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Dynamic AS-AD model

Author: José M. Gaspar, CEF.UP and School of Economics and Management, University of Porto. Email:
jgaspar.phd@fep.up.pt For academic use only.

function ASADdynanmi c

clc; clear; close all;
global cOi0 Gb k d h tau al pha beta ndot yn a0 al a2

disp('-----------"------------- )
di sp(' Dynam ¢ AS- AD nodel '),
disp('-----------"------------- ")

options. Resi ze='on';
options. Wndowst yl e=' normal ' ;
options.Interpreter="tex';

Defining variables and parameters.

prompt = {' Aut ononous consunption c_0=',"' Aut ononous i nvest nent
i _0=",...
" Governnent spending G=',' Propensity to consune b=",...
' Real noney bal ances demand sens. to real output k= ,...
' Real noney bal ances demand sens. to nominal interest rate d=',...
"Investnent sens. to real interest rate h=",'Tax rate \tau='};
name = ' AS- AD nodel exogenous vari ables and paraneters (1)';
num i nes = 1;
def aul tanswer = {'10','5",'5",'0.8","0.05", ...
"0.05,"0.1',"0.3}; %ef aul t val ues
answer1l = inputdl g(pronpt, nane, nun i nes, def aul t answer, opti ons);

if isenmpty(answerl) % eave program
clc;
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return
end

cO=str 2doubl e(answer 1{1});
i O=str2doubl e(answer 1{2});
G=str2doubl e(answer 1{3});
b=st r 2doubl e( answer 1{4}) ;
k=st r 2doubl e( answer 1{5}) ;
d=str 2doubl e(answer 1{6}) ;
h=st r 2doubl e( answer 1{7}) ;
t au=str 2doubl e(answer 1{8}) ;

prompt ={' Par anet er dy/dt=\al pha(A+a_1*y(t)-hr(t) \alpha=,...

" Paraneter dr/dt=\beta(-M P+L+ky(t)-ur(t)) \beta=,...
' Money supply growh rate dmdt=",...
"Natural output (in logs) y_n='};
nanme=' AS- AD nodel exogenous vari abl es and paraneters';
num i nes=1;
defaul tanswer={"0.1',"1","'0.01","1"};
answer 2=i nput dl g( pr onpt, name, num i nes, def aul t answer, opti ons);

if isenpty(answer?2) %"
clc;
return

end

al pha=st r 2doubl e(answer 2{ 1} ) ;
bet a=st r 2doubl e( answer 2{ 2} ) ;
ndot =st r 2doubl e( answer 2{3}) ;
yn=str 2doubl e( answer 2{4});

%ut put nmust be non-negative
if yn<0

errordl g(' Equi li briumoutput is negative','Error');
end

% nitial conditions

prompt ={"' Real output initial value y(0)=",...
"Expected inflation initial value \pi~te(0)=,...
"initial time t_O0=",'final tine t_f="};

nane='Initial conditions';

num i nes=1;

def aul tanswer={" 0.05","'0.15",'0","100'}; %ef aul t val ues

answer 3=i nput dl g( pr onpt, name, num i nes, def aul t answer, opti ons);

if isenpty(answer 3) % ""
clc;
return

end

y0=st r 2doubl e( answer 3{1});

%

%




pi e0=str 2doubl e( answer 3{2});
t O=st r 2doubl e( answer 3{ 3} ) ;
t f =st r 2doubl e( answer 3{ 4} ) ;

a0=(c0+i 0+G) ./ (1-b. *(1-tau) +((h. *k)./d)); %
al=(h./d)/(1-b.*(1-tau)+((h.*k)./d)); %
a2=h/ (1-b. *(1-tau) +((h. *k)./d));

