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Analysis of reinsurance purchase decision  

In light of utility theory and loss distributions

Abstract 
Insurance companies face many choices related purchase reinsurance 
decisions, such as its type and extent. In this study, we use the expected 
utility model and the probability distribution of the size of loss as an 
evaluation criterion for the reinsurance decision. The study was applied 
to six main types of property insurance, and found the form of the 
probability distributions using R statistical program, calculating the 
parameters of each distribution and using an exponential utility function 
to calculate the reinsurance premiums that the insurer must pay. The 
study reached to develop a model that depends on the distribution of the 
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loss size, the degree of the insurer's aversion to risk and the expected 
value of reinsurance in determining the price of the reinsurance 
premium, and the use of the expected utility to determine the value of 
the different alternatives.  

Keywords: Reinsurance, utility functions, loss distributions, decision 
criterion, expected value. 
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Mean – Variance Model 

 Borch (1960) 

 Karageyik and Sahin (2017) 

 Poisson 

.
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Ruin Model

[Dickson, 2005: 125]

Dickson, et al (1996)Dickson, (2005)

.

Waters (1979, 1983)

Value-at-Risk (VaR) 

(VaR)
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[Rejda (2017), 

(2017), p. 103] 

Cai et al. (2007, 2008)

(VaR)

Conditional Tail Expectation (CTE)

Chi et al. (2017)

 (VaR) 

(CVaR)

(VaR) (CVaR)

EL-bolkiny et at.(2018)
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Putri et al. (2021)

(VaR)

Utility Theory 

von-

Neumann-Morgenstern (N-M)1944

(Garven & Tennant, 

Tennant, 2003) Borch (1962) 

 Garven 

Garven and Tennant (2003) 

Mayers and 

and Smith (1990)

.
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[Kaas, 

[Kaas, et al., 2009] 

199.175

199.175

1

1

Non-proportional reinsurance Proportional reinsurance 

k 
C 

k 
F 

E.V 0.001 0.0001 0.00001 E.V 0.001 0.0001 0.00001 

199.175 222.113 201.185 199.374 0 199.175 222.113 201.185 199.374 0 

154.961 177.814 156.959 155.155 50 179.258 201.994 181.248 179.454 0.1 

133.296 155.942 135.271 133.486 80 159.340 181.463 161.271 159.531 0.2 

120.562 142.987 122.515 120.749 100 139.423 160.501 141.254 139.603 0.3 

109.045 131.180 110.968 109.229 120 119.505 139.090 121.196 119.672 0.4 

93.799 115.378 95.665 93.977 150 99.588 117.211 101.099 99.736 0.5 

84.839 105.973 86.660 85.012 170 79.670 94.842 80.960 79.797 0.6 

72.977 93.350 74.722 73.142 200 59.753 71.961 60.782 59.854 0.7 

66.006 85.818 67.695 66.165 220 39.835 48.545 40.562 39.907 0.8 

56.777 75.687 58.377 56.928 250 19.918 24.567 20.302 19.955 0.9 

51.353 69.631 52.891 51.498 270 0 0 0 0 1 

44.174 61.470 45.616 44.309 300           
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"Weibull type 2"
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] 

 Weibull 

[Das, et al. (2019)] 

Weibull type 1, Weibull type 2, Weibull type 3

46.8361

2

Non-proportional reinsurance Proportional reinsurance 

K 
C 

K 
F 

E.V 0.001 0.0001 
0.0000

1 
E.V 0.001 0.0001 0.00001 

46.836 47.968 46.946 46.847 0 46.836 47.968 46.946 46.847 0 

37.832 38.961 37.941 37.843 10 42.152 43.274 42.261 42.163 0.1 

34.002 35.125 34.110 34.012 15 37.469 38.557 37.575 37.479 0.2 

30.560 31.672 30.666 30.569 20 32.785 33.818 32.885 32.795 0.3 

27.466 28.563 27.571 27.475 25 28.102 29.056 28.194 28.111 0.4 

24.685 25.764 24.788 24.694 30 23.418 24.272 23.501 23.426 0.5 

22.186 23.242 22.287 22.194 35 18.734 19.464 18.805 18.741 0.6 
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19.939 20.970 20.038 19.948 40 14.051 14.634 14.107 14.056 0.7 

17.921 18.922 18.016 17.929 45 9.367 9.780 9.407 9.371 0.8 

16.106 17.075 16.198 16.114 50 4.684 4.902 4.705 4.686 0.9 

14.476 15.410 14.564 14.483 55 0 0 0 0 1 

13.010 13.909 13.095 13.017 60           

  

