
 
REM WORKING PAPER SERIES 

 
 

 
 

 

Retrieving the state-space representation from Dynare 

 

João Costa-Filho 

 

 
 
 

REM Working Paper 0245-2022 
 

September 2022 
 
 
 
 
 
 
 
 

REM – Research in Economics and Mathematics 
Rua Miguel Lúpi 20, 

1249-078 Lisboa, 
Portugal 

 
 
 
 
 

ISSN 2184-108X 
 

Any opinions expressed are those of the authors and not those of REM. Short, up to 
two paragraphs can be cited provided that full credit is given to the authors. 

 
 

 

 

 

 
 



 
 
 

REM – Research in Economics and Mathematics 
 
Rua Miguel Lúpi, 20 
1249-078 LISBOA 
Portugal 
 
Telephone: +351 - 213 925 912 
E-mail: rem@iseg.ulisboa.pt 
 
https://rem.rc.iseg.ulisboa.pt/  

 
 

 
 
https://twitter.com/ResearchRem 
 
https://www.linkedin.com/company/researchrem/ 
 
https://www.facebook.com/researchrem/ 
 

mailto:rem@iseg.ulisboa.pt
https://rem.rc.iseg.ulisboa.pt/
https://twitter.com/ResearchRem
https://www.linkedin.com/company/researchrem/
https://www.facebook.com/researchrem/


Retrieving the state-space representation from

Dynare*

João Costa-Filho†

January, 2022. See the last version here.

Abstract

How is it possible to recover the state-space representation after solving a DSGE model

in Dynare? This note presents how to simulate impulse-response functions and the

dynamics of a system after a series of exogenous shocks after solving the model with

Dynare. I present a step-by-step framework and apply it to a simple Real Business Cycles

model and a basic New Keynesian model. Nevertheless, the same structure can be used

in large DSGE models.
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1 Introduction

Dynare is a very usefull tool for solving and simulating DSGE models. Sometimes the

researcher may want to have more control/freedom in order to perform simulations after

solving the model in Dynare. Of course, the sofwtare is developed already in a way that

everthing that is done in this note can be achieved with in-built commands. Nevertheless,

the aim of this note is to present, as clearly as possible, how to retrieve the state-space

representation of a model, and to provide an alternative to researchers other than just

using pre-defined functions. The ‘.mod’ files and the ‘.m’ files for the quantitative exercises

(impulse-response functons and stochastic simulations) using Dynare with Octave can be

found here.

This note draws heavilly on Sims (2017) and Strid (2017). What I do here is to consolidate

what we can learn from both notes regarding the state-space representation of a DSGE

model in Dynare. Sims (2017) goes in much more detail about how to build the ‘.mod’

file and how to perform simulations not only using first-order, but also with second-order

aproximations. For those that are not familiar with the software and/or want additional

details on the topic, I strongly recommend reading it.

This note is organized as follows. Besides this introduction, the next section presents

the state-space representation of a linear model with rational expectations. In Section 3, the

matricial form of the economic problem is retrieved after solving the model using Dynare.

Then, I simulate the impulse-response functions (IRF) and the dynamics of the economy

after a series of technology shocks using a simple Real Business Cycle (RBC) model in

Section 4. In Section 4, I use a New Keynesian model (NK) to simulate a sequence of

different shocks occuring in different moments of time. Finally, Section 6 is dedicated to

some brief conclusions.

2 State Space in Dynare

Let’s consider a model with m state variables and n control variables that can be dscribed

by the following system of equations:
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st = Ast−1 + But

xt = Φst−1

(1)

where st is a m × 1 vector of state variables, xt is a n × 1 vector of control variables, ut is a

ω × 1 vector of exogneous shocks, A is a m × m matrix, b is a m × ω matrix, and Φ is the

n × m policy function matrix.