Used parameters and values

Display chosen values

fprintf(['\nAS-AD dynani c nodel :\n
"dy/dt =al*dm dt - al pha(al-a2*beta)*(y-yn)-al*pie\n
' dpi e/ dt =bet a*al pha(y-yn)\n']);

fprintf(['\nAS and AD curves:\n
" (AD) y=dnt dt - al pha(al-a2*bet a*pie
"(Long run AS) y=yn ']);

fprintf(['\ny: Real output\npie: Expected inflation\na0="..
"(c0+i 0+Q/ (1-b*(1-tau)+((h*k)/d) = %g\n'..
"al:(h/d)/(1-b*(1l-tau)+((h*k)/d)) = %\n'..
"a2: h/(1l-b*(1l-tau)+((h*k)/d)) = %\n'], ...
a0, al, a2);

fprintf(['\nParaneter values:\ncO = %; i0 = %; G = %;"
'b=9%; k=%, d =%, h=29%9%,; tau = %;\n"],...
c0,i0,G b, k,d, h,tau);

fprintf('alpha = %; beta = %; ndot = %; yn = %9\n', ...
al pha, bet a, ndot , yn) ;

AS- AD dynam ¢ nodel
dy/ dt =al*dni dt - al pha(al-a2*beta)*(y-yn)-al*pie
dpi e/ dt =bet a*al pha(y-yn)

AS and AD curves:
(AD) y=dm dt - al pha(al-a2*beta*pie
(Long run AS) y=yn
y: Real out put
pi e: Expected inflation
a0=(cO0+i 0+Q/ (1-b*(1-tau)+((h*k)/d) = 37.037
al: (h/d)/(1-b*(1-tau)+((h*k)/d)) = 3.7037
a2: h/(1-b*(1-tau)+((h*k)/d)) = 0.185185

Par anet er val ues:

cO =10; i0= 5, G=5;b=0.8 k=0.05; d=0.05, h=0.1; tau
0. 3;

alpha = 0.1; beta = 1; ndot = 0.01; yn =1

Initial conditions:
y0 = 0.05; pie0 = 0.15




IVP: Initial value problem

solving the differential equations numerically

[t,ydot] =oded45( @lynam casad,[t0 tf],[y0 pie0]);

if all(ydot(1,:) > 0) %f values for real output are nonnegative,
conti nue.
el se
Butt onName = questdl g([' Chosen paraneter values inply negative'...
"real output. Continue? ], .
"Caution!","Yes', "No'," No');
fprintf(['\n!!!Real output cannot'...
'be negative at any t:\nDisplaying ...
"sinmulation as illustration. \n\n'])
if strcnp(ButtonNane, ' Nao')==1 % Cancel s program
fprintf(['\nSi nmulation cancelled: Real'...
' out put cannot be negative at any t\n
\n"]);
return
end
end

Steady-state equilibrium.

options=optinset (' Display', ' off");
% solving for the steady state of y and pie
[ pe] =fsol ve(@y) dynam casad(t,y),[yO; pi e0], options);
pi eg=ndot ;
disp(" ");
di sp(' Steady-State:"');
fprintf(['\nSteady-state real ouput
'Steady state expected inflation\n'...
' % %\n'],pe(l,1),pe(2,1));
di sp(' Steady state actual inflation');
di sp( pi eq) ;

St eady- St at e:

Steady-state real ouput Steady state expected inflation

1. 000000 0. 010000
Steady state actual inflation
0. 0100

Stability of equilibria

Jacobian matrix of @dynamicasad

j = zeros(2,2);
j(1,1) = -al pha.*(al-a2.*beta);
i(1,2) = -ai;




j(2,1) al pha*bet a;
1(2,2) =0;

di sp(' Ei genval ues');
disp(eig(j));

if 1/d>beta %this is equivalent to real (eig(J))<0
if isreal (eig(j))==
di sp(' Stable spiral.");
el se
di sp(' St abl e node. ")
end
el seif 1/d<beta %this is equivalent to real (eig(J))=>0
if isreal(eig(j))==
di sp(' Unstable spiral.")
el seif isreal (eig(j))==1
di sp(' Unstabl e node. ")
end
el se %this is equivalent to real (eig(J))==0
di sp(' Stable center with periodic solutions');
% No saddl e poi nts because det (j)>0!
end