"Weibull" 
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54.40744

3

Non-proportional reinsurance Proportional reinsurance 

k 
C 

k 
F 

E.V 0.001 0.0001 0.00001 E.V 0.001 0.0001 0.00001 

54.407 55.944 54.556 54.422 0 54.407 55.944 54.556 54.422 0 

45.273 46.806 45.421 45.287 10 48.967 50.488 49.114 48.981 0.1 

41.299 42.826 41.445 41.312 15 43.526 45.002 43.669 43.540 0.2 

37.673 39.191 37.818 37.686 20 38.085 39.487 38.220 38.099 0.3 

34.365 35.869 34.509 34.378 25 32.644 33.940 32.769 32.657 0.4 

31.348 32.834 31.490 31.361 30 27.204 28.363 27.315 27.215 0.5 

28.596 30.060 28.736 28.608 35 21.763 22.754 21.858 21.772 0.6 

26.086 27.523 26.223 26.097 40 16.322 17.114 16.398 16.330 0.7 

23.795 25.204 23.929 23.807 45 10.881 11.442 10.935 10.887 0.8 

21.706 23.081 21.837 21.718 50 5.441 5.737 5.469 5.444 0.9 

19.801 21.140 19.928 19.811 55 0 0 0 0 1 

18.062 19.363 18.185 18.073 60           
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"Exponential" 

"Exponential" 

            

                    

270.2723

4

4

Non-proportional reinsurance Proportional reinsurance 

k 
C 

k 
F 

E.V 0.001 0.0001 0.00001 E.V 0.001 0.0001 0.00001 

270.272 315.083 273.992 270.638 0 270.272 315.083 273.992 270.638 0 

224.625 269.372 228.338 224.990 50 243.245 287.684 246.928 243.607 0.1 

201.025 245.604 204.721 201.389 80 216.218 259.513 219.790 216.569 0.2 

186.687 231.076 190.363 187.048 100 189.190 230.525 192.579 189.524 0.3 

155.156 198.775 158.755 155.510 150 162.163 200.672 165.294 162.471 0.4 

128.951 171.383 132.429 129.293 200 135.136 169.900 137.934 135.411 0.5 

107.172 148.050 110.493 107.498 250 108.109 138.151 110.499 108.343 0.6 

89.071 128.099 92.208 89.379 300 81.082 105.361 82.989 81.268 0.7 

74.028 110.988 76.960 74.315 350 54.054 71.460 55.402 54.186 0.8 

61.525 96.273 64.242 61.790 400 27.027 36.368 27.739 27.097 0.9 

42.497 72.642 44.776 42.720 500 0 0 0 0 1 
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"Inverse 

"Inverse Gaussian"
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[Clark, et al. 2004]  

92.55567

5

Non-proportional reinsurance Proportional reinsurance 

K 
C 

k 
F 

E.V 0.001 0.0001 0.00001 E.V 0.001 0.0001 0.00001 

92.554 97.121 92.984 92.596 0 92.554 97.121 92.984 92.596 0 

74.568 79.122 74.997 74.610 20 83.298 87.822 83.725 83.341 0.1 

66.932 71.462 67.358 66.973 30 74.043 78.437 74.457 74.084 0.2 

60.078 64.568 60.499 60.118 40 64.787 68.962 65.180 64.826 0.3 

53.926 58.358 54.341 53.965 50 55.532 59.397 55.894 55.568 0.4 

48.404 52.761 48.811 48.441 60 46.277 49.739 46.600 46.309 0.5 

43.447 47.714 43.845 43.484 70 37.021 39.987 37.298 37.049 0.6 

38.998 43.160 39.385 39.033 80 27.766 30.139 27.986 27.788 0.7 

35.005 39.050 35.380 35.039 90 18.511 20.193 18.666 18.526 0.8 

31.420 35.338 31.783 31.453 100 9.255 10.148 9.337 9.263 0.9 

28.202 31.984 28.552 28.234 110 0 0 0 0 1 

10.666 13.111 10.885 10.686 200           

  

"Exponential"
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250.1567

6

Non-proportional reinsurance Proportional reinsurance 

K 
C 

k 
F 

E.V 0.001 0.0001 0.00001 E.V 0.001 0.0001 0.00001 

250.157 287.891 253.339 250.470 0 250.157 287.891 253.339 250.470 0 

204.841 242.503 208.012 205.149 50 225.141 262.557 228.292 225.451 0.1 

181.693 219.176 184.845 181.998 80 200.125 236.565 203.182 200.426 0.2 

167.734 205.018 170.864 168.036 100 175.110 209.879 178.009 175.395 0.3 

154.847 191.864 157.949 155.146 120 150.094 182.461 152.772 150.357 0.4 

137.349 173.838 140.397 155.146 150 125.078 154.270 127.472 125.313 0.5 

126.797 162.851 129.800 127.084 170 100.063 125.261 102.107 100.263 0.6 

112.468 147.755 115.394 112.748 200 75.047 95.386 76.678 75.207 0.7 

103.827 138.533 106.694 104.101 220 50.031 64.591 51.184 50.144 0.8 

92.095 125.835 94.865 92.358 250 25.016 32.817 25.625 25.075 0.9 

85.019 118.063 87.720 85.276 270 0 0 0 0 1 

75.412 107.343 78.002 75.658 300           
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2007/20082020/2021

