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Climate change is increasingly shaping daily life by amplifying the frequency
and severity of extreme weather events such as heatwaves, cold spells,
hurricanes, heavy rainfall, and wildfires. While prior research has largely
focused on the direct economic and health impacts of such events, their
effects on everyday behavior—and the resulting societal risks—remain
underexplored. This study examines whether weather-induced stress and
compromised attention, both of which can result from extreme temperatures,
contribute to increased traffic accident rates. Drawing on panel fixed effects
and vector error correction models applied to South Korean data from 2005 to
2023, we find that both extreme heat and cold weather are significantly
associated with higher accident incidence. This relationship has intensified in
recent years, particularly among young and prime—-age adults, coinciding with
growing climate volatility. Our findings reveal important behavioral and public
safety dimensions of climate change and underscore the need for integrated
climate adaptation policies. Such policies should address not only physical
health risks but also the more subtle disruptions to daily functioning and the
vulnerability of public transport systems, offering important implications for
automobile insurers.
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l. Introduction

Climate change has emerged as a major threat to human well-being, with
extreme temperatures—both unusually hot and cold—and natural disasters
such as wildfires, hurricanes, and heavy rainfall posing substantial health and
economic risks. High temperatures have been linked to increases in
cardiovascular disease (Khraishah et al., 2022; Liu et al., 2022; Yin & Wang,
2017), respiratory symptoms (Anderson et al., 2013; Bernstein & Rice, 2013;
Lin et al., 2009), sudden heart attacks (Kang et al., 2016), and hypertension
(Kang et al., 2020; Zhou et al., 2023), while extreme cold poses dangers
particularly in regions ill-prepared for cold spells. Moreover, natural disasters
can generate secondary health impacts by displacing populations, disrupting
access to education (Kousky, 2016; Rush, 2018) and healthcare (Kousky, 2016;
Nashwan et al., 2023), and exposing individuals to toxic pollutants (Binder &
Sanderson, 1987; Young et al., 2004), including hazardous gases (Baxter et al.,
1989; Duclos et al., 1990: Gribble, 1994). Beyond adverse health outcomes,
climate-induced economic disruptions—such as infrastructure failures,
machine malfunctions, and large-scale damage caused by natural disasters—
are also intensifying (Botzen et al., 2019; Kadri et al., 2014). In response, an
extensive body of literature has emerged quantifying the direct health and
economic consequences of climate change.

However, despite considerable research on the direct effects of climate
change on health and economic outcomes, relatively few studies have
examined the relationship between temperature extremes and traffic
accidents. Recent evidence from Iran suggests that both heat waves and cold
spells are associated with increases in accident incidence (Eltemasi &

Behtooiey, 2024). In Europe, temperature has been identified as a key
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determinant of traffic accidents in Finland (Perrels et al., 2015), while
unusually high temperatures have been linked to rising accident rates in
Poland (Pinskwar et al., 2023). In South Korea, a study using data from Busan
Metropolitan City finds that daily mean temperatures above 24 °C are
associated with a significant increase in traffic accidents (Lee et al., 2015).

Despite these findings, important gaps remain in the literature. First, most
existing studies do not account for the long-term dynamics linking climate
change, increasing temperature variability, and evolving traffic safety risks.
Longitudinal analyses spanning several years — ideally more than a decade -
are needed to assess whether the effects of extreme temperatures on road
safety have intensified in parallel with growing climate volatility. Second,
country-specific differences in climatic conditions and road infrastructure
standards suggest that the impact of temperature extremes on traffic accidents
is likely to vary regionally, particularly between developed and developing
countries. Third, populations accustomed to persistently hot or cold climates
may exhibit distinct patterns of vulnerability and behavioral adaptation.

This study examines the effects of extreme temperatures on traffic accidents
in South Korea over the period from 2005 to 2023. Using panel fixed effects
and vector error correction models, we find that increases in both average
maximum and minimum temperatures are significantly associated with a rise
in traffic accidents. Notably, these effects are more pronounced in recent
years, suggesting that climate change is intensifying the frequency of
weather-related traffic incidents. The rise in accidents is primarily driven by
young and prime-age adults, indicating heightened vulnerability among the
working-age population. Furthermore, we observe seasonal variation: during
summer, higher average maximum temperatures are linked to more accidents,

while in winter, lower average minimum temperatures are associated with
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increased accident rates. These findings indicate that as climate change
amplifies seasonal temperature extremes, the burden of weather-related
traffic accidents is likely to grow, underscoring the need for targeted
mitigation and adaptation strategies.

We make several important contributions to the existing literature. First, by
analyzing a long time span from 2005 to 2023, we assess whether the
magnitude of temperature-related traffic accidents has increased over time,
thereby capturing the growing influence of climate change on road safety.
Second, through the application of a time-series vector error correction
model, we identify the age groups most vulnerable to extreme temperatures.
Given that most traffic accident datasets lack age-specific information, our
findings offer valuable insights for the design of targeted policy interventions,
particularly for the working-age population. Third, we highlight substantial
seasonal heterogeneity in temperature effects: increases in maximum
temperatures are strongly associated with higher accident rates during the
summer, while decreases in minimum temperatures significantly correlate with
accident incidence in winter. Since South Korea experiences sharp seasonal
variation in temperature alongside generally well-developed transport
infrastructure, our findings suggest that even countries with robust road
systems require season-specific traffic safety policies tailored to their climatic

conditions.
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|I. Data and Methodology

Our empirical analysis draws on five publicly available datasets from three
distinct South Korean institutions. First, we utilize monthly, province-level
traffic accident data from 2005 to 2023, obtained from the Korean Statistical
Information Service.D) For the time-series analysis by demographic groups, we
additionally employ monthly traffic accident data disaggregated by age group
over the same period, also provided by the Korean Statistical Information
Service.2) Unfortunately, the data do not include a breakdown by cause of
accident. Second, we incorporate weather data from the Korea Meteorological
Administration, which includes monthly average maximum temperature,
average minimum temperature, and precipitation at the measuring-station
level from 2005 to 2023.3 Lastly, regional characteristics such as gross
regional domestic product (GRDP) and population are sourced from Statistics
Korea.® All datasets are publicly available for research purposes.

In our main empirical analysis, we employ a panel fixed effects model to
estimate the association between extreme temperatures and traffic accidents,

as specified in Equation (1):

1) Information on number of monthly provincial level traffic accidents can be found at:
https://kosis.kr/statHtml/statHtml.do?orgld=132&tblId=DT_V_MOTA_016&conn_pa
th=I3 [last accessed on July 17, 2025].

2) Information on number of monthly traffic accidents by age groups can be found at:
https://kosis.kr/statHtml/statHtml.do?orgld=132&tblId=DT_V_MOTA 021&conn_pa
th=I3 [last accessed on July 17, 2025].

3) Information on monthly weather can be found at:
https://data.kma.go.kr/data/grnd/selectAsosRItmList.do?pgmNo=36 [last accessed
on July 17, 2025].

4) Information on gross regional domestic product can be found at:
https://www.index.go.kr/unity/potal/main/EachDtIPageDetail. do?idx_cd=1008
[last accessed on July 17, 2025] and regional (provincial-level) population can be
found at
https://www.index.go.kr/unity/potal/indicator/IndexInfo.do?cdNo=210&idxCd=F00
02 [last accessed on July 17, 2025].
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Accidents,,, = By+ By Temp+ B,Precipitation + 07 Regional Covariates
tpu, 0, p 0, Tt €
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In Equation (1), Accidents denotes the number of traffic accidents occurring in
year (), month (9, and region (). Temp refers to either the monthly regional
average maximum temperature (MaxTemp) or average minimum temperature
(MinTemp), depending on the model specification. Precipitation is the total
monthly precipitation at the regional level. In the baseline model, we control
for Regional Covariates, specifically GRDP and regional population.
Additionally, as an optional explanatory variables, on top of base-line as an
optional explanatory variables, on top of base-line covariates, we control for
car registration numbers, the number of heavy rainfall days per region per
month, and the maximum monthly snow depth per region. The terms # and »
denote year and region (province) fixed effects, respectively. The interaction
term £ v captures year-varying regional fixed effects. Finally, 7 accounts for
month fixed effects to control for seasonality. This model allows us to estimate
the effect of extreme temperatures on traffic accidents while controlling for
precipitation, regional heterogeneity, and temporal variations at both yearly
and monthly levels. Descriptive statistics for the data underlying these panel

regressions are shown in Table 1.
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(Table 1) Descriptive Statistics for Panel Analysis

Variable Obs Mean Min Max Definition
Accidents | 3,648 1127.78 219 5392 Monthly regional total
(1001.14) number of accidents
MaxTemp | 3,648 18.556 -3.4 34.4 Monthly regional
(8.981) average maximum
temperature (oC)
MinTemp | 3,648 9.095 -14.14 25.93 Monthly regional
(9.661) average minimum
temperature (oC)
Precipitation | 3,648 112.325 0 1131 Monthly regional total
(123.402) precipitation (mm)
HeavyRain | 3,648 0.701 0 4 Days with heavy rain
(0.318) per month (110mm or
over)
SnowDepth | 3,648 0.938 0 41.9 Maximum snow depth
(3.072)
Population | 3,648 3142.48 542 13781 Regional population
(3130.89) (thousand persons)
GRDP 3,648 | 104172.6 9038 593556 | Gross regional
(117391.5) domestic product
(billion won)
Cars 3,648 | 1,276,229 213,310 6,525,098 | Number of car
(1,146,291) registration by month

Note: standard deviations are shown in parentheses.

Since the number of traffic accidents by age group is only available as a
national monthly time-series, we primarily employ a vector error correction
model (VECM) to assess the relative contributions of young adults, prime-age
adults, and older adults to temperature-related traffic accidents. Descriptive

statistics for the time-series variables are shown in Table 2.
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(Table 2) Descriptive Statistics for Time-series Analysis

Variable Obs Mean Min Max Definition
Total Accidents 228 17426.1 12005 21015 | Monthly total number
(1623.07) of accidents
Young Adult 228 3348.26 2031 4413 Monthly accidents
Accidents (524.711) caused by individuals
under 30
Adult Accidents | 228 11427.7 7047 14396 | Monthly accidents
(1529.96) caused by individuals
aged 30 - 59
Senior Accidents | 228 2845.17 633 5545 Monthly accidents
(1297.62) caused by individuals
aged 60 plus
MaxTemp 228 18.409 0.523 32.036 | Monthly average of
(8.905) daily maximum
temperatures (oC)
MinTemp 228 8.332 -9.808 23.723 |Monthly average of
(9.565) daily minimum
temperatures (oC)
Precipitation 228 111.814 4.511 624.12 | Monthly total
(107.019) precipitation (mm)

Note: standard deviations are shown in parentheses.

Before estimating the VECM, we assess the stationary of the variables using
Augmented Dickey-Fuller (ADF) unit root tests. The regression equation used

in these tests is as follows:

AY, = a+ Bit+ BY, 1+ X mAY, i+ e @)
i=1

where Y represents the seven different variables of interest. We test the null
hypotheses of unit roots (8,=0) using MacKinnon (1991) critical values. As
reported in Table 3, all variables are stationary in levels except for our
measures of accidents caused by seniors, which is trend-stationary.>

5) In a typical VECM analysis, variables should be either level stationary or trend

stationary. Accordingly, using the levels of all variables - including Senior
Accidents - is appropriate. Furthermore, we verify that all eigenvalues of the
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(Table 3) Unit Root Tests (Augmented Dickey Fuller Test)

Variable Constant Trend Variable Constant Trend
Total Accidents | -7.156™* | -7.304*** MaxTemp -4, 4744 -4.438™
Young Adult -4.143" | -(.435™** MinTemp -4.345%* -4.314"
Accidents

Adult Accidents | -4.578** | -6.876*** | Precipitation | -8.457*** -8.438"*
Senior Accidents -1.610 -6.443%*

Note: *, ** ** denote statistical significance at the 10%, 5%, and 1% level, respectively.
Critical values of based on MacKinnon (1991).

Next, we determine the optimal lag length for the VECM analysis. To do so,
we estimate a number of Vector Autoregression (VAR) model in levels using
our monthly data and evaluate alternative lag structures using model selection
criteria. Specifically, we rely on the Final Prediction Error (FPE) and the
Hannan—Quinn Information Criterion (HQIC) to identify the most appropriate

number of lags. Equation (3) presents the level VAR model employed in this

step.
. ; i\l , ; ol
Accidentsi o k Accidents] _, ui'y
! — | ot Jil i g,
Temp, = |ad!|+ DA%, Temp, _; + uay ©)
o ; =1 o ,
Precipitation, ot ! Precipitation, _, ull

Accidents denotes one of four dependent variables: the total number of traffic
accidents (Total Accidents), accidents involving young adults (Young Adult
Accidents), prime-age adults (Adult Accidents), or seniors (Senior Accidents).
Temp refers to either the average maximum temperature (MaxTemp) or the

average minimum temperature (MnTemp). Accordingly, we estimate four

estimated VECM lie within or on the unit circle, confirming the model's
stability. Measured eigenvalues are available from the authors upon request.
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variants (based on the four age groups) for each of the two VAR model
specifications (one specification includes Max7emp and the other MinTemp).
Table 4 reports the optimal lag lengths selected using the FPE and the HQIC,

following the estimation of all four variants across the two level VAR model

specifications.
(Table 4) Optimal Lags after Levels VAR
Total Accidents Young Adult Adult Accidents | Senior Accidents
Accidents
Model FPE HQIC FPE HQIC FPE HQIC FPE HQIC
MaxTemp 13 13 13 13 13 13 12 12
MinTemp 13 13 13 13 13 13 12 12

Note: Both the Final Prediction Error (FPE) and the Hannan and Quinn Information Criterion
(HQIC) suggest an optimal lag length of thirteen (i.e., k = 13) in both the MaxTemp
and MinTemp specifications for three variants of the level VAR model presented in
equation (2): Total Accidents, Young Adult Accidents, and Adult Accidents. For the
Senior Accidents variant, the suggested optimal lag is twelve (i.e., k = 12) in both
model specifications.

According to Table 4, the optimal number of lags for Total Accidents, Young
Adult Accidents, and Adult Accidents is 13 in both the MaxTemp and MinTemp
model specifications, while the optimal lag length for Senior Accidents is 12.

To test for cointegration among the variables and to determine the final
specification of the VECM, we apply Johansen's method (Johansen, 1991),
using the optimal lags reported in Table 4. We primarily use the trace test (A
trace), which relies on likelihood ratio statistics to assess the significance of

the estimated canonical correlations. Table 5 presents the results of the

Johansen cointegration tests.
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HO: 5% Atrace
Rank=r
Total Accidents Young Adult Adult Accidents Senior
Accidents Accidents
MaxTemp Specification
=0 29.68 32.50 31.57 31.17 42.57
r=1 15.41 13.61* 11.65* 14.17* 13.12*
r{=2 3.76 1.22 0.01 0.36 0.38
MinTemp Specification
=0 29.68 38.16 33.80 34.82 51.54
r=1 15.41 14.47* 13.40* 14.13* 16.8637
r{=2 3.76 1.33 0.01 0.56 0.26*

Note: columns labeled 5% report the critical values at the 5% significance level. * indicates
that the null hypothesis of r cointegrating vectors is not rejected at the 5% level.

