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D空 E 白ode山？

Microfo州ndations: agents optimize an objective f州nction; 

Agents are forward  ooking: intertempora optimization; 

Rationa expectation hypothesis; 

Genera e 州i ibri州m: markets interact;

Stochastic shocks p州sh economy away from e 州i ibri州m;

Endogeno州s dynamics bring the mode back to e 州i ibri州m;

We 州se n州merica methods to approximate the so 州tion of s州ch 
mode s. 
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DYNARE 

comp州tes the so 州tion of deterministic mode s (arbitrary
acc州racy) 

comp州tes frst and second order approximation to so 州tion of 
stochastic mode s 

estimates (maxim州m  ike ihood or Bayesian approach) 
parameters of DSGE mode s for  inear and non- inear mode s.

check for identifcation of estimated parameters

comp州tes optima po icy

0

8

8

。

。

0

。 performs g oba sensitivity ana ysis of a mode  

estimates BVAR and Markov-Switching Bayesian VAR mode s. 
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A ？i白内山e Neoω陶e ne？ian 白o de山 

A simp e mode from [? ?]. Simi ar to [?] or [?]. 
Main diferences with RBC mode s: 

0 imperfect competition
 
8 nominal rigidities


Conse 州ence: monetary po icy matters 
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］ou？e型o山d？

The representative ho州seho d maximizes 

∞芝 
βsE 


s= 


with: 

Ct :

At :
Mt :Pt 

Ht :
 :τ 

χM : 

χH : 

  
) −τ(Ct+s /At+s − 1 Mt+s 

+ χM  n − χH Ht+s ,
1 − τ Pt+s

cons州mption index in period t 

eve of techno ogy 

rea money ba ances 

ho州rs worked 

e asticity of intertempora s州bstit州tion 

sca e factor 

sca e factor. 

Michel Juillard An introduction to DYNARE 



   

］ou？e型o山d些？ �ud塑et con？traint 

Pt Ct + Bt + Mt − Mt− + Tt = Pt Wt Ht + Rt− Bt− + Pt Dt , 

with 

Pt : price index for fna goods 

Wt : rea wage 

Bt : nomina government bond 

Tt :  州mp-s州m taxes 

Dt : dividends received from monopo istic frms. 

ln addition the 州s州a transversa ity condition app ies exc 州ding 
Ponzi schemes. 
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王ina山 塑o od ？ecto r 竺r白？

The representative frm prod州cing the fna good assemb es a
contin州州m of intermediate goods indexed by j ∈ [0, 1] in a perfect y 
competitive manner:  ∞ 0−

0

ν 

Yt = Yt (j) 
−ν dj , 

with: 

Yt : fna good prod州ction index 

Yt (j): good j prod州ction 

ν : demand e asticity. 
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王ina山 塑o od 内 rice inde� 

Under optima behavio州r the price of the fna good is 

ν∞ ν−0ν−0 
Pt = Pt (j) ν dj , 

with 

Pt : price index of fna good 

Pt (j): price index of good j . 
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Jnter白ediate 塑 ood？ 竺r白？ ωJ 

lntermediate good j is prod州ced by a monopo ist with 
techno ogy 

Y(j) = At Nt (j), 

where 

Nt (j):  abor inp州t of frm j . 

Firms face a 州adratic adj州stment cost when they change their 
price: 

AC (j) = 
φ 
2 

Pt (j) 
Pt− (j) 

− π
今 

with 

π: steady state infation rate 
φ: adj州stment cost parameter 
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Jnter白ediate 塑 ood？ 竺r白？ ωJJ 

lntermediate goods frms maximize the present va 州e of f州t州re 
profts: 

∞

Et 

芝 
βs Qt+s 

Pt+s (j) 
Yt+s (j) − Wt+s Nt+s (j) − ACt+s (j) ,

Pt+s s= 

with 

Qt+s : margina va 州e of a 州nit of cons州mption good in 
period t + s 
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」oneta r 内o山ic 

The centra bank stabi izes infation and its po icy is represented by
an interest rate feedback r州 e: 

= RρR 

 
rπ手

 πt  ψ0 Yt 
ψ8
 −ρR 

eER,t ,Rt t− π手 Y 手
t 

with 

r : steady state rea interest rate 

πt : gross infation rate (Pt /Pt− )
 

π手: target infation rate 


Yt
手: potentia o州tp州t 


ER,t monetary po icy shock.
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王i？ca山 内o山ic 

The government cons州mes a fraction ζt of o州tp州t: 

Gt = ζt Yt , 

with 

Gt : government expendit州res. 

