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ABSTRACT

This study suggests a technique for mapping grid-based flood insurance rate for detached houses
using flood loss frequency and severity. The number of approved flood insurance policies and
insurance claims were used to calculate loss frequency. Loss severity was estimated using flood
damage ratio map that was developed by applying the equation calculating damage ratio of detached
house according to flood depth to flood inundation map. Analysis results of flood insurance rate for
Ulsan City, the percentage of area that flood insurance rate was less than 0.02% was 96.51%, over than
0.02% and less than 0.04% was 0.04%, over than 0.04% and less than 0.06% was 0.75%, over than 0.06%
and less than 0.08% was 1.03%, and over than 0.08% was 0.53%. In particular, low lying districts near
Dong Stream located in western region of Buk-gu have the highest insurance rate ranging in from
0.06 to 0.08. The low lying area near estuary of Hoeya River, Cheongryang Stream, and upstream of
Taehwa River in Ulju-gun have higher insurance rate ranging in from 0.04 to 0.08. Flood insurance
rate of most area in Ulsan City was calculated to be less than 0.02, which is less than existing uniform

insurance rate executed by Korean government.
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1. Introduction

The advancement of science makes our life convenient
and enriching. However, it has been threatening us by caus-
ing various natural phenomena such as global warming,
climate change, and destruction of ecosystems [1]. According
to the Ministry of the Interior and Safety (MOIS) of Korea,
damage caused by natural disaster from 2008 to 2017 is
recorded to be 348.6 billion USD and typhoon took the
largest toll at 45.5% (158.8 billion USD) followed by heavy
rainfall at 42.9%, (149.4 billion USD), heavy snowfall at 6.5%
(22.6 billion USD), earthquake at 2.8% (9.6 billion USD),
wind wave at 1.2% (4.3 billion USD), and strong wind at

* Corresponding author.

1.1% (3.9 billion USD) [2]. The damage caused by typhoon
and heavy rainfall which is related with flood disaster was
308.2 billion USD and it accounts for 88.4% of the natural
disaster damage. Therefore, countermeasure for flood pre-
vention is a necessity. Management of flooding is a major
societal challenge that is only expected to worsen due to
several trends including population growth and urban-
ization [3], sea level rise [4], intensification of precipitation
extremes [5,6], and the compounding effects of sea level rise
and terrestrial flooding [7,8]. Several research on flood inun-
dation mapping with numerical analysis and identification of
hazardous area for installation of flood prevention structure
have been performed [9-15]. A variety of studies have been
performed regarding the assessment of natural disaster risk
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and vulnerability considering indices of hazard, exposure,
vulnerability, and adaptation capacity [16-24].

Studies on flood inundation mapping and flood risk
assessment were utilized for structural countermeasure to
prevent flood disaster at national level. The government
should protect the life and property of the people in the event
of a disaster. However, a change in the policy is necessary
since people are availing insurance to protect their private
properties like houses and cars from natural disasters.
Various countries of the world are developing insurance pol-
icy and applying it as a non-structural countermeasure for
flood disaster. In the United States, FEMA Flood Insurance
Rate Maps (FIRM) represent an estimate of the risk of flood-
ing in a certain area, and specifically show the extent of the
floodplain affected by the base flood (100-year flood). This
is the severity of flood that has a 1% chance of occurring in
any given year, and the base floodplain is called the special
flood hazard area. FIRM is the official map of a community
on which FEMA has delineated both the special hazard areas
and the risk premium zones applicable to the community [25].
Classified flood insurance rate is calculated through method
of net premium according to flood return periods those are
10-, 50-, 200-, and 500-year [26]. In the case of Switzerland,
they estimated insurance rate after calculating mean damage
ratio and premium considering service demand [27]. Korean
government has executed an insurance policy for natural
disasters such as flood, wind, and snow disaster for detached
houses as countermeasures to mitigate flood disaster dam-
age. However, the problem is it applies a uniform insurance
rate on all places within an administrative district without
considering the regional natural disaster characteristics.
Hence, natural disaster insurance mapping that incorpo-
rates various levels of insurance rates considering grid-based
natural disaster damage ratio is required.

