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Examining the long-term relationships and cointegration among different
branches of insurance is crucial for understanding risk management and financial stability in the insurance
industry. These relationships emerge due to factors such as the nature of similar risks, dependence on
economic variables (e.g., interest rates, inflation, or economic growth), and shared capital management in the
long term. Therefore, cointegration analysis is a powerful tool for identifying long-term relationships among
different insurance branches. This method helps insurance companies to adopt better risk management
strategies, allocate their capital optimally, and provide better services to customers. Since the insurance market
is influenced by economic, social, and environmental factors, this analysis is of great importance for improving
strategic decision-making. This study investigates the dependency structure among various insurance branches
using nonlinear cointegration analysis.

In this study, the dependency structure among different insurance branches is analyzed using
Johansen’s linear cointegration method and Hansen and Seo’s nonlinear cointegration approach, as well as
the existence of equilibrium processes in their long-term relationships. For this purpose, a dataset comprising
monthly claim amounts (excluding recoveries) from liability insurance, third-party insurance, and automobile
body insurance is used. These branches were selected due to their non-zero and similar order of integration.
The dataset spans the period from January 2011 to December 2023.

The results indicate the existence of at least one linear cointegration vector among the risks of
different insurance branches. However, examining the presence of nonlinear relationships among the three
branches within the framework of threshold vector error correction models (TVECM) reveals that adjustments
toward long-term equilibrium occur when the gap between liability and automobile body insurance claims
is within or beyond estimated threshold values. Moreover, when the loss gap exceeds the threshold, the
adjustment towards long-term equilibrium occurs at a faster rate. Additionally, the error correction effect is
significantly stronger for liability insurance compared to the other two branches. Automobile body insurance
exhibits a higher error correction rate than third-party insurance, while third-party insurance demonstrates the
weakest error correction effect. The estimation of the three equations related to the long-term relationships of
insurance branches shows that the error correction component in the equations related to liability insurance
and body insurance is significant in both the high and low regimes. However, the error correction component
in the equations related to third-party insurance is not significant in either regime. On the other hand, the
error correction coefficient in the equations for liability insurance and body insurance is much higher in the
high regimes than in the low regimes. In other words, when the gap between the losses in liability and body
insurance is estimated to be less than or greater than the threshold values, an adjustment towards the long-
term equilibrium occurs, but the adjustment process towards the long-term equilibrium occurs more rapidly in
cases where the loss gap is greater than the threshold. Also, there is a much stronger error correction effect for
the liability insurance branch than for the other two branches. Then, body insurance has higher error correction
than third-party insurance. Finally, third-party insurance has much lower error correction than the others.

Liability insurance is exposed to high systematic risk, and macroeconomic conditions—such as
high inflation rates and economic constraints due to sanctions—have led to a decline in vehicle quality and
an increase in claims for third-party and automobile body insurance. Consequently, the systematic risk in the
liability insurance sector has also increased, as it exhibits a high adjustment speed in its relationships with third-
party and automobile body insurance. A similar pattern is observed for automobile body insurance, where an
increase in third-party insurance claims can raise the systematic risk of automobile body insurance, ultimately
eliminating the risk gap between these two branches in the long term. Therefore, risk and capital management
in insurance companies shall account for such dependencies among insurance branches. Ignoring the
adjustments in inter-branch risk relationships could expose insurance firms to significant financial losses. It is
suggested that since third-party insurance has less error correction than other branches, insurance companies
and policymakers in the country’s insurance sector pay special attention to risk management in this sector
because increasing risk in this sector, given the high adjustment speed of other insurance branches compared
to third-party, can also increase the risk of other sectors and create systematic risk in the entire insurance
industry. On the other hand, to optimally manage the risk of liability and body insurance, insurance companies
need to pay attention to the critical loss thresholds in this type of insurance and estimate these thresholds
according to the long-term relationships among losses in different insurance branches in each company.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 3. Results of Johansen Cointegration Tests on Insurance Losses
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Table 4. Hansen and Seo Threshold Cointegration Test

supLM

B= i

16.53
0.097
93.32
-1 -0.868
23.54
0.062 0
-23 60.90
-1 0.408
19.77
0.025
73 88.63
-1 -0.237

o331 5kl
Flrwlag Jlaxl polas
Gl el
(B) Szililen sz 3512
o3l okl
Plylog Jla! polis
a2l )b
(B Sxlilom Jloy 0551
oe3l o)be]
logs Jlazs olis
alwl el
(B Sslilen sy 5,5l

9,09 Ay =l ezl

95095 4 ~Codgiue

Yoo



Test of linear versus threshold cointegration

Test of linear versus threshold cointegration

o | v
o«
o
™
o l »
5 g \\ g 2
w L N S [t S S w
3 V 3
o
o oA
— T|CriticalValués ( Fixed regressor bootstrap) ™ ----- Critical Values ( Fxed regressor bootstrap )
90% ---- 95% 99% 90% - 95% 99%
- T T T T T T
0 50 100 -50 0 50
ECT values ECT values
Density of bootstrap distribution Density of bootstrap distribution
o ! E i !
o 71— Testvale ! o | —— Testvale !
i 90% cv | 90% cv |
w | — oy ! o | - 9% !
Z 27 99% | S 9% cv 3
c I c I
[7) T | D |
o g | 8 g |
° 1 - k
g | LT 8 | 3
o T T T T T T o T T T T T
5 10 15 20 25 30 5 10 15 20 25
(&) (N
Test of linear versus threshold cointegration
S
Mhmm """"""
/ P,
o v ]
0
&
@
3 24
o _|Critical Value's { Fixed regressor bootstrap )
90% ---- 95% 99%
T T T T T T T T
-20 0 20 40 60 80 100 120
ECT values
Density of bootstrap distribution
w0 T
o — Testvalue
90% cv
2 | ---- 95%cv
= o 99% cv
2
@
0 & ]
o
o ———
o —
=1 T T T T T
5 10 15 20 25

() b aded 5 Codgins day dobee () o J Sl polis g Q}nﬂ B)LJ Sl polis m35 g ghw 5 s slaitw] Sslilen ‘_;Laos.aﬂ RIS

(@

W0y 3 Codyiane Gy Dolas () a0y 5 S Lased dany Uslaa

900

Fig. 1. Hansen and Seo Threshold Cointegration Tests and the Distribution of Bootstrap Test Statistic Values and its Critical Values
in (a) Liability and Third-Party Insurance Equation; (b) Third-Party and Automobile Body Insurance Equation; (c) Liability and

Automobile Body Insurance Equation
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Table 5. Estimation of Threshold Vector Error Correction Models for Third-Party, Automobile Body, and Liability Insurance Branches
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Table 6. Estimation of Vector Error Correction Model in the Relationships of Insurance Branch Losses in the Case Where Only the
Error Correction Coefficient is Regime-Dependent
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