The government  evies a  州mp-s州m tax Tt in order to ba ance the
b州dget. The government b州dget constraint is 

Pt Gt + Rt− Bt− = Tt + Bt + Mt − Mt− . 
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」ar些et c山 earin塑 

The fo  owing e 州i ibri州m re ationships prevai : 

Yt = Ct + Gt + ACt 

Ht = Nt 
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E�o塑enou？ 内 roce？？e？ ωJ 

There are three shocks in the mode : 

aggregate prod州ctivity At 

share of government expendit州res in tota o州tp州t zetat 
monetary po icy shock ER,t 

ER,t is seria  y 州ncorre ated. 

0

8

8 
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E�o塑neou？ 内 reoce？？e？ ωJJ 

At evo ves according to

 n At =  n γ +  n At− +  n zt , 

and
 n zt = ρz  n zt− + Ez,t , 

with 

γ:  ong r州n rate of growth of techno ogy. 
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E�o塑neou？ 内 reoce？？e？ ωJJ 

Defne 
1 

gt = 
1 − ζt 

and
 n gt = (1 − ρg )  n g + ρg  n gt− + Eg ,t , 

with 

g : steady state share of government expendit州res. 
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］otentia山 out内ut 

Potentia o州tp州t is defned as the o州tp州t that wo州 d prevai in 
absence of nomina rigidities: 

Y 手 = (1 − ν) τ
0

At gt .t 

Michel Juillard An introduction to DYNARE 



� 
 

 

 
 

�
   

� 
 

 

 
 

 

  

�

 

       

 

 

 

D na白ic recur？i竺e e�ui山i�riu白 ωnonω？tationa r  

Ct+ At 
−τ At Rt

1 = βEt ,
At+ Ct At+ πt  τ    

1 Ct 1 π 
1 = 1 − + φ (πt − π) 1 − πt + 

ν At 2ν 2ν

Ct+ At 
−τ Yt+ Yt− φβEt (πt+ − π) πt+ ,

At+ Ct At+ At 

Y 手 = (1 − ν) τ 
0 
At gt ,t 

−ρR 

= RρR rπ手 πt ψ0 Yt 
ψ8 

e ER,t ,Rt t− π手 Yt 
手 

n At =  n γ +  n At− + zt ,

 n zt = ρz  n zt− + Ez,t ,

 n gt = (1 − ρg )  n g + ρg  n gt− + Eg ,t , 
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Detrendin塑 t型e 白ode山 

defne detrended variab es 

Ct 
ct = 

At 

Yt 
yt = 

At 

steady state: 

0 
c = (1 − ν) τ 

0 
y = g(1 − ν) τ 

r = 
γ 
R = rπ手 

β 

defne x̂t =  n (x̂t /x) as the percentage deviation of variab e xt . 
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-型e detrended 白ode山 

  
−τ ĉt+0+τ ĉt +R̂t −ẑt+0−ˆ1 = Et e πt+0 , 

1 − ν 1 1τ ĉt π̂t π̂t 

νφπ今 e − 1 = e − 1 1 − 
2ν 

e + 
2ν    

π̂t+0 −τ ĉt+0+τ ĉt +ŷt+0ŷt +π̂t+0− βEt e − 1 e 

e ĉt −ŷt = e −gt − 
φπ今 g

e π̂t − 1
今 

2 
R̂t = ρR R̂t− + (1 − ρR ) (ψ π̂t + ψ今 (ŷt − ĝt )) + ER,t 
ẑt = ρz ẑt− + Ez,t , 

ĝt = ρg ĝt− + Eg ,t , 
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」ea？ure白ent e�uation？ 

