a computer. There are two parts to this: (i) approximating the
nonlinear model by a linear model and (ii) collecting the equations together
into the so-called state-space form.

In exercises we practice the techniques of log-linearisation and define state-
space forms.

Session 3

Solution technigues

After a short discussion of the range of possibilities, we explain the standard
Blanchard-Kahn technique for solving linear models. We also discuss the role
of the Blanchard-Kahn conditions in ensuring determinacy of the solution.

The computer exercises take participants from the state-space form to the
solution to the model and show the relevance of determinacy conditions.

Session 4

Simulation techniques

Having obtained the solution in the previous session, this session is devoted
to developing a range of simulation techniques through which to analyse the
model. Amongst others, we discuss stylised facts of volatilities and
correlations at different leads and lags, impulse response analysis, forecast
error variance decomposition.

Computing exercises develop participants’ skills at analysing dynamic
models.

Session 5

Advanced dynamic models

In the final session we survey some of the more advanced dynamic models
that are useful for policy analysis. In particular, we focus on how to handle
models with simple monetary policy rules such as those famously associated
with Taylor.

The exercises in the final session consolidate the work of the previous
sessions. The participants will work through a series of exercises which
simulate the behaviour of a dynamic economy under Taylor rules. Time
permitting, participants will be able to analyse the response of the economy
for different coefficients in the monetary policy rules.




Instructors
The course architects are Martin Ellison and Alina Barnett.
Martin Ellison, Assistant Professor, Warwick University

Martin has an MPhil from Oxford University and a PhD from the European
University Institute, Florence. He is an affiliate of the Centre for Economic Policy
Research and a consultant at the Bank of England. His research focuses on monetary
theory and monetary policy and he has just received a three-year ESRC Research
Fellowship for his project “Improving Monetary Policy for Macroeconomic Stability
in the 21°" Century”. His research is regularly published in the top academic journals,
as well as presented at leading conferences and central banks.

Alina Barnett, Postgraduate Research Fellow, Warwick University

Alina holds an MA in Economics from the Central European University in Budapest
and a BA in Finance and Banking from the Academy of Economic Studies in
Bucharest. Her research interests are in macroeconomics, time series econometrics
and developing economies. Her professional experience includes financial analysis,
banking and teaching economics at university and secondary school level.
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Objective

To make participants ‘sophisticated consumers’
of dynamic stochastic general equilibrium
models, and to provide a deeper framework
and knowledge within which to frame
discussions of economic policy issues.




Aims 2
Understanding of simple DSGE models

Ability to solve and simulate simple DSGE
models using MATLAB

Organisation

Five mornings

Each morning is a mixture of small-group teaching and
practical exercises using MATLAB

Share of teaching is higher in first couple of days

Course organisers are available each afternoon to give
extra help and answer questions




Outline 2
Day | Topics

1 |Introduction to DSGE models / Introduction to
MATLAB

2 | Writing models in a form suitable for computer

3 |Solution techniques

4 | Simulation techniques

5 |Advanced dynamic models
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Dynamic
Stochastic
General Equilibrium

Dynamic

CEO=CO—CD




Stochastic

Frisch-Slutsky paradigm

Ny

Propagation

N

General equilibrium

Monetary
authority

~2=———==(_ Households




Households

Maximise present discounted value of expected
utility from now until infinite future, subject to
budget constraint

Households characterised by
utility maximisation
consumption smoothing

Households

We show household consumption behaviour in a
simple two-period deterministic example with no
uncertainty

initial wealth W,

consumption C, and C,

prices p, and p,

nominal interest at rate i, on savings from ¢, to ¢,

Result generalises to infinite horizon stochastic
problem with uncertainty
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Household utility 2
C
1 maxU(Cy) +AU(C))

dU =0=U"(Cy)dCy+ BU'(C)dC

B dCl _ —ﬂ U'(Co)
U ac,” ")
%o

Household budget constraint

G =Wy = pCo)A+1y)

pdC, =—p,dC, 1+ io)

dC, _ 1+i

dC, 1+ 7,
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Household utility maximisation

5 U'(CO) _1+i0
U'(Cl) 1+ 7,

Households

General solution for stochastic «o-horizon case

U'(Ct)=ﬂE{U'(Ct+1) —t }

t+1

Known as the dynamic IS curve
Known as the Euler equation for consumption

12




Households - intuition

1+7

t+1

U'(Ct>=ﬂE,[U'(CH1) . }

it —->UC)t —-CJ Higher interest rates
reduce consumption

Er.1—U(C)| — C,1t Higher expected future
inflation increases
consumption

Firms

Maximise present discounted value of expected
profit from now until infinite future, subject to
demand curve, nominal price rigidity and labour
supply curve.