Ei genval ues
-0.1759 + 0.5826i
-0.1759 - 0.5826i

Stabl e spiral

Numerical solution to the IVP

% solving the differential equations nunerically
[t,ydot] =oded45( @ynam casad, [t0 tf],[yO pie0]);

% Pl ot solution for output

figure(l);

plot(t,ydot(:,1),' LinewWdth', 1.5);

set (gca, ' FontNanme',' Tines','FontSize', 16);
title(' Qutput');

xl =xl abel ("tine'," " Interpreter','latex');
yl =ylabel ("y',"Interpreter','latex");
set(xl,' Font Si ze', 18);
set(yl,' Font Size', 18);

| eg=l egend('y');

set(leg, Interpreter', " latex');

% Pl ot solutions for actual and expected inflation

pi =al pha. *((ydot (:,1)-yn)./yn)+ydot (:,2); % Actual inflation

figure(2);

plot(t,[ydot(:,2) pi], LineWdth',1.5); % actual and expected

inflation
set (gca, ' FontNanme',' Tines','FontSize', 16);
title(' Actual inflation and expected inflation');
xl =xl abel ("tine'," Interpreter','latex');




yl =yl abel (" $\pi, \pi~e$ ,'Interpreter','latex');
set (xI,"' Font Si ze', 18);

set (yl,"' Font Si ze', 18);

| eg=l egend(' $\ pi "e$'," $\pi$');

set(leg, Interpreter','latex');
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Phase diagram with vector field
figure(3)
pl ot (ydot(:,1),ydot(:,2),'LinewWdth',1.5); % pl ot sol utions
hol d on;

% the foll ow ng conmands are for purposes of graphical representation
if mn(ydot(:,1))<0

yval =l i nspace(m n(ydot (:, 1))/ 1. 05, max(ydot (:,1))*1. 05, 20);

% using any normelization nmay be better than 1.05 though...
el se

yval =l i nspace(m n(ydot (:, 1))/ 1. 05, max(ydot (:,1))*1. 05, 20);

end
if mn(ydot(:,2))<0 %" "
pi eval =l i nspace(m n(ydot (:,2))/1. 05, nax(ydot (:,2))*1. 05, 20);
el se
pi eval =l i nspace(m n(ydot (:,2))/1. 05, nax(ydot (:,2))*1. 05, 20);
end
if yO ~=yn || pie0 ~= ndot % no phase diagramif starting at ss.
canpovectori al (@ynani casad, yval , pi eval ) ; % Vector fields: See end.
el se
end

% Demand pressure curve: dy/dt=0 | ocus
y=al. *(ndot - pi eval )./ (al pha. *(al-a2*beta)) +yn;




plot(y, pieval,'k','LineWdth',1.5);

% Long-run Phillips curve:

1]," Color',"

title(' Phase diagram);

x| =
yl

xl abel ("y',"Interpreter’
= yl abel (" $\ pi *e$', " Interpreter’

set (xI,"' Font Si ze', 18);
set (yl,"' Font Si ze', 18);
| eg=l egend(' Sol ution'," Vector field ,'$\dot{y}=0%",...

" $\ dot {\ pi e} =0$ (LR PQO)")

set(leg, ' Interpreter’

dpi e/ dt=0 | ocus
line([yn yn],[m n(pieval) max(pieval)],
g',' Linewdth',1.5);

set (gca, ' Font Nane', "' Ti nes'

[1
Font Si ze', 16);

,"latex');
,"latex');

,"latex');

axi s([mn(yval) max(yval) mn(pieval) max(pieval)])

hol d of f;
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Add variables to workspace

assigni n(' base','theforeshock',t);
assigni n(' base', ' Ybeforeshock',ydot(:,1));
assigni n(' base', ' Pi ebef oreshock',ydot (:, 2));




Modeling shocks

Apply shocks to the model?

