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Over the last decade, insurance market has been characterized by significant changes. New
regulations, as Solvency II (European Commission 2009) and IFRS17 (European Commis-
sion 2021) paved the way to an increasing focus on risk assessment and on market consist-
ent valuation of assets and liabilities. Also the growth of artificial intelligence (Al), used
to perform complex computational tasks, is revolutionising financial services, particularly
within insurance practices (see EIOPA 2021). Nowadays, data represent a primary strategic
asset and a source of competitive advantage in financial firms and the inherent value of pre-
dictive analytics in insurance is showing itself in myriad applications (see, e.g., Hyong and
Errol 2015; Maynard et al. 2022). Additionally, an emerging wave of insurtech solutions
are trying to transform insurance business through the introduction of Big Data, Machine
Learning, and Al capabilities (see, e.g., McFall et al. 2020). In the insurance context, sev-
eral fields have been characterized by the use of Machine Learning and Al methodologies.
Predictive analytics tools can collect data from a variety of sources to better understand and
predict the behaviour of policyholders. Companies are indeed collecting data from telemat-
ics, distribution channel and customers interactions, smart homes and even social media to
better understand and manage their relationships, claims, and underwriting and so on.
Along with the increasing complexity of the problems raised by paractitioners as well
the huge availability of semistructured data the literature has tried to offer solutions and
methodological interpretation of not yet explored phenomena (Richman 2021). Focus-
ing on non-life insurance, complex network and machine learning techniques have been
adopted for transforming the claim settlement process and detecting frauds. In particular,
sophisticated methods are improving predictive accuracy in identifying the risk of fraud
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and enabling loss control units to achieve higher coverage with low false positive rates
(Aslam et al. 2022). A wide literature explores how to improve customized premiums
using data collected from black-box technologies. In this context, special attention has been
paid to predicting motor insurance claims using telematics data and assessing the relation
between driving behaviour and risk (see, e.g., Henckaerts and Antonio 2022; Gao et al.
2019; Gao and Wiithrich 2018, 2019; Guillen et al. 2020; Pesantez-Narvaez et al. 2019;
Verbelen et al. 2018). Machine learning techniques made it also feasible to calculate claims
reserves on individual claims data (see, for instance, Lukasz et al. 2020; Gabrielli et al.
2020; Wiithrich 2018).

Also, smart contracts and blockchain technology have reached a level of maturity to
empower new market entrants, even with limited capital, to develop new insurance prod-
ucts and business models based on a decentralized nature. One example is represented
by Peer-to-peer (P2P) insurance, a business model where individuals join together and
pool their resources for mutual aid (see, e.g., Clemente and Marano 2020). Together with
blockchain technology, P2P allows for creating a business that ensures an automated and
trustworthy transaction environment (EIOPA 2019). Finally, other fields regard the use of
machine learning for evaluating the insurability of risks (Eling et al. 2021), customer prof-
itability and loyalty (Fang et al. 2016; Riikkinen et al. 2018), the analysis of legal docu-
ments (Zappa et al. 2021; Sabban et al. 2022), the use of virtual assistants and office opera-
tions, the identification of potential markets.

Similarly, machine learning has been also applied in context of life and health insurance.
For instance, several works focused on the use of neural networks for mortality modelling
(see, e.g., Hainaut 2018; Schniirch and Korn 2022; Miyata and Matsuyama 2022; Rich-
man and Wiithrich 2021; Perla et al. 2021; Scognamiglio 2022). The application of data
science methods have been also applied for lapse prediction. Lapse risk is indeed a key risk
driver for life and pensions business with a material impact on the cash flow profile and the
profitability. Therefore, self-learning algorithms can replace the time-consuming process
of fitting a lapse model that reflects different policy characteristics and provides best esti-
mate lapse rates, as needed for Solvency II valuations (see, e.g., Azzone et al. 2022; Reck
et al. 2022). Health care costs have been also modelled via machine learning techniques in
order to both contain medical expenditure and improve pricing of Health Insurance Plans
(Kshirsagar et al. 2021).

In this wide and somehow heterogeneous field, this special issue deals with methodolo-
gies and methods that focus on complexity, risks and its connection with social sciences in
the insurance and financial context. Indeed, driving, working, health, life, disability, safety,
unexpected climate events are several examples of where insurance can play a significant
role in at least monetarily compensating for unforeseen losses and thereby reducing the
impact of adverse events on individuals and families. With this aim in mind the papers we
have selected offer the opportunity to have a view of how insurance actors may help society
to increase the welfare. To help reader to select papers of her/his own specific interest in
the next few pages a summary of the contributions is reported.