Firms characterised by
profit maximisation
subject to nominal price rigidity

13




Firms

Firm problem is mathematically complicated
(see Walsh chapter 5)

We present heuristic derivation of the results

Nominal price rigidity

Calvo model of price rigidity
Proportion of firms able to @
change their price in a period

Proportion of firms unable to @
change their price in a period

14




Aggregate price level

ﬁt — (1_60)[311 + a)lst—l

——

price price
setters non-setters

Do not worry about the hat (*) notation. We will
explain it later

Derivation

ﬁt = (1_0))]311 + a)ﬁz—l
l
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Optimal price setting 2
P = (1_ﬂa))pt + IBa)EtpitH.
price myopic desired
set at t price price at t+1
w=0 = perfect price flexibility = p, = b,
w—1 => price inflexibility = i EPu
Derivation :
ﬁt = (1_0))]311 + a)ﬁz—l
l
ﬁit = (1_ﬂa))ﬁt* +ﬂa)Etﬁit+l

i
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Myopic price
Approximate myopic price with price that would
prevail in flexible price equilibrium

pz* =k p,mc,

Price is constant mark-up £ over marginal cost

In our hat (*) notation — to be explained later —
the myopic price is given by

pl :pl+mct

Full derivation

ﬁt = (1_0))]311 + a)ﬁz—l

l

ﬁit = (1_ﬂa))ﬁt* +ﬂa)Etﬁit+l
!
ﬁz* = ﬁt +I”}\’l(3t

1
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Marginal cost

No capital in model — all marginal costs
due to wages

Assume linearity between wages and marginal
cost

me, = w,
00
0000
H
. . [ X J
Derivation :
ﬁt = (1_0))]311 + a)ﬁz—l
l
ﬁit = (1_ﬂa))ﬁt* +ﬂa)Etﬁit+l
!
ﬁz* = ﬁt +I”}\’l(3t
!
me, =

= =
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Wages
Assume a labour supply function

wages rise when .~ wages rise
output is above trend with output gap

1/a is elasticity of wage w.r.t output gap

~ 1.
Wt = —xt
a
YY)
000
T
. . oo
Full derivation :
ﬁt = (1_0))]311 + a)ﬁz—l
l
ﬁit = (1_ﬂa))ﬁt* +ﬂa)Etﬁit+l
J
ﬁz* :ﬁt +I”}\’l(3t
l
me, =w,
!
~ 1.
P =X
(04
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Firms

Full solution

A aw
X =

t (1—60)(1—ﬂ60) (7’2\} _ﬂEtﬁ-tﬂ)

Known as the New Keynesian Phillips curve
Known as the forward-looking Phillips curve

Firms - intuition

-~ (040V
X =

t (1—(0)(1—50)) (ii-t _IBEt;Z\-Hl)

(;\r . ,B}é\t;rt+ ) <0— )/c\t< 0 Inflation expected to
rise in future, firms set
high prices now,
choking supply

A A A .
Em.,t—p,T—x] Higher expected future
inflation chokes supply

20




Monetary authority 2
Sets the interest rate
Simplest case is simple rule
Interest rate reacts to inflation, with shocks
I, =om, +V,

Baseline DSGE model

/

Monetary
authority

\

~2————==(_ Households

A aw
X =

- (-0)1-po)

(ﬁt _ﬁEtﬁ-Hl) Ul(Ct) = ﬂEt|:U'(Ct +1)

1+,
1+ ﬂt+1

|
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Next steps

Introduction to MATLAB

How to write the DSGE model in a format
suitable for solution

How to solve the DSGE model

Solving the DSGE model in MATLAB

22
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What is MATLAB?