Butt onName3 = questdl g(' Apply shocks to the AS-AD nodel ?',
' Shocks to the AS-AD

nodel ' ,"' Yes', 'No','No');
if strcnp(ButtonNane3,' No')==1 % End program

return
end
yO=ydot (:,1); % New initial condition for y (1)
pi eO=ydot (:,2); % New initial condition for pie (1)
pi ei nit=pi e0(length(piel)); % Newinitial condition for pie (1)
ynO=yn; % Define old Long-run Phillips curve: dpie/dt=0 |ocus

% Monetary policy shocks through nmoney supply growth
options. Resi ze='on';

options. WndowsSt yl e=' nornal ' ;

options.Interpreter="tex';

prompt = {' Define new noney supply growth rate, dmdt'};

nanme = ' Monetary policy shocks (default val ue neans no shock)"';
num i nes = 1;

def aul tanswer = {nunRstr(ndot)}; % Def aul t val ues

answer4 = inputdl g(pronpt, nane, nun i nes, def aul t answer, opti ons);

if isenpty(answer4)

ndot =st r 2doubl e( answer 2{3}) ;
el se

ndot =st r 2doubl e( answer 4{1});
end

% Fi scal policy shocks through taxes and public spending

options. Resi ze='on';

options. WndowsSt yl e=' nornal ' ;

options.Interpreter="tex';

prompt = {' Define new public spending (permanent change), G=',...
"Define new tax rate (pernmanent change) , \tau='};

name = 'Fiscal policy shocks (default val ues nmeans no shocks)';

num ines = 1;

def aul tanswer = {nunRstr (G, nunstr(tau)}; %ef aul t val ues

answer5 = i nputdl g(pronpt, nane, num i nes, def aul t answer, opti ons);

ndot p=(y0-a0) ./ al-(a2/al). *pie0; % his comes fromthe static AD
curve;

% nmdotp=mp is the residual fromthe AD static curve that will be used

%to conpute the new initial value of y after a fiscal policy shock.
i f isenpty(answerb5)
G=str2doubl e(answer 1{3});
t au=str 2doubl e(answer 1{8}) ;
yi nit=y0(l ength(yO0)); % New initial conditions for y (2)
el se
% redefine variabl es
G=str2doubl e(answer 5{1});
t au=str 2doubl e( answer 5{2});
a0=(c0+i 0+Q ./ (1-b.*(1-tau)+((h.*k)./d)); %




al=(h./d)/(1-b.*(1-tau)+((h.*k)./d)); %
a2=h/(1-b.*(1-tau)+((h.*k)./d));
% Set new initial condition for y after fiscal policy shock
yi ni t =a0+al. *ndot p(| engt h(ndot p) ) +. .

a2.*pieinit; %NMNewinitial conditions for y (2)

end

% Technol ogy shocks through natural out put
options. Resi ze="'on';
options. WndowsSt yl e=' normal ' ;
options.Interpreter="tex';
prompt = {' Define new natural output level, y n=};
nanme = ' Technol ogy shocks (default val ue nmeans no shock)';
num i nes = 1;
def aul tanswer = {nunRstr(yn)}; % Def aul t val ues
answer 6 = i nputdl g(pronpt, nane, nun i nes, def aul t answer, opti ons);
i f isenpty(answer6)
yn=str 2doubl e( answer 2{4});
el se
yn=str 2doubl e( answer 6{1});
end
if isempty(answer4) && isenpty(answer5) && isenpty(answer6)
return %mo shocks -> end program
end

% Solving the differential equations nunerically
[t,ydot 2] =oded5( @ynam casad, [tO tf],[yinit pieinit]);