R

"Inverse Gamma" 199.175 

"Weibull type 

2"
46.8361 

"Weibull"54.40744 

"Exponential"270.2723 

"Inverse Gaussian"92.55567 

"Exponential"250.1567 
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A

R

gamlss(Generalized additive models for location scale 

and shape.) 

 gamlss  R 

Generalized Akaike information critersion 

(GAIC fitDist 

fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamlss = TRUE) 

 type = "realline" 

 type ="realsplus" 

 (k

k = 2 AIC 

 k 

  

> x<-c(215454, 190901, 184056, 118528, 205597, 179785, 198471, 

274188, 373749, 298621, 340196, 922224, 437208, 272753) 

> hist(x) 

> fit <- fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamlss = 

TRUE) 

> summary(fit) 

*******************************************************

Family:  c("IGAMMA", "Inverse Gamma")  
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Call:  gamlssML(formula = y, family = DIST[i])  

Fitting method: "nlminb"  

Coefficient(s): 

           Estimate  Std. Error  t value   Pr(>|t|)     

eta.mu    12.201939    0.131961 92.46604 < 2.22e-16 *** 

eta.sigma -0.819622    0.183190 -4.47416 7.6712e-06 *** 

Signif. codes:  0 ‗***‘ 0.001 ‗**‘ 0.01 ‗*‘ 0.05 ‗.‘ 0.1 ‗ ‘ 1 

 Degrees of Freedom for the fit: 2 Residual Deg. of Freedom   12  

Global Deviance:     367.112  

            AIC:     371.112  

            SBC:     372.39 

 

> plot(fit) 

*******************************************************

              Summary of the Quantile Residuals 

                           mean   =  -0.002719539  

                       variance   =  1.077956  

               coef. of skewness  =  0.4180368  

               coef. of kurtosis  =  2.931094  

Filliben correlation coefficient  =  0.9735001  

**********************************************************

 
 
> fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL) 

 [1] 199175 

  

> x<-c(28864, 35781, 11380, 19757, 46177, 23948, 85160, 67292, 44095, 

96512, 61534, 72760, 50382, 45997) 

> hist(x) 
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> fit <- fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamlss = 

TRUE) 

> summary(fit) 

*******************************************************

Family:  c("WEI2", "Weibull type 2")  

Call:  gamlssML(formula = y, family = DIST[i])  

Fitting method: "nlminb"  

Coefficient(s): 

            Estimate  Std. Error  t value   Pr(>|t|)     

eta.mu    -23.784367    5.133014 -4.63361 3.5935e-06 *** 

eta.sigma   0.777685    0.211795  3.67188 0.00024078 *** 

Signif. codes:  0 ‗***‘ 0.001 ‗**‘ 0.01 ‗*‘ 0.05 ‗.‘ 0.1 ‗ ‘ 1 

 Degrees of Freedom for the fit: 2 Residual Deg. of Freedom   12  

Global Deviance:     321.054  

            AIC:     325.054  

            SBC:     326.332  

> plot(fit) 

**************************************

              Summary of the Quantile Residuals 

                           mean   =  -0.00476048  

                       variance   =  1.086555  

               coef. of skewness  =  -0.01145281  

               coef. of kurtosis  =  1.932329  

Filliben correlation coefficient  =  0.9959554  
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> fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL) 

 [1] 46.8361 

  

> x<- c(37377, 36928, 26169, 63801, 36844, 21201, 83061, 59252, 44837, 

57327, 56691, 66209, 49204, 43561) 

> hist(x) 

 

 
> fit <- fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamlss = 

TRUE) 

> summary(fit) 

*******************************************************

Family:  c("WEI", "Weibull")  

Call:  gamlssML(formula = y, family = DIST[i])  

Fitting method: "nlminb"  

Coefficient(s): 