MATLAB is a tool for doing numerical
computations with matrices and vectors. It is very
powerful and easy to use. It integrates
computation, graphics and programming in the
same environment.

MATLAB stands for “Matrix Laboratory”.

23




Matrix

MATLAB works with essentially only one kind
of object — a rectangular numerical matrix with
possible complex entries.

Entering a matrix

Matrices can be

Entered manually
Generated by built-in functions

24




An example

A=1]1,2,3;7,8,9]
Use ; to indicate the end of each row

Use comma to separate elements of a row

Matrix operations

+ addition

- subtraction

* multiplication
N power

‘ transpose

To make * and * operate element-by-element,
we write .* and A

25




Example

A=[1,2; 3, 4]
B =[0.5, 0.6; 1, 1.5]

C=A"B
C=A"B

Subscripts

The element in row i and column j of A is
denoted by A(, j).

Example: A = zeros(2,2);
A(1,1) + A(1,2) + A(2,2)

26




The colon operator

The colon : is one of MATLAB ’s most
important operators. It has many uses.

3:-2:-11 is a row vector containing integers
from 3 to -11 with a increment of -2.

Subscript expressions involving colons refer to
portions of a matrix. A(1:3, 2) is the first to the
third elements of the second column of A.

Working with matrices

MATLAB provides four functions that generate
basic matrices.

zeros: all zeros. A = zeros(1,3)
ones: all ones. A = ones(2,4)

rand: uniformly distributed random
numbers. A = rand(3,5)

randn: normally distributed random
numbers. A =randn(2,2)

27




Working with matrices

Concatenation: join small (compatible) matrices
to make bigger ones. B = [A A-2; A*2 A/4]

Deleting rows and columns. B(;,2) =[]

Functions

MATLAB provides a large range of standard
elementary mathematical functions, including abs,
sqrt, exp, and sin.

For help on functions, type

help elfun (elementary mathematical functions)
help specfun (advanced mathematical functions)
help elmat (advanced matrix functions)

help datafun (data analysis functions)

28




Suppressing output

If you simply type a statement and press Enter,
MATLAB automatically displays the results on
screen. If you end the line with a semicolon ;
MATLAB performs the computation but does
not display any result.

Example: C = randn(5,1)
C =randn(5,1);

Programming with MATLAB

Files that contain code in the MATLAB
language are called M-files. You create M-files
using a text editor, then use them as you would
any other MATLAB functions or command.

29




Flow Control 2
MATLAB has many flow controls. The most
basic are

if statement

for loops

while loops

if ... elseif ... else ... end

if A>B
‘greater’
elseif A<B
‘less’
elseif A==
‘equal’
end

30




for ... end e
fori=1.m
forj=1:n
H(i,j) = 1/(i+)
end
end

while ... end

i=0;

while (i<10000)
S=s+i;
i=i+1;

end

31




Graphics

x=0:0.01:100;
y = X"2;
plot(x,y)

Adding plots to an existing graph: hold on

Multiple plots in one figure: subplot

32




Taking a model
to the computer
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Baseline DSGE model "
Monetary P =67 v,

authority

——————( Households

(1-0)(1- o)

2 awm 2 2 . . 1+i
Xt =—(7Z-t _ﬂEtﬁt+l) U (Ct) zﬁt|:u (Ct+1)1+ﬂ.t :|
t+1

33




Households

Two simplifying assumptions:

cLe
l-o

CRRA utility function U(C)= u'(C)=C~"

No capital |C, =Y,

Dynamic IS curve

o o 1+
Yt :/BE{YH : }

1+7Z—t+1

Non-linear relationship
Difficult for the computer to handle

We need a simpler expression

34




Log-linear approximation

Begin by taking logarithms of dynamic IS curve

—oInY,=InB+In E{Ym“ ]:['t }
t+1

Problem is last term on right hand side

Properties of logarithms

Taylor series expansion of logarithmic function

A A

nl+z2)=z2—+———+... =-1<z<1

To a first order (linear) approximation

INE(L+2)~E(z)~EIn(1+2)

