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Abstract 

Ship grounding is one of the major types of marine accidents, and the risks 

associated with it can be catastrophic to system, society and the 

environment. This highlights the importance of an appropriate 

methodology for assessing and managing the risks associated with these 

accidents. Hence, this study has three objectives. First, it proposes an 

appropriate methodological framework for modeling the risks associated 

with ship grounding in Suez Canal using Extreme Value theory. Second, it 

reviews and discusses the concept of catastrophe (CAT) bonds that can be 

practically applied to address damages caused by the risk of ship stranding. 

Third, combine parameters values estimated under the Extreme Value 

distribution and the cat bonds structure to evaluate and price the cat bond 

functions that can be used to manage the risks arising from ship grounding 

in Suez Canal. The model includes various payment functions with the 

inclusion of interest and inflation rates to make the model dynamic. A 

numerical example was also presented at the end of the research comparing 

prices under different scenarios in order to help provide fair prices for 

catastrophe bonds. The most important thing that the study recommends is 

the necessity of using Extreme Value distribution in representing the data 

of severe losses, and to get out of the traditional insurance and reinsurance 

form to the broad capital markets to finance these losses. 

Keywords: Suez Canal - ship grounding accidents - Extreme Value 

distribution - catastrophe bonds. 
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1
 ومواقع اخبارية أخرى. CNNو  BBCتم الحصول على هذه المعلومات من مواقع الشبكات الاخبارية مثل  
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 المترتبة على جنوح السفن فً قناة السوٌس ضررارالأدور التأمٌن البحري فً تغطٌة 

Williams, Richard (2013)

Rejda, et al (2017)

 Hull insurance

 Cargo insurance

 Freight insurance

 

Protection and indemnity (P&I)

(P&I)
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 P&I  P&I 

 نمذجة الأحداث المتطرفةالمبحث الثالث:  

Sanders, (2005)

 Generalized Extreme Value distributionالتوزٌع المعمم للقٌم المتطرفة 

 (GEV) 

Embrechts, et al (1997); Coles, (2001); Gumbel, (1958)

GEV
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 Cat Bonds سندات الكوارثالمبحث الرابع: 

 Cat 

 Pérez- 

Fructuoso (2008)

Sanders, (2005)
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 سندات الكوارث عمل تحدٌد مضرمون

 CAT 

Burnecki, et al (2011); Lane, (2004)

 (SPV) special purpose vehicle

 SPV 

 

 LIBOR 

                                                           
2
المحسوب من التقديرات المقدمة من  سعر الفائدةوهو متوسط ،  London InterBank Offered Rate (LIBOR)هو اختصار   

 . ومن أكثر المعدلات اهمية واستخداما كمرجع في الأعمال الدولية.لندنالرائدة في  البنوك

https://ar.wikipedia.org/wiki/%D8%B3%D8%B9%D8%B1_%D8%A7%D9%84%D9%81%D8%A7%D8%A6%D8%AF%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A8%D9%86%D9%88%D9%83
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A8%D9%86%D9%88%D9%83
https://ar.wikipedia.org/wiki/%D9%84%D9%86%D8%AF%D9%86
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Cummins (2008)
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(Money Market Investments) 
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Siu and Sip, (2019)( توضرٌح هٌكل سند الكوارث1شكل )

 CAT 



    لإدارة مخاغز جىىح الظفه فً لىاة الظىٌض الذمج بٍه ومذجت الأحذاد المخطزفت وطىذاث الكىارد

 د/ مها محمذ سكً علً....  

 

282 
 
 

 الدراسة التجرٌبٌةالمبحث الخامس: 
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 ملحق البحث

Attaching package: ‘extRemes’ 

The following objects are masked from ‘package:stats’: 

    qqnorm, qqplot 

> fevd(x , type = "GEV") 

fevd(x = x, type = "GEV") 

 

[1] "Estimation Method used: MLE" 

 Negative Log-Likelihood Value:  40.27773  

 Estimated parameters: 

   location       scale       shape  

144.5950815 117.4780943   0.6159719 

Standard Error Estimates: 

  location      scale      shape  

57.8523729 58.0478011  0.5255448 

Estimated parameter covariance matrix. 