The author of “A Rank Graduation Accuracy measure to mitigate Artificial Intelligence
risks” (Raffinetti 2023) focuses on the predictive accuracy of machine learning methodol-
ogy. It provides methods that are viable for both insurance and financial sector but develop-
ing specific case studies mostly related to financial topics.

As stressed above, machine learning methods have been applied to solve several prob-
lems in insurance and a great focus has been placed to their accuracy in prediction. Indeed,
besides the interpretability requirement, one of the most important challenges for machine
learning methods is the evaluation of how much are they reliable in unforseen contexts
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(see, e.g., Kang et al. 2021; Petropoulos et al. 2022). To this end, Raffinetti (2023) provides
a new toolkit by extending the existing literature and proposing a Rank Graduation Accu-
racy measure to mitigate Artificial Intelligence risks. The main idea is to provide a measure
based on the evaluation of the concordance between the ranks of the predicted values and
the ranks of the actual values. Since the proposed measure is based on the ranks, it gen-
eralizes the predictive accuracy problem to all ordered variable scales and allows to gain
robustness. The paper also provides an application of the measure to a crypto-asset dataset
showing the consistency in the model choice and assuring a greater robustness with respect
to classical prediction accuracy measures.

Two papers in the special issue deal with health insurance from a different perspec-
tive. The author of “Financial resilience of insurance network during covid-19 pandemic”
(Cornaro 2022) focuses instead on the financial resilience of the insurance market during
the COVID-19 period. The proposed approach exploits network theory to analyze how the
insurance market reacted during COVID-19 pandemic. Although the resilience of financial
networks has been widely studied in the literature (see, e.g., Amini et al. 2013; Clemente
and Cornaro 2022; Cerqueti et al. 2019; Kou et al. 2022; Leduc and Thurner 2017), very
few attempts have been done with regard to the insurance market. In particular, on the one
hand, the methodology in Cornaro (2022) allows to assess the financial resilience of the
insurance market in period of crisis and to identify systemic insurers. On the other hand,
this work provides novel local and global measures of resilience based on the quantifica-
tion of the reactions of firms to a shock propagation in the network. The case study, based
on a very large set of insurers and for a significant time period, confirms how the global
resilience indicator evolves consistently with the main crisis events observed in the market
and detects the first wave of COVID-19 as a unusual perturbation in the network.

Also the authors of “A quantitative analysis on the effect of COVID-19 in a private
health insurance plan expenditure” (Biancalana and Baione 2022) focus on the effect of
COVID-19 on the insurance market. Specifically, they consider a private Health Insurance
Plan in order to investigate if the policyholders’ behaviour in a post-pandemic context has
been affected by the COVID-19 effects. To this end, the authors exploit a Tweedie Gener-
alized Linear Model using empirical data from a private insurance plan operating in Italy
to forecast the health care expenditure in the pandemic and post-pandemic period. Results
emphasize the expected reduction of the number of claims in the pandemic period due
to the containment measures adopted by the Italian government (as lockdown measures).
Additionally, the models also confirm that the post-pandemic situation is returned to a state
of normality in terms of policyholders’ behaviour.

The authors of “Multi-country clustering based forecasting of healthy life expectancy”

Levantesi et al. (2023) deal instead with Healthy Life Expectancy (HLE), a widely used
indicator that measures the number of years individuals at a given age are expected to live
free of disease or disability. HLE is indeed a composite measures of health that combine
mortality and morbidity data to represent overall population health on a single indicator
(see, e.g., Sullivan 1971). It has particular relevance for planning the provision of health
care to elderly populations and appropriately pricing Long Term Care insurance products.
The authors propose a methodology that simultaneously forecasts HLE for groups of coun-
tries based on similarities in their HLE patterns. The proposed approach combines func-
tional data clustering and a multivariate random walk with drift for identyfying clusters
of countries and for forecasting simultaneously the HLE indices for the populations in the
same cluster. In this way, both the overall trends of the evolution of life expectancy on
a global level and the country-specific patterns are taken into account. The authors also
develop a numerical application based on the data of the HLE indices of 31 countries in the
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world for the period 1990-2019. Three alternative clusters have been identified that allow
to emphasize similarities and differences between the selected countries.

Finally, factor importance analysis is applied in “How do demand-side incentives relate
to insurance transitioning behavior of publichealth insurance enrollees? A novel voting
ensemble approach for ranking factors ofmixed data types?” (Zhang et al. 2023) to study
the insurance transitioning behaviour of the public health insurance enrollees in the United
States. Through two novel ranking scores, the proposal allows to assess variable impor-
tance using a dataset that combines both numerical and categorical covariates. An analysis
based on Medical Expenditure Panel Survey data has been developed showing that the pro-
posed approach proves to be competitive with respect to the existing literature.