Applied to dynamic IS curve

In Et|:Yt;f Lt }zEt|n|:Yt;f L }

+7Z-t+1 1+7Z.t+l

35




Log-linearisation

Log-linear expansion of dynamic IS curve
—olInY, =InBg-oE, InY,, +In+i)-E, Inl+7,,) (1)
Steady-state values (more later)

—oInY =nB-cInY +Inl+i)-In7 (2)
(1) -2

—o(InY,-InY) = —oE,(InY,, - InY) + In(L+i,) - E, (In(L+ z,.,))

Deviations from steady state

Whatis InY,~InY ?

INZ,~-InZ =InZt~ =t -1=

percentage deviation of
Z, from steady state Z

In case of output, InY, — InY is output gap, X,

36




Log-linearised IS curve

T XV‘EKH_O'(h_EWhD

t+1

oER

Slope = -0

S

x>

Advanced log-linearisation

The dynamic IS curve was relatively easy to
log-linearise

For more complicated equations, need to apply
following formula

R 1 C95) I M €0
Inf(x,y)=Inf(Xy)+——"L(X-K)+————2L(y-Y)

f(x.y) f(x.y)

37




Firms

Previously solved for firm behaviour directly in
log-linearised form. Original model is in Walsh
(chapter 5).

Aggregate price level :
Original equation Log-linearised

version

ptl_e - (1_ a)) pﬁ_e + a)ptl:le ﬁt =(1-w) ﬁit + a)bt—l

38




Optimal price setting

Original equation

Log-linearised
version

E D @' BCLP,
0 i

FL.
P

)

i: =(1_ﬂa)) ﬁt*"':BCOEt ﬁiul
P 1-0 =
Etzwﬂcti."( j
P
Myopic price &

Original equation

Log-linearised
version

(o
t 9_1 t

P; = Py +MC,
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Marginal cost

Original equation

Log-linearised

version
Wt _ A .
Ft = MC, mc, =W,
Wages :

Original equation

Log-linearised

version
W, _ AN .
R C” W, == R
a

o
1
=z




Monetary authority 2
We assumed i =57, +V,

Equivalentto  Ini,—Ini =5(Inz_, —In7)+v,
Very similar to linear rule if i, small

Log-linearised DSGE model
Monetary
authority

~Z=——=0— ( Households

aw

(72} - Etﬁtﬂ)

i{:

(1-0)(1-fo)

41




Steady state

Need to return to original equations to calculate
steady-state

1-p

Assume i'=7z0 for monetary authority
From household Y7 =Y il
1+ 7

7 =0

Steady state calculation

From firm P=P=P

42




Full DSGE model e
)’zt = Et)zt+1 _G_l(i; - Et;i-t+l)
7%'[ :ﬂEtﬁ.Hl—i_K)’zt
I, = 67, +V,
_(-0)t-fo)
(040)]

Alternative representation

o e a2 _ 3 “1gn -1
EX,+to Ex,=X+o or,+0V,

+1

/BEt”Hl =—KX + 7T,

1 o' EX, (1 oS\ X . o
0 4 Et7’z\-t+l —-K 1 At 0
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State-space form

Generalised state-space form

AOEtXt+1 = Alxt + Bth+1

Models of this form (generalised linear rational
expectations models) can be solved relatively
easily by computer

Next steps

Derive a solution for log-linearised models

Blanchard-Kahn technique

44




Solution techniques
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State-space form

Generalised state-space form

AOEtXt+1 - Aixt + Bth+1

Many techniques available to solve this class of
models

We use industry standard: Blanchard-Kahn

45




Alternative state-space form

Etxt+l — Ao_lAixt + Ao_lBOVt+1
—— ——
A B

E,X,, = AX, + By,

+1

Partitioning of model

{ backward-looking variables
predetermined variables

W,
X, =] "
t {yj {forward—looking variables
control variables

{ W }_ A{wt}
- + BVt+1
Et yt+1 yt

46




Jordan decomposition of A

Wt+1 Wt
Et yt+1 yt

A=PAP™

eigenvectors  diagonal matrix
of eigenvalues

Blanchard-Kahn condition

The solution of the rational expectations model

Is unique if the number of unstable eigenvectors

of the system is exactly equal to the number of
forward-looking (control) variables.

