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Abstract

The probability of default is one of the factors that determine the cost of capital
due to its role in credit risk. Dividend as a sign of cash flow or as a sign of wealth
acquisition is one of the factors affecting the probability of default. There are two
theories of dividend signaling and agency theory regarding the effect of dividend on
credit risk. Dividend signaling theory shows a negative relationship and agency theory
shows a positive relationship between dividend and credit risk. The purpose of this
article is to examine the relationship between dividend and probability of default and
its compatibility with dividend signaling theory and agency theory.

Method: In this research, Geske’s method was used to calculate the probability of long-
term, short-term, and total default, then using non-linear regression to investigate the
quadratic relationship between dividend and the probability of default in long-term,
short-term, and total in 2002 to 2021. The statistical population is the companies
accepted in the Tehran Stock Exchange and the Iranian Foreign Exchange, which was
screened and finally there were 462 companies.

The findings indicate that dividend and total probability of default have a quadratic U-
shaped relationship. In such a way that by increasing the dividend from zero, the market
considers it according to the signaling theory as a sign that the management is sure of
the future cash flows and reduces the probability of default, and after the cash profit If
it exceeds a threshold, according to the agency theory, it is considered as the withdrawal
of assets from the company and the acquisition of the wealth of the debt holders by the
shareholders, and the probability of default increases. Regarding the dividend and the
long-term probability of default, their inverse relationship has been confirmed, and
with the increase of dividend, according to the signaling theory, the market's view of
the company's long-term outlook becomes positive and the long-term probability of
default decreases. In relation to cash interest and short-term probability of default, their
direct relationship with each other has not been confirmed and the observed
relationship is a quadratic U-shaped relationship, which can be cautiously argued that
with the increase of cash interest from zero Probably, according to the market signaling
theory, the company is optimistic about the near future and the probability of short-
term default decreases first, and after passing a certain threshold, the agent's theory
point of view is activated and the probability of short-term default increases

Keywords: credit risk, credit rating, dividend signaling theory, agency conflict
between shareholders and debt holders, credit spread
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clear
clc
%% tarif Excel
[NUM, TXT,RAW] = xlsread('test2', 'Unbalanced Panel');
$%tarif motoghayerha az excel
for i=l:size (NUM, 1) -2

Sconst (i,1)=0.1;

id(i,1)=NUM(i+2,26);

time (i, 1)=NUM(i+2,1);

for j = 1:15

PD(i,3j) = NUM(i+2,3+1);

end

div(i,1l)=NUM(i+2,17);

div2(i,1)=NUM(1i+2,18);

rf(i,1)=NUM(i+2,19);

sizee(i,1)=NUM(i+2,20);

mb (i, 1)=NUM(i+2,21);

profit (i, 1)=NUM(i+2,22);

1ltdb (i, 1)=NUM(i+2,23);

fa(i,1l)=NUM(i+2,24);

zscore (i,1)=NUM(i+2,25);

end
%% regression pannel Va Azmoon Khodhambastegi (Durbin
Watson)
for i = 1:15

pgdp=PD (:,1) ;

input=[ div2 div rf sizee mb profit 1ltdb fa zscore];

estl=panel (id, time, pgdp, input, 'po') ;

N=size (pgdp,1);

X = [input ones(N,1)];
% No transformation por pool

ytr = pgdp;



Xtr = X;
coef = (Xtr'*Xtr)\Xtr'*ytr;
vhattr = Xtr*coef;
syhat = X*coef;
resl=ytr-yhattr;

et=resl (2:end);
et l=resl(l:end-1);

d(i,1)=sum((et—et_1).AZ)./(sum(resl.AZ));
[p(i,1),DW(i,1)]=dwtest (et,et 1, 'approximate', 'both'");

et2=resl.”2;
N=size (pgdp,1);
X = [input ones(N,1)];
[gamma, ~, res e, ~,stats e]=regress (et2,X);
F e(i,1l)=stats e(2);
p value e(i,1l)=stats e(3);

est2=panel (id, time, pgdp, input, "fe');
ytr = pgdp - groupmeans (id,pgdp, 'replicate',1);

Xtr = input -
groupmeans (id, input, 'replicate',1);

(
coef = (Xtr'*Xtr)\Xtr'*ytr;
vhattr = Xtr*coef;
vhat (:,1) = input*coef;

res2=ytr-yhattr;
rres(:,i)=ytr-vhattr;

et=res2 (2:end) ;
et l=res2(l:end-1);

d(i,2)=sum((et-et 1).72)./(sum(res2."2));
[p(i,2),DW(i,2)]=dwtest (et,et 1, 'approximate', 'both');

et2=res2."2;
N=size (pgdp,1);