In general, the number of cointegrating relationships is found to be one

across all model specifications and accident variants, with the exception of

the Senior Accidents variant under the MinTemp specification, where two

cointegrating vectors are identified (r=2). Once the optimal lag lengths and the

number of cointegrating relationships are determined, we proceed to estimate

the VECM equations, as specified in Equations (4), (5), and (6) below:

k k
A Accidents] = a; j+ Ealﬁ,;AAccidents{,,;—F ZbuA Temp,_;+
i=1

i=1

k
EcMA Precipitation, _; + chcide,nsEC’Tt,l + up,

i=1

k k
A Temph = ay o+ ZQQYiAACCidentsi,i-l- waA Temp, _,+

i=1

i=1

k
Zcz,iA Precipitation, _;, + QgempECTt_ 1+ g

i=1

4)

®)
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k k
A Precipitation, = oy, + Za&iAAccidentsu_i + Zb&iA Temp,_, +
i=1 i=1
i ©)
ZCSJA Precipitation, _; + 04 ECT, |+ wug,

Precipitation
i=1

Here, ECT denotes the vector of error correction terms. The coefficients ¢
Accidentss, Oremp, and precipiation, commonly referred to as speed-of-adjustment
parameters, indicate how quickly the system of cointegrated variables
(Accidents, Temperature, and Precipitation) returns to its long-run equilibrium
following short-term deviations. As such, these coefficients provide insight
into the long-run dynamics among the cointegrated variables and the
dependent variable (Bell & Rousseau, 2001; Cho, 2023; Zestos & Tao, 2002).

Finally, we examine the effects of extreme temperatures on traffic accidents
during the summer and winter seasons. To this end, we return to the panel
fixed effects model, restricting the sample to the months of July and August for
summer, and January and February for winter. This seasonal analysis enables
us to isolate and compare the distinct effects of average maximum and
minimum temperatures within each period. Estimations are conducted using

the model presented in Equation (7).

Accidents,,, = B+ By Temp + B,Precipitation + 0T Regional Covariates
+ op,t 9+t o€

@)

ytr

In this analysis, we do not include year-varying regional fixed effects (#7»)
due to the limited number of observations available in each seasonal

subsample.
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lll. Results

Table 6 presents the regression results based on the panel fixed effects
model. The first two panels report estimates using the monthly average
maximum temperature: Model 1 does not control for the optional explanatory
variables (i.e. car registration numbers, days with heavy rain, and maximum
snow depth), whereas Model 2 does. The remaining two panels present results
using the monthly average minimum temperature; again, Models 1 and 2
correspond to the exclusion and inclusion of optional controls, respectively.
Columns (2) and (3) report results from subsample analyses, where Column (2)
restricts the sample to the period from 2005 to 2013, and Column (3) covers

the period from 2014 to 2023.6)

6) The cutoff between 2013 and 2014 is chosen for convenience as a midpoint
partition to compare earlier and later subsamples. The results are robust to
shifting the dividing line to 2014/15. We do not claim that this cutoff
represents a structural break.
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(Table 6) Panel Fixed Effect Results

Variable | Total | 20062013 |  2014-2023
Model 1
MaxTemp 6.613 5.907 7.313
(1.298)*** (1.921)*** (1.697)***
Pt 0.000 0.003 0.000
Observations 3,648 1,728 1,920
Clusters(Year-Region) 304 144 160
Model 2
MaxTemp 6.357 5.389 7.657
(1.250)* (1.831 )% (1.682)**
Pt 0.000 0.004 0.000
Observations 3,648 1,728 1,920
Clusters(Year-Region) 304 144 160
Year F.E. Yes Yes Yes
Monthly F.E. Yes Yes Yes
Regional F.E. Yes Yes Yes
Year-Regional F.E Yes Yes Yes
Model 1
MinTemp 4.379 3.770 4.821
(1.328)** (1.839)** (1.927)
Pyt 0.001 0.042 0.013
Observations 3,648 1,728 1,920
Clusters(Year-Region) 304 144 160
Model 2
MinTemp 4.085 3.719 4.582
(1.314)* (1.783)* (1.912)*
Pt 0.002 0.039 0.018
Observations 3,648 1,728 1,920
Clusters(Year-Region) 304 144 160
Year F.E. Yes Yes Yes
Monthly F.E. Yes Yes Yes
Regional F.E. Yes Yes Yes
Year-Regional F.E Yes Yes Yes

Notes: clustered standard errors are reported in parentheses. *, **, *** denote statistical

significance at the 10%, 5%, and 1% levels, respectively.
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Both monthly average maximum and minimum temperatures are positively and
significantly associated with the number of traffic accidents. Notably, this result
holds regardless of whether new car registrations, heavy rains, and snow depths are
included as a control variable, reinforcing that the observed effect is not merely a
reflection of traffic volume. Moreover, the estimated effects are more pronounced
in the later period from 2014 to 2023, suggesting a potential intensification of
temperature-related traffic risks over time. This pattern may reflect the increased
frequency of extreme temperature events due to climate change, as well as a
general upward trend in maximum temperatures observed in recent years.

Next, we examine which age groups contribute most to traffic accidents
associated with extreme temperatures. Following the estimation of the VECM, we
compute impulse response functions (IRFs) to assess the dynamic effects of monthly
regional precipitation, average maximum temperature, and average minimum
temperature on total traffic accidents, as well as on accidents caused by young

adults, prime-age adults, and older adults. Figure 1 summarizes the resulting IRFs.

Figure 1: VECM Regression Results Using Impulse Response Functions
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A one standard deviation increase in average maximum temperature leads
to an estimated 20 additional traffic accidents in the current month and
approximately 60 more in the following month, resulting in a cumulative total
of around 80 temperature-induced accidents. This effect dissipates after two
months, which aligns with the typical three-month seasonal cycle and thus
limits the persistence of temperature-related impacts. Of the 80 additional
accidents, roughly 30 are caused by young adults and 50 are caused by
prime-age adults, implying that young adults account for approximately 38%
of the temperature-induced accidents, while prime-age adults account for
62%. A similar pattern is observed for average minimum temperature.
Although the effect of minimum temperature peaks in the current month
rather than the following month, the total number of additional accidents also
reaches approximately 80, with 62% attributed to prime-age adults and 38% to
young adults. The contribution from older adults remains negligible in both
cases.

Table 7 presents the estimated associations between monthly average
maximum and minimum temperatures and traffic accidents during the
summer and winter seasons, distinguishing between Models 1 and 2. Results
from both the panel fixed effects model and the VECM analysis suggest that
increases in either temperature measure are associated with higher traffic
accident rates. However, these effects may vary seasonally. To examine
potential seasonal heterogeneity, we return to the panel fixed effects
framework, restricting the sample to the months of July and August for

summer, and January and February for winter.
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Table 7: Summer and Winter Panel Regression Results

Variable | July and August ‘ January and February
Model 1
MaxTemp 16.440 0.682
(4.010)** (5.910)
P)ltl 0.000 0.908
MinTemp 4.583 -11.690
(4.960) (4.687)""
D) tl 0.356 0.013
Observations 608 608 608 608
Clusters 304 304 304 304
Model 2
MaxTemp 15.274 -0.057
(4.026)** (5.818)
Pyt 0.000 0.992
MinTemp 6.636 -12.485
(4.628) (4.627)*
Pyt 0.153 0.007
Observations 608 608 608 608
Clusters 304 304 304 304
Year F.E. Yes Yes Yes Yes
Month F.E. Yes Yes Yes Yes
Regional F.E. Yes Yes Yes Yes

Notes: clustered standard errors are reported in parentheses. *, **, *** denote statistical
significance at the 10%, 5% and 1% levels, respectively.

As shown in Table 7 and Figure 1, increases in temperature are generally
associated with a rise in traffic accidents. However, the direction and
significance of this relationship vary by season. During the summer months,
increases in average maximum temperature are significantly associated with
higher traffic accident rates, whereas average minimum temperature shows no
meaningful effect. In contrast, during the winter season, this pattern is
reversed: average maximum temperature is not significantly associated with
traffic accidents, but decreases in average minimum temperature are linked to

an increase in accidents. As before, these results remain robust to the
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inclusion of new car registrations, days with heavy rain, and maximum snow
depth as control variables.

Our findings suggest that, although higher temperatures are generally
correlated with increased traffic accident risk, the relationship is not uniform
across seasons. In periods characterized by frequent extreme weather—such as
extreme heat in summer and extreme cold in winter—the observed effects are
driven specifically by the relevant seasonal extreme. Thus, it is not
temperature increases per se, but rather exposure to season-specific

temperature extremes that underlies the observed associations.

IV. Discussion

Our findings demonstrate a robust association between extreme
temperatures and traffic accident rates in South Korea, with the magnitude of
this relationship becoming more pronounced in recent years (see Table 6).
Both average maximum and minimum temperatures are positively associated
with accident incidence, but seasonal analysis reveals important asymmetries.
Specifically, during the summer months, only increases in average maximum
temperature significantly raise accident rates, while average minimum
temperature has no discernible effect. In contrast, during winter, it is the
decline in average minimum temperature—not maximum temperature—that is
significantly linked to increased accident frequency (see Table 7). Impulse
response analysis further indicates that a one standard deviation increase in
either average maximum or minimum temperature can lead to approximately
80 additional accidents, primarily caused by prime-age and young adult

drivers, with minimal contribution from older adults (see Figure 1).
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One potential explanation for these patterns lies in the age distribution of
licensed drivers. As of 2024, 61% of driver’s license holders in South Korea are
prime-age adults, 26% are seniors, and only 13% are young adults (Korean
Statistical Information Service, 2025). Despite their smaller share, young adults
account for approximately 38% of temperature-related traffic accidents—
nearly three times their representation among drivers. This overrepresentation
aligns with previous research suggesting that young adults are 2.6 times more
likely to be involved in traffic accidents than other age groups (Korea
Broadcasting System, 2015; Seoul Broadcasting System, 2015). While this may
partially reflect a greater propensity for risky driving behavior, it is unlikely to
be the sole explanation. During periods of extreme temperature—such as
heatwaves or cold spells—physiological and psychological stress can affect all
age groups; however, young adults may response in a more dismissive or
erratic manner (Moustafa et al., 2017; Steinbeis et al., 2012), leading to a
disproportionate increase in accident risk.

Another potential explanation involves the structural effects of extreme
temperatures on transportation systems. High temperatures can degrade road
surfaces, leading to asphalt softening or rutting, which compromises tire grip
and vehicle stability. Similarly, extreme cold can create icy road conditions,
generate potholes through freeze—thaw cycles, and reduce visibility due to fog
or frost. These physical hazards heighten accident risk, particularly when
drivers fail to anticipate or adequately adjust to degraded road conditions
(Gao et al., 2016; Lee et al., 2014). Moreover, extreme temperatures can
impair vehicle performance—for example by causing tire pressure
fluctuations, engine overheating in summer, or malfunctions in driver
assistance systems during winter—further increasing the likelihood of

accidents. Public transportation services and traffic signal operations may also
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be disrupted during severe weather events, potentially exacerbating
congestion and placing additional strain on individual drivers. These
infrastructural and mechanical vulnerabilities represent a critical channel
through which climate-induced temperature extremes may elevate traffic
accident risks, independent of driver behavior or demographic composition.

The results of this study indicate that traffic accident rates are likely to rise
as maximum temperatures continue to increase. Moreover, as climate change
intensifies, both the frequency and severity of extreme temperature events are
projected to escalate—resulting in more cold days during winter and more hot
days during summer, even as average winter temperatures gradually become
milder (Jeon & Cho, 2015; Michelfelder & Pilotte, 2022). Under such
conditions, the risk of temperature-induced traffic accidents is expected to
intensify, driven by increased exposure to season-specific temperature
extremes.

Our findings have important implications for the automobile insurance
industry, particularly as climate change continues to increase the frequency
and severity of extreme temperature events. First, given the observed seasonal
and demographic heterogeneity in temperature-related traffic accidents,
insurers should reconsider their pricing and risk assessment models to
incorporate these dimensions. For instance, accident risks rise with higher
average maximum temperatures in summer and with lower average minimum
temperatures in winter. Moreover, young drivers—despite representing a
smaller share of licensed drivers—are significantly overrepresented in
temperature-related accidents. These insights point to the need for more
nuanced underwriting approaches that adjust premiums not only by age group
but also by seasonal exposure. Insurers might also explore targeted incentives,

such as premium discounts for young drivers who complete climate-specific
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defensive driving programs.

Second, the study highlights the importance of considering environmental
and mechanical risk factors—such as road surface degradation, tire instability,
and vehicle system malfunctions—as key contributors to accident risk.
Traditional underwriting models primarily emphasize on driver characteristics
and driving history, but in the context of increasing climate volatility, insurers
should adopt more comprehensive frameworks that also account for
environmental and vehicular vulnerability. For example, insurers might
implement dynamic pricing or real-time risk adjustments based on weather
conditions, vehicle maintenance status, or exposure to high-risk road
segments. Integrating telematics and vehicle monitoring systems may further
reduce claim incidence by enabling the early detection of maintenance needs
or issuing hazard warnings under extreme weather conditions.

Finally, as climate change continues to increase the frequency of
temperature-related traffic accidents, insurers should begin considering the
long-term financial implications of this trend. In South Korea, where
automobile insurance is mandatory, a rise in accidents naturally leads to
higher claims, placing pressure on insurers loss ratios. While this may not
pose an immediate threat to solvency, a sustained increase in claims over time
may undermine overall profitability. To prepare for this, insurers can explore
investment strategies that align with broader climate resilience goals—such as
increasing allocations to green bonds or ESG-linked assets—which not only
support environmental goals but also demonstrate a proactive approach to
emerging climate-related risks.

Furthermore, given these projections, a coordinated policy response that
bridges environmental and transportation domains is essential. First,

transportation and environmental agencies as well as automobile insurers
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should jointly develop seasonal risk management frameworks that incorporate
real-time weather data, climate forecasts, and road safety indicators to inform
dynamic traffic control measures, speed regulations, and public alert systems
during periods of extreme temperatures. Second, infrastructure adaptation
policies should promote the adoption of climate-resilient materials and design
standards—such as permeable, heat-resistant pavements and cold-resilient
surface treatments—within national road maintenance and environmental
adaptation strategies. Third, urban and regional transportation planning
should align with climate mitigation goals by expanding multimodal,
low-emission public transport systems that reduce congestion and accident
exposure during high-risk periods, while also contributing to lower
greenhouse gas emissions. Finally, driver education programs should
incorporate content on climate-related risks and defensive driving strategies
under extreme temperature conditions, with additional outreach targeting
high-risk individuals, particularly young and inexperienced drivers.

This study contributes to the growing body of literature on the relationship
between climate change and traffic safety in several important ways. First, by
analyzing a long time span from 2005 to 2023, we capture both short-term
and long-term dynamics in the relationship between extreme temperatures
and traffic accidents. This temporal scope enables us to compare the
magnitude of temperature-related accident risks over time, revealing that the
effects have become more pronounced in recent years—a trend likely
associated with the intensifying impacts of climate change.