           location        scale       shape 

location 3346.89705 2650.3185698 -11.1488451 

scale    2650.31857 3369.5472143  -0.5124242 

shape     -11.14885   -0.5124242   0.2761974 

 AIC = 86.55547  

 BIC = 85.93074 
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Simulation 

> z=rextRemes(fitt,100) 

> fitz=fevd(z) 

> summary(fitz) 

fevd(x = z) 

[1] "Estimation Method used: MLE" 

Negative Log-Likelihood Value:  672.4251  

 Estimated parameters: 

   location       scale       shape  

Standard Error Estimates: 170.7816007 125.1212188   0.6104882 

 location     scale     shape  

14.312095 15.157367  0.104528 

 Estimated parameter covariance matrix. 

           location       scale       shape 

location 204.836068 169.5732507 -0.25031704 

scale    169.573251 229.7457848  0.38231742 

shape     -0.250317   0.3823174  0.01092611 

 AIC = 1350.85  

 BIC = 1358.666 
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 برنامج لتقدٌر قٌمة سند الكوارث  Rكود 

> T<-1                # time period 

>  m<-100000     # simulation times 

>  premium<-0.03   # the extra risk premium 

>   Int<-0.0012      # risk -free interest rate 

>   Infl<-0.056     # inflation rate 

>   r1<-rep (0.037, m)    # LIBOR rate 

>   K=1000        # face value of the CAT bond 

>  Loss<-revd(m, loc = 144.5950815 , scale= 117.4780943 , shape =0.6159719) 

>  C=rep (NA,m)   

>  f =rep (NA,m) 

>  g=rep (NA,m) 

>  h=rep (NA,m) 

>  p=rep (NA,m) 

>  q=rep (NA,m) 

>  s=rep (NA,m) 

>  for(i in 1:m) 

+  {

+  if(Loss[i] <=400) 

+  C[ i ]=K 

+  {

+  if (Loss [ i ] <= 1000&& Loss [ i ] >400) 

+  C[ i ]=K*0.5 

+  {

+  if (Loss [ i ] >1000) 

+  C[ i ]=K*0.25} 

+  }}

>  discount<-(1+ Infl)*(1+ premium+ Int) 

>  P<-C/ discount 

>  mean (P) 

[1] 803.1657 

#with coupon 
> for(i in 1:m) 

+  { 

+ if(Loss [ i ] < 100) 

+ C[ i ]=K*(1+0.12) 

+ { 

+ if(Loss [ i ] < 200 && Loss [ i ] >=100) 

+ C[ i ]= K*(1+0.10) 

+ { 

+ if (Loss [ i ] < 400&& Loss [ i ] >=200) 

+ C[ i ]=K 

+ { 

+ if(Loss [ i ] < 600&& Loss [ i ] >=400) 
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+ C[ i ]=K*0.8 

+ { 

+ if(Loss [ i ] < 800&& Loss [ i ] >=600) 

+ C[ i ]=K*0.55 

+ { 

+ if(Loss [ i ] >=800) 

+ C[ i ]= 0} 

+ }}}}} 

> discount<-(1+ Infl)*(1+ premium+ Int) 

>  P<-C/ discount 

>  mean (P) 

[1] 855.5456  

> T<-3 # time period 

>  m<-100000 # simulation times 

>  premium<-0.03 # the extra risk premium 

>  K=1000 # face value of the CAT bond 

>  C=matrix ( 0 , T , m) # value of pay off function 

>  f =matrix ( 0 , T , m) 

>  g=matrix ( 0 , T , m) 

>  h=matrix ( 0 , T , m) 

## LIBOR rate 

> alpha = +0.212421 

> mu=+1.084655 

> sigma = +0.420791 

> delta<-1 

>  r<-matrix (NA, T , m) 

>  r [ 1 , ]<-1.12 # initial value 

>  for ( i in 1 : ( T-1) ) 

+ {

+ r [ i +1, ]<-r [ i , ] 

+ for (days in 1:250) 

+ {

+ e <-rnorm(m, mean=0 , sd= sqrt (delta)) 

+ for( j in 1:m) 

+ {

+ r[ i+1, j ] <- r [i+1, j]+alpha*(mu-r [ i +1 , j ] )*delta+sigma*sqrt(r [i+1, 

j])*e[j]+days-days 

+ if(r[i+1, j ]<0) 