            Estimate  Std. Error   t value   Pr(>|t|)     

eta.mu    10.9042561   0.0855741 127.42468 < 2.22e-16 *** 

eta.sigma  1.1930608   0.2064865   5.77791 7.5634e-09 *** 

Signif. codes:  0 ‗***‘ 0.001 ‗**‘ 0.01 ‗*‘ 0.05 ‗.‘ 0.1 ‗ ‘ 1 

 Degrees of Freedom for the fit: 2 Residual Deg. of Freedom   12  

Global Deviance:     310.876  
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            AIC:     314.876  

            SBC:     316.154  

> plot(fit) 

********************************************************

              Summary of the Quantile Residuals 

                           mean   =  0.001134732  

                       variance   =  1.043137  

               coef. of skewness  =  0.2041973  

               coef. of kurtosis  =  2.259303  

Filliben correlation coefficient  =  0.9885215  

 
 

 fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL) 

 [1] 54407.44 

  

> x <- c(38556, 46099, 9547, 711845, 18362, 94404, 92814, 320391, 310945, 

921519, 508083, 205318, 235657)  
> hist(x) 

 
> fit <- fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamlss = 

TRUE) 

> summary(fit) 

**********************************************************
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Family:  c("EXP", "Exponential")  

Call:  gamlssML(formula = y, family = EXP)  

Fitting method: "nlminb"  

Coefficient(s): 

        Estimate  Std. Error  t value   Pr(>|t|)     

eta.mu  12.50718     0.27735  45.0953 < 2.22e-16 *** 

Signif. codes:  0 ‗***‘ 0.001 ‗**‘ 0.01 ‗*‘ 0.05 ‗.‘ 0.1 ‗ ‘ 1 

 Degrees of Freedom for the fit: 1 Residual Deg. of Freedom   12  

Global Deviance:     351.187  

            AIC:     353.187  

            SBC:     353.752  

> plot(fit) 

*******************************************************

              Summary of the Quantile Residuals 

                           mean   =  -0.0720594  

                       variance   =  1.28806  

               coef. of skewness  =  0.09800374  

               coef. of kurtosis  =  1.671478  

Filliben correlation coefficient  =  0.9902579  

 
 

> fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL) 

 [1] 270272.3 

  

> x<- c(90747, 50451, 53930, 77101, 62344, 76115, 103982, 130042, 

33107, 83405, 76897, 29939, 180691, 246998) 

> hist(x) 
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> fit <- fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamlss = 

TRUE) 

> summary(fit) 

*********************************************************

Family:  c("IG", "Inverse Gaussian")  

Call:  gamlssML(formula = y, family = DIST[i])  

Fitting method: "nlminb"  

Coefficient(s): 

           Estimate  Std. Error  t value   Pr(>|t|)     

eta.mu    11.435566    0.162268  70.4734 < 2.22e-16 *** 

eta.sigma -6.216784    0.188980 -32.8965 < 2.22e-16 *** 

Signif. codes:  0 ‗***‘ 0.001 ‗**‘ 0.01 ‗*‘ 0.05 ‗.‘ 0.1 ‗ ‘ 1 

Degrees of Freedom for the fit: 2 Residual Deg. of Freedom   12  

Global Deviance:     339.117  

            AIC:     343.117  

            SBC:     344.395  

> plot(fit) 

*********************************************************

              Summary of the Quantile Residuals 

                           mean   =  -0.005614077  

                       variance   =  1.073373  

               coef. of skewness  =  0.1465196  

               coef. of kurtosis  =  2.34109  

Filliben correlation coefficient  =  0.9861419  
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> fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL) 

 [1] 92555.67

  

> x<- c(416519, 166418, 266458, 17541, 388952, 43205, 65009, 143400, 

577106, 35592, 19437, 282125, 764720, 315712) 

> hist(x) 

 
> fit <- fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamlss = 

TRUE) 

> summary(fit) 

*******************************************************

Family:  c("EXP", "Exponential")  

Call:  gamlssML(formula = y, family = EXP)  

Fitting method: "nlminb"  

Coefficient(s): 

        Estimate  Std. Error  t value   Pr(>|t|)     

eta.mu 12.429843    0.267261  46.5082 < 2.22e-16 *** 

Signif. codes:  0 ‗***‘ 0.001 ‗**‘ 0.01 ‗*‘ 0.05 ‗.‘ 0.1 ‗ ‘ 1 

Degrees of Freedom for the fit: 1 Residual Deg. of Freedom   13  

Global Deviance:     376.036  
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            AIC:     378.036  

            SBC:     378.675  

> plot(fit) 

***********************************************************

              Summary of the Quantile Residuals 

                           mean   =  0.006093118  

                       variance   =  1.0535  

               coef. of skewness  =  -0.06670535  

               coef. of kurtosis  =  1.539624  

Filliben correlation coefficient  =  0.9797893  

 
 

fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL) 

 [1] 250156.7 
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