Second, our application of a time-series vector error correction model
(VECM) allows us to identify the age groups most affected by extreme
temperature conditions. Since most traffic accident datasets are not

disaggregated by age, our analysis provides rare and valuable insights into
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demographic vulnerability, revealing that young and prime-age adults are
particularly susceptible to temperature-induced traffic risks. These findings
underscore the need for targeted safety interventions and educational
campaigns tailored to high-risk demographic groups, especially during
periods of extreme weather.

Third, we provide clear evidence of seasonal heterogeneity in the
relationship between temperature and traffic accidents. Specifically, we find
that increases in average maximum temperature are strongly associated with
higher accident rates during the summer months, while decreases in average
minimum temperature are significantly linked to accident incidence during the
winter. This pattern highlights the importance of considering not only the
overall effects of temperature, but also the season-specific impacts of climatic
extremes. In the case of South Korea—a country with well-developed road
infrastructure and marked seasonal variation—our findings suggest that even
advanced transport systems remain vulnerable to the safety risks posed by
climate volatility. Accordingly, national and local authorities should consider
implementing differentiated, season-specific traffic safety measures that

reflect evolving climate risks.

V. Conclusion

In conclusion, this study contributes to a deeper understanding of how
environmental stressors—particularly extreme temperatures associated with
climate change—interact with behavioral, seasonal, and demographic factors
to influence traffic accident risk. Using panel fixed effects and time-series

vector error correction models applied to data from 2005 to 2023 in South
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Korea, we show that both maximum and minimum temperatures significantly
affect accident rates, with more pronounced effects in recent years. Young
and prime-age adults are identified as the most vulnerable groups, and the
analysis reveals distinct seasonal patterns, with extreme heat in summer and
extreme cold in winter emerging as the primary drivers of
temperature-induced accidents. These findings underscore the need for
integrated, climate-responsive transportation policies that account for
seasonal variation, demographic vulnerability, and infrastructural resilience.
More broadly, this study offers a framework for future research and policy
development at the intersection of climate adaptation and transportation
planning, emphasizing the importance of evidence-based strategies to ensure

public safety in an increasingly volatile climate.
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Abstract

Triggered by recurring large-scale embezzlement, breach of trust, fraud by
executives and employees, and incidents causing harm to financial consumers,
the demand for strengthened internal controls and enhanced managerial
accountability within financial institutions has intensified. In response,
financial authorities introduced the responsibility map through the Act on
Corporate Governance of Financial Companies in July 2024, mandating
senior executives to predefine and disclose their internal control
responsibilities by business area to supervisory authorities. This framework,
adapted from international internal control practices in the UK and Australia,
emphasizes clarifying accountability in the event of incidents and reinforcing
the responsibility of senior executives.

This study critiques the responsibility map for its over-reliance on
document-based segregation of responsibilities and post-incident sanctions,
which may incentivize concealment of incidents, offer insufficient preventive
measures, and suffer from weak regulatory enforcement. Analyzing experiences
from early adopters in the UK and Australia, the study argues that merely
imposing retrospective  accountability is inadequate for substantive
improvements in internal control or for preventing senior executives from
evading responsibility. To realize the core objectives of the responsibility map,
the study advocates balancing the distribution of executive authority and
responsibility, enhancing proactive regulatory oversight, and strengthening the
independence of compliance officers. These efforts aim to contribute to effective

prevention of financial misconduct and bolster trust in financial markets.

% Key words: Responsibility Map, Internal Control System, Financial
Institutions, Embezzlement and breach of trust incidents,

Compliance Officer
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for insurer's financial soundness. Our evidence shows that market
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l. Introduction

The insurance industry plays a pivotal role in underwriting risks for
economic agents, expanding a safety net for society, and facilitating economic
activities. They also serve as institutional investors in the financial markets,
with insurance assets accounting for 12 percent of all global financial assets
(TAIS, 2012). As such, financial instability in the insurance sector could have a
substantial direct impact on both society and financial markets. Additionally,
the risks associated with insurance firms not only affect stakeholders within the
same industry but also have the potential to spill over into the entire financial
system due to integration and interconnectedness of financial institutions
(Cummins et al., 2008; Dreassi et al.,, 2018). A representative example is
American International Group (AIG), which was considered systemically
important during the 2008-2009 global financial crisis and received the largest
bailout the government doled out that exceeded $182.3 billion. Therefore,
maintaining the financial stability of the insurance market is always paramount
among insurers and insurance regulatory authorities alike worldwide.

Over the past four decades, Korean insurance industry has grown
significantly and as a result, it is ranked seventh in terms of nominal premiums
in the global insurance market.! In particular, there has been an accelerated
focus on deregulation and liberalization, thereby inducing changes in market
structure in the Korean insurance industry. So far, extensive research has been
conducted on the effect of market concentration on firm's financial stability in
financial markets, with a primary focus on the banking industry. Although
both theoretical and empirical results are inconclusive and still ambiguous

(e.g., Mishkin, 1999; De Nicol6 et al., 2004; Beck et al., 2006; Uhde and

1) Swiss re sigma 3/2023 - World insurance
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Heimeshoff, 2009), they have significantly expanded our understanding of how
market concentration affects firm's financial stability. However, despite the
importance of this issue, the effect of market concentration on financial
soundness has received relatively less attention in the insurance literature and
especially, in the context of non-US insurance firms.2 Therefore, we try to fill
this gap by exploring the relationship between market concentration and
financial stability in the Korean non-life insurance sector.

Using data from Korean non-life insurance companies from 2002 through
2022, we investigate the effect of market concentration, as measured by
Herfindahl-Hirschman Index (HHI) and four-firm concentration ratio (CR4),
on financial stability, which is calculated by Z-score. By way of preview, we
find that market concentration is significantly and positively related to
insurer’s financial stability, indicating that higher market concentration may
lead to decreased insolvency risk in Korean non-life insurance companies.
This provides support for “concentration-stability” view. Our evidence also
shows an inverse U-shaped relationship between market concentration and
insurer’s financial soundness, implying that as market concentration goes up,
insurer's financial health initially increases, and then decreases in the Korean
non-life insurance industry. Moreover, we present evidence that unlike
insurers belonging to a large business group and stand-alone insurers, insurers
belonging to a financial holding company are more likely to exhibit better

financial soundness when market concentration increases. Finally, we show

2) To our knowledge, few studies examining the relationship between market
concentration and financial stability in the insurance literature are Shim (2017)
in US property-liability insurance companies and Altuntas and Rauch (2017) in
the global property-liability insurance market. Our study is different from these
studies because we provide new empirical evidence that market concentration
is positively associated with insurer’s financial stability in Korean non-life
insurance companies, which is contrary to the findings of Shim (2017) and
Altuntas and Rauch (2017).
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that our main results remain robust when we use alternative measures of
market concentration and financial stability, and employ a two-stage least
squares (2SLS) regression in order to address potential endogeneity problem.

Our study contributes to the literature by showing the first empirical
findings of the effect of market concentration on financial stability in Korean
non-life insurance companies. Whereas previous studies have typically
focused on US and European companies, our study provides new evidence
from the Asian insurance industry like Korean insurance sector, which has
attracted little attention among scholars in spite of its importance in the global
insurance  market.  Especially, our finding is consistent with
“concentration-stability view” for Korean non-life insurers that is different
from previous studies (e.g., Shim, 2017; Altuntas and Rauch, 2017), which
provide support for “concentration-fragility view” in the insurance industry.
Therefore, this study helps us improve our knowledge and understanding of
insurance market and regulatory landscape in the context of non-US
countries. Furthermore, our results provide important implications for
financial authorities as well as industry practitioners who have considerable
concerns over insurer s financial soundness.

The rest of the paper is structured as follows. The following section provides
a description of the market structure of the Korean non-life insurance
industry. Next, we review the literature about the relationship between market
concentration and firm’s financial stability in Section 3. Section 4 describes
data and empirical methodology, and the definitions of variables are reported
in Section 5. Section 6 presents empirical findings, and Section 7 concludes

with a summary of main findings.
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[I. Market Structure of the Korean Non-Life
Insurance Industry

Over the last four decades, the Korean insurance industry has experienced
rapid growth because of financial market deregulation and liberalization.
However, after the 1997 Asian financial crisis, explicit and implicit regulations
were tightened to prevent insurer insolvency and protect policyholders
interests. However, the regulations have been criticized as an obstacle to market
dynamism through market competition. In recent years, financial authorities
have been reducing the stringent regulations and accelerating the pace of
deregulation in response to environmental changes such as the proliferation of
the digital economy and the emergence of new service demands due to the
aging population. In October 2015, as part of the financial reform, the Financial
Services Commission (FSC) announced the ‘Roadmap for Strengthening
Competitiveness in the Insurance Industry to promote competition in the
insurance market and enhance consumer benefits. In May 2018, the Financial
Industry Competitiveness Assessment Committee that is composed of private
sector experts was established to foster competition and innovation within the
financial industry. This committee conducts biennial evaluations of
competitiveness in various financial sectors. According to this assessment,
Korean non-life insurance sector is classified as a concentrated market.

Figure 1 illustrates the changes in the number and the degree of market
concentration in the Korean non-life insurance industry. Unlike the US
property-liability insurance industry with a large number of companies,3 there

are very small number of players competing in the Korean non-life insurance

3) According to insurance business (2021), there are approximately 3,700 property
and casualty insurance firms in the US.
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market, with 4 large-sized companies, 10 small and medium-sized companies,
and 7 foreign insurers in 2022. Currently, the four largest Korean non-life
insurers occupy more than 70 percent of the total Korean non-life insurance
market share in terms of direct premiums written.4) While the number of
Korean non-life insurance firms has nearly doubled from 12 to 21 over the
period 1999-2022 (excluding reinsurance, guarantee, and single-line insurance
firms), it still remains small. In an effort to lower barriers to entry in the Korean
non-life insurance market, financial authorities allowed insurers to operate the
small-amount and short-term insurance (SASTI) business, and the requirements
for minimum capital for insurers operating SASTI were relaxed in June 2021.
The market concentration, as measured by the share of the four largest non-life
insurance companies, has fluctuated between 68 percent and 75 percent over
the past 20 years, showing a slight decline since the mid-2000s. The continuous
deregulation and liberalization in the Korean insurance industry are considered

as the driving force behind this decline in market concentration.

Figure 1. The number of insurers and CR4 in the Korean Non-Life Insurance Industry
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Source: The Financial Supervisory Service (FSS)

4) On average, Samsung Fire & Marine, Hyundai Marine & Fire, DB Insurance, KB
Insurance accounted for 71 percent of the total market share of the Korean
non-life insurance market during our sample period.
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lll. Literature Review

The relationship between market concentration and firm's financial stability
has been widely researched in the banking industry and the topic has been a
subject of ongoing discussion. Despite extensive studies, theoretical and
empirical studies have suggested two opposing views, and a consensus has not
yet been reached. On the one hand, proponents of the “concentration-stability”
hypothesis argue that high market concentration can improve firm's financial
health. According to this view, exerting market power to impose higher interest
rates can yield high profits, which can serve as a capital buffer against
unexpected internal and external shocks, enhancing the stability of banks (e.g.,
Montgomery, 1985; Allen and Gale, 2004; Boyd et al., 2004). Keeley (1990)
states that banks with more market power generally hold more capital relative
to assets (on a market-value basis), which lowers default risk.

In contrast, the “concentration-fragility” hypothesis points out that higher
market concentration may impair bank's financial stability. The first channel
involves the moral hazard of banks and borrowers. As the ‘too big to fail’
implies, larger banks are more likely to receive government support during
crises, resulting in bank managers pursuing greater risks (e.g., Chong, 1991;
Boyd and Runkle, 1993; Mishikin, 1999). Boyd and De Nicol6 (2005) mention
that when banks exert market dominance and impose high interest rates on
borrowers, it increases the likelihood of borrowers using their loans in riskier
ways. As the borrower’s credit risk increases, the bank’s credit risk increases as
well. Thus, both forms of moral hazard can decrease the financial stability of
banks.

In addition, some studies have proposed the theoretical model that

illustrates a U-shaped relationship between market competition and financial
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stability, where both the views are observed, varying with the degree of market
competition (e.g., Martinez-Miera and Repullo, 2010). This model implies that
in markets with low competition, which are monopolistic, the use of market
power to charge high interest rates exacerbates risk-taking due to borrower
moral hazard, therefore resulting in riskier banks, and conversely, more
competition leads to lower loan rates for banks, thus leading to lower revenues
from performing loans, which provide a buffer against loan losses, and so it
could increase more risk of insolvency. This third view is supported by the
literature, demonstrating an inverse U-shaped relationship between market
concentration and firm’s financial soundness (e.g., Kasman and Kasman, 2015).
Even in the insurance literature, the effect of market concentration on
financial stability exhibits somewhat mixed findings that hold either the
“concentration-stability” hypothesis or “concentration-fragility” hypothesis. For
instance, Shim (2017) finds evidence to support the “concentration-fragility”
view in the U.S. property-liability insurance industry by showing that market
concentration is negatively associated with insurer’s financial stability. In
addition, Altuntas and Rauch (2017) report the negative link between market
concentration and financial soundness in the property-liability insurance
sector using data from 29 countries. Cummins et al. (2017) investigate the life
insurance industry in 10 EU countries and reveal that market competition
enhances the soundness of the EU life insurance markets. Furthermore, they
demonstrate that higher levels of competition have a larger impact on the
solvency of financially weak insurers than on financially strong insurers.
Kasman et al. (2020) exhibits somewhat mixed findings depend on proxies
for market competition (the Lerner index and the Boone indicator) and
concentration (the HHI and the five-firm concentration ratio). They provide

support for ‘the competition-fragility” and the “competition-stability” views
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simultaneously in the Turkish non-life insurance sector. They find that while
there is a negative relation between market concentration and financial
soundness in the non-life insurance firms, life/pension insurers in more
concentrated markets display higher financial stability. In robustness tests, they
also show that there is no nonlinear relationship between competition and
stability. Besides, Alhassan and Biekpe (2018) present evidence on the existence
of a U-shaped relationship between competition and risk-taking in the South
African non-life insurance market, thereby illustrating that the nature of this
relationship may change according to the level of market competition.

With regard to previous studies related to this topic in Korean companies,
Jung and Kang (2006) show that an increase in market concentration tend to
improve banks profit efficiency in the Korean banking industry. On the
contrary, Park (2011) finds a negative relationship between market
concentration and the level of firm efficiency, suggesting that an increase in
market concentration may not lead to improved efficiency through the
economies of scale in the Korean banking sector. Jung and Cho (2009)
examine the effect of market concentration on firm's risk-taking in Korean
banking companies after the 1997 Asian financial crisis. They report that as
market concentration increases, banks are likely to take more risk, as
measured by the loan-to-deposit ratio (LDR).