X = [input ones(N,1)];

[gamma, ~, res e, ~,stats e]=regress (et2,X);
F e(i,2)=stats e (2);

p_value e(i,2)=stats e(3);



ind
int

end

%%

X

[

for

end

3]
°70

for
tes
est

dis
dis

v(:,1)=pgdp-rres(:,i)-yvhat(:,1);
ercept(i,1)=sum(indv(:,1)) ./N;
est3=panel (id, time, pgdp, input, 're');

res{i,1l} = estl;
res{i,2} = est2;
res{i,3} = est3;

Azmoon Hamkhati
div2 div 1;
c=x"*x;
Eigvalue=eig(c);
MaxE=max (Eigvalue) ;
MinE=min (Eigvalue) ;
Gamma=sqgrt (MaxE/MinE) ;

x=[div div2 rf sizee mb profit 1ltdb fa zscore];
RO=corrcoef (x) ;

V=diag (inv (R0O)) ;

%% Azmoon F limer Va Hausman

i =1:15

pgdp=PD (:,1);

input=[ div2 div rf sizee mb profit 1ltdb fa zscore

estl=panel (id, time, pgdp, input, 'po') ;
est.resl = res;
est2=panel (id, time, pgdp, input, "fe');
est3=panel (id, time, pgdp, input, 're'");
effF{i,1} = effectsftest(est2);
huasman{i,1l} = hausmantest (est2,est3);

Khorojie Nataye]
i=1:15
testdisp(effF{i,1})
tdisp (huasman{i, 1})
for j=1:2
disp(res{i,j})
p(['DW=:",num2str (DW(i,3))]);
p(['F BP=:',num2str(F e(i,j))]);



disp(['Pvalue BP=:',num2str(p value e(i,3))]);

if ==
disp(['Intercept=:',num2str (intercept(i,j-1))1]1);
else
end
end
J=3;
estdisp(res{i,J})
disp (['Gamma=:"',num2str (Gamma) ]) ;

end
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clear
clc
[NUM, TXT,RAW] = xlsread('testmerton', 'Cross Section');
for i=l:size (NUM, 1) -2

Sconst (i,1)=0.1;

id (i, 1)=NUM(i+2,26);

time (i, 1)=NUM(i+2,1);

for §J = 1:15

PD(i,3) = NUM(i+2,j+1);

end

div(i,1l)=NUM(i+2,17);

div2(i,1)=NUM(1i+2,18);

rf(i,1)=NUM(i+2,19);

sizee(i,1)=NUM(i+2,20);

mb (i,1)=NUM(i+2,21);

profit(i,1)=NUM(i+2,22);

1ltdb (i, 1)=NUM(i+2,23);

fa(i,1l)=NUM(i+2,24);

zscore (i,1)=NUM(i+2,25);
end
for i = 1:15

pgdp=PD (:,1);

input=[div2 div rf sizee mb profit 1ltdb fa zscore];

estl=panel (id, time, pgdp, input, 'po');

N=size (pgdp,1);

X = [input ones(N,1)];

(o)

% No transformation por pool
ytr = pgdp;
Xtr = X;

coef = (Xtr'*Xtr)\Xtr'*ytr;

vhattr = Xtr*coef;

syhat = X*coef;

resl=ytr-yhattr;

et=resl (2:end);
et l=resl(l:end-1);

d(i,1)=sum((et-et 1).72)./(sum(resl.”2));
[p(i,1),DW(i,1)]=dwtest (et,et 1, 'approximate', 'both'");



et2=resl.”2;
N=size (pgdp, 1) ;
X = [input ones(N,1)];
[gamma, ~, res e, ~,stats e]=regress (et2,X);
F e(i,1l)=stats e(2);
p value e(i,1l)=stats e(3);
res{i,1l} = estl;

end

for i=1:15

estdisp(res{i,1})

disp(['DW=:",num2str (DW(i,1))])

disp(['F BP=:',num2str(F e(i,1))]);
disp(['Pvalue BP=:',num2str(p value e(i,1))]);

end
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clear,clc
close all
format long
format compact

WSOR = 0.1;
MaxError = 0.0001;
MaxIter = 2500;

T =1.0;

Tl = 1.0;

mu = 0.0;
sigma = 1.0;
Sigmal = 1.0;
Sigma2 = 1.0
Mul =
Mu2 =

4

0.0;
0.0;

[NUM, TXT, RAW] = xlsread('PD input Asli');

sz = size (NUM,1);

time = [2 3 5 10 20];
for I = 3:s8z
for J = 1:5
tic

T2 = time (J);

sigmaS = NUM(I,4)*sgrt(1l2);
rf = NUM(I,5);