l.e., number of eigenvalues in A greater than 1
in magnitude must be equal to number of
forward-looking variables

47




Too many stable roots 2
Yi multiple solutions

equilibrium path
not unique

need alternative
techniques

=

Too many unstable roots :
Yi no solution
all paths are

explosive

transversality
W conditions violated

48




Blanchard-Kahn satisfied

Yi

one solution

equilibrium path
IS unique

system has saddle

path stability

Rearrangement of Jordan form

Wt +1

_Et yt+l_

Wt +1

L Et yt+1_

-1 Wt
= PAP { }+Bwﬂ

Yi

1| W -1
AP { }+P Bv, .,
Y; S

J

R

49




Partition of model o
W W,
P{ }AP{ t}Rvﬁl
Etyt+l yt
J
A0 s_[Pi R R,
A= Po=| © . R=
( 0 Azj (Pﬂ PZZ] (sz
|

Transformed problem

[Pﬁ PJ{ WmHAl Oj(a’; P;;J{WtHRlJV
P P EVe] \O MNP Py (R
; Y . —

5

P1;Wt+P1;yt ZVTIt |:> |: Wt+l }:(Al 0 }|:Wt}+(R1JV
I:)2*1Wt + PzZYt = yt Et Yin 0 Az Y Rz i

*

50




Decoupled equations
EAR M HLIE
EVil (O A V] (R

Wi = A1Wt + R1Vt+1

Et yt+1 = Azyt + R2Vt+1

Decoupled equations can be solved separately

Solution strategy

Solve unstable =
transformed equation = Y;

Solve stable ~
transformed equation = Wi

Translate back into
original problem

51




Solution of unstable equation

Solve unstable equation forward to time t+j
Et yt+j = (Az)J yt

As [A,|>1, only stable solution isy, =0 Vvt

yt = P2*1Wt + Pz*z Yy =0 ==> Yi = _Pz*z_l I:)2*1Wt

Forward-looking (control) variables are function
of backward-looking (predetermined) variables

Solution of stable equation

Solve stable equation forward to time t+]
EIW = (Al)jwt

t+j —

As |A,|<1, no problems with instability

Wt - Pl;Wt + Pf; Yi

~ * * *_l~*
__p-lp W, = (Ry — PPy o)W,
Yt — 22 21Wt

52




Solution of stable equation 2
V%+l = Alwt + RV
(Pﬁ - Pfé Pz*z_l P;l)Wm = Wm Wt = (Pﬁ - Pf; I:)z*z_1 P2*1)Wt

Wiy = (Pﬁ _ Pf; Pz*z_l Pz*l)_lAl ( Pl; _ Pl; Pz*z_l P2*1)Wt
+ (Pﬁ - Pl; Pz*z_l Pz*l) - R1Vt+1

Future backward-looking (predetermined)
variables are function of current backward-
looking (predetermined) variables

Full solution

*_] ~*
Y, =Py Py,

W,y = (Py — PPy Po) AL (P — PoPy, ' Pr)w,
+ (Pli - Pf; Pz*z_l Pz*l)_l RV

All variables are function of backward-looking
(predetermined) variables: recursive structure

53




Baseline DSGE model

State space form
1 o'\ EX, 1 o5\ X o
= .|+ v,
0 B \E7. —-K 1 Ty 0

To make model more interesting, assume
policy shocks v, follow an AR(1) process

Vt+1 = ,OVt + gt+1

New state-space form

10 O Vg p 0 0 \v, 1
0 1 6'|ER,|=|lc? 1 o6 % |+]|0]|e,
00 g LEA, L0 —x 1 |4 lo

One backward-looking variable ==> V,

Two forward-looking variables == X, T,
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Blanchard-Khan conditions

Require one stable root and two unstable roots

W, =V
Partition model according to ( ]
Yy =

SN x0T

Next steps

Exercise to check Blanchard-Kahn conditions
numerically in MATLAB

Numerical solution of model

Simulation techniques

95




Simulation techniques

Martin Ellison
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Baseline DSGE model