Based on the above discussions and previous studies, we anticipate that
market concentration would increase or decrease financial soundness in
Korean non-life insurance companies. Therefore, we propose the following

hypothesis:

Hypothesis: Market concentration is positively or negatively related ro firm's

financial stability in the Korean non-life insurance industry.
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IV. Data and Methodology

1. Data

The primary data source for this study is from the annual financial
statements of the Korean non-life insurance firms filed with the Financial
Supervisory Service (FSS) during 2002-2022. The interest rate data is obtained
from the Economic Statistics System (ECOS) provided by the Bank of Korea.
Our initial sample includes all 26 non-life insurance firms that disclose their
financial information to the FSS. We exclude reinsurance firms and guarantee
insurance firms from our sample, since they do not directly underwrite
property-liability products in the Korean non-life insurance market. In
addition, we omit insurance firms that exclusively sell specific single-line
insurance product that are not typically offered by non-life insurers, such as
legal expenses insurance and mortgage insurance. As a result, our final sample
consists of 313 firm-year observations from 22 Korean non-life insurance
companies. Note that the fiscal year of Korean insurance companies changed
from April-March to January-December in 2013. Therefore, for years prior to
2014, we adjust the accounting data based on the calendar year (January

through December) to keep it consistent throughout our sample period.

2. Methodology

Following the prior literature (e.g., Shim, 2017), we employ an ordinary least
squares (OLS) estimation with clustering at the firm level to explore the
relationship between market concentration and financial stability in Korean

non-life insurance firms. The regression equation is constructed as follows:
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Ziy = o+ BMC; + v Controls; , +¢€; (1)

(3

where 7 and r denote the insurance firm and year, respectively. Z represents
the financial stability of the insurance company, as measured by the
logarithmically transformed Z-score. MC is a proxy for market concentration,
which is computed by HHI and CR4. Cnotols indicate firm-specific and
macroeconomic variables to control for insurer-specific effects and economic
environment changes. €;; is the zero-mean error term. The coefficient of
interest is denoted as 8, which captures the impact of market concentration

on insurer’s financial health.

V. Variables

1. Measuring insurer financial stability

In this study, we measure insurer's financial stability by utilizing the
Z-score, which has been commonly used in the insurance literature as a proxy
for the likelihood of insurer insolvency (e.g., Altuntas and Rauch, 2017;
Cummins et al., 2017; Shim 2017). The Z-score measures a firm's distance
from insolvency risk (Hannan and Hanweck, 1988; Boyd et al., 1993), meaning
the number of the standard deviations by which returns should fall to wipe out
the insurer’s all equity capital. Thus, a higher Z-score is indicative of a lower
insolvency risk, suggesting greater financial stability (Boyd et al., 1993; Shim,
2017). The Z-score is calculated as follows:

ROA; + Equtiy to Asset;
o (R OAit)

Zy=
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where the return on assets (ROA) is computed by dividing the net income by
total assets, and we use three-year rolling standard deviation of the ROA as a
denominator. Due to the right-skewed nature of simple Z-scores, we utilize
the logarithm of the Z-score in our analysis, as suggested by Lepetit and
Strobel (2015). To prevent the loss of samples due to negative Z-values, the
Z-scores are adjusted by adding the sample median to them before applying a
logarithmic transformation (ljtsma et al., 2017). For the robustness check, we
also use ROE based Z-score measure as an alternative measure of insurer’s
financial soundness. ROE based Z-score is defined as follows (Goyeau and
Tarazi, 1992; Lepetit and Strobel, 2015):

1+ROE;

Ze it=
' o (R OEzr)

2. Measuring market concentration

Market Competition is the key explanatory variable in our study. To
measure market concentration in the Korean non-life insurance industry, we
first employ the Herfindahl-Hirschman Index (HHI). The HHI is calculated by
as the sum of squared market shares, where market share is the share of net
premium written (NPW) of an insurer in total net premium written of all firms
operating in the Korean non-life insurance market for each year # A higher
HHI means that a few firms dominate the insurance market, whereas a lower
HHI indicates that the market is spread and competitive among many
insurance firms. As an alternative measure of market concentration, we also
use the four-firm concentration ratio (CR4), which is computed based on the
proportion of net premiums written (NPW) held by the four largest insurance

companies in each year.
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3. Control variables

To control for firm-specific and macroeconomic effects, we include several
variables in our regression models. First, insurer size is calculated as a natural
logarithm of total assets. Leverage is computed by dividing net premiums
written by policyholder’s surplus (equity). Stock investment ratio is the ratio of
stock investment to invested assets. Asset growth is computed as the change in
the natural logarithm of total assets. Investment asset ratio is measured as the
ratio of invested assets to total assets. We calculated reinsurance as the ratio
of reinsurance premiums ceded to gross premium written. Combined ratio is
defined as the ratio of losses incurred to earned premiums plus incurred
expense to earned premiums. For the macroeconomic variable, we use the
real interest rate of Bank of Korea (BOK). Lastly, we use After2013, which is
the indicator variable equal to one for the period after the fiscal year
adjustment in 2013, and zero otherwise to control for the effect of change in
fiscal year. Table 1 summarizes the definition of all variables used in our

regression analyses.
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Table 1. Variable Definitions

Variable

Definition

Dependent Variable

Z-score The ratio of the sum of capital ratio and ROA to SD (ROA)
ROA Net income / Total assets
SD (ROA) Three-year rolling standard deviation of ROA
Capital ratio The ratio of equity to total assets

RBC ratio The ratio of available capital to required capital

Explanatory Variables

HHI

The sum of the squares of the percentage of net premium
written (NPW) across all insurance firms

CR4

Firm concentration ratio, as measured by the proportion of
net premiums written held by the largest four insurers

Price-Cost Margin

{Rarned Premiums - (Incurred Loss + Operating Expenses)}
/ Earned Premiums

Control Variables

Size

The natural logarithm of total assets in thousands of Won

Leverage

The ratio of net premiums written to equity

Stock investment ratio

The ratio of stock investment to invested assets

Asset growth

The change in the natural logarithm of total admissible
assets

Investment asset ratio

The ratio of invested assets to total assets

Reinsurance

The ratio of reinsurance premiums ceded to gross premium
written

Combined Ratio

Loss ratio + Expense ratio = (Incurred Claims + Expenses)
/ Earned Premiums

Interest rate

Base interest rate changes in Bank of Korea

After2013

Dummy variable equal to one for the period after the
Fiscal Year adjustment (2013) and zero otherwise.

Instrumental Variables

NPW 5-year growth rate

S5-year average growth rate of insurers' net premium written

GDP 3-year growth rate

3-year average growth rate of real GDP
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VI. Empirical Results

1. Descriptive Statistics

Panel A of Table 2 reports summary statistics for Korean non-life insurance
companies. The mean value of Z-score is 23.657. HHI has a mean of 0.159,
and the average of CR4 is 0.727, indicating that the small number of large
insurers accounts for a high percentage of the total Korean non-life insurance
market share. The mean of stock ratio is 0.027, implying that Korean non-life
insurance firms are required to hold capital against their investment portfolio,
and therefore, these capital requirements limit investment in more volatile
products, such as stock. The combined ratio has a mean value of 0.812. This
means that Korean non-life insurers, on average, generate underwriting
profits with the combined ratio of less than 100 percent.

In Panel B of Table 2, we divide our sample into two groups according to
firm size (four largest insurers vs the remaining eighteen small and medium
sized insurers), and compare means between two groups by performing a
T-test. The results show that large insurers exhibit higher values in Z-score and
the difference is statistically significant, implying that large insurance firms
have better financial soundness compared to small and medium counterparties.
The differences between means in stock investment ratio and investment asset
ratio are statistically significant. These results indicate that large insurers have
more invested assets and invest more in risky assets relative to small and
medium insurers. Conversely, the small and medium sized insurers display
higher values in reinsurance ratio and combined ratio, and the differences are
statistically significant, suggesting that small and medium insurers purchase

more reinsurance to manage their risks, and they have lower underwriting
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profits than large insurers. However, we do not find a statistically significant

difference between two groups in terms of leverage and asset growth rate.

Table 2. Descriptive Statistics
Panel A: All firms

Variable N Mean S.D. Min. Max.
Z-score 313 23.657 32.184 -0.586 184.223
HHI 313 0.159 0.011 0.146 0.182
CR4 313 0.727 0.022 0.699 0.770
RBC ratio 224 236.287 109.852 88 621
Price-Cost Margin 313 0.188 0.562 -3.256 0.625
Ln(Size) 313 14.514 2.211 9.811 18.252
Leverage 313 4.089 2.722 0.033 12.505
Stock investment ratio 313 0.027 0.039 0.000 0.206
Asset growth 313 0.126 0.126 -0.277 0.614
Investment asset ratio 313 0.779 0.101 0.464 0.909
Reinsurance ratio 313 0.182 0.151 0.008 0.751
Combined ratio 313 0.812 0.562 0.375 4.256
Interest rate 313 -0.039 0.867 -2.000 2.250
NPW 5-year growth rate 282 0.093 0.047 0.034 0.163
GDP 3-year growth rate 313 0.036 0.010 0.016 0.053

Note: All variables are winsorized at the 1st and 99th percentiles, except for the RBC ratio,
which is winsorized at the 1st and 98th percentiles to mitigate the influence of extreme
values.

Panel B: Descriptive Statistics by firm size and t-test results

Large firms Small & Med firms Differences
Variable

Mean SD Mean SD Mean p-value
7-score 49.253 47.551 14.869 17.877 34.384| 0.000
RBC ratio 229.250 70.074| 236.171| 116.701 -6.921| 0.712
Price-Cost Margin 0.407 0.067 0.112 0.633 0.295| 0.000
Size 16.878 0.865 13.703 1.932 3.175| 0.000
Leverage 4.245 2.064 4.035 2.916 0.210| 0.553




The Impact of Market Concentration on Financial Stability in the Korean Non-life Insurance Industry

Stock investment ratio|  0.056|  0.031|  0.016|  0.036|  0.040| 0.000

Asset growth 0.120| 0.060| 0.128| 0.142| -0.008| 0.621

Investment asset ratio| ~ 0.822|  0.029|  0.764|  0.112|  0.058| 0.000

Reinsurance ratio 0.087| 0028 0215 0.162| -0.127| 0.000
Combined ratio 0593 0067 0.88| 0633 -0.295| 0.000
NPW 5-year growth 0.093 0.046 0.093 0.048 0.001| 0.915
GDP 3-year growth 0.036 0.011 0.035 0.010 0.001| 0.577

The unreported results of the Pearson correlation coefficients among all
variables show that some explanatory variables are highly correlated. To
check to see if there is multicollinearity between independent variables, we
compute the Variance-Inflation Factors (VIFs). We find that the VIF values of
all variables in the regressions are less than 5, suggesting that our regression

results are not adversely influenced by the presence of multicollinearity.>

2. Empirical Results

The estimates of the parameters from the OLS regression of the relationship
between market concentration and insurers financial stability are presented in
Table 3. Our main interest is in the market concentration coefficient estimate. In
columns 1 and 2, the coefficients of market concentration measures (HHI and
CR4) are statistically significant and positive in Z-score at the 1 percent level.
This indicates that as market concentration increases in the Korean non-life
insurance industry, insurer's financial soundness tends to increase, providing
support for “concentration-stability” view. This finding is contradictory to the

results of Shim (2017) and Altuntas and Rauch (2017) that support the

5) Untabulated results are not provided to save space and it is available upon
request.
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“concentration-fragility” view in US and global property-liability insurance
companies. The potential reason for this result is that Korean non-life insurance
industry is much more highly concentrated compared to US property-liability
insurance counterparty,® and therefore, an increase in market concentration
may enable Korean non-life insurers to benefit more from economies of scale
and scope, thereby promoting insurer's financial stability. We also use ROE
based Z-score as a dependent variable instead of ROA based Z-score. In columns
3, the coefficient of HHI is positive but insignificant. However, CR4 is
significantly and positively associated with ROE based Z-score measure in
columns 4. These results confirm our previous findings with ROA based Z-score,
suggesting that our results remain qualitatively unchanged when we use
alternative measures of insurer's financial soundness.

With respect to control variables, insurer size is positively related to
insurer’s financial stability, implying that large insurers are likely to have
greater financial health than small insurers because they benefit from
economies of scale and lower insolvency risk (Cummins et al., 1995;

Liebenberg and Sommer, 2008; Shim, 2017).7 Leverage is significantly and

6) According to Shim (2017), the average values of HHI and CR4 are 0.033 and
0.282, respectively for US property-liability insurers. For Korean non-life
insurers, the mean values of those variables are 0.159 and 0.727, respectively
in our sample.

7) For instance, the largest Korean non-life insurers-Samsung Fire & Marine,
Hyundai Marine & Fire, DB Insurance, and KB Insurance-are all ranked within
the top five in terms of Z-score among the 22 sample insurers, indicating that
financially large insurers tend to exhibit better financial stability. In terms of
financial soundness, these companies hold strong ratings from A.M. Best (as of
October 2025)-Samsung Fire & Marine (A++), Hyundai Marine & Fire (A), DB
Insurance (A+), and KB Insurance (A). Similarly, in the US, major insurers, such
as State Farm, Allstate, Progressive, and Berkshire Hathaway, display high
financial strength ratings from A.M. Best (as of October 2025)-State Farm (A+),
Allstate (A+), Progressive (A+), and Berkshire Hathaway (A++)-demonstrating
that the advantages of economies of scale contribute to insurer's financial
health across different insurance markets.
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negatively associated with Z-score. This suggests that when insurers have
higher leverage ratio, the risk of insolvency tends to increase, consistent with
Carson and Hoyt (1995). The coefficient of asset growth rate is significant and
positive in Z-score, indicating that insurers with higher asset growth rates
tend to be more financially stable, since higher asset growth rates are
associated with higher firm profitability (Senderovitz et al., 2016), thus
resulting in higher financial soundness. Reinsurance is significantly and
negatively associated with financial soundness, suggesting that purchasing
more reinsurance may have a detrimental effect on insurer’s financial stability
because of the substantial cost of reinsurance (Cummins et al., 2021). The
coefficient of combined ratio is negatively significant, meaning that an
increase in incurred losses and expenses reduce an insurer’s solvency. Lastly,
the coefficient of After 2013 is positively significant, indicating that insurers
are more likely to be financially sound after the change in fiscal year. One
potential explanation for this result is that there has been a significant
increase in premiums of car insurance and medical reimbursement insurance
since 2014, thereby leading to an increase in financial profitability and

stability in Korean non-life insurance companies.
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Table 3. Regression results of the effect of market concentration on Z-score

VEEIAELES In(Z-score) In(Ze—score)
1 ) ©) @)
HHI 38.264** 19.500
(15.602) (11.981)
CR4 23.048** 15,714
(5.542) (4.715)
In(size) 0.389** 0.395%** 0.368*** 0.379™
(0.055) (0.053) (0.050) (0.052)
Leverage -0.295™** -0.2927%** -0.277"** -0.281%*
(0.055) (0.064) 0.051) (0.056)
Stock invest ratio -5.214 -5.250 -3.202 -3.587
(3.755) (3.769) (3.060) (2.888)
Asset growth 1.894** 1.809** 1.674** 1.637**
(0.770) 0.716) 0.610) (0.568)
Investment asset ratio -0.335 -0.235 -0.448 -0.504
(1.216) (0.992) (1.264) (1.070)
Reinsurance -1.489** -1.333%* -1.210™ -1.167**
(0.579) (0.456) (0.543) (0.429)
Combined ratio -0.579** -0.569™** -0.751%** -0.746**
0.121) (0.158) (0.089) (0.102)
Interest rate -0.101 -0.125 -0.086 -0.106
(0.072) (0.080) (0.055) (0.067)
After 2013 0.460** 0.574** 0.302* 0.467%*
(0.214) (0.159) (0.174) (0.137)
Constant -7.410™* -18.333™* -3.993* -12.495™**
(3.010) 4.772) (2.276) (3.993)
Observations 313 313 313 313
R-squared 0.550 0.558 0.629 0.639