% Qut put
figure(4);
plot(t,ydot2(:,1), ' LinewWdth',1.5); % CQutput
set (gca, ' FontNanme',' Tines','FontSize', 16);
title(' Qutput');
xI = xlabel ("tinme', " Interpreter','latex');
yl = ylabel ("y"," " Interpreter','latex');
set (x|l ,' Font Si ze', 18);
set(yl,' Font Si ze', 18);
| eg=l egend('y');
set(leg, Interpreter', " latex');
if yinit <= yn+0.0001 && yinit >= yn-0.00001 && pieinit <= ndot
+0. 0001. .
&& pieinit >= ndot-0.0001 % initial value depends on
nunerica
%ol ution of ode45
axi s([mn(t) max(t) O max(ydot(:,1))+1]);
el se
end

% Actual and expected inflation

pi 2=al pha. *((ydot 2(:,1)-yn)./yn)+ydot2(:,2); % Actual inflation

figure(5);

plot(t,[ydot2(:,2) pi2],'LineWdth', 1.5); %ctual and expected
inflation
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set (gca, ' FontNanme',' Tines','FontSize', 16);
title(' Actual inflation and expected inflation');
xI = xlabel ("tinme', " Interpreter','latex');
yl = ylabel (" $\pi, \pi~e$' ,'Interpreter','latex');
set (x|l ,' Font Si ze', 18);
set(yl,' Font Size', 18);
| eg=l egend(" $\ pi "e$' ," $\pi $');
set(leg, Interpreter', " latex');
if yinit <= yn+0.0001 && yinit >= yn-0.0001 && pieinit <= ndot
+0. 0001. .
&& pieinit >= ndot-0.0001 % initial val ue depends on
numeri ca
¥sol uti on of ode45
axis([mn(t) max(t) mn(ydot(:,2)) max(ydot(:,2))+0.1]);
el se
end

% Phase di agram
figure(6)

% the foll owi ng conmands are for purposes of graphical representation
if mn(ydot2(:,1))<0
yval 2=l i nspace(m n(ydot 2(:, 1)) *1. 05, max(ydot 2(:, 1)) *1. 05, 20);
el se
yval 2=l i nspace(m n(ydot 2(:, 1))/ 1. 05, max(ydot 2(:, 1)) *1. 05, 20);
end

if mn(ydot2(:,2))<0 %" "
pi eval 2=l i nspace(m n(ydot 2(:, 2))*1. 05, max(ydot 2(:, 2))*1. 05, 20);
el se
pi eval 2=l i nspace(m n(ydot 2(:, 2))/1. 05, max(ydot 2(:, 2))*1. 05, 20);
end
if yinit >= yn+0.0001 || yinit <= yn-0.0001 || pieinit >= ndot
+0. 001. ..
|| pieinit <= ndot-0.0001 % initial value depends on
nunerica
%ol ution of ode45
pl ot (ydot 2(:, 1),ydot2(:,2),"' LineWdth', 1.5);
hol d on;
canpovectori al (@lynan casad, yval 2, pi eval 2); % Vector fields - See
end.
el se
end

% Dermand pressure curve: dy/dt=0 | ocus

yl=al. *(ndot - pi eval 2)./(al pha. *(al-a2*beta))+yn; %ly/dt=0 |ocus after
shock

plot(y, pieval, ' k','LineWdth',1.5); % old dy/dt |ocus

plot(yl, pieval2,'m,"'LineWdth',1.5); % new dy/dt

% Long-run Phillips curve: dpie/dt=0 |ocus
line([yn yn],[m n(pieval 2) max(pieval 2)], [1 1], Color', " g",...
"LineWdth', 1.5); %ew L-R PC
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line([ynO ynO],[m n(pieval 2) max(pieval2)], [1 1], Color','c',...
"LineWdth', 1.5); %l d L-R PC

set (gca, ' Font Nanme',"' Tines',' Font Si ze', 16);

title(' Phase diagram);

xI =xlabel ("y',"Interpreter', ' latex");