*_] ~*
Y, =Py Py,

W,y = (Py — PPy Po) AL (P — PoPy, ' Pr)w,
+ (Pli - Pf; Pz*z_l Pz*l)_l RV

Recursive structure makes model easy to
simulate

56




Numerical simulations

Stylised facts
Impulse response functions

Forecast error variance decomposition

Stylised facts

Variances
Covariances/correlations
Autocovariances/autocorrelations

Cross-correlations at leads and lags

57




Recursive simulation

1. Start from steady-state value w, =0

!

2. Draw shocks {v;} from normal distribution

!

3. Simulate {w} from {v,} recursively using

W, = (P = P3P, Py) " A (P — PoP, P )w,
+ (Pﬂ - Pl; Pz*z_l Pz*l)_l R1Vt+1

Recursive simulation

4. Calculate {y} from {w;} using y, =-P,,‘P,w,

!

5. Calculate desired stylised facts, ignoring first
few observations

58




[ X X J
0000
(X XX
3
Variances :
Standard
deviation
Interest rate 0.46
Output gap 1.39
Inflation 0.46
00
0000
HE

Correlations

Interest | Output | Inflation
rate gap
Interest rate 1 -1 -1
Output gap -1 1 1
Inflation -1 1 1

59




Autocorrelations

t,t-1 t,t-2 t,t-3 t,t-4
Interestrate | 0.50 | 0.25 | 0.12 | 0.06
Output gap 050 | 0.25 | 0.12 | 0.06
Inflation 0.50 | 0.25 | 0.12 | 0.06

Cross-correlations

Correlation with output gap at time t

t-2 t-1 t+1 t+2
Outputgap | 0.25 | 0.50 0.50 | 0.25
Inflation 0.25 | 0.50 0.50 | 0.25
Interest rate | -0.25 | -0.50 -1 -0.50 | -0.25
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Impulse response functions

What is effect of 1 standard deviation shock in
any element of v, on variables w, and y,?

1. Start from steady-state value w, =0

ﬂ 0000 -

2. Define shock of interest oo
{v}=<1 0 0 0 --

00O0O0 -

Impulse response functions

3. Simulate {w} from {v,} recursively using

W, = (P} — PoPy Pr) A (Py — PoPy, P )w,
+ (Pl; - Pl; Pz*z_l Pz*l)_l RV

|

4. Calculate impulse response {y,} from {w,}
using vy, =P, P,w,

61




Response to v, shock

0.6 -+

0.4 1
o2 -k
O - — T T S

® 123 45 6 7 8 9101112

-0.2
-0.4 4 ¢
-0.6 -
-0.8

-1 -

ammm———interest rate

-1.2 4 output gap
-1.4 -

inflation

Forecast error variance
decomposition (FEVD)

Imagine you make a forecast for the output gap
for next h periods

Because of shocks, you will make forecast errors

What proportion of errors are due to each shock
at different horizons?

FEVD is a simple transform of impulse response
functions
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FEVD calculation

Define impulse response function of output gap
to each shocks v! and v?

1.5
1
0.5
o

oﬁl?sf‘f’???

70 SO Sl S S SO S 2y
L N O S S S S

FEVD at horizon h =1

At horizon h = 1, two sources of forecast errors

Shock 1 2
Vt Vt

Impulse

response at \Pll ‘{112

horizon 1

Contribution to
variance at (\Pj)zaj % )zavzz
horizon 1
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FEVD at horizon h =1

Contribution of vi

(‘)0
(\Pll)zo'vzl + (\{le)zo_vzz

FEVD at horizon h =2

At horizon h = 2, four sources of forecast errors

Shock 1 2 1 2
Vt Vt Vt+1 Vt+1

Impulse
response at ‘{121 \PZZ \Pll ‘{’12
horizon 2

Contribution to
variance at | (¥} f o2 |(¥2) o (wif ol (#2f o2
horizon 2
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FEVD at horizon h =2 i
Contribution of vi
(¥))o? +(¥;)0n
(P10 +(¥)) oa +(¥)) 0s +(¥;) 0o