Dynare writes the system as follows:

xt = ΦAst−1 + ΦBut (2)

Let’s define C = ΦA, a n × m matrix and D = ΦB, a n × ω matriz. The dynamic system

then becomes:

st = Ast−1 + But

xt = Cst−1 + Dut

(3)

Define Yt = [stxt−1]
′, Ψ = [A C]′, and Ω = [B D]′. Dynare solves the following equation:

Yt = Ψst−1 + Ωut (4)

In Dynare, Ψ is represented by oo_.dr.ghx, Ω is oo_.dr.ghu, and the steady state values

are stored in oo_.dr.ys. The i − th declared variable will have the oo_.dr.inv_order_var(i)

order in the dynamic system stored in Matlab/Octave.

3 Retrieving the matrices after solving the model

After writing the ‘modelname.mod’ file with the specifications of the model (see Sims

(2017) for how to write a ‘code in Dynare’.mod’ file), the researcher should run it using the

‘dynare’ command in Matlab/Octave. Dynare creates several variables in the process. For

the purposes of this note, I recommend to clear all variables Dynare creates after solving the

model, with the exception of two: oo_ and M_. In the code chunk below, we see how to run
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the command to solve the model specified in the .mod file and how to clear the variables we

are not going to use:

dynare modelname;

clearvars -except oo_ M_;

After solving the model, the oo_ and the M_ variables have every information we need.

We just need to understand how to access it.

We are going to work with the state-space representation in equation 3. Therefore, in

order to build the A, B, C, and D matrices, we first initalize them:

A = [];

B = [];

C = [];

D = [];

It is important to define (and separate) the state and control variables. The states are

stored in the M_.state_var.

state = M_.state_var';

For the control variabe, we need to remove the state variables within oo_.dr.ghu,

control = [1:1:size(oo_.dr.ghu,1)]';

for j = 1:size(state,1)

control( control == state(j) ) = [];

end
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We can now fill the matrices A, B, C, and D with their respective coefficients (being A

and B for the dynamics of the state variables and C and D for the dynamics of the control

variables):

A = [oo_.dr.ghx( oo_.dr.inv_order_var( state ), : ) ];

B = [oo_.dr.ghu( oo_.dr.inv_order_var( state ), : ) ];

C = [oo_.dr.ghx( oo_.dr.inv_order_var( control ), : ) ];

D = [oo_.dr.ghu( oo_.dr.inv_order_var( control ), : ) ];

Now that we have retrieved the state-space representation of the model from the solution

in Dynare, we can simulate the model. In this note I present two types of simulation: IRF

after a initial shock and stochastic simulations after a series of shocks.

4 A simple RBC model

Here I follow closely the exposition of the RBC model with fixed labor in Sims (2017). The

representative household chooses consumption (ct) to maximize intertemporal utility,

U (ct) =
c1−σ

t − 1
1 − σ

,

where σ is the curvature of instantaneous flow of utility, subject to the law of the stock of

capital (kt):

kt+1 = yt − ct + (1 − δ)kt,

where yt stands for output and δ is the depreciation rate. I assume the following production

technology: yt = atkα
t , where α is the capital share of production and at is the total factor

productivity (TFP), which evolves according to the following law of motion:

ln at = ρ ln at−1 + εt.

where ρ represents the persistence parameter and εt is a exogenous i.i.d. shock.
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The transversality condition that closes the model is given by:

lim
t→∞

βtc−σ
t kt+1 = 0

In the same way as Sims (2017), we can write the system of equations that gives us the

dynamics of this simple economy as follows:

c−σ
t = βEtc−σ

t+1

(
αat+1kα−1

t + (1 − δ)
)

kt = atkα
t−1 − ct + (1 − δ)kt−1

ln at = ρ ln at−1 + εt

yt = atkα
t−1

it = yt − ct

c−σ
t = βEtc−σ

t+1 (1 + rt)

Rt = αatkα−1
t−1

wt = (1 − α)atkα
t−1

(5)

where 0 < β < 1 is the discount factor, i represents investment, r is the real interest rate on

bonds, R is the rental rate of capital, and w is the wage rate. After running the ‘RBC.mod’

file, we can simulate the response of the economy after a TFP shock.