= γ(Q)YGRt + 100 (ŷt − ŷt− + zt ) 

= π(A)INFLt + 400π̂t 

= π(A) (A) + 4γ(Q)INTt + r + 400R̂t 

with 
γ(Q): rate of growth of o州tp州t in percentage 
π(A): ann州a infation rate in percentage 
r (A): ann州a ized interest rate in percentage 

Note that 

γ(Q) 

γ = 1 + 
100 
1 

β = 
1 + r (A)/400 

π(A) 
π = 1 + 

400 
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D nare 白ode山 竺山e ωJ 

var c R Z pi v V円R TMET TMT; 
varexo e R e g e Z; 

parameters	 tau nu gbar rho R rho g rho Z 
gamma Q pi A r A kappa psi 1 psi 2; 
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D nare 白ode山 竺山e ωJJ 

tau =
 
nu =
 
kappa =
 
beta =
 
gbar =
 
rho R =
 
rho g =
 
rho Z =
 
pi A =
 
r A =
 
gamma Q
 
psi 1 =
 
psi 2 =
 

2;
 
0.1;
 
0.3;
 
0.99;
 
1/0.85;
 
0.5;
 
0.8;
 
0.66;
 
4.0; 
0.8;
 

= 0.4;
 
1.5;
 
0.5;
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D nare 白ode山 竺山e ωJJJ 

model;
 
# pibar = 1 + pi A/400;
 
# phi = tau*(1 - nu)/(nu*pibar-2*kappa);
 
# gamma = 1 + gamma Q/100;
 
# beta = 1/(1+r A/400);
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D nare 白ode山 竺山e ωJ型 

exp(-tau*c(+1) + tau*c + R - Z(+1) - pi(+1)) = 1; 
((1-nu)/(nu*phi*pibar-2))*(exp(tau*c) - 1) = 

(exp(pi) - 1)*((1 - 1/(2*nu))*exp(pi) + 1/(2*nu)) 
- beta*(exp(pi(+1)) - 1)*exp(-tau*c(+1) + tau*c 
+ v(+1) - v + pi(+1)); 

exp(c - v) = exp(-g) 
- (phi*pibar-2*gbar/2)*(exp(pi) - 1)-2; 

R = rho R*R(-1) + (1-rho R)*(psi 1*pi + psi 2*(v - g)) 
+ e R; 

g = rho g*g(-1) + e g; 
Z = rho Z*Z(-1) + e Z;
V円R = gamma Q + 100*(v - v(-1) + Z); 
TMET = pi A + 400*pi; 
TMT = pi A + r A + 4*gamma Q + 400*R; 
end; 

Michel Juillard An introduction to DYNARE 



D nare 白ode山 竺山e ω型 

steadv state model;
 
c = 0;
 
R = 0;
 
Z = 0;
 
pi = 0;
 
v = 0;
 
g = 0;

V円R = gamma Q;
 
TMET = pi A;
 
TMT = pi A + r A + 4*gamma Q;
 
end;
 

steadv;
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D nare 白ode山 竺山e ω型J 

shocks; 
var e R; stderr 0.003; 
var e g; stderr 0.004; 
var e Z; stderr 0.004; 
end; 

stoch simul(order=1); 
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D nare out内ut ωJ 

STEADV-STATE RESUTTS: 

c 0 
R 0 
Z 0 
pi 0 
v 0 
g 0 
dgdp 0.4 
pi obs 4 
R obs 6.4 
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D nare out内ut ωJJ 

MODET SUMMARV 

Mumber of variables: 9 
Mumber of stochastic shocks: 3 
Mumber of state variables: 4 
Mumber of jumpers: 4 
Mumber of static variables: 3 

MATRTX OE COVARTAMCE OE EXO円EMOUS SHOCKS 

Variables e R e g e Z 
e R 0.000009 0.000000 0.000000 
e g 0.000000 0.000016 0.000000 
e Z 0.000000 0.000000 0.000016 
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Z