In conclusion, the special issue on ““ Insurance: Complexity, Risks, and its Connec-
tion with Social Sciences” sheds light on the multifaceted nature of insurance and the pro-
found influence social sciences have on shaping its landscape. This collection of articles
underscores the intricate interplay between insurance practices, risk assessment, and soci-
etal dynamics. The diverse perspectives presented offer valuable insights into improving
insurance methods, enhancing risk management strategies, and promoting greater inclu-
sivity and fairness. We do thank the Authors that contributed to this special issue for hav-
ing promoted to a deeper understanding of the complex relationship between insurance
and social sciences. Moreover, this special issue serves as a call to action for researchers,
practitioners, and policymakers to embrace interdisciplinary collaborations and leverage
social science knowledge to drive innovation and positive change in the insurance sector.
By harnessing the power of social sciences, we can foster a more resilient and responsive
insurance industry that better serves the needs of individuals, communities, and societies at
large.

Acknowledgements The authors thank all the participants at the InsuranceDataScience conference held at
Catholic University, Milan, 15-17 June 2022.

Author contributions All authors contributed equally to this work.

Funding The authors did not receive support from any organization for the submitted work.

Declarations
Conflict of interest The authors declare that they have no conflict of interest.

Consent for publication All the authors give consent for publication.

References

Amini, H., Cont, R., Minca, A.: Resilience to contagion in financial networks. Math. Finance 26(2), 329—
365 (2013). https://doi.org/10.1111/mafi.12051

Aslam, F., Hunjra, A.L, Ftiti, Z., Louhichi, W., Shams, T.: Insurance fraud detection: evidence from artifi-
cial intelligence and machine learning. Res. Int. Bus. Finance 62, 101744 (2022). https://doi.org/10.
1016/j.ribaf.2022.101744

Azzone, M., Barucci, E., Moncayo, G.G., Marazzina, D.: A machine learning model for lapse prediction in
life insurance contracts. Expert Syst. Appl. 191, 116261 (2022). https://doi.org/10.1016/j.eswa.2021.
116261

Biancalana, D., Baione, F.: A quantitative analysis on the effect of COVID-19 in a private health insurance
plan expenditure. Qual. Quan. (2022)

@ Springer


https://doi.org/10.1111/mafi.12051
https://doi.org/10.1016/j.ribaf.2022.101744
https://doi.org/10.1016/j.ribaf.2022.101744
https://doi.org/10.1016/j.eswa.2021.116261
https://doi.org/10.1016/j.eswa.2021.116261

Editorial on the Special Issue on Insurance: complexity, risks... S129

Cerqueti, R., Giovanna, F., Antonio, I.: Measuring network resilience through connection patterns.
Reliab. Eng. Syst. Saf. 188, 320-329 (2019). https://doi.org/10.1016/j.ress.2019.03.030

Clemente, G.P., Cornaro, A.: A multilayer approach for systemic risk in the insurance sector. Chaos
Solitons Fract. 162, 112398 (2022). https://doi.org/10.1016/j.chaos.2022.112398

Clemente, G.P., Marano, P.: The broker model for peer-to-peer insurance: an analysis of its value.
Geneva Pap. Risk Insur. Issues Pract. 45, 04 (2020). https://doi.org/10.1057/s41288-020-00165-8

Cornaro, A.: Financial resilience of insurance network during Covid-19 pandemic. Qual. Quan. (2022).
https://doi.org/10.1007/s11135-022-01583-7

Delong, L, Wiithrich, M.V.: Neural networks for the joint development of individual payments and claim
incurred. Risks (2020). https://doi.org/10.3390/risks8020033

EIOPA. Report on Best Practises on Licencing Requirements, Peer-to-Peer Insurance and the Principle
of Proportionality in an InsurTech Context. Technical report. European Insurance and Occupational
Pensions Authority (EIOPA), Luxembourg (2019)

EIOPA. Artificial Intelligence Governance Principles: Towards Ethical and Trustworthy Artificial Intel-
ligence in the European Insurance Sector. Technical report. European Insurance and Occupational
Pensions Authority (EIOPA), Luxembourg (2021)

Eling, M., Nuessle, D., Staubli, J.: The impact of artificial intelligence along the insurance value chain
and on the insurability of risks. Geneva Pap. Risk Insur.-Issues Pract. 47, 205-241 (2021)

European Commission. Directive 2009/138/ec. Technical report (2009)