yl = ylabel (' $\pi~*e$', ' Interpreter', ' latex');

set (xI,"' Font Si ze', 18);

set (yl,"' Font Si ze', 18);

| eg=l egend(' Sol ution',"' Vector field ,"$\dot{y}=0% (1)',...
"$\dot{y}=0% (2)', $\dot{\pi"e}=0% (LR PC) (1)',...
"$\ dot {\ pi *e}=0% (LR PC) (2)");

set(leg, ' Interpreter', 'latex');
axi s([m n(yval 2) max(yval 2) m n(pieval 2) max(pieval 2)])
hol d of f;
% Di spl ay paraneter val ues after shocks
disp(' - )
di sp(' Policy and Technol ogy shocks'),
disp('----- - ")
fprintf('\na0 = %g\nal = %g\na2 = %\n', ...
a0, al, a2);
fprintf(['\nNew paraneter values:\ncO = %; i _0 = %j;"'
=%, b=9%,; k=9%,"...
'd =9%; h=29%,; tau = %;\n"], ...

c0,i0,G b, k,d, h,tau);

fprintf('alpha = %g; beta = %9; ndot = %; yn = %', ...
al pha, bet a, ndot, yn);

fprintf(['\nNew initial conditions:\ny0 = %; pie0 = 9%

yinit,pieinit);

%New st eady-state val ues

options=optinset (' Display', ' off');

[ pel] =f sol ve(@y) dynam casad(t,y),[yO(length(y0));...
pi eO(l ength(pi e0))], options); %ol ve for the ss values of y and

pi e

pi eq=ndot ;

disp(* ");

di sp(' New St eady-State:"');

fprintf(['\nSteady-state real ouput St eady state expected'...
"inflation\n % %\n'],pel(l,1),pel(2,1));

di sp(' Steady state actual inflation');

di sp(pi eq) ;

%9Add vari abl es to workspace

assignin(' base',"'taftershock',t); % i me vector

assigni n(' base',"'Yaftershock',ydot2(:,1)); %utput vector after shock
assi gni n(' base',"' Pi eaftershock',ydot2(:,2)); % exp. inflation a/s.

Functions

o%Di fferential equations for the AS-AD nodel
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function [ ydot ] = dynami casad( ~,y )
gl obal al pha beta yn ndot al a2

ydot =zeros(2, 1) ;
ydot (1) =al. *ndot - al pha. *(al-a2. *beta).*. ..
(y(1)-yn)-al.*y(2); %Aggr egat e demand dynam cs
ydot ( 2) =bet a. *al pha. *(y(1)-yn); %Aggr egat e supply dynam cs

%/ector field
function canpovectorial (func, ylval,rilval)

nl=l engt h(ylval);
n2=l engt h(r 1lval);
%pl e yp2 are the vectors associated with yval and rval
respectivelly.
ypl=zeros(n2, nl); % ylval e y2val have to be equally spaced
yp2=zeros(n2, nl);
for i=1:nl
for j=1:n2
ypv = feval (func,O,[ylval (i);rlval(j)]); %Wpl e yp2 are the
%vectors associated with ylval and rlval
ypl(j.i) = ypv(1);
yp2(j.i) =ypv(2);
end
end
qui ver (ylval , r1val ,ypl,yp2,'r',"' LineWdth', 1.4); %raw arrows on the
%vel ocity vectors
axis tight;

a0 = 37.037
al = 3.7037
a2 = 0.185185

New par anet er val ues:

c0O =10; i 0= 5 G=5; b=0.8 k=0.05d=0.05 h=0.1; tau =
0. 3;

alpha = 0.1; beta = 1; ndot = 0.01; yn = 1.1

New i nitial conditions:

y0 = 0.999986; pie0 = 0.0100036

New St eady- St at e

St eady-state real ouput St eady state expectedinflation
1.100000 0. 010000
Steady state actual inflation
0. 0100
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