Note: See Table 1 for variable definitions. Standard errors clustered at the firm level are
reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Our study employs an ordinary least squares (OLS) model, and thus, we cannot
fully address endogeneity problems. Therefore, we use one-year lagged market

concentration variable to address potential reverse causality issues.®) The results in

8) Consumers may gravitate towards more stable insurance firms, thereby leading
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columns 1 and 2 of Table 4 show that the coefficients of lagged market
concentration variables are significantly positive in Z-score, consistent with our
previous results. As an additional analysis, we test a U-shaped relationship
proposed by Martinez-Miera and Repullo (2010) that the effect of market
concentration on firm's financial stability may change with the degree of market
competition, and thus, both contrasting views can be simultaneously observed.
To do so, we add the squared term of market concentration variable (HHI) in
column 3 of Table 4. The coefficient of the squared term is significant and
negative at the 5 percent level, providing evidence on the existence of inverse
U-shaped relationship between market concentration and insurer’s financial
stability. This implies that as market concentration goes up, insurer’s financial
health initially increases, and then decreases in the Korean non-life insurance
industry. Given the existence of non-linear effects of the HHI, it is interesting to
identify the thresholds of these non-linear relationships. Thus, we calculate the
threshold of HHI. The estimated threshold of HHI is approximately 0.178, which
lies near the upper bound of the observed range (0.146-0.182, mean = 0.159).
This indicates that insurer's financial stability increases with market
concentration up to this level but declines beyond it. From a policy perspective,
this turning point provides a useful benchmark for assessing the optimal level of
market structure in the Korean non-life insurance industry. Thus, this finding
suggests that policymakers should recognize that not only excessive market
concentration but also excessive market competition can threaten the overall

financial stability in the Korean non-life insurance sector.

to increased market concentration.



[ 82 EECEREER

Table 4. Regression results of the effect of lagged market concentration on Z-score

VARIABLES (1M 2 (©))
L1. HHI 37.827**
(13.903)
L1. CR4 21.028™**
(6.283)
HHI 697.888**
(333.519)
HHI2 -1,961.224*
(1,000.298)
In(size) 0.372% 0.375™* 0.403*+*
(0.053) (0.050) (0.054)
Leverage -0.313%** -0.310%** -0.299***
(0.057) (0.057) (0.054)
Stock invest ratio -5.548 -5.301 -5.425
(3.780) (3.607) (3.637)
Asset growth 2.278** 2.256%** 1.671*
0.768) (0.740) (0.751)
Investment asset ratio -0.166 -0.080 -0.301
(1.251) (1.219) (1.225)
Reinsurance -1.440™ -1.308™* -1.302™*
0.575) (0.544) (0.598)
Combined ratio -0.621%** -0.604™*** -0.569™*
0.121) (0.118) 0.111)
Interest rate -0.063 -0.032 -0.033
(0.079) (0.078) (0.070)
After 2013 0.453** 0.486™* 0.856™*
(0.204) (0.196) (0.203)
Constant -7.194** -16.635™* -62.871*
(2.842) (4.967) (27.907)
Observations 291 291 313
R-squared 0.541 0.544 0.558

Note: See Table 1 for variable definitions. Standard errors clustered at the firm level are
reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Next, we explore whether the relationship between market concentration and
financial stability of insurance companies varies according to the type of
organizational structure. To do so, we split insurance companies into three
groups: financial holding company (FHC), large business group (LBG), and
stand-alone company.? It is especially interesting because insurance companies’
profitability, earnings volatility, and insolvency risks could be different
depending on the type of organizational structure. Kim (2020) finds that insurers
belonging to a large business group tend to show higher earnings volatility and
insolvency risks compared to ones belonging to a financial holding company in
the Korean insurance market, since weaker regulations apply to a large business
group relative to a financial holding company. Table 5 presents the results. The
coefficients of both HHI and CR4 are significant and positive in Z-score for
insurers belonging to a financial holding company (FHC). However, for insurers
belonging to a large business group (LBG) and stand-alone company, market
concentration measures are not significantly related to insurer's financial
stability. The possible explanation of these findings is that as market
concentration increases, insurers belonging to a financial holding company tend
to display better financial health compared to ones belonging to a large business
group and stand-alone insurers because of cost reduction and profit stabilization

stemming from economics of scope and efficient risk diversification.

9) Financial holding company (FHC), large business group (LBG), and stand-alone
company indicate insurance firms belonging to a financial holding group, ones
belonging to a large corporate group, and ones that are not belong to both
FHC and IBG, respectively. There are 5 FHC, 8 LBG, and 9 stand-alone
company in our sample.
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Table 5. Regression results of the effect of market concentration on Z-score
by types of organizational structure

AR ARILES FHC LBG Stand-alone
(1) ) ©) 4) () ©)
HHI 47.512%* 2.854 31.908
(12.463) (10.864) (26.151)
CR4 29.627*** 7.058 18.386
(6.233) (6.355) (9.973)
In(size) 0.425** | 0.441%* | 0.014 0.088 0.197 0.187
0.043) | (0.031) | (0.170) | (0.174 | (0.275) | (0.313)
Leverage -0.514* -0.541* | -0.260** | -0.258* | -0.359* -0.348
0.227) | (0.196) | (0.083) | (0.084) | (0.179) | (0.188)
Stock invest ratio | 14.364 15.077 4.169 2.730 -4.863" | -4.923**
(9.531) | (8.904) | (3.581) | (3.047) | (1.967) | (2.049)
Asset growth 1.180** 1.170** 1.894 2.064 1.074 1.023
0.329) | (0.358) | (1.733) | (1.850) | (1.416) | (1.428)
4.921% | 5.611% | 1.970* | 1.845" | -4.277* | -4.239™*
Investment asset ratio|
(1.851) | (1.792) | (0.707) | (0.759) | (0.965) | (0.940)
Reinsurance 0.007 0.465 -3.120% | -2.827* | -2.262** | -2.161**
(0.830) | (0.572) | (1.249) | (1.128) | (0.880) | (0.797)
Combined ratio -0.547** | -0.561™* -1.904 -1.640 -0.695* | -0.677**
(0.143) | (0.1349) | (1.328) | (1.492) | (0.287) | (0.294)
Interest rate -0.082 | -0.100 | -0.020 | -0.039 | -0.074 | -0.091
.076) | (0.073) | (0.085) | (0.075) | (0.164) | (0.167)
After 2013 0.177 0.280** | 0.516™ | 0.573"* 0.827 0.925
(0.1049) | (0.066) | (©.161) | (0.170) | (0.818) | (0.725)
Constant -13.108*|-27.885"*|  2.960 -3.021 -0.720 | -9.031
(2.547) | (4.989) | 4.779) | (7.954) | (3.674) | (7.163)
Observations 80 80 132 132 101 101
R-squared 0.697 0.718 0.658 0.660 0.469 0.473

Note: See Table 1 for variable definitions. Standard errors clustered at the firm level are
reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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VI. Robustness Check

To check the robustness of our main results, we first use a price-cost
margin (PCM), which is an indicator used to measure a firm's market power as
an alternative market concentration measure. Columns 1-2 of Table 6 report
the results. The coefficients of PCM are significant and positive at the 1
percent level, indicating that as competition in the insurance market
decreases (as the PCM increases), an insurer's financial stability tends to
increase, which is consistent with our main findings providing support for the
concentration-stability view. Second, we utilize risk-based capital (RBC),
which is a regulatory requirement that mandates a minimum amount of capital
for an insurance company as a dependent variable instead Z-score. The
Columns 3-5 in Table 6 show that the coefficients of market concentration
measures are positive but not statistically significant. This result implies that
RBC is a regulatory minimum capital requirement designed to maintain a
certain level (e.g., above 150% recommended) by regulatory authorities, and
therefore, it may be not highly sensitive to market competition. This suggests
that while market concentration substantially influences insurer’s financial
stability by improving insurers’ profitability and earnings volatility, it does not
significantly — affect static financial strength indicators, such as

regulation-based capital ratios.
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Table 6. Robustness checks

and financial stability

using alternative measures of market concentration

VARIABLES In(Z-score) | In(Ze-score) RBC Ratio
(1) () (3) (4) (5)
Price-Cost Margin 0.569*** 0.746*** 0.788
(0.122) (0.086) (0.725)
HHI 3.174
(33.145)
CR4 0.820
(9.132)
In(size) 0.348™* 0.347%* -0.206* -0.205* -0.205*
(0.055) (0.047) (0.109) (0.114) (0.115)
Leverage -0.264* -0.262% | -0.346™* | -0.347* | -0.347"*
(0.058) (0.050) (0.079) (0.084) (0.085)
Stock invest ratio -3.119 -2.134 14.083** | 14.014™* | 14.009***
(4.220) (3.284) (4.174) (4.560) (4.639)
Asset growth 1.771%* 1.611** 2.917%* 2.907%* 2.907**
(0.725) (0.591) (0.812) (0.794) (0.793)
Investment asset 0.387 -0.080 1.386™* 1.387** 1.387**
ratio (1.096) (1.149) (0.496) (0.500) (0.500)
Reinsurance -1.118™* -1.021** 1.472 1.484 1.483
(0.495) (0.469) (1.257) (1.278) (1.284)
Combined ratio -0.781 -0.781
(0.726) (0.725)
Interest rate -0.077 -0.073 0.116 0.121 0.119
(0.074) (0.056) (0.077) (0.081) (0.075)
After 2013 -0.044 0.046 -0.414* -0.400** -0.404**
(0.240) (0.231) (0.201) (0.185) (0.174)
Constant -1.851 -1.616 4.876™* 5.142 5.041
(1.264) (1.188) (1.807) (6.185) (7.620)
Observations 313 313 167 167 167
R-squared 0.520 0.620 0.678 0.678 0.678

Note: See Table 1 for variable definitions. Standard errors clustered at the firm level are
reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Finally, market concentration may be jointly determined with firm's
financial stability, and thus, the feedback effect between dependent and
independent variables may violate the consistency of the OLS estimator,
leading to the problem of endogeneity. To address this problem, we conduct a
further robustness check with the two-stage least squares (2SLS) method to
determine whether our regression results are robust to endogeneity. In the
2SLS model, we treat market concentration variables as endogenous variables
for which we use instrumental variables that are correlated with market
concentration, but are uncorrelated with the error term of the regression.
Prior literature (e.g., Campa and Kedia, 2002; Shim, 2017) uses lagged or
historical averaged measures of firm characteristics, industry growth, and
economics growth as an instrument of market concentration. Thus, we employ
5-year growth rate of insurer’s net premium written and 3-year growth rate of
real GDP in Korea as potential instrumental variables for our market
concentration measures. We find that these two variables satisfy the two
requirements of instruments: relevance and exogeneity.10) The results using
2SLS are presented in Table 7. In column 3-4, the estimates from the second
stage of 2SLS show that the market concentration is positively and significantly
associated with Z-score measure. Therefore, we conclude that our main

findings are robust to the endogeneity issue.

10) To check whether our instrumental variables fulfill the two conditions
mentioned above, we use an F-test of the joint significance of the excluded
instruments and Hansen's ] test of over-identifying restrictions to examine
whether the instruments are valid, and are uncorrelated with the error term,
respectively. We find that the F-test of excluded instruments rejects the null
hypothesis of weak instruments with the F-statistic well exceeding the
Stock-Yogo critical values, and Hansen's ] test does not reject the null
hypothesis that the instruments are uncorrelated with the error term,
indicating that our two instruments (5-year average of insurer's net premiums
written growth and 3-year average of real GDP growth) are valid.
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Table 7. Regression results of the effect of market concentration on Z-score (2SLS)

First Stage Second Stage
VARIABLES HHI CR4 In(=score)
(1) (2) ®3) 4)
NPW 5-year growth -0.082%** -0.075™*
(0.009) (0.015)
GDP 3-year growth 0.524™ 1.222%
(0.019) (0.030)
HHI 46.186**
(18.239)
CR4 24.067**
(8.365)
In(size) -0.001** -0.001* 0.384™* 0.386***
(0.000) (0.000) (0.049) (0.047)
Leverage 0.000** 0.001* -0.317%** -0.313%*
(0.000) (0.000) (0.054) (0.054)
Stock invest ratio 0.028* 0.045* -6.058* -5.794*
(0.014) (0.023) (3.582) (3.458)
Asset growth 0.001 0.001 2.304* 2. 246
(0.003) (0.006) (0.822) (0.803)
Investment asset ratio 0.005* 0.007 0.007 0.155
(0.003) (0.005) (1.197) (1.147)
Reinsurance 0.001 0.000 -1.233** -1.068**
(0.003) (0.005) (0.494) (0.473)
Combined ratio 0.000 0.001 -0.539%** -0.536%***
(0.001) (0.002) 0.118) 0.118
Interest rate 0.000™* 0.002%** -0.113 -0.129
(0.000) (0.000) (0.077) (0.079)
After 2013 -0.012%** -0.016™* 0.498** 0.552%**
(0.001) (0.002) (0.230) (0.213)
Constant 0.154%* 0.701%** -8.839%** -19.202%**
(0.005) (0.009) (3.384) (6.463)
F statistic 397.209 886.080
Hansen J statistic 0.7247 0.6744
p-value
Observations 282 282 282 282
R-squared 0.819 0.821 0.541 0.547

Note: See Table 1 for variable definitions. Standard errors clustered at the firm level are

reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1



The Impact of Market Concentration on Financial Stability in the Korean Non-life Insurance Industry m

V. Conclusion

This study investigates the relationship between market concentration and
financial stability in the Korean non-life insurance industry over the period
2002-2022. We utilize the Z-score to measure insurer’s financial soundness
and both the Herfindahl-Hirschman Index (HHI) and the four-firm
concentration ratio (CR4) are employed as proxies for market concentration.
Our evidence shows that market concentration is positively associated with
insurer’s financial stability in Korean non-life insurance companies, consistent
with the “concentration-stability” view. We also find the existence of inverse
U-shaped relationship between market concentration and insurer’s financial
stability. Lastly, we reveal that when market concentration increases, insurers
belonging to a financial holding company are likely to display better financial
soundness relative to a large business group and stand-alone insurers.