European Commission. Commission Regulation (EU) 2021/2036 of 19 November 2021 amending Regu-
lation (EC) No 1126/2008 adopting certain international accounting standards in accordance with
Regulation (EC) No 1606/2002 of the European Parliament and of the Council as regards Interna-
tional Financial Reporting Standard 17 (Text with EEA relevance). Technical report (2021)

Fang, K., Jiang, Y., Song, M.: Customer profitability forecasting using big data analytics. Comput. Ind.
Eng. 101, 554-564 (2016)

Gabrielli, A., Richman, R., Wiithrich, M.V.: Neural network embedding of the over-dispersed Poisson
reserving model. Scand. Actuar. J. 2020(1), 1-29 (2020). https://doi.org/10.1080/03461238.2019.
1633394

Gao, G., Wiithrich, M.V.: Feature extraction from telematics car driving heatmaps. Eur. Actuar. J. 8,
383-406 (2018)

Gao, G., Wiithrich, M.V.: Convolutional neural network classification of telematics car driving data.
Risks (2019). https://doi.org/10.3390/risks7010006

Gao, G., Meng, S., Wiithrich, M.V.: Claims frequency modeling using telematics car driving data.
Scand. Actuar. J. 2019(2), 143-162 (2019). https://doi.org/10.1080/03461238.2018.1523068

Guillen, M., Nielsen, J.P., Pérez-Marin, A.M., Elpidorou, V.: Can automobile insurance telematics pre-
dict the risk of near-miss events? N. Am. Actuar. J. 24(1), 141-152 (2020). https://doi.org/10.1080/
10920277.2019.1627221

Hainaut, D.: A neural-network analyzer for mortality forecast. ASTIN Bull. 48, 1-28 (2018). https://doi.
org/10.1017/asb.2017.45

Henckaerts, R., Antonio, K.: The added value of dynamically updating motor insurance prices with tele-
matics collected driving behavior data. Insur.: Math. Econ. 105, 79-95 (2022). https://doi.org/10.
1016/j.insmatheco.2022.03.011

Kang, T.-H., Sharma, A., Marshall, L.: Assessing goodness of fit for verifying probabilistic forecasts.
Forecasting 3(4), 763-773 (2021). https://doi.org/10.3390/forecast3040047

Kim, H., Gardner, E.: The science of winning in financial services-competing on analytics: opportunities
to unlock the power of data. J. Financ. Perspect. 3, 34 (2015)

Kou, G., Chao, X., Peng, Y., Wang, F.: Network resilience in the financial sectors: advances, key ele-
ments, applications, and challenges for financial stability regulation. Technol. Econ. Dev. Econ.
28(2), 531-558 (2022). https://doi.org/10.3846/tede.2022.16500

Kshirsagar, R., Hsu, L.-Y., Greenberg, C.H., McClelland, M., Mohan, A., Shende, W., Tilmans, N.P.,
Guo, M., Chheda, A., Trotter, M., Ray, S., Alvarado, M.: Accurate and interpretable machine
learning for transparent pricing of health insurance plans. Proc. AAAI Conf. Artif. Intell. 35(17),
15127-15136 (2021). https://doi.org/10.1609/aaai.v35117.17776

Leduc, M. V., Thurner, S.: Incentivizing resilience in financial networks. J. Econ. Dyn. Control 82, 44-66
(2017). https://doi.org/10.1016/j.jedc.2017.05.010

Levantesi, S., Nigri, A., Piscopo, G., Spelta, A.: Multi-country clustering-based forecasting of healthy
life expectancy. Qual. Quant. (2023)

Maynard, T., Baldassarre, L., de Montjoye, Y.-A., McFall, L., Oskarsdéttir, M.: Al: coming of age? Ann.
Actuar. Sci. 16(1), 1-5 (2022). https://doi.org/10.1017/s1748499521000245

@ Springer


https://doi.org/10.1016/j.ress.2019.03.030
https://doi.org/10.1016/j.chaos.2022.112398
https://doi.org/10.1057/s41288-020-00165-8
https://doi.org/10.1007/s11135-022-01583-7
https://doi.org/10.3390/risks8020033
https://doi.org/10.1080/03461238.2019.1633394
https://doi.org/10.1080/03461238.2019.1633394
https://doi.org/10.3390/risks7010006
https://doi.org/10.1080/03461238.2018.1523068
https://doi.org/10.1080/10920277.2019.1627221
https://doi.org/10.1080/10920277.2019.1627221
https://doi.org/10.1017/asb.2017.45
https://doi.org/10.1017/asb.2017.45
https://doi.org/10.1016/j.insmatheco.2022.03.011
https://doi.org/10.1016/j.insmatheco.2022.03.011
https://doi.org/10.3390/forecast3040047
https://doi.org/10.3846/tede.2022.16500
https://doi.org/10.1609/aaai.v35i17.17776
https://doi.org/10.1016/j.jedc.2017.05.010
https://doi.org/10.1017/s1748499521000245

S130 D.Zappa et al.