FEVD at horizon h

At horizon h, 2h sources of forecast errors

Contribution of V!

h

Z(Til)zo'\,zl

i1
h h
Z (\Pil)za\,zl + Z (\Piz)zo'\,zz
i1 i1
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FEVD for output gap

1 -
0.9 4
0.8 4
0.7 -~

0.6 4 ammm———interest rate
shock

0.5 4
cost-push

0.4 - shock

0.3 -
0.2 1 S
0.1 S

(@)

FEVD for inflation

1 -
0.9
0.8 -+
0.7 -~

0.6 A ammm———interest rate
shock

0.5 -+
cost-push

0.4 - shock

0.3

0.2 - \

0.1 A
(0]
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FEVD for interest rates :
1 -
0.9 S
0.8 S
0.7 S
0.6 - eamm———interest rate
0.5 - ot ush
0.4 - shock
0.3 S
0.2 S
0.1 S
(@] h

O 1 2 3 4 5 6 7 8 9 10

Next steps

Models with multiple shocks
Taylor rules

Optimal Taylor rules
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Advanced dynamic

models
e00
Martin Ellison | eeee
: : : o000
University of Warwick and CEPR | ¢ 9 @
o0
®

Bank of England, December 2005

More complex models

Frisch-Slutsky paradigm

N

Propagation

N
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YY)
o000
0000
eo0o
o0
Impulses :
Can add extra shocks to the model
)A(t = Et)A(t+1 o 1(it Eia)+ 0,
7%t :ﬂEt/i-Hl +’ta + U,
i:§1+w
Shocks may be correlated
Vin Pu Po Ps |V Uy U, Uy &
U S| P Pz Paz | U |T| Usx Uy Uy gtu+1
Oin1 P Pn P )\ G Uy Uy Uy )\ &
YY)
o000
0000
eo0o
oo
[ )

Propagation

Add lags to match dynamics of data
(Del Negro-Schorfeide, Smets-Wouters)

A h . 1 A PN A h

X = m Xia +m EX.—0 1('1 —E7.1) m ~0.35

P B Ef, + ik " £0.29
1+/Wp l+ﬁﬁp 1+/Wp

Taylor rule |I, =0, 7, +5,X, +V,
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Solution of complex models

Blanchard-Kahn technique relies on invertibility
of A, in state-space form.
AE X = AX +BgViy

Etxt+l - Ao_lAlxt + Ao_lBOVul
A B

Etxt+l = AX ¢t th+1

QZ decomposition
For models where A, is not invertible
AE X =AX +BV,

QZ decomposition: 3Q,A,Z,Q S.t. Q'AZ'= A,
QQZ'=A

1
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Recursive equations

(An A12j|: t+1 } (Qn lej{w}_i_(Q-)—lB v
0 Ay Etyt+1 0 y o

A11 b T gy Et Yin = Qlth + le Yi + R1Vt+1

A22E[ yt+l = szyt + R2Vt+1

Recursive structure means unstable equation
can be solved first

Solution strategy

Solve unstable =
transformed equation = Y;

Substitute into stable ~
transformed equation = W,

Translate back into
original problem
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Simulation possibilities

Stylised facts
Impulse response functions

Forecast error variance decomposition

Optimised Taylor rule

What are best values for parameters in Taylor
rule i, =6,7, +5,% +v,?

Introduce an (ad hoc) objective function for policy

miny B (2 + A% + Ai2)
i=0
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Brute force approach

Try all possible combinations of Taylor rule
parameters ﬁ

Check whether Blanchard-Kahn conditions are
satisfied for each combination

|

For each combination satisfying B-K condition,
simulate and calculate variances

Brute force method

|

Calculate simulated loss for each combination

|

Best (optimal) coefficients are those satisfying
B-K conditions and leading to smallest
simulated loss

73




Grid search

X
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For each point
check B-K
conditions

!

Find lowest loss
amongst points
satisfying B-K
condition

Next steps

Ex 14: Analysis of model with 3 shocks

Ex 15: Analysis of model with lags

Ex 16: Optimisation of Taylor rule coefficients
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