+ r[i+1 , j ]<- r [ 1 , j ] + alpha*(mu-r [ 1, j ] )*delta 

+ r[1, j]<-r [i +1, j ] 

+ }}}

> r[1, ]<-1.12 

> rt<-r /100 

> # interest rate 

> ar<--0.2833 
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> ma<-1 

> const<--0.0976 

> Int<-matrix (NA, T+2 ,m) 

> e <-matrix (NA, T ,m) 

> Int[1, ]<-0.29 

> Int[2 , ]<-0.12 

> for(j in 1:T) 

+ {e[ j , ]<-rnorm(m) 

+ for(i in 1:m) 

+ {

+ Int[j+2, i]<- Int[j +1, i ]+ar*Int[j +1, i]-ar*Int[j, i ]+ma*e[j, i]-const 

+ if(Int[j+2, i]<0) 

+ Int[j +2, i ]<- Int[j+1, i]+ ar*Int[j +1, i]-ar*Int [ j, i ] 

+ }

+ }

> Int<-Int/100 

> Int<-rbind(Int[2:(T+2), ]) 

> # inflation rate 

> e<- matrix (NA, T, m) 

> Infl<-matrix (NA, T+1,m) 

> Infl[1, ]<-3.16 

> for(i in 1:T) 

+ { e [ i , ]<-rnorm(m) 

+ Infl[i+1, ]<-0.8899+0.7867 *Infl[i, ] + e [i , ] 

+ for(j in 1:m) 

+ {

+ if (Infl[i +1 , j ]<0) 

+ Infl[i +1, j ]<-0.8899+0.7867 * Infl[i, j ] 

+ }}

> Infl<-Infl/100 

> Infl<-rbind (Infl[1:(T+1), ] ) 

 

#Total Loss 

for (j in 1:(T-1) ) 

+ {

+ for (i in 1:m) 

+ {

+ if(Loss[ j , i]<=400) 

+ C[ j , i ]=K 

+ {

+ if (Loss [ j , i]<= 1000&& Loss [ i ] >400) 

+ C[ j , i ]=K*0.5 

+ {

+ if (Loss [ j , i]>1000) 

+ C[ j , i ]=K*0.25} 

+ }}}

> discount =matrix (NA, T ,m) 

> discount[1 , ]<-(1+ Int[1, ] + premium )*(1+Infl[1, ] ) 
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> for (i in 1:(T-1)) 

+ {

+ for (j in 1:m) 

+{discount[i+1, j]<-discount[i, j ]*(1+ Int[i+1, j ]+ premium)*(1+Infl[i+1, j]) 

+ } }

> P<-colSums(C/discount) 

> mean (P) 

[1] 1315.514

> for (j in 1:(T-1) ) 

+ {

+ for (i in 1:m) 

+ {

+ if(Loss [ j , i] <100 ) 

+ C[ j ,i ]=K* (1+ f [ j , i ] ) 

+ {

+ if(Loss [ j , i ] < 200&& Loss [ j, i ] >=100) 

+ C[ j , i ]=K* (1+ g [ j , i ] )  

+ {

+ if (Loss [ j , i] < 400&& Loss [ j, i ] >=200) 

+ C[ j , i ]=K* (0+ h [ j , i ] )  

+ {

+ if(Loss [ j , i]  < 600&& Loss [ j, i ] >=400) 

+ C[ j , i ]=K*0.8 

+ {

+ if(Loss [ j , i]  < 800&& Loss [ j, i ] >=600) 

+ C[ j , i ]=K*0.55 

+ {

+ if(Loss [ j , i]  >800) 

+ C[ j , i ]=0} 

+ }}}}}}

> discount =matrix (NA, T ,m) 

> discount[1 , ]<-(1+ Int[1, ] + premium )*(1+Infl[1, ] ) 

> for (i in 1:(T-1)) 

+ {

+ for (j in 1:m) 

+  {discount[i+1, j]<-discount[i, j ]*(1+ Int[i+1, j ]+ premium)*(1+Infl[i+1, j]) 

+ } }

> P<-colSums(C/discount) 

> mean (P) 

[1] 1117.095
 

 