0

0

0

0.660000

0

0

0

1.000000

  

D nare out内ut ωJJJ 

POTTCV AMD TRAMSTTTOM EUMCTTOMS 
c R 

Constant 0 0 
R(-1) -0.282604 0.333974 
g(-1) 0 0 
Z(-1) 0.294811 0.209595 
v(-1) 0 0 
e R -0.565209 0.667947 
e g 0 0 
e Z 0.446684 0.317568

Approximated decision r州 e 

ĉt = −0.283R̂t− + 0.295]ẑt− − 0.565ER,t + 0.447Ez,t 
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D nare out内ut ωJ型 

THEORETTCAT 

VARTABTE 
c 
R 
Z 
pi 
v 
g 
dgdp 
pi obs 
R obs 

MOMEMTS 

MEAM 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.4000 
4.0000 
6.4000 

STD. DEV. 
0.0027 
0.0031 
0.0053 
0.0015 
0.0072 
0.0067 
0.7869 
0.6120 
1.2366 

VARTAMCE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.6192 
0.3746 
1.5291 
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D nare out内ut ω型 

VARTAMCE DECOMPOSTTTOM (in percent) 

e R e g e Z 
c 43.91 0.00 56.09 
R 47.29 0.00 52.71 
Z 0.00 0.00 100.00 
pi 27.99 0.00 72.01 
v 6.25 85.78 7.98 
g 0.00 100.00 0.00 
dgdp 6.96 28.71 64.33 
pi obs 27.99 0.00 72.01 
R obs 47.29 0.00 52.71 
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D nare out内ut ω型J 

MATRTX OE 

Variables 
c 
R 
Z 
pi 
v 
g 
dgdp 
pi obs 
R obs 

CORRETATTOMS 

c R
 
1.0000 0.0208
 
0.0208 1.0000
 
0.7270 0.7016
 
0.9844 0.1961
 
0.3772 0.0078
 
0.0000 0.0000
 
0.6942 0.3890
 
0.9844 0.1961
 
0.0208 1.0000
 

Z
 
0.7270
 
0.7016
 
1.0000
 
0.8363
 
0.2742
 
0.0000
 
0.7619
 
0.8363
 
0.7016
 

pi
 
0.9844
 
0.1961
 
0.8363
 
1.0000
 
0.3713
 
0.0000
 
0.7493
 
1.0000
 
0.1961
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D nare out内ut ω型J J 

COEEETCTEMTS OE AUTOCORRETATTOM 

Order 1 2 3 4 5 
c 0.4137 0.1907 0.0984 0.0558 0.0337 
R 0.5872 0.3633 0.2316 0.1502 0.0982 
Z 0.6600 0.4356 0.2875 0.1897 0.1252 
pi 0.4769 0.2536 0.1470 0.0902 0.0572 
v 0.7450 0.5761 0.4532 0.3593 0.2859 
g 0.8000 0.6400 0.5120 0.4096 0.3277 
dgdp 0.1808 0.1482 0.1055 0.0707 0.0459 
pi obs 0.4769 0.2536 0.1470 0.0902 0.0572 
R obs 0.5872 0.3633 0.2316 0.1502 0.0982 
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ESTIMATION
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三a山i�ration 竺er？u？ e？ti白ation 

Ca ibration: 

Mode s represents on y some aspects of rea ity.

Finding ca ibration that reprod州ces these aspects. 

Shortcoming: non indication of ca ibration 州ncertainty 

Bayesian estimation:

Combining previo州s information (previo州s st州dies 
microeconomic st州dies) with data.

The posterior distrib州tion disp ays 州ncertainty s州rro州nding 
parameter estimates. 

Bayesian approach throw a bridge between ca ibration and 
c assica methods. 
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Ba e？ian 内aradi塑白 ω白oti竺ation？ 

Experience shows that it is  州ite difc州 t to estimate a DSGE 
mode by maxim州m  ike ihood. 

0 

8 

Data are not informative enough... The likelihood is fat in 
some directions (identifcation issue). This suggests that 
(when possible) we should use other sources of information. 
DSGE models are misspecifed. When a DSGE is estimated by 
ML or with a "non informative" Bayesian approach (uniform 
priors) the estimated parameters are often found to be 
incredible. Using prior informations we can shrink the 
estimates towards sensible values. 

A re ated motivation is the re ative  ack of precision of ML.
Prior information red州ces the 州ncertainty. 

Fina y the Bayesian approach a  ows easier comparison of 
(non nested) mode s. 
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Ba e？ian e？ti白ation 白ain ？te内？ 

0

8

8

。

。

priors specifcation as probabi ity distrib州tions 

comp州tation of posterior distrib州tion on the basis of prior
distrib州tion and  ike ihood 

computing posterior mode 
simulating posterior distribution 

comp州ting data margina density 州sef州 for mode s 
comparison 

comp州ting posterior predictive density

comp州ting posterior distrib州tion of lRFs forecasts etc . . . 
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E？ti白ation o空 D空 E 白ode山？ 

on y some variab es are observed 

statistica mode : 州nobserved components mode  

 ike ihood m州st be eva 州ated thro州gh a state space
 
representation of the mode and the Ka man f ter 


there m州st be at  east as many shocks as observed variab es 

otherwise the mode s州fers from stochastic sing州 arity. 
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三型oo？in塑 内 rior？ 

Domain of defnition: 
Norma R 
Uniform(a b) [a, b] 
Gamma R+ 

Beta [0, 1] 
lnverted gamma R+

mean prior: expected va 州e 

a sma  standard deviation means a tight prior 

in Dynare priors are orthogona  

imp icit prior: 州nicity of stab e e 州i ibri州m. 
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D nare E？ti白ation ωJ 

var c R Z pi v g V円R TMET TMT; 
varexo e R e g e Z; 

parameters	 tau nu gbar rho R rho g rho Z gamma Q pi A 
r A kappa psi 1 psi 2; 

nu = 0.1; 
beta = 0.99; 
gbar = 1/0.85; 
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D nare E？ti白ation ωJJ 

model;
 
# pibar = 1 + pi A/400;
 
# phi = tau*(1 - nu)/(nu*pibar-2*kappa);
 
# gamma = 1 + gamma Q/100;
 
# beta = 1/(1+r A/400);
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D nare E？ti白ation ωJJJ 

exp(-tau*c(+1) + tau*c + R - Z(+1) - pi(+1)) = 1; 
((1-nu)/(nu*phi*pibar-2))*(exp(tau*c) - 1) = 

(exp(pi) - 1)*((1 - 1/(2*nu))*exp(pi) + 1/(2*nu)) 
- beta*(exp(pi(+1)) - 1)*exp(-tau*c(+1) + tau*c 
+ v(+1) - v + pi(+1)); 

exp(c - v) = exp(-g) - (phi*pibar-2*gbar/2) 
*(exp(pi) - 1)-2; 

R = rho R*R(-1) + (1-rho R)*(psi 1*pi + psi 2*(v - g)) 
+ e R/100; 

g = rho g*g(-1) + e g/100; 
Z = rho Z*Z(-1) + e Z/100;
V円R = gamma Q + 100*(v - v(-1) + Z); 
TMET = pi A + 400*pi; 
TMT = pi A + r A + 4*gamma Q + 400*R; 
end; 
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D nare E？ti白ation ωJ型 

steadv state model;
 
c = 0;
 
R = 0;
 
Z = 0;
 
pi = 0;
 
v = 0;
 
g = 0;

V円R = gamma Q;
 
TMET = pi A;
 
TMT = pi A + r A + 4*gamma Q;
 
end;
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D nare E？ti白ation ω型 

estimated params; 
tau, gamma pdf, 2.0, 0.5; 
kappa, gamma pdf, 0.2, 0.1; 
psi 1, gamma pdf, 1.5, 0.25; 
psi 2, gamma pdf, 0.5, 0.25; 
rho R, beta pdf, 0.5, 0.2; 
rho g, beta pdf, 0.8, 0.1; 
rho Z, beta pdf, 0.666, 0.15; 
r A, gamma pdf, 0.5, 0.5; 
pi A, gamma pdf, 4.0, 2.0; 
gamma Q, normal pdf, 0.4, 0.2; 
stderr e R, inv gamma pdf, 0.4, inf; 
stderr e g, inv gamma pdf, 1.0, inf; 
stderr e Z, inv gamma pdf, 0.5, inf; 
end; 
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D nare E？ti白ation ω型J 

varobs V円R TMET TMT; 

// computing posterior mode 
estimation(datafile=as data,first obs=50,nobs=250, 

mh replic=0,mode check); 
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-----------------

----

D nare Out内ut ωJ 

Tnitial value of the log posterior 
(or likelihood): -812.3343 

f at the beginning of new iteration, 812.3343 
Predicted improvement: 463.840722155 
lambda = 1; f = 30459.8501185 
lambda = 0.33333; f = 1092.5770840 
lambda = 0.11111; f = 752.7353413 
Morm of dx 0.30458 

Tmprovement on iteration 1 = 59.598924800 
... 
Tmprovement on iteration 42 = 0.000000003 
improvement く crit termination 

Einal value of minus the log posterior
 

Michel Juillard 
likelihood):590.429395
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D nare Out内ut ωJJ 

RESUTTS EROM POSTERTOR ESTTMATTOM 
parameters 

prior mean mode s.d. prior pstdev 

tau 2.000 2.0854 0.3799 gamm 0.5000 
kappa 0.200 0.1697 0.0253 gamm 0.1000 
psi 1 1.500 1.4385 0.2320 gamm 0.2500 
psi 2 0.500 0.3303 0.1226 gamm 0.2500 
rho R 0.500 0.5613 0.0422 beta 0.2000 
rho g 0.800 0.9529 0.0169 beta 0.1000 
rho Z 0.666 0.5736 0.0290 beta 0.1500 
r A 0.500 0.6574 0.2722 gamm 0.5000 
pi A 4.000 3.9657 0.0338 gamm 2.0000 
gamma Q 0.400 0.3744 0.0762 norm 0.2000 
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D nare Out内ut ωJJJ 

standard deviation of shocks 
prior mean mode s.d. prior pstdev 

e R 0.400 0.1757 0.0093 invg Tnf 
e g 1.000 0.7684 0.0342 invg Tnf 
e Z 0.500 0.5492 0.0451 invg Tnf 

Tog data densitv [Taplace approximation] is -621.416125. 
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空i白u山atin塑 t型e 内o？terio r di？tri�ution

The posterior distrib州tion doesn't have an ana ytica 

representation.


lt is possib e to sim州 ate a samp e of parameter va 州es 

representative of the posterior distrib州tion.


Metropo is is a MCMC a gorithm with acceptance／rejection of
proposed parameter va 州es random y drawn.

The average acceptance m州st be monitored. A target of abo州t 
25% is considered optima .

The average acceptance ratio can be t州ned with the
 
mh jscale parameter of the estimation command.
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D nare co白白and 

estimation(datafile=as data,first obs=50,nobs=250, 
mode compute=0,mode file=as est mode, 
mh replic=100000,mh nblocks=1,mh jscale=0.7, 

fast kalman filter,
 
bavesian irf,forecast=12);
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空白oot型ed 竺aria�山e？ and ？白oot型ed ？型oc些？ 

On y some variab es are observed (here YGR lNFL lNT).