S = NUM(I, 8);

M1 = NUM(I,9);

M2 = NUM(I,10);

M = M1+0.5*M2;

FK1 = @ (VA,sigmaVA,VbT1l) (log (VA/VbT1l)+ (rf-
0.5*% (sigmaVA”2.0))*T1l)/ (sigmaVA*sqrt (T1)) ;

FK2 = @ (VA,sigmaVA) (log (VA/M2)+ (rf-
0.5* (sigmaVA”2.0))*T2)/ (sigmaVA*sqrt (T2)) ;



FD1 =
@(VA,sigmaVA) ( (log (VA/M)+ (rf+0.5* (sigmaVA*2.0)) *T)/ (sigma
VA*sqrt(T)));

FD2 =
@(VA,sigmaVA) (((log (VA/M)+ (rf+0.5* (sigmaVA"2.0)) *T)/ (sigm
aVA*sqrt (T)) ) - (sigmaVA*sqgrt (T))) ;

rho = sqrt(T1/T2);
Sigma = [Sigmal*Sigmal

rho*Sigmal*SigmaZ2; rho*Sigmal*Sigma2 SigmaZ2*SigmaZ2];
Mu = [Mul MuZ2];

VA = S+M1+M2;
sigmaVA = sigmas;

K2 = FK2(VA,sigmaVA) ;

x = K2;
N1 = normcdf (x,mu, sigma) ;
X4 = M2*exp (-rf*(T2-T1)) *N1+M1;

x = K2+sigmaVA*sqrt (T2-T1) ;

N1 = normcdf (x,mu, sigma) ;
X5 = N1;

VbT1l = X4/X5;

flag = 0;

iter = 1;

Error = 1.0;

while (Error > MaxError)

VA old = VA;

VbT1l old = VbT1;
sigmaVA old = sigmaVA;
DVA = 0.00001*VA;

K1 = FKI1(VA,sigmaVA,VbT1l) ;
K2 = FK2 (VA,sigmaVA) ;

=

K1 = FKI1 (VA-DVA, sigmaVA,VbT1) ;
K2 1 = FK2(VA-DVA, sigmaVA) ;



K1 2 = FK1 (VA+DVA,sigmaVA,VbT1) ;
K2 2 = FK2 (VA+DVA, sigmaVA) ;

x = Kl l+sigmaVA*sqrt(Tl); y
K2 1l+sigmaVA*sqrt(T2);

N2 = mvncdf ([x y],Mu, Sigma) ;

X1 1 = N2;

x = Kl 2+sigmaVA*sqrt(Tl); y
K2 2+sigmaVA*sqrt (T2) ;
N2 = mvncdf ([x y],Mu,Sigma);

X1l 2 = N2;

x =Kl 1; y = K2 1;

N2 = mvncdf ([x y],Mu, Sigma) ;
X2 1 = M2*exp (-rf*T2) *N2;

x =K1 2; vy K2 2;

N2 = mvncdf ([x y],Mu,Sigma);
X2 2 = M2*exp (-rf*T2) *N2;

x = Kl 1;
N1 = normcdf (x,mu, sigma) ;
X3_1 = Ml*exp (-rf*T1l) *N1;

x = K1 2;
1 = normcdf (x,mu,sigma) ;
3 2 = Ml*exp(-rf*T1) *N1;

X =2

S1 = X1 1% (VA-DVA)-X2 1-X3 1;
S2 = X1 2% (VA+DVA) -X2_2-X3 2;
DSV = (S2-S1)/(2.0*DVA) ;

x = Kl+sigmaVA*sqrt (Tl); y =
K2+sigmaVA*sqrt (T2) ;

N2 = mvncdf ([x y],Mu, Sigma) ;

X1l = N2;

x = Kl; y = K2;
N2 = mvncdf ([x y],Mu,Sigma) ;
X2 M2*exp (-rf*T2) *N2;

x = K1;



N1 = normcdf (x,mu, sigma) ;

X3 = Ml*exp (-rf*T1) *N1;
x = K2;
N1 = normcdf (x,mu, sigma) ;

X4 = M2*exp (-rf* (T2-T1)) *N1+M1;

x = K2+sigmaVA*sqgrt (T2-T1) ;
N1 = normcdf (x,mu, sigma) ;
X5 = N1;

VA new = (S+X2+X3)/X1;
VbT1l new = X4/X5;
sigmaVA new = (sigmaS*S)/ (VA*DSV);

VA = WSOR*VA new+ (1.0-WSOR) *VA old;
VbT1 = WSOR*VbT1 new+ (1.0-WSOR) *VbT1 old;
sigmaVA = WSOR*sigmaVA new+ (1.0-