McFall, L., Meyers, G., Van Hoyweghen, 1.: Editorial: The personalisation of insurance: data, behaviour
and innovation. Big Data Soc. 7(2), 2053951720973707 (2020). https://doi.org/10.1177/2053951720
973707

Miyata, A., Matsuyama, N.: Extending the Lee—Carter model with variational autoencoder: a fusion of neu-
ral network and Bayesian approach. ASTIN Bull. 52, 789-812 (2022)

Perla, F., Richman, R., Scognamiglio, S., Wiithrich, M.V.: Time-series forecasting of mortality rates using
deep learning. Scand. Actuar. J. 2021(7), 572-598 (2021). https://doi.org/10.1080/03461238.2020.
1867232

Pesantez-Narvaez, J., Guillen, M., Alcaiiiz, M.: Predicting motor insurance claims using telematics data—
XGBoost versus logistic regression. Risks (2019). https://doi.org/10.3390/risks7020070

Petropoulos, F., et al.: Forecasting: theory and practice. Int. J. Forecast. 38(3), 705-871 (2022). https://doi.
org/10.1016/j.ijforecast.2021.11.001

Raffinetti, E.: A rank graduation accuracy measure to mitigate artificial intelligence risks. Qual. Quant.
(2023)

Reck, L., Schupp, J., ReuB}, A.: Identifying the determinants of lapse rates in life insurance: an automated
Lasso approach. Eur. Actuar. J. (2022)

Richman, R.: Ai in actuarial science—a review of recent advances—part 1. Ann. Actuar. Sci. 15, 207-229
(2021)

Richman, R., Wiithrich, M.V.: A neural network extension of the Lee—Carter model to multiple populations.
Ann. Actuar. Sci. 15, 346-366 (2021)

Riikkinen, M., Saarijarvi, H., Sarlin, P., Léhteenmaiki, I.: Using artificial intelligence to create value in
insurance. Int. J. Bank Mark. (2018)

Sabban, 1.C., Lopez, O., Mercuzot, Y.: Automatic analysis of insurance reports through deep neural net-
works to identify severe claims. Ann. Actuar. Sci. 16, 42-67 (2022)

Schniirch, S., Korn, R.: Point and interval forecasts of death rates using neural networks. ASTIN Bull. 52,
333-360 (2022)

Scognamiglio, S.: Calibrating the Le-e-Carter and the Poisson Lee—Carter models via neural networks.
ASTIN Bull. 52(2), 519-561 (2022). https://doi.org/10.1017/asb.2022.5

Sullivan, D.F.: A single index of mortality and morbidity. HSMHA Health Rep. 86(4), 347 (1971). https://
doi.org/10.2307/4594169

Verbelen, R., Antonio, K., Claeskens, G.: Unravelling the predictive power of telematics data in car insur-
ance pricing. J. R. Stat. Soc.: Ser. C (Appl. Stat.) 67, 04 (2018). https://doi.org/10.1111/rssc.12283

Wiithrich, M.V.: Machine learning in individual claims reserving. Scand. Actuar. J. 2018(6), 465-480
(2018). https://doi.org/10.1080/03461238.2018.1428681

Zappa, D., Borrelli, M., Clemente, G.P., Savelli, N.: Text mining in insurance: from unstructured data to
meaning. Variance 14, 26122 (2021)

Zhang, C., Ding, Y., Peng, Q.: How do demand-side incentives relate to insurance transitioning behavior of
public health insurance enrollees? A novel voting ensemble approach for ranking factors of mixed data
types? Qual. Quan. (2023)

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1177/2053951720973707
https://doi.org/10.1177/2053951720973707
https://doi.org/10.1080/03461238.2020.1867232
https://doi.org/10.1080/03461238.2020.1867232
https://doi.org/10.3390/risks7020070
https://doi.org/10.1016/j.ijforecast.2021.11.001
https://doi.org/10.1016/j.ijforecast.2021.11.001
https://doi.org/10.1017/asb.2022.5
https://doi.org/10.2307/4594169
https://doi.org/10.2307/4594169
https://doi.org/10.1111/rssc.12283
https://doi.org/10.1080/03461238.2018.1428681

	Editorial on the Special Issue on Insurance: complexity, risks and its connection with social sciences
	Acknowledgements 
	References