Overall, our results suggest that an increase in market concentration may
enable Korean non-life insurers to benefit more from economies of scale,
thereby promoting financial stability, and therefore, excessive government
regulation to increase market competition may potentially undermine firm's
financial stability in the Korean non-life insurance sector. Our findings are
noteworthy and contribute to the extant literature by providing new
perspectives on the relationship between market concentration and firm's
financial stability in the Korean insurance industry, which has received
relatively less attention despite its importance in the global insurance market.
Our study also has important implications for regulatory authorities as well as

policymakers who concerns about insurer’s financial health.
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Aololitis HYABAEE 37 247199B(D0) A= FHFAYDP) Aw 7
B3 9k B71993(D0) Aw BT AFS Aok AMgA e S50l AR
o AT A2, A ZEA Ak UF A 1280 1 oS AL
o] 22} APgoll WIskoEM S WRTHE M I A2021). wheo] gAY
(DB) Ales 2247} g E|ZF 4:50] Alo] AHEH(EIGFol A2%), AH8AE
B A o) vl AAE T A 61 oG A91o] ALgAL Aol HafoF
3) ARAPES BISTI0IApt AGAROE BT ALRIAS] B FAE 47T 9

A] ot uS7]olAke] At eiFo] ige 4+ QIAiTh. webd] B Aol FgA HARe
57104t BAE ofufict,



(100 EECE R

HERFAY Al1620). 71& BT Alxe= 92T ElRE Adist oyt 34 1A 2]

oAM= A WS 5 UAAAT, HAAFA == F AT ARl - =&l A
E2 AN o 1o, SAREOIME Ao AR gl & ok 59] 271013
(DO) A= vid ArRlo]l 7]ota FdskaL FAlo] Bl-& AZlsteg SlAA 2] e &
g 4 ot 2 Aqte SAEIAIE AR HEolM B IR A= Eeiste] 314
S FEH =M 7]3lF003 08 HARS Y 7Rs/0] A=Al ASdtaAt gttt

A BT A E ook 7|92 ARRjo]l Ay ARt E A% 4= et 2011
4 A=A A K -TFRS)O] =E7] Holle ERFo TS Be o] A
o AFshoF & gdos SASIANEATRIAETA]). 12y A== AR A
(K-TFRS)°] =0 Foll= ERFo TS B4 7H8S 59 H2S vliAe] A=
o7 SHSIATHASTRERA). Haaald 72 Qe AR 7H(AFEE, 1Y

olAE ) ATA T e, EeE 5= FPA Aol widE & ik

(™ DolA Bz viet go] S4moiAleo] Bae]d] 7H2 7 714 Qo 9%
< "Xtk shue A Ad s BT 97159 (Profit and Loss: PL)°IH, thE 8}
U= A AdER] k2 griglEo®  7]EfrEQ(Other Comprehensive
Income: OCI)eIt}. B71&92} 7[Bf2a &0l 2 =240 2 A2 9] o]Q|¢jolgo & i
Ho}. G718 A TR F YAt Bl ARl 93 E0h 7[EhEEEel A
7} AR AEREo] F71Eo] WgEE Ax A TFA] §Ral A olegAmge
2 giAEE Ax ok ASHeas 37189 0% AEFEA gal AF olejdodwe
2 QAEHEEAE=AS A7 A101935 122). webs] S 84 olQdolw
71l WE A A3/ AAAFEA RS Ao F YA B ARl FFE E o A
o}, o]o]olad Ada BA, A2 AY, AR - AZHEARE, A7 A EE
A, FARIHA), ¥4 9 A9 AY IRl 75 v (FA = F9)2% ANH
of ofsjEARe] S5 Asfeitt.

TFAACZ WA 7S vt o] G710 S a4 JF -

7% A= B71(Ee TA) Lol W ZRAret oA 7 Yo E St

St E|algo] Ao fgavity. el oA k= HIg R SAYHE E0lA

P

N



sugomls HEueart gu-wy sico oxs gz [EIEIN

gk, ElEEo] 2592 AHE ARAHAIe & AFEER SA Tl FgFe] gich &
AP FRE A2 71go] Heeld 7] WE 24S S5 SHFAT AV
o o7} WSt o] & AEH AT 2RI M V]2 ARAYAMES 7|53 o
Ao S7IIAIE, 71olg2 @eC® AYHER oXofut SAdH] Y= &
O, AR AT FRE A2 7180 AR ARt S7IR(9F Ao|7E g ol A
S84 e 2. FHFIAT AV v dEeEeld gl Beses
7Pgsha &0t W ASHLAEE WM. ARIAHAT S87H = 394
FoA wdo s HHY ASHRAES TN 4= kS ik, AR AR A4t
TAVS FAE Aol AME Q1A AR Al=E FaL oiA ASE 84 ST AR
SAERSAIGAIE A10192 BC101). A2 sHdaofiiie AAlRr] &
doz HASHA il A LEFFARMHTAN L Z BAISH] 7|42 Akt FA7
I AV s 2 HABL A=A =4S A71E A11019% 63).

—_ =

I 1) FESHH=t 2AEY

[ArQ] & 2 XH4H [EESi=u by By

7|12 ArQIH ZXHAO| ZF 7HK] 7| =HF oK 7O o“(H7f7t|
+ AR X ZALLHO| TSt 7| O & + 2R RA7HE 7], 1A S)(PL)
- E[3 50 28x20f - E[& 50

+ O|At=2| (PL) RtAH(EY) + O| X}H| & (PL)

= 7|2 Aol E R BE T
£ WEHRA(0C)
7| MLl MBI Xt I

= 7|2 HHIOMNE HE S
+ I E5H 2 2 (0 EEEEEEE
718 =S ok 22| A 7R

<X FAE E>

Yool grred

od ) ¢

4) TYFoIRT AWML FFolR gRIenet owl o] AZYALTt A4S
1, ASJEYAAT T ARG FR AR TH R A5YR2Tt A4
Ak Y ASHLLE AL Seln $AS Fole sEEDolool.
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3. 7124¥d

7HS AAsh7] fIsl A ol tiet B4 RIAEE thE AYATE AEy, 2
FOAIEolA BEA AlE TRE AP TS A EIA} Qi) WA SA et B
A=E OE 752 B9 24aR10 2 Ao tish o] Ho] {itt. webs] 3|A1%
H A2 S AS0ke 9o R Aa-EA RIZEE ]85kl itk IRk o g FPA=
Ag B #0171 S8l oldle S7M171e 7185914 fle 7HA|aL Qitk(Balsam,
1998; Gaver and Gaver, 1998). Iyengar and Zampelli(2008)-2> 7FA}Clo] H|ZFALA]
HIA AF-0 % FYA4o] &4 7HsA0] = Wl R4 vIEr| HolRlkal 746t
Aot Huson et al.(2012)> CEO 971 upA|gt 9] o]Ql57} AjeFd HAYNS Jap-H
4 IAEE HojmRith= AS It 1720160 AR W=7 A9
AARI(Big 4 FARD= AT 71dolA | #A U= 2s dasisich 238 - |
(201732 7199 AA AT 2255 Q] ZA7E Selsto] Ha-EAr ¥l
AE7} Eozinhal 46130tk Park(2017)2 FARI =84S &4 1749] BA14 5
8740] R4 vixteo] F84R1 e &l FEsHH: olvl
+ A=A A7 |(K-IFRS)O] =Y Fofl Ar-EHAY W=7t okl 2 T
Stoitt. 53] Wl - AIA(2023)= ol A7t It 22 S47I0lA H R
sithal 45199k Cheng and Meng(2023)= AJ#-REAF WiZF=7| B 9iz] 7491
el 710l wrhe 2 dsiSinh. S6 HH, A I AR Aol 24
[RIoJAt o] 59| W E= SAIFH/E0] = W AIEvE 2& & o U M &
BaoiA et T=Isto] AV FFE & o U= BIA ATl AdE = U ¥
A o]elZ &0]7] A3l F A= ol ATt TRt HIE-S Sl AT EE &
AU, Picconi(2006)= I A7t 2 7|92 e S7HIA BlE= S0]1L
FAIHFE TAAATIL T4 Hsu et al.(2013)% ERAF A4k} HA19] 57
7HE 7ok BaEd 7ol B9At Aol iYE T $8513iH. Salah and
Smaoui(2014) FAHl&C] Eal 7 ] AT 205 BV HEE 7S AR

i
1,

o= AT Tt ol - TF% - BAIQ010E ToAT 18-S
o] 0]e}2 o7 98 HARE VIS ES WA BESelY g Bt

T 7959k Naughton(2019)2 BB5214 71 FolA] Belgo] ololg 2gahs
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o] 71 R Sek Rt dAst - AFAH(2022)% YA Bl 2
3] 9le) Belgat 7oE S FIL AR SR
7V Acky Fstent. webd e AgAe nEse T
ofie} AEgRdelE FFE F 02 Bt AZYA4L 7| o &
AEIeE, SAVst A S ol AGat BAgel B39l JFS & Folek. wH
o A28 847t Yol Fgom S, SA AL ol FIRt BA
A 9T F otk 7)ol B o) wE 2ol o A5t 2]
ANt} At 1A 710 WRES] S FLAS T A7 ob gk 9ol 7
Asjoll gtk o] 714 ANtk

rlo
ofl
N,
b
19
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H1: 3HFAIE AiEH 84
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(1) B8l &3] 7 24 gol 1289 7192 2
() FHUEY HABAALHOARTS ARLBIHAN FIHE7ION) B,
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A2 (1) AVl AT A4 B 2749] Bao] 7199 g 24T o]
ot e Aol BAGH ] fidtelth. F8UE-L 7199 grkt ofet Al A w
2 7ol S85M wigshe® -] Tt HE S e 4 Atk AdE
A (2)2 A7l BRF FIA BATH W - ARLAP T Fdol Ut AEE ARIEINE
FE -] ol A¥2A (3)2 AR FHAAE Rl Y8 FEFAE A
S840} 7|EF AlALES T2 AN ST ot (B D2 A=E 4FE #
EE ot SPYF A ASH 847t SAMIOIM AAIShE vles U Aol 1=
2 BE2 J7IoRe FAI0A SEFIAIEE sk 7|0l ol SHe A &
ATk, A57d 84-0] Bt 09] ol k= Bl MoiAl 71gvict Baaee] 4] 717go]
O ZoR Holr). dFds By, 22 sRted gl sl 7P w7 Lt
OH(N = 1,821, 22.7%), A57E840] Hat2 AFTER Z AJ01E HolX] Q3)rt. whA]
A&7 84 QlAfe] it Bimss 7| 9EE The A0 ' Helt): oj2iet A&7 e B4
2] A=)t fo] QlolA] Auk-BA Vg TolE G & 2 0= Belt,

(B 1) GEE A5Y B2 YEYRA 21

S N | Hg%) | OCl =ES N HIE(%) | OCI
2011 | 571 7.1 -0.002 S AFEAZRY 469 5.8 -0.001
2012 | 587 7.3 -0.002 o] AFE AxH 204 2.5 -0.001
sstE4 9 .
2013 | 595 7.4 0.000 eI 29 1,821 | 22.7 0.001
H2% FE AE
2014 | 537 6.7 -0.003 A2 237 3.0 -0.001
2015 | 555 6.9 -0.001 AL 376 4.7 -0.001
2016 | 585 7.3 0.000 A 12 FEAHA 673 8.4 -0.001
7€t Z1AY

2017 | 645 | 80 | 0.000 P e 371 | 4.6 | -0.001
o =

2018 | 661 8.2 -0.002 | EAH] Az & 820 10.2 | -0.001
2019 | 640 8.0 -0.002 | 718} 5744 AxY | 629 7.8 -0.001
2020 | 647 8.1 0.000 T @ AREZY 664 8.3 0.000
2021 | 659 8.2 0.000 7 9 78 AIE 5 346 43 -0.001
2022 | 664 8.3 0.004 | AFFAYAHAY 5 | 1,106 | 13.8 | -0.001

2023 | 672 8.4 -0.003 T 302 3.8 -0.001
34 | 8,018 100 -0.001 A 8,018 100 -0.001

T AT THEFAGER FERE 71802 5191, OChe IFoAE ASg 847t SA4lolA 24|
SH= HlEo[t
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2. A2

7He 13} 7Hd 25 55 98l B9AH AR 1= oE A ATH(Iyengar
and Zampelli, 2008; Huson et al., 2012; ¥Fi%, 2016; &% - 8%, 2017;
Park, 2017; o]¥19g - ZA7I4R, 2018; ¥ - 7114, 2023; Cheng and Meng, 2023)
9} SFAAIE Y] RErEld 7S tE AP A7 Picconi, 2006; Hsu et al., 2013;
Salah and Smaoui, 2014; o]g&t - §&<%= - 71/4dH], 2016; Naughton, 2019; ARk
- ZFA, 2022)0] ZABIA] B39 A1) A(2)S AAsteieh A1) A(2)0l4 B
A HAAZ YeZ] sl I+ 7] SRS SE5HeE A5 A, A9 B S
A E AAJEILA A FRRE F710IA 191F Bt FaipE AA= 18 ZHPAY)]
o A4, FUA B SR Z AF-A=] S HiAlsh ] $1sf B 9AF HARIA AF
-Aed BA S5 AT AHAPAY)E o185kt A A HARE EAsh= AlAA
T2 AP FEROA)E o185 wheF IAI T A94F Hids wole 234
[Rlofg, A(1)9] 41 7213t K+ IAAS g2 HERd Aok Hd SHoiA]
T A 24E YEHZ] Slsi Al 7H] S78AE ol8siaitt. A, SwolA e A&7
845 FAHIOE U ZHOC)oIt o] 34A= S84 9F s Hehd A
oltt. &4, ASH AT FHH #he 7 1, 2384 or 0] HuaPOCDHe]
o}, o] SR = A9} ol YotE= #ol7] ARt AT 7= WER 4= ik AlA,
A& 947t BaRh £oW 1, 124 ¢how 091 Hu]HHOCh I, o] Z4&=
A&7 84 4o tieh FFAte] Bies Uehd Zolet whef AEA 47t B dAt Bt
< =0l ol 3EARJN IS =4, A9 Bo= FRIRE HH2 SAAAS w e
Zoltt. BhHof S 47} HGA BT wedo] YIAY g 7iolAl wiAlEThE, 4]
(D9 Br= TR FAYU (-)2 AAS 32 HEhd Zolot. F AT B33 BdE
AT ES AW EE T g 7|do] ERESE FYAe ASthe EAS TS
Zoet. 7| AR (SIZE) AEATAIE 2/ AHSIAL =(SUB)7H Ba= 71%0] &
oA H A AR B B2 HARS W2 ZoItH(6;, £0). MIEA/IFE(GRW),
Pe5o= QIR AFEEOCE) 1AL AP A/ (MB)2 94 HAd= Eohe <A
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7} Ho2 FJA e Ao o T BARS ¥R oIt By, 5, 700). FAHIE(LEV)O]

FOW QJFARE 2| go] AA IAGTE o] 1L EALOSS)o] AYSHE BAS
=Y TA7} osfolo] B A CE B A BAE WS ZoItHB6 11€0). oA
U ARQ]o] A1 &(BIND)O] &1L A& 0 & FAo] ZARIBIGHS AYshd FIJ2= ¢
At Aufzol] 3Tt O R 2 HARS QotNE AT oR o w2 BARS vt
S A°IH B, 1000). AHIFTHCSH)= AFlE F=7517] 9180 olsli(interests)7t &=
YA Bl EoHAE A DA &2 ACITH512(0). HHHO = AFARKFOR)= 4
Tof] AF55t] AP BAgo] o] FolA=E T HoltK(513)0 E= £13¢0). A=t I
Soll 71918 5492 BAISH ] flel 45 Tl HS(IND)2 A Hu|#s<(YD)E Z36HA

2 AFe FeoAE A5 4t IR BAY Ao dridt 9ol Q=
A gelstala) oty A5 47) 92 7ol Z7sto] AlEldo] wrid, i-EAT
UAEE 34 FF2 & Aold. of=et 7Hgo] s, A(Q2)00A fai el
WA 3AAS 2 e Zold. Bhdd] A&7 8471 71815214 7Hgo] A5t
AlElgo] Wb, Aga-R4 T 742 92 & Aol o3t Mol v
o A2)0A B3 7Rt 5 FAAT T HERE Zolth 12y A& 847t
AV ARl FFE FA X, I-EA T EolE 92 FA 2D Ao
ot o3t 7ol Skt A(2)0lA 32 FelsHA] ek Aol

PAY(APAY) = Bo + 81ROA + 8,0CI(POCI, HOCI) + S33SIZE

+ B4GRW + 350CF + BGLEV + 3;MB + B5SUB
+ BoBIND + f316BIG4 + ,,LOSS + 31,CSH+ 315FOR

O.