This study provides an improvement to the existing uni-
form insurance rate implemented by Korean government for
flood, wind, and snow disaster. An equation for mean flood
insurance rate was derived as a function of the following three

Fig. 1. Location of Ulsan City in Korea.

factors: mean flood damage ratio, the number of approved
flood insurance policies, and the number of reported flood
insurance claims. Regional map of flood damage ratio
for detached houses was developed using 100-year flood
inundation map and flood depth-damage ratio curve for
detached houses. The number of approved flood insurance
policies and flood insurance claims were built utilizing insur-
ance data from 2006 to 2016. Classified flood insurance rate
was calculated by substituting the values of these three fac-
tors into the derived equation. After which, a 30 m grid flood
mean insurance rate map was developed.

The classified flood insurance rate map is expected to be
used as a basis for possible change in policy from uniform
insurance rate to grid-based insurance rate, identification of
hazardous region for detached houses, and establishment
of scientific countermeasures for prevention, preparation,
response, and restoration stages.

2. Materials and methods
2.1. Study area

Ulsan City, the selected study area, has experienced
terrible flood damage due to typhoon Chaba when it hit
Korea in September 2016. It is located in southeast of Korea
as shown in Fig. 1. The total area is 1,056 km? with a pop-
ulation of 1.17 billion. It has five administrative districts
namely Buk-gu, Dong-gu, Jung-gu, Nam-gu, and Ulju-gun.
The western area of Ulsan City is a high mountain area with
elevation of over E1.1,000 m. The eastern part is a lowland
area that is in contact with the East Sea. Most rivers are steep
and short, they originate from the western highlands and
flow into the East Sea. There are two national rivers in Ulsan
City: Tachwa River and the Hoeya River. The length of the
Taehwa River that flows through the central part of Ulsan
City is 46.0 km and its watershed area is 643.9 km?. Hoeya
River flowing through the southern part is 41.0 km in length
and has a watershed area of 217.9 km?. Ulsan City’s average
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annual temperature is 13.8°C with annual precipitation of
1,274.6 mm, in which 70% falls in Summer from June to
September [28].

2.2. Calculation for flood insurance rate

The insurance rate (IR) is the ratio of the premium (P)
to the insurable amount (IA) that determines the premium
when signing the insurance (Eq. (1)). There are two meth-
ods of calculating the actuarial pricing for calculating the
insurance rate: the loss ratio method and the net premium
method. The loss ratio method is a method of determining
premiums in accordance with changes in the actual loss
resulting from the operation of the business, and adjusting
the existing rate to a realistic rate level. The net premium
method is a way of calculating rates regardless of the exis-
tence of past rates. The net premium method is a method of
estimating the insurance premium by predicting the risk of
the same group on the premise that the frequency and depth
of accidents required to calculate premiums do not change
over a period of time.

IR=— 1)

where IR, P, and IA are insurance rate, premium, and
insurable amount, respectively.

The net premium method was selected to calculate the
flood insurance rate in this study. Korea Insurance Research
Institute presented the equation for estimating premiums
using net premium method as a function of the loss frequency
and the loss severity as shown in Eq. (2). The ratio of the num-
ber of insurance claims (IC) to the number of approved insur-
ance policies (AIP) is the loss frequency, whereas the ratio
of gross insurance benefit (GIB) to the number of insurance
claims is the loss severity. The loss frequency can be calculated
by using data from past insurance claims. However, in case of
loss severity, since it is estimated using flood inundation map
and flood loss data, modification of the equation for insur-
ance rate is required. The loss severity can be expressed as
the average insurance benefit (AIB) because it is the ratio of
the gross insurance benefit to the number of insurance claims.
Substituting Eq. (2) into Eq. (1) will result to the average
insurance rate (AIR) and can be expressed as Eq. (3).

_ No.of IC XGIB(USD)
" No.of AIP No.of IC

@

_ No.of IC_ AIB(USD)
No.of AIP  IA(USD)

AIR 3)

where IC, AIP, GIB, AIR, and AIB are insurance claims,
approved insurance policies, gross insurance benefit, average
insurance rate, and average insurance benefit, respectively.

From the insurer’s point of view, the average insurance
benefit is the amount of average damage (AD) to the house,
and the insurable amount is the asset value (AV) of the
house. Therefore, the damage ratio (DR) can be expressed as
Eq. (4) and finally the average insurance rate can be calculated
using Eq. (5).

AIB AD(USD)

Ta " av(usp) - R(%) @
No.of IC o
AIR = Noof AP DR (%) (5)

where AD, AV, and DR are average damage, asset value, and
damage ratio, respectively.