WSOR) *sigmaVA old;

E = [VA VbT1l sigmaVA];
E old = [VA old VbTl old sigmaVA old];
Error = norm(E-E old);
iter = iter+1;
if ( iter > MaxIter )
flag = 1;
break;
end
end
if (flag == 0)

K1 = FKI1(VA,sigmaVA,VbT1l) ;
K2 FK2 (VA, sigmaVA) ;

x = Kl; y = K2;
N2 = mvncdf ([x y],Mu, Sigma) ;

PD total = (1.0-N2)*100.0;
x = K1;
N1 = normcdf (x,mu, sigma) ;

PD short = (1.0-N1)*100.0;



PD long = (1.0-(N2/N1))*100.0;

NUM(I,12+(3*(J-1))) = PD long;
NUM(I,13+(3*(J-1))) = PD short;
NUM (I, 14+ (3*(J-1))) = PD_total;
RAW{I,13+(3*(J-1))} = PD long;
RAW{I,14+(3*(J-1))} = PD short;
RAW{I,15+(3*(J-1))} = PD total;

else
NUM(I,12+(3*(J-1))) = -1;
NUM(I,13+(3*(J-1))) = -1;
NUM(I,14+(3*(J-1))) = -1;
RAW{I,13+(3*(J-1))} = 'break';
RAW{I,14+(3*(J-1))} = 'break';
RAW{I,15+(3*(J-1))} = 'break';

end

toc

end
end

xlswrite ('PD output 2.xlsx',RAW);
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clear,clc
close all
format long
format compact

WSOR = 0.50;
MaxError = 0.0001;
MaxIter = 2500;

T =1.0
Tl =
T2 =
mu = ;
sigma = 1.0;
Sigmal = 1.0;
Sigma2 = 1.0;
Mul = 0.0;

.
4

4

O N -
O O O~



Muz = 0.0;

[NUM, TXT, RAW] = xlsread('PD input Asli');
sz = size (NUM,1);
for I = 3:s2

sigmaS = NUM(I,4)*sqgrt(12);
rf = NUM(I,5);

S = NUM(I, 8);

M1 = NUM(I,O9);

M2 = NUM(I,10);

M = M1+0.5*M2;

FK1 = @(VA,sigmaVA,VbT1l) (log (VA/VLT1)+ (rf-
0.5* (sigmaVA"2.0))*T1l)/ (sigmaVA*sqgrt (T1)) ;
FK2 = @ (VA,sigmaVA) (log (VA/M2)+ (rf-
0.5* (sigmaVA"2.0))*T2)/ (sigmaVA*sqrt (T2)) ;

FD1 =

@(VA, sigmaVA) ((log (VA/M)+ (rf+0.5* (sigmaVA"2.0))*T) / (sigma
VA*sgrt (T))) ;

FD2 =

@(VA, sigmaVA) (((log (VA/M)+ (rf+0.5* (sigmaVA"2.0))*T)/ (sigm
aVA*sqrt (T)) ) - (sigmaVA*sqgrt (T))) ;

rho = sqrt(T1/T2);

Sigma = [Sigmal*Sigmal
rho*Sigmal*SigmaZ2;rho*Sigmal*Sigma2 Sigma2*Sigmal];
Mu = [Mul MuZ2];

VA = S+M;
sigmaVA = sigmaS$S;

flag = 0;
iter = 1;
Error = 1.0;

while (Error > MaxError)

VA old = VA;
sigmaVA old = sigmaVA;

dl = FD1 (VA, sigmaVA) ;



d2 = FD2 (VA,sigmaVA) ;

X = d2;

N1 = normcdf (x,mu, sigma) ;
X1 = N1;

x = dl;

N1 = normcdf (x,mu, sigma) ;

X2 = M*exp (-rf*T) *N1;

x = d2;
N1 = normcdf (x,mu, sigma) ;
X3 = N1;

VA new = (S+X2)/X1;
sigmaVA new = (sigmaS*S)/ (VA*X3);

VA = WSOR*VA new+ (1.0-WSOR) *VA old;
sigmaVA = WSOR*sigmaVA new+ (1.0-WSOR) *sigmaVA old;

E = [VA sigmaVA];
E old = [VA old sigmaVA old];
Error = norm(E-E old);
iter = iter+1;
if ( iter > MaxIter )
flag = 1;
break;
end
end
if (flag == 0)
X = d2;
N1 = normcdf (-x,mu, sigma) ;
PD merton = N1*100.0;
NUM(I,12) = PD merton;
RAW{I,12} = PD merton;
else
NUM(I,12) = -1
RAW{I,12} = 'break';
end

end



xlswrite ('PD output merton.xlsx',RAW);