+ B14-252IND + 26382 YD + & 6))
PAY(APAY) = 8o + 3:ROA + 3,POCI(HOCI)
+ B3ROA x POCI(HOCI) + Controls + & )

ZYYUUARE A83to] JAARHNN BETH e Al Exo] FAER
S who ol S10l 7 Sl A8l Seos e dels e
To] EoR e vAE a9l BASKLA sk

ofl o
rﬂ ;0 #J



%71A, PAY
APAY
ROA
OcI
POCI
HOCI
SIZE
GRW
OCF
LEV
MB
SUB
BIND
BIG4
LOSS
CSH
FOR
IND
YD

SHTOMT MHEHQATL Mip-2a QZzo) 0jXls B8 Fly)

294 BAGYY 199 B7 249 Az g
AE-AE 24 HIGA BAHPAY - YF-A=E PAY F94)
S A7 0] 2/ FAHAD)

AR E ASHRL/FAN

AFOAE ASHLA7t FHY golwl 1, 134 gkom 0
SAFOAE ASHRA7F 28900] Sohel 1, T4 ghow 0
FAare] A2 g

w2l YHEONED Sa/A7] A
JARFEHQGYLEOE AT FFH/FA
AU A A/ FAD

AR EBF K715 A7)

AEARAEAY Y AL 59 A

Abelo]Ab] & (xF2lo1 A} S/ 71014t %)

Bigd AL Agsteiom 1, 1814 eod 0

&4o] wagstglon 1, 134 gow 0

A A e

Szl FAp ABE

RE7|go] g @l Sahel 1, 134 ko 0
EE7100] o5 AEo] Lo 1. 197 9o 0

2 dAes a2 v ¢ e SR (outlier)d] FFE BAISH] H8ll A4
(continuous)d9] A - 51 1% BE YA 3Hwinsorization)otF et ESt o554
A(multicollinearity) A5 WiASE| 98] VIF(variance inflation factors) Zte] 10

olstel Aujere A Aesteict

X SA

V. 2524 Z1}

(I 2)9] Panel A= B4 A Byl 2te W4E9] 7164 $ATS Holsth
Panel Bi= SP3FoAlE ASH 84 Z7]0] W 3 JAF BT 1A ] Aol E4 4
35 HolETt Panel AollA A BAHPAY)H 45 AYA BAHAPAY)S] B F
) 242 12.615(12.553)2F 0.055(0.000) 2= LEFATY.



1108 EEEEEERTc

a 2) 7|$X‘I E

-1 o

At x0] 24

Panel A. 7|88 SAE
=i 5o e B 2|
Ha 25% 8= 75%
PAY 12.615 0.924 12.026 12.553 13.149
APAY 0.055 0.914 -0.507 0.000 0.578
ARG )| 479,080 673,192 167,000 283,000 513,250
ROA 0.020 0.120 0.002 0.026 0.055
OCI -0.001 0.005 -0.002 0.000 0.001
POCI 0.343 0.475 0.000 0.000 1.000
HOCI 0.500 0.500 0.000 0.500 1.000
SIZE 24.162 3.627 20.341 25.542 26.896
GRW 0.132 3.137 -0.063 0.030 0.131
OCF 0.043 0.076 0.006 0.041 0.082
LEV 0.413 0.213 0.245 0.415 0.561
MB 0.685 1.313 0.001 0.361 0.895
SUB 2.441 2.288 1.000 2.000 3.317
BIND 0.373 0.171 0.250 0.333 0.500
BIG4 0.618 0.486 0.000 1.000 1.000
LOSS 0.246 0.431 0.000 0.000 0.000
CSH 0.439 0.166 0.322 0.445 0.549
FOR 0.123 0.160 0.016 0.052 0.172
Panel B. FZ0HT MSHLA F7/0 M2 AFA Hadh 3|4 Mate] Xt0| 24
s POCI HOCI
1 0 =2t 1 0 =2k
PAY 12.587 12.629 -1.931* 12.583 12.646 -3.083™**
APAY 0.010 0.078 -3.137"* 0.012 0.097 -4.152%*
ROA 0.014 0.024 =3.229%%* 0.017 0.024 -2.509**
N 2,249 5,269 8,018 4,009 4,009 8,018
5t Panel A9] ®ig= 217} 4(2)°]l 2l=lo] glom, Panel Boll ***, **, *& ZZk §ol5E 1%, 5% L8|

i 10% We 2wk

AYA = BF o0& 49 73 9t

O gk
= o

o g HAF

AoE WERLT SlA

ROA)S B} FY5E 2.0%2} 2.6%% YERGTE A& 24 FZ(0CI), FHH Al
ZHQA(POCI) 181 &2 A IAHOC)S] BHE4)L 22 -0.001(0.000),

0.343(0.000) 18] 0.500(0.500)2 O] 34.3%7} K+ AHE=AHLAS

Q14Jt A



sEgomls HEEeart gu-uy sigcol oxs gz [EIEN

O vepth 7| ATESIZE)Y] BHF D) 24.162(25.542) & HElTh WHEH
FE(GRW), GLEZHIF(OCEH, FARIR(LEV) 1832 A JFAMB) e 22t
13.2%, 4.3%, 41.3% T12]1L 68.5%= UElatt. AZAFAR 2/t AF3IAL 4<(SUB)
9] HHFAP)2 2.441(2.000)2 14.770 HE= UeRGT) AlelolAluE(BIND), Big 4
HAIRD A9) B12(BIG4), &4 BIE(LOSS), A5 A&-&(CSH) 12]aL =1l FARA}
A-E(FOR)S] H2 212} 37.3%, 61.8%, 24.6%, 43.9% 131 12.3%= UERT.
Panel BollAli= 4 BAF HAHPAY), 78 AR BAHAPAY) 183l S|AVIZHROA)7}
L5 K9] AEHAE AAFAY ASH 84 FHo] =2 7oA F2stA] RSkt
olgjgt Fik= A& a4t SAKIE op R BAF Aol A|QEAY 7o 2=
o] YA Hido] W2 o0& Helck kg A 84 S|ATeL ANk Fo] 9l
£ Z0= Heltk. dlE £0f, IR0 EoH FAt ZHaste] S5 47t S7I6H]
gk AR zEn| 8 S7FR SAAIE Wobd 4= Sltk. Tefu S 8 47T 1AV A=A
o I & Jou g Foh-BA vIFEd nX|E JFe £AT art ek

(It 3)2 W= 2F AAEEAREA Aatolcy. PR HAHPAY)H +4E HIA B
(APAY)2 SJAVITHROA) 2} 23t QH(+) 2] A7 Lehdet. ol=igt Ak SAA
I} A BAO] ARl 8919 BojEr) $hE S84 HE(0CD), HH2 A
242 4(POCI) 1811 &2 RSP 24HOCHRE Folst S(-)2] ATHAPT Uers
tt. o]efet Avk= AEH 47T B A7gollA viA|ElE A oR BRItk o= F At
HHPAY)T 78 A BAHAPAY)2 714 (SIZE), YFAFZF(OCH), A 4
A9(MB), BANFAEAS Z3)AF 4(SUB), AF]OIAHIE(BIND), FA2] AR A4
(BIG4) 18] AL =1 FARR; A E-E(FOR)T F-2J3F K+ AHAE Uefigich vt
ol &4 HI(LOSS) ¥ A A1 2-&(CSH)TH= 723t ()2 ATTAES Y
et
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3. 0N MHESHAI du-EHY AT OXl= F2t
(E He= BHFAE ASE 247 A B 24l ofmet 92 viA=AE &

A3t difolt}, A A 02 Panel A= SHFAIE AS7H 249 F9A 427t 42 A
7t Bl vIAJ TS BAT Zgfolm, Pancl B ST A5 Y247} 4t

-HA W] vAlE 9EE 24T Aol B 13 B 2= S5HUeE A9 E
JPAY)S ZASALL, Y 30 1Y 4= SHUTE AY-A=] AREe 24T 4

YA BAHAPAY)S g5}, e 2ol e (5dH RH2 0.410014] 0.4262] H
Sl glom, Byo] AL FO5E 1% Holl A3Act. Panel A9] BE Hof|A] Azt
(ROA) W= 7Rt H(HQl AR 22 Hehliglet. ol=itt k= At B 2
4ol YolA AT 2HAQ 89S Hofett T 1Y 13 23 3014 HH2
A&7 84 MA(POCHS 3 29 2 49] w2 ASHRA(HOC) Wae BF f2
gt 209 BAAG B HERRRIT ol=itt A AS7d et A et 340
2 AZHA] ohs FEolet B ARl AldEAY A 24st] FIAt o] ot

s e F= AoE Bk o3t Aike SFAAE ASH ATt SAMIOA
ARk HIFH(OCD o2 M| 243 Aot 22 Ho|tth?) BAMSES HuEH, 7]
ATFE(SIZE), FHBEZFOCH), A F3MB), A2AFARAS dld AF2At <
(SUB), AF2JelAHIE(BIND), &9 ZHAIR] AUBIGH) L2l =2l FAAL A &g
(FOR)Z olet HHQl 2lAAG g2 UErligler. whgol] FAu&(EY), £4 2
(LOSS) 12| e A2-&(CSH)2 FofRt 59 2AAS Fha Uit &3¢

ofl
19

rIrl

o B, SAYIE A 54 250 FHH FFS FAT ASF AL AR B
A A7) YA Qe T Aol olefdt Arhe ASY AT HGR Al I

7) RS (el ASBAL WHOCHE ERSlel $AT Aaolck, A2FA WHOC)
WAL BE QO3 3009 SHAS g veheth o714, e GOl 1% e o

SIHE ).

AEEL
e ROA ocl SRS M= R F-2t
ST
PAY 0.222(2.80) | -9.618(-5.16) =3t 0.425 160.779
APAY 0.2082.62) | -9.372(-5.02) 3 0.411 151.850°
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husg
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HEHQAT
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Panel A. SEZHMT HEHA

Q|

b eAgIE BEA 20| O|Xl= F

=

PAY(APAY) = (o + $1ROA + (3,POCI(HOCI) + 35SIZE + B4GRW
+ 3s0CF + B6LEV + ;MB + (3sSUB + BoBIND + [310BIG4
+ 811LOSS + 312CSH+ S13FOR + (1425 XIND + (526382 YD+ & (1)

B}t HA(PAY) ZHE ZYX EA(APAY)
A |25 28 1 =) 23 3 23 4
Az (=2 Az (t-2) Az (=2 A= (-2
skl + | 6.699 (43.29) 6.774 (43.36) 2.321 (10.21) 1.907 8.17)
ROA | + | 0232 .93 0.233 (2.95) 0.218 (.75 0.219 (.76
POCI | +/-| -0.063 (-3.32) -0.063 (-3.33)
HOCI | +/- -0.061 (-3.45) -0.063 (-3.54)
SIZE | + | 0312 (37.66) 0.312 (37.65) 0.311 (37.48) 0.311 (37.47)
GRW | + 0.003 (0.97) 0.003 (0.99) 0.003 (1.02) 0.003 (1.04)
OCF | + | 0530 (4.45) 0.518 (4.33) 0.558 (4.67) 0.544 (4.55)
LEV - | 0271 (-637) | -0.281 (-659) | -0.281 (-6.59) | -0.292 (-6.82)
MB + | 0026 (373 0.026 (3.67) 0.025 (3.55) 0.025 (3.48)
SUB + | 0.020 (4.35) 0.021 (4.43) 0.020 (4.27) 0.020 (4.35)
BIND | + 0.232 (4.24) 0.234 4.27) 0.231 (4.21) 0.232 (4.24)
BIG4 + 0.112 (5.93) 0.109 (5.81) 0.113 (6.01) 0.111 (5.89)
LOSS | - | -0.190 (-8.65)° | -0.190 (-8.68)" | -0.179 (-8.16) | -0.180 (-8.19)
CSH - | -0562 (-11.17)" | -0.563 (-11.20)" | -0.570 (-11.32)" | -0.572 (-11.36)
FOR | + | 0241 (3.48) 0.238 (3.44) 0.236 (3.41) 0.233 (3.36)
IND | +/- =3} w3} =3} =3}
YD +/- gt w5t R x5}
S R? 0.426 0.424 0.410 0.412
F-gt 160.044" 160.083" 151.198" 151.265"
Panel B. EHZHMT MSHRAIL Hu-&HA QA O/X|= HeF

PAY(APAY) = B0 + 8:ROA + 3,POCI(HOCI) + $3ROA x POCI(HOCI)

+ Controls + & 2
A HAHPAY) EHE ZGX EM(APAY)
B | HS [=E =) 23 3 28 4
A= (-8 Az (=20 A= (t=2) A= {t-2)
ROA + 0.118 (1.04) 0.030 (0.29 0.105 (0.92) 0.041 (0.32)
POCI + | -0.066 (-3.47) -0.066 (-3.47)
HOCI + -0.069 (-3.86) -0.070 (-3.94)
Iffgélx +/-| 0190 (1.41) 0.187 (1.39)
ROA x . .
HOCI +/- 0.382 (2.76) 0.377 (2.72)
AL =3} =g} =3} =3}
449 R? 0.426 0.424 0.410 0.413
F-% 155.905" 156.201° 147.287" 147.598°

140 Ao A(1)F} A0l HElo] jlom, ¥, , +2 72t ROl 1%, 5% 181 10% e 9

ek,



%t Panel B 23 13 29 304 422835, ROA x POCl= #ofet 2AA
£ WEHWA] Z3ARE 2Y 291 2 4014 28, ROA x HOCI= ot &
(9] 3 HAS TS UergIh olafet Aak= A7) ASH a4rt e 71l <A
sto] S|AVGIL Aol FFS Fo= IR o] AR JFS F= o=
Bt} & A4 84 AV AlE]doll FRRS ol A9AF BAoll TPEAQl JF=
= 207 BRItk ojggt k= A5 847 Ai-REA Y=ol 3k Sof 71
25 AASkH= ZA7HE 4= T

