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Abstract
The research aims to estimate the value-at-risk (VaR) of outstanding claims
reserves, based on stochastic reserve estimation models, and using the bootstrap
technique. The research was applied to the vehicle insurance sector in the Kingdom of
Saudi Arabia. The research found that the proposed over-dispersed Poisson model
significantly contributed to smoothing and fitting the variance index values, compared
to the less accurate fitting of Mack’s model. The proposed model addressed many of

the shortcomings of the Mack model, which demonstrated its inability to handle long-
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tailed claims distributions. Therefore, the proposed model provided more accurate
estimated values compared to its counterparts when applying Mack model.
Furthermore, the values estimated using Poisson model provided lower values at risk
compared to Mack model. This indicates that relying on the proposed model reduced
the risk resulting from inaccuracy and calculation errors, which is reflected in the
quality of the estimated claims reserve values. The researcher recommended the need
to adopt the proposed model more widely in practical insurance applications, as it
provides more in-depth mechanisms for estimating the values at risk of claims
reserves for the general insurance sector.

Keywords
Outstanding Claims Reserve — Vehicle insurance — Over-dispersed Poisson

model - Mack model - Values at risk - Parameter error - Process error.
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Accident 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total
year
Ultimate | 2148351 | 1901937 | 1801168 | 1737184 | 1907047 | 1492821 | 2040462 | 2442508 | 3095088 | 3453935
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Accident 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total
year
Ultimate 2148351 1901937 1801168 1737184 1907047 1492821 2040462 2442508 3095088 3453935
Reserve 0 2891 5038 6509 15686 29573 44688 82349 254307 1318123 1759164
MSEP 0 1369 9025 26569 321489 1350244 3980025 6051600 15062161 84143929
Log 3.136 3.955 4.424 5.507 6.130 6.600 6.782 7.178 7.925
(MSEP)
RMSEP 0 37 95 163 567 1162 1995 2460 3881 9173 19533
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Accident By Development Year

0 1 2 3 4 5 6 7 8 9
2015 88%  126% 131% 126% 78% 121% 126% 119% 102% 100%
2016 96% 96% 95% 91% 104% 97% 78% 59% 94%

2017 | 99%  90%  95%  132% - 81% | 60%  79%
2018 | 106% 103%  98%  72% 111% . 65%  92%

2020 | 97% 108% 101% = 74% 125%
2021 | 104% 113% 107% -

2022 | 109% 104% 110%

2023 | 102%  92%

2024 | 100%

Accident By Calendar Year

0 1 2 3 4 5 6 7 8 9
2015 | 88% 126%  131% 126% 78% 121% 126% 119% 102%  100%
2016 96%  96%  95% 91% 104% 97%  78% | 59% | 94%
2017 99%  90%  95% | 132% - 81% = 60%  79%
2018 106% 103% 98%  72% 111% = 65%  92%
2019 102%  100% _ 89%
2020 97% 108% 101%  74%  125%
2021 104% 113%  107% -
2022 109% 104%  110%
2023 102%  92%
2024 100%
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total

Ultimate 2148351 1901937 1801168 1737184 1907047 1492821 2040462 2442508 3095088 3453935
Reserve 2891 5038 6509 15686 29573 44688 82349 254307 1318123 1759164

MSEP 0 116964 193600 264196 576081 988036 1166400 2461761 10150596 75238276

Log

5.068 5.287 5.422 5.760 5.995 6.067 6.391 7.006 7.876

(MSEP)
RMSEP 0 342 440 514 759 994 1080 1569 3186 8674 17558
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Accidentyear Ultimate Reserve RMSEP CoV VaR

Ultimate Reserve (Parameter) (Process)

2015 2148351 0
2016 1901937 2891 342 0.25% 118.30% 36.91% 63.09%
2017 1801168 5038 440 0.33% 87.34% 33.06% 66.94%
2018 1737184 6509 514 0.39% 78.97% 28.14% 71.86%
2019 1907047 15686 759 0.55% 48.39% 24.93% 75.07%
2020 1492821 29573 994 0.81% 33.61% 11.13% 88.87%
2021 2040462 44688 1080 0.76% 2417% 19.34% 80.66%
2022 2442508 82349 1569 1.00% 19.05% 28.59% 71.41%
2023 3095088 254307 3186 1.81% 12.53% 39.32% 60.68%
2024 3453935 1318123 8674 4.66% 6.58% 42.15% 57.85%
Total 1759164 17558 9.98% 46.29% 53.71%
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VaR (Parameter)

2024

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 | 2023 | 2024
D VaR (Parameter) 36.91% | 33.06% | 28.14% | 24 11.13% | 19.34% | 28.59% | 39.32

_____

OVaR (Process) 63.09%  66.94%  71.86% | 75.07%  88.87% 80.66% | 71.41% | 60.68% 57.85%  53.71%
@VaR (Parameter) OVaR (Process)
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Accident year Ultimate Reserve RMSEP CoV VaR

Ultimate  Reserve  (Parameter) (Process)

2015 2148351 0 0
2016 1901937 2891 37 0.03% 12.80% 36.95% 63.05%
2017 1801168 5038 95 0.07% 18.86% 29.15% 70.85%
2018 1737184 6509 163 0.12% 25.04% 22.71% 77.29%
2019 1907047 15686 567 0.41% 36.15% 19.63% 80.37%
2020 1492821 29573 1162 0.95% 39.29% 16.05% 83.95%
2021 2040462 44688 1995 1.40% 44.64% 14.91% 85.09%
2022 2442508 82349 2460 1.57% 29.87% 12.74% 87.26%
2023 3095088 254307 3881 2.21% 15.26% 11.32% 88.68%
2024 3453935 1318123 9173 4.94% 6.96% 10.93% 89.07%
Total 1759164 19533 11.10% 19.73% 80.27%
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VaR (Process)
VaR (Parameter)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
@ VaR (Parameter) | 36.95% | 29.15% 22.71% 19.63% 16.05% 14.91% 12.74% 11.32% 10.93% 19.73%
VaR (Process) 63.05% | 70.85% 77.29% | 80.37% 83.95% | 85.09% 87.26% | 88.68% 89.07% | 80.27%
OVaR (Parameter) VaR (Process)
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Accidentyear 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total
RMSEP ODP Model 342 440 514 759 994 1080 1569 3186 8674 17558
Mack Model 37 95 163 567 1162 1995 2460 3881 9173 19533
Differences 305 345 351 192 -168 -915 -891 -695 -499 -1975
CoV ODP Model Ultimate 0.3% 0.3% 0.4% 0.6% 0.8% 0.8% 1.0% 1.8% 4.7%
Reserve 1183% 87.3% 79.0% 48.4% 33.6% 24.2% 191%  12.5% 6.6% 9.98%
Mack Model Ultimate 0.0% 0.1% 0.1% 0.4% 1.0% 1.4% 1.6% 2.2% 4.9%
Reserve 12.8% 189% 25.0% 36.2% 393% 44.6% 29.9% 15.3% 7.0% 11.10%
Differences 105.5% 68.5% 53.9% 122% -5.7% -20.5% -10.8% -2.7% -0.4% -1.1%
VaR ODP Model (Parameter) 36.9% 331% 281% 249% 11.1% 19.3% 28.6% 393% 422% 46.29%
(Process) 63.1% 66.9% 719% 751% 88.9% 80.7% 71.4% 60.7% 57.9% 53.71%
Mack Model  (Parameter) 37.0% 292% 22.7% 19.6% 16.1% 14.9% 12.7% 11.3% 10.9% 19.73%
(Process) 63.1% 709% 77.3% 804% 84.0% 85.1% 87.3% 88.7% 89.1% 80.27%
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Source Of Risk Model Mean Variance Pooled tStat  P(T<=t) one- t Critical one- P(T<=t) two- t Critical two-
Variance tail tail tail tail
(Parameter) oDP 0.310 0.012 0.009 2.675 0.008 1.734 0.015 2.101
Mack 0.194 0.071
(Process) opp 0.690 0.066 0.003 -5.337 0.000 1.746 0.000 2120
Mack 0.806 0.095
. - . & . - . 7 - . s . .
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