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1.  Background and Objective 

 

The object of this project is to use GLM to estimate the average claim cost for 

auto. This project has 5 variables: owner age, car model, car age, number of 

claim, average claim costs. 

 

2. The Initial data and Histogram 

 

All policies are divided into 128 categories, of which there are 5 categories with 

No claims. The data has 8 owner age levels, 4 car model levels and 4car age 

levels. 

(Data Source: http://www.statsci.org/data/general/carinsuk.html) 

 

(a)The owner age levels: 

17-20, 21-24, 25-29, 30-34, 35-39, 40-49, 50-59, 60+ 

(b)The car model levels: A, B, C, D  

(c)The car age levels: 0-3, 4-7, 8-9, 10 

The Histogram as follows: 

                      The histogram of average claim cost 

http://www.statsci.org/data/general/carinsuk.html


 

From graph above, we can see that the average claim cost is difference 

among each risk category. Distribution significantly deviates from the normal 

distribution, there is a heavy tail. The largest value is 850. Also we can know 

that ownerage, car model, carage are all important factors to influencing 

average claim cost, and we can use GLM to estimate the influence degree to 

average claim cost. 

 

3. GLMs 

 

A generalized linear model (GLM) consists of three components: 

 

(a) Random component, specifying the conditional distribution of the response 

variable,𝑌𝑖 given the values of the explanatory variables in the model. In the 

initial formulation of GLMs, the distribution of the response variable of 𝑌𝑖 was 

a member of an exponential family, such as Gaussian, binomial, Poisson, 

Gamma, or inverse-Gaussian families of distributions. 

(b) A linear predictor—that is a linear function of regressors 

𝜂𝑖 = 𝛼 + 𝛽1𝑋𝑖1 + 𝛽2𝑋𝑖2 +⋯++𝛽𝑘𝑋𝑖𝑘 

(c) Link function g(. ) , which transforms the expectation of the response 



variable, 𝜇𝑖 ≡ 𝐸(𝑌𝑖), to the linear predictor: 

𝑔(𝜇𝑖) = 𝜂𝑖 = 𝛼 + 𝛽1𝑋𝑖1 + 𝛽2𝑋𝑖2 +⋯++𝛽𝑘𝑋𝑖𝑘 

Since the link function is invertible, we can also write 

𝜇𝑖 = 𝑔−1(𝜂𝑖) = 𝑔−1(𝛼 + 𝛽1𝑋𝑖1 + 𝛽2𝑋𝑖2 +⋯++𝛽𝑘𝑋𝑖𝑘) 

Based on the property of data, we use GLMs to estimate the average claim 

cost. 

 

4. Using Gamma distribution to estimate average claim cost 

 

In this model, we use gamma error structure with Logit link function. 

To Gamma distribution, the variance V(x) = 𝑥2 

To Logit link function, 𝑔(𝜇𝑖) = 𝑙𝑛(𝑥/(1 − 𝑥))   𝑔−1(𝜂𝑖) = 𝑒𝑥/(1 + 𝑒𝑥) 

Hence, establishing the GLMs with SAS: 

 

(1)SAS code: 

proc genmod data=a1; 

class ownerage model carage; 

weight nclaims; 

model avcost= ownerage model carage/dist=gamma link=log type1 type3; 

run; 

 

(2) Model results 

 (2a)Model information 

 
(2b) Class level information 

 

(2c) Criteria for assessing goodness of fit 



From table, we can conclude that Pr (109 125.2616) 0.1366，this shows that 

Gamma distribution can fit model well. 

 

(2d) Analysis of Maximum Likelihood Parameter Estimates 

From table below, exclude ownerage “40-49” and “50-59”, other estimates are 

all obvious significant, since P value for ownerage “40-49” and “50-59” are 

0.7197 and 0.8536, In practice, we can merge this level with the nearest level 

to one level. 

 

(2e) Tests 

From Type 1 and Type 3, we can conclude that these 3 explanatory variables 

are obvious significant. 



 

(3) Comparison 

Given Logit link function, the error structure of normal distribution, Gamma 

distribution and Inverse Gaussian are as follows: 

Parameter Estimation for GLM with 3 distributions 

    normal gamma Inverse gaussian 

Parameter   Estimate Pr>ChiSq Estimate Pr>ChiSq Estimate Pr>ChiSq 

Intercept   5.1323 <.0001 5.1338 <.0001 5.1315 <.0001 

OwnerAge 17-20 0.2676 0.0052 0.2263 0.0409 0.2085 0.1046 

OwnerAge 21-24 0.2102 0.0002 0.2287 0.0001 0.2321 0.0008 

OwnerAge 25-29 0.1381 0.0017 0.1642 0.0002 0.1796 0.0002 

OwnerAge 30-34 0.1212 0.0043 0.1143 0.0064 0.1057 0.0203 

OwnerAge 35-39 -0.1316 0.0055 -0.0877 0.033 -0.0685 0.1068 

OwnerAge 40-49 -0.0159 0.6847 -0.0129 0.7197 -0.0117 0.7544 

OwnerAge 50-59 -0.0067 0.8707 0.0069 0.8536 0.0142 0.7136 

OwnerAge 60+ 0 . 0 . 0 . 

Model A -0.3893 <.0001 -0.4005 <.0001 -0.4085 <.0001 

Model B -0.4066 <.0001 -0.4 <.0001 -0.3958 <.0001 

Model C -0.2515 <.0001 -0.245 <.0001 -0.2431 <.0001 

Model D 0 . 0 . 0 . 

CarAge 0-3 0.7253 <.0001 0.699 <.0001 0.6908 <.0001 

CarAge 4-7 0.6189 <.0001 0.613 <.0001 0.6119 <.0001 

CarAge 8-9 0.3528 0.002 0.3558 <.0001 0.3579 <.0001 

CarAge z10+ 0 . 0 . 0 . 

Scale   258.1265 0.9852 0.0718       

 

 

 

 



The Goodness of Fit for 3 distributions 

  normal gamma Inverse gaussian 

Deviance 8195413.3 127.144 0.6342 

Scaled Deviance 123.0002 125.2616 123 

Pearson Chi-Square 8195413.3 126.5314 0.5629 

Scaled Pearson Chi-Square 123.0002 124.6581 109.1609 

Log Likelihood -648.2247 -623.923 -624.548 

 

 

Standard Anscombe residual error             Standard Deviance residual error 

 

The estimate of average claim cost 



 

The estimate of average claim cost 

From this index of goodness fit, we can know that the normal distribution is 

worse. From distribution diagram of Standard Anscombe residual error and 

Standard Deviance residual error, we can know that Gamma distribution is 

best. 

(4) The estimated result 

At last, the estimate of average claim cost is as follows: 

Carage 
0-3 4-7 8-9 10+ 

ownerage model 

17-20 A 287 263 203 143 

17-20 B 287 263 204 143 

17-20 C 335 307 238 167 

17-20 D 428 393 304 213 

21-24 A 287 264 204 143 

21-24 B 288 264 204 143 

21-24 C 336 308 238 167 

21-24 D 429 394 304 213 

25-29 A 270 248 191 134 

25-29 B 270 247 191 134 

25-29 C 315 289 223 157 

25-29 D 402 369 285 200 

30-34 A 256 235 182 127 

30-34 B 257 235 182 127 

30-34 C 300 275 213 149 

30-34 D 383 351 272 190 

35-39 A 209 192 149 104 

35-39 B 210 192 149 104 

35-39 C 245 225 174 122 



35-39 D 313 287 222 155 

40-49 A 226 207 160 112 

40-49 B 226 207 160 112 

40-49 C 264 242 187 131 

40-49 D 337 309 239 167 

50-59 A 230 211 163 114 

50-59 B 230 211 163 115 

50-59 C 269 247 191 134 

50-59 D 344 315 244 171 

60+ A 229 210 162 114 

60+ B 229 210 162 114 

60+ C 267 245 190 133 

60+ D 341 313 242 170 

 

5. Combine the adjacent level 

 

  From above, we know ownerage “40-49” and “50-59” are not obvious 

significant, consider combine “40-49” , “50-59” and “60+” to “40+”,. 

Using the Gamma distribution and Logit link function to establish GLMs again, 

the results are as follows: 

   The result shows that the parameter estimate and statistical significance 

are better. 



 

 

 



 

6. Conclusion 

 

This project uses the GLMs with Gamma error structure and Logit link function 

to estimate average claim cost. 

By analyzing the GLMs, this report shows that the result fit goodness.  

 

 

Attachment: The initial data. 

The initial data 
of GLMs.xls

 