4.1 Impulse-Response Functions (IRF)

Here, the model has m = 2 state variables, n = 6 control variables, and ω = 1 shock. Let’s

define the horizon of the simulation and create the matrices for the paths of the state and

control variables:

horizon = 20;

Sirf = zeros( size(state,1), horizon ); % States IRF matrix

Xirf = zeros( size(control,1), horizon); % Control IRF matrix

It is useful to store the variables names (especially for large models):
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S_variables_names = M_.endo_names(state);

X_variables_names = M_.endo_names(control);

We will work with an impulse of one unity in productivity at time t = 0. In order to do

that, we need to create a vector of shocks (in this case a scalar because the shock happens

only in one period):

shocks = [ 1 ]; % TFP shock;

Finally, we need to calculate the initial value (at the time of the shocks) for both the

state and control variables. We do this by multiplying the vector of shocks by the B and

D matrices from the equations for the law of motion of the state and the control variables.

After that, we can simulate the dynamics of the economy in the remaining periods of the

defined horizon for the simulation. The result is presented in Figure 1.

Sirf(:,1) = B * shocks;

Xirf(:,1) = D * shocks;

for j = 2:horizon

Sirf(:,j) = A * Sirf(:,j-1);

Xirf(:,j) = C * Sirf(:,j-1);

end
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Figure 1: Impulse-response functions after a productivity shock

Notes: The variables are expressed in deviations from the steady-state.
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4.2 Stochastic Simulations

If the researcher wants to introduce a series of shocks (for instance, by estimating it

with econometric techniques), the step-by-step procedure is very similar of the previous

simulation of the IRFs after a shock at time t = 0. The only difference is that instead of

defining the variable shocks as a scalar, it should be a vector containg the values of the

shocks in each time-period. Notice that the chunk of code below assumes that the steps

defined in Section 3) were already done. The result is presented in Figure 2.

e = [ 1 0.5 -0.25 -0.75 0.25 0.17 -0.1 0 ]'; %TFP series of shocks;

horizon = size(e,1)+1;

shocks_names = M_.exo_names;

shocks = zeros(M_.exo_nbr, horizon);

shocks( find( shocks_names == "e"),2:horizon) = e;

Ssim = zeros( size(state,1), horizon);

Xsim = zeros( size(control,1), horizon);

for j = 2:horizon

Ssim(:,j) = A * Ssim(:,j-1) + B * shocks(:,j);

Xsim(:,j) = C * Ssim(:,j-1) + D * shocks(:,j);

end
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Figure 2: Stochastic simulation after a series of productivity shocks

Notes: The variables are expressed in deviations from the steady-state.
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5 Multiple shocks in a New-Keynesian model

In the previous sections I have addressed how to perform stochastic simulations after a

(series of) shock(s) for a given univariate stochastic process. But what if we want to introduce

different shocks simultaneously? Here I use the monetary-rule version of the NK presented

in Chapter 3 of Galí (2008). I introduce two new shocks in the model: a short-run aggregate

demand shock (ϵdemand,t) into the IS curve and a short-run aggregate supply shock (ϵsupply,t)

into the Phillips curve (PC). The linearized model has 12 equations (plus four equations

with the definition of the annualized rates), but to make the exposition brief, I will only

present here the three main equations (the two aforesaid PC and IS curves plus a monetary

policy rule, respectively):

πt = β ∗ Et[π+1] + κ ∗ ŷt + ϵsupply,t (6)

ŷt = −1/σ ∗ (it − Et[π+1]− rn
t ) + Et[ŷt+1] + ϵdemand,t (7)

it = ϕπ ∗ πt + ϕy ∗ ŷt + ν (8)

where πt is the inflation rate, ŷt represents the output gap, it is the nominal interest rate, rn
t

stands for the natural real interest rate, ν is a monetary policy shock and β, κ, σ, ϕπ, and ϕy

are coeficients.

If the researcher wants to introduce distinct series of shocks at different moments of time,

the only difference from the previous exercise is that the matrix of shocks has to be filled

with each (series of) shock(s) in its respective row. Let’s work with the following example.

Imagine we want to mimic the dynamics of a economy during the Covid-19. I propose we

do it with three shocks: we initially assume a negative TFP shock along with a negative

demand shock. After some quarters, TFP and demand recover and this is represented by

positive shocks on both demand and TFP. However, during the recovery of the pandemics,

the economy faces positive cost-push shock (that manifest itself in the PC curve). The

implementation is presented in the code below and the results in Figure 3.
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dynare NK;

clearvars -except oo_ M_ model;

%% State Space

% state space representation:

% S_t = A * S_{t-1} + B * e_{t},

% X_t = C * S_{t-1} + D * e_{t};

%initiate the matrices

% baseline model

A = [];

B = [];

C = [];

D = [];

%state variables

state = M_.state_var';

%control variables

control = [1:1:size(oo_.dr.ghu,1)]';

%remove state variables from control variables vector

for j = 1:size(state,1)

control( control == state(j) ) = [];
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end

A = [oo_.dr.ghx( oo_.dr.inv_order_var( state ), : ) ];

B = [oo_.dr.ghu( oo_.dr.inv_order_var( state ), : ) ];

C = [oo_.dr.ghx( oo_.dr.inv_order_var( control ), : ) ];

D = [oo_.dr.ghu( oo_.dr.inv_order_var( control ), : ) ];

%exogenous variables names

exogenous = M_.exo_names;

%endogenous variables names

endogenous = M_.endo_names;

%variables names

S_variables_names = M_.endo_names(state);

X_variables_names = M_.endo_names(control);

%% Simulations - Sequence of random shocks

e1 = [ 0 -3 0 0 0 2 0.5 0.5 0 0 0 0 ]'; %TFP shock;

e2 = [ 0 0 0 0 0 0 0 0 0 2 0.5 0 ]'; %Supply shock;

e3 = [ 0 -8 0 0 0 4 2 2 0 0 0 0 ]'; %demand shock;

horizon = size(e1,1)+1;

shocks_names = M_.exo_names;
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shocks = zeros(M_.exo_nbr, horizon);

shocks( find( shocks_names == "eps_a"),2:horizon) = e1;

shocks( find( shocks_names == "eps_supply"),2:horizon) = e2;

shocks( find( shocks_names == "eps_demand"),2:horizon) = e3;

Ssim = zeros( size(state,1), horizon);

Xsim = zeros( size(control,1), horizon);

Ssim(:,1) = []; %

Xsim(:,1) = []; %

for j = 2:horizon

Ssim(:,j) = A * Ssim(:,j-1) + B * shocks(:,j);

Xsim(:,j) = C * Ssim(:,j-1) + D * shocks(:,j);

end
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Figure 3: Stochastic simulation after a series productivity, cost-push, and demand shocks

Notes: The variables are expressed in deviations from the steady-state.
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6 Final remarks

Dynare is a software that diminishes the barriers of entry in the quantitative macroeconomics

world by letting the reseacher to focus more on the economics of the model rather than

on the computational methods for solving it. Nevertheless, it still has its learning curve

and sometimes it is useful to perform tasks outside the software. In this note, I presented

how to do stochastic simulations (either an IRF or the dynamics after a series of exogenous

shocks) for a model solved using a first-order approximation. Using this note along with

Sims (2017), the researcher should be able to perform the simulations with a second-order

approximation as well.

I applied the step-by-step procedure to a simple RBC model and a basic NK model, but

the structure is easily transposed to the context of a more complex economy that can be

represented with a larger system of equations.
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