4, Z:

A

A
(1) AxHa4 37 ax

(E DollMe A= ASE247t A YA BAF 2740l ofmet 9= skeAl A
S317] 913l ASH 47t - EA T v|Ae ST A ol RS
Aoz IAYNE 7Ieor EHske EACIM ASH a4 A=de Ascke 14
211 Wioltt. AR G710l T4 0= ASH 240t A AL o]
ol ALE Ty YA BAAY] 27171 o] JofFo] ohd g7kl A(F] A dFho]
2hd g7leol el ASHe4E 7RISt AAI-EA TiEs ERAIA] g Aol
b SAII 3 9AE EAR niAle FFelM ASA 849 2717 Ha{noise) 2
Z ZE3heA AT BVt Sl (E 5+ AT AISHAE 7RI e A
I Eedsto] A(1)S ATt Aatelnt. ASE AR ITHROAM)= F71e0]
Qo ASH_AE AR ghe SAMICE U gholth. AISH 247 MIMdTHROAP)
© F7Ieelol] ASHLAE THIRE ghe SAMICE YUs Floltth By 13 Y 2=
A HAPAY)S S5, 28000, Y 33 B9 4= HE AR B
(APAY)S S&HFE 1glollct E B3] Ayl R 0.4099041 0.423 H
oll o, R AL FolE 1% ol AT Pl ROAMI} ROAP H4
© &5 1% o5& HolA K Al g2 Ueriith. o=t 2= A

X
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ol ASHRAE 7RIt HATe] Wid=rt DebAA] s Zlos AR BAR
AT AR 8919S Hojzet web APAF Bu-BAF viziss A& a s
9] 715 BAISt & 73K robustness)& HoIE

B 5) MEH24A0 SH &t

PAY(APAY) = o + 31ROAM(ROAP) + Contorls + & 6))
AAX LH(PAY) SHE ZAR BAAPAY)
Wy |5 2 1 2y 2 B 3 o8 4
A= (t-2h) A (-2 A= (t-2b A (-2
ROAM |+/-| 0.248 (3.14) 0.233 (2.94)
ROAP | +/- 0.214 (2.70) 0.200 (2.52)f
BAHS =3 =g =3 Rl
744 R’ 0.423 0.423 0.410 0.409
F-3t 164.042" 163.918" 154.952" 154.842"

Z: ROAM = (2714:010] - A2 8.4)/3714, ROAP = (2714:019] + A278.0.4)/5AH4dol0, o]
o AT AN Holslol 9L, 7 i §o15 1%2} 5% v et

() 183571 a3t

AEH 87T S71sHAE AR A HAM Y] 37 A7 ARa AR #A B7HEAY
PHFARTE] @A ARF Y Zolof gk, ARJAAMte = QI A5
A ARIAARIO = QlIs) F7tel dAZE Sl wido] ePggFoiAlRe] dA7AlE 2
T2 o= Hojee|d 7P shd Aok IS4 AR 5 Sl SAY 7 S1sE
1 SPgHAN AV AA ASE8ae Aok Aol wEbA ASg_47t A
Y-HA 9] vjAle 99l 2-857He0l met EEtleA] A5 & et Sl
(I 60)2 1857HS 7Ieo® AARES 2212912 w28 2% &, 2429 5t
9] Fetoll tish 212y EASt Aatoltt. 1-857H(H)2 371 S9Y 9 171 T4
$0] AJolE A7) FAY = ke gholch 23 13+ 13 2= A9 BAHPAY) S 5
HeE TSI, By 33 1Y 4= oEE A9 HAAPAY)S SEHHUsR oS
At BE B3] A(G8E R) 0.376014 0.458 H9lell Lo, BEo] A3
< EE 1% Hioll AU 2423, B BPolM 2284, ROA x POCI=
FRE K A e eI o=fet te 1857 At 2

-



A&7 847 -0 i) A9 YL T Zelck ROA X HOCI ¥4

A o 11 At Hug A5t A8A 0% (E 4)9] Panel B A= 1185

PAY(APAY) = o + 31ROA + 3,POCI + B5ROA x POCI + Controls + ¢ )
ZAXE BAHPAY) ZHE AGX BA(APAY)
| 28 1 D& 9 o3 3 08 4
R (H=122)) (H=222)) (H=122)) (H=222])
Az (-2 A% (-2 A (-2 Ha -2

t—
ROA | + | 0.192 (1.33) 0.869 (4.44) 0.192 (1.33) 0.809 (4.11)
POCI | + |-0.031 (-1.17) | -0.102 (-3.54)" | -0.028 (-1.06) | -0.105 (-3.62)

~

RI?SCIX +/-] 0340 2.09)T | 0.621 (2.15)7 | 0.331 (2.02)7 | 0.589 (2.04)F
AR | +/- g} =35} =3 3}
FAE R 0.388 0.458 0.376 0.441
F-%k 66.998 89.120° 63.938" 83.259"
N 4,009 4,009 4,009 4,009

FH= (%71 FTUL & - 7] FUY /A7) FUY ol WA Hig= A 4(2)01 2= ot L
B 1%9} 5% WE vttt

G) W-o7gA7I F2 9T

DAV A= - oA 71 F8o) met Eekd 4= itk WRAIZ 191 AR
HUok= i ARJoALR HH, rE Zdshal QlofA AT S 40]aL
AEZolt}. ZAYsl= AR S(Abbott et al., 2003; Park, 2019)¢} o]Qlo&: &g
(Farber et al., 2018)& 0|11, o]2J%xX(Cohen et al., 20143} JEAHE 3¢ 1
(Beasley et al., 200015 €% = it FAA7121 Big 4 7HAIRKE Non-Big 4 ZHARR]
Hop 84S SAIBIL FE] HAHIAE Al = AtHLennox, 1999). Big 4 A
& FARS(EPEA, 2023), 0190l 4€-d(Behn et al., 2008) 1AL =] G- &
(a7, 2024y w01, ©]x7(Becker et al., 1998; Park, 2015)7 314 ¥
(Lisicet al., 2015y AIE &= ot Wby AS7E 47} k- EAF vigt=o] m|*= o
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o] Wf- R Fdol| wheh DA
HAHES WA E4o0l wet 183t &, 2127k0] sb] Adol] sl 41(2)S 2%t
ZA3o]1L, Panel Bi= FAIEES AFZAZIF F40] whet 28t 5, Z47ke] 59 o]
tis] 21202 B4 Aolt), Y 13} 2y 2= AYA}F HAHPAY)S E&H52 13}
R, B 37 B 4= 9 B IR BAHAPAY)S SEHSE 26 BE 139

HSo & 237} St} <3 7)9] Panel A=

A8 R2)2 0.23399141 0.424 Heoll 3o, Eg2] 22 Fola= 1% ol
AT w42, B PanelolA SAIHROA) M= ofet HH2 oA ghe o

BRI AISE24POCH H= 2

S ek

ol &()9) A S Lehiglon A5ate
. oJefet Ak A R4V AR W] v Ggol
F240] ufe} gepA] gherhe 2 Hojzth meb] - 98 gAl T

AL 0O
T T

- A7

20 Al 4

YA B2 SAVdel =

A ek

B 7) U - R2ZAPI7 S2Y S

Ao g et

PAY(APAY) = 8o + 31ROA + ,POCI + #3ROA x POCI + Controls + ¢

@

Panel A. LIEZAI7|7 S22 I
ZIX BH(PAY) ST ZHX ZAAPAY)
s s 281 28 2 28 3 28 4
. B (LA =) (MZZAD (LA ) (422D
A= (-8 Az (-2 A= (-2 Az (-2
ROA | + | 0597 254" | 0209 (1.74" | 0578 2.46)" | 0.173 (1.64)*
POCI | + |-0.093 (-2.92) | -0.061 (-2.60)" | -0.091 (-2.86)" | -0.062 (-2.62)
R%cf( +/-| 0220 (0.76) | 0.084 (0.56) | 0.197 (0.67) | 0.099 (0.66)
AR | +/- x5} =3} =3 x5}
#7449 R’ 0.424 0.253 0.422 0.248
F-3 71.532" 43.840° 70.956" 42.699°
N 3,450 4,568 3,450 4,568
Panel B. 9SZIA)7| 7 B2o| ¥g
LB 2AH(PAY) SNE QYR HA(APAY)
wa (ms| 28] =8 2 23 3 =3 4
(Big4) (Non-Big4) (Big4) (Non-Big4)
A= (-8 Az (-2 A= (-2 Az (-2




SHFOME MEHATL Hup-Bat U= OjXl= ¥ SN/

ROA | + | 0211 (1.66)" | 0.676 (3.76) 0.210 (1.66)" | 0.603 (3.35)
POCI | + | -0.044 (-1.8D%" | -0.112 (-3.77)" | -0.046 (-1.87)" | -0.108 (-3.65)'
RI?OACIX +/-| 0012 (0.074) | 0257 (1.13) | 0.030 (0.18) | 0.291 (1.29)
SARS | +/- =g =3 =% =3
$AE R 0.423 0.245 0.404 0.233
F-gk 101.904 28.664" 94.026" 26.891"
N 4,953 3,065 4,953 3,065

FHPEE AT ARl A= YL, ¥, T 2L T FAFE 1%, 5% 123 10% HeE friieh

V. 88

R ATATT EAE M ZEAR: HAE eFde] PgAer FHEY, S8
< 22 BFde A ALl 8718 Wal e whEo] SRgEoiAlE SjAIAE
IPolA 73 BAte] =4 o] aElo] V|glFold o m B-gd 927t A7I=o] $
o A= AR FA A AR E s gl S0l 71915
2Ql Bodeld 7 sheAloll 2488 St J1Eu ok S EoAlE ASd e
&7t YA B A7 - EA W] viRls FE e de /ISith Tk
2 A7 522 TR ASH 4T J A Bl ofu’t I Al HS
T &, AI-EA T AS 4] OJ3f of BA EEREAE St Aol &
ATE 201187 2023971 #7158l AP 719-< 8,01870E tde= o

ol

£ A Aol AT A9 HAT RofRt S TS HERHI. ol
AVST7E AT BAFe] A7 1Y HolEt) HhHol A& 4= AY
A BT frofet ()9 B/de eI ol=et dite ASg a4t A et
Ao AFEA| ghe FEolR BAF 2A0lA AlLf=AY Aol 25t J9AH 2
go] Wotrl= Ao HRltt. fhd ASA 8 4e -4 o] SHAR] T F
At ol%t A¥h= ©EA 7Pl 2R ASE 247t SIAV A= del e ol
7GR BAol| ZFAZ o7 JFS F A0 HRlth 712 AT ASH_AE 7}

ot
.

=)
5
e

Q.
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Aoto] 2ASHIAINE, AGr-EA Wi DEbAA] gttt ot ASH 4 iR
% W=l Als FRRE 1857HE Aok SRR 4t | Yot S a4
7H g EA ROl v)AlE FFE W - A S0 = EEAIA] oottt wEt
A -4 T A7 848N ofyzh TRt Auliatz @4 YisiA e et
(robustness)& Ho5%

& A7e that Zo] Addtet A AgAl ] 35kt AA, & A= ASH
847} I RA R 32 HRE Frhs MEE AFES AXSHSIT o3t AL
A2 A5 847t A 7ol ZASHE AV Al=do IS ol VAT B

of A PG F 5 ek AL AR 2 AT Beeld Fpgo] §71ee)

M 7780l 7S 7T USS AARITE b B9t Ak SAIsH | #18) A=
718 7TH eSS ECIU 2Rl tish Eld A2 Ao & a7k Al AlA,
£ A= tiERl AIE gtk fsl B9AE EREoiR A 7] Ak ZAE AT
Al FAo] HIEA] A a7} a2 AXRITH Ak A9 FAlE B 71
of 7HAE 4 A= AFAE] 7159525 AL 4= A= otk
T 919 FRoE EFelal & A that 22 AP EAE & ok A4, &
s PR WS4 ARE A RolA FHsHT webA A
7F S FoA T2l S0 7103 ARJUA] ARRIA A S04 71Q1RE Q1A Hets
& 4 Uk EA, 2 A S 4 Foll AR ATl o= Fe AYEU=A]
I o= . AS7E 849 14 Il A FIAte] =4 o] 8= A|vE
= gtk A, 2 d4e 23 dHA RS ARESto
S|ARAONA A EAS A SRt A HulEsE Zbelqit:. ey idAt
F9} Zo] /WA A EINindividual fixed effects)@t A Eﬂ(year fixed
effects)E &ESH AL & = Qich. YA, Hedeld] 7PgolA TA8et 3jA41E<
= BYA HAol 932 I 4= Q1AL BAlol PR HAC B9 AuE el

at‘i

ft

rln
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32 247

Ze0 O|Xl= g
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Gz} HA} 7hofl= A1 91 A Al(endogeneity) A7 2418 4= ok 18y B35

o

% 9k

Fs7/go] i}, webA Ha4ad 7Hga 7
< SAIBHA] 3t upR|gto 2 B A= S 40 JFE ASoh| ol &5
H(Defined Benefit: DB) A=& A&ist 7] vk

214 7Pgolqt 93RS = =7 (Instrumental Variable)S 2+ 4= gloA WA

o] ATE BE 7)) Ykl dl= A Qo

2 A7 o Slgick mehd £ A7
B3 HE9) Bel(bias7t 2
vlefe] 77k 919 SAS S8 5
eolul Hejel R4S SR H] E92 F Aolth

At A FA = A5G 247t AFEES
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Abstract

Previous studies have examined the impact of managerial discretion in
actuarial assumptions on current earnings, but have largely overlooked the
effects of changes in remeasurement factors. The purpose of this study is
twofold: first, to investigate how the remeasurement factor of defined benefit
plans affects executive compensation; and second, to examine how the
performance-pay sensitivity varies with the inclusion of remeasurement factors.
The empirical results show that accounting performance is significantly and
positively associated with executive compensation, indicating that accounting
performance serves as a key determinant of managerial remuneration. In
contrast, the remeasurement factor exhibits a significant negative relationship
with executive compensation. This finding suggests that, since the
remeasurement factor does not represent accounting performance per se, it may
be excluded from or discounted in the compensation determination process,
thereby leading to lower managerial remuneration. Furthermore, the
remeasurement factor exerts a positive effect on performancepay sensitivity.
This implies that remeasurement factors, when based on reasonable actuarial
assumptions, enhance the reliability of accounting performance and indirectly
influence executive compensation. Overall, this study provides evidence that
remeasurement factors grounded in reasonable assumptions can serve as a
signal of accounting reliability. Accordingly, to mitigate agency problems,
regulatory authorities should establish guidelines that enhance the rationality
and transparency of actuarial assumptions to prevent distortions in
remeasurement components and managers should disclose the basis for

calculating defined benefit obligations in the notes to the financial statements.

% Key words: Defined Benefit Plans, Remeasurement Factors, Management

Compensation, Agency Problems, Actuarial Assumptions
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	121호 내지_편집기준