The Ka man smoother fnds best va 州es for other variab es and 
for shocks.

ln absence of meas州rement errors the smoothed va 州e of the 
observed variab es is e 州a to the observation. 
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D nare out内ut ωJ 

Estimation::mcmc: Current acceptance ratio per chain: 
Chain 1: 21.08% 

ESTTMATTOM RESUTTS 

Tog data densitv is -621.301701. 
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D nare out内ut ωJJ 

parameters 
prior mean 

tau 2.000
 
kappa 0.200
 
psi 1 1.500
 
psi 2 0.500
 
rho R 0.500
 
rho g 0.800
 
rho Z 0.666
 
r A 0.500
 
pi A 4.000
 
gamma Q 0.400
 

post. mean 

2.2520
 
0.1815
 
1.4870
 
0.3673
 
0.5651
 
0.9559
 
0.5773
 
0.6813
 
3.9629
 
0.3676
 

90% HPD 

1.5927
 
0.1363
 
1.0970
 
0.1619
 
0.4986
 
0.9295
 
0.5297
 
0.2418
 
3.9110
 
0.2473
 

interval 

2.9147
 
0.2274
 
1.8468
 
0.5713
 
0.6323
 
0.9824
 
0.6250
 
1.1119
 
4.0173
 
0.4929
 

Michel Juillard An introduction to DYNARE 



D nare out内ut ωJJJ 

standard deviation of shocks 
prior mean post. mean 90% HPD interval 

e R 0.400 0.1782 0.1630 0.1940 
e g 1.000 0.7777 0.7208 0.8352 
e Z 0.500 0.5530 0.4755 0.6275 
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空白oot型ed o�？er竺ed 竺aria�山e？ 
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空白oot型ed 竺aria�山e？ 
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空白oot型ed ？型oc些？ 
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］i？to rica山 ？型oc些？ deco白内o？ition

Beca州se the red州ced form of the mode is a state space it is
possib e to decompose the dynamics of each endogeno州s
variab es as the s州m of initia conditions and the c州m州 ative 
efects of the shocks 

ln rea app ications this decomposition can be compared to a 
narrative of events. 
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］i？to rica山 ？型oc些 deco白内o？ition o空 infation 
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］ oint？ to 竺atc型 空o r

N州merica optimization for fnding the mode not a ways works: 
POSTERIOR KERNEL OPTIMIZATION PROBLEM!
(minus) 乞he hessian ma乞rix a乞 乞he "m。de" is n。乞 p。si乞ive defini乞e!

=> p。s乞eri。r variance 。f 乞he es乞ima乞ed parame乞ers are n。乞 p。si乞ive 
y。u sh。uld 乞ry 乞。 change 乞he ini乞ial values 。f 乞he parame乞ers using
乞he es乞ima乞ed params ini乞 bl。ck， 。r use an。乞her 。p乞imiza乞i。n r。u乞ine 
Warning The resul乞s bel。w are m。s乞 likely wr。ng! 

Check for parameter standard deviation of 0

lf needed 州se option mode check 
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］ oint？ to 竺atc型 空o r

N州merica optimization for fnding the mode not a ways works: 
POSTERIOR KERNEL OPTIMIZATION PROBLEM! 
(minus) 乞he hessian ma乞rix a乞 乞he "m。de" is n。乞 p。si乞ive defini乞e! 

=> p。s乞eri。r variance 。f 乞he es乞ima乞ed parame乞ers are n。乞 p。si乞ive 
y。u sh。uld 乞ry 乞。 change 乞he ini乞ial values 。f 乞he parame乞ers using
乞he es乞ima乞ed params ini乞 bl。ck， 。r use an。乞her 。p乞imiza乞i。n r。u乞ine 
Warning The resul乞s bel。w are m。s乞 likely wr。ng! 

Check for parameter standard deviation of 0

lf needed 州se option mode check 

Assess convergence of Metropo is samp ing: Brooks and 
Ge man (1998) convergence tests 
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」u山ti竺a riate con竺er塑ence te？ t？ 
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Uni竺a riate con竺er塑ence te？t？ 
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」o re ad竺ice

Data m州st be consistent with the variab es of the mode 

(stationarity 州nits)
 

Check that a mode sim州 ated 州nder the prior prod州ces
moments ro州gh y comparab e with the empirica moments of 
the data 

Start with a sma  mode and add mechanisms one by one.
This makes it easier to fnd mistakes. Yo州 can 州se better 
initia va 州es for the parameters. 
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