3. Results and discussions
3.1. Development of flood inundation map

The flood inundation map is needed to estimate the dam-
age ratio, which is one of the factors for estimating the average
flood insurance rate. A flood damage ratio map based on a
30 m grid can be created by applying the damage rate curve
to the flood inundation map. This map is used to calculate
the insurance rate map. Flood scenario should be determined
to create flood inundation map. U.S. Federal Emergency
Management Agency (FEMA) used 100-year flood scenar-
ios when developing flood insurance rate maps. MOIS also
developed a 100-year flood inundation map separating
national rivers and local rivers to map flood insurance rates
and manage floods [29]. For the national rivers, HEC-RAS
which is one-dimensional model and FLUMEN (FLUVAL
Modeling Engine) which is a two-dimensional model were
used to create inundation map. In case of local rivers, the
100-year flood level and digital elevation map were used
as input data for GIS (geographic information system) and
the flood inundation map was created using GIS operation.
In this study, flood inundation map developed by MOIS [2]
was used to map flood insurance rates. Flood inundation
map analysis by administrative district of Ulsan City reveals
that the average flood depth was 1.03 m and the maximum
flood depth was 9.59 m. The flood area was estimated to be
26.35 km? which means 1.85% of the total area was flooded.
The results of flood inundation analysis per administrative
district are shown in Table 1. Notably, a large flood occurred
at the junction of Taehwa River and Dong Stream located
at the boundary of Jung-gu and Nam-gu (Fig. 2). Jung-gu
and Nam-gu are densely populated administrative districts,
17.16% and 9.86% of the administrative districts were
flooded, respectively.

3.2. Development flood damage ratio map

The flood damage ratio for detached houses is an
important factor for calculating the average flood insurance
rate, which varies according to flood depth. The Ministry
of Construction of Korea calculates damage ratio by flood
depth through the simple method [30] in order to predict
the economic effects of the policies related to the river in
1993. This method estimates agricultural damages first and
then applies the coefficient to agricultural damages to cal-
culate other damage items. The use of this simple method
posed a problem that the economic feasibility of the proj-
ect was evaluated to be lower and the entire river or basin
could not be considered. Subsequently, Korea revised the
simple method through the project entitled “The Study on
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Table 1
Flood inundation analysis per administrative district of Ulsan City
Administrative districts Flood depth (m) Administrative Inundated Inundated
Maximum Mean area (km?) area (km?) area ratio (%)
Buk-gu 6.14 1.20 158 4.61 2.92
Dong-gu 1.48 0.47 36 0.04 0.11
Jung-gu 4.70 0.73 37 6.35 17.16
Nam-gu 2.21 0.82 71 7.00 9.86
Ulju-gun 9.59 1.07 754 1.55 021
Ulsan City 9.59 1.03 1,056 19.55 1.85
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Fig. 2. Mapping flood inundation of Ulsan City.
Table 2

Improvement Method of Economic Feasibility for Flood
Control” [31]. In recent years, the study by Jeong and
Yoon [32] has supplemented the damage ratio according
to the flood depth as shown in Table 2. The correlation
between the flood depth and the damage rate is expressed
by the curve as shown in Fig. 3 and this can be expressed
as Eq. (6).

y=-0.0238 1I° +0.048 h* + 0.3988 h + 0.0173 (6)
where y is damage ratio for detached house and / is equal
flood depth.

The flood depth map is transformed into the flood ratio
map for detached house by substituting the flood depth
included in flood inundation map (Fig. 2) into /1 in Eq. (6) as
shown in Fig. 4. The damage ratio in the Hoeya River, Dong
Stream, and Cheongryang Stream, where more than 3.0 m of
flood depth was observed, was estimated to be 100%. In most
regions including low-lying areas near the Taechwa River at

Flood damage ratio according to flood depth for detached house

Category Damage ratio according to flood depth (%)

0-0.5m 05-1.0m 1.0-2.0m 2.0-3.0m Over
than 3.0 m

100

Detached 15 95

house

32 64

the border of Jung-gu and Nam-gu, the damage ratio was
estimated to be in the range of 20%-82% (Fig. 4).

3.3. Data gathering for the number of approved insurance policies
and number of insurance claims

An accurate loss frequency is essential to estimate a rea-
sonable insurance rate. It is estimated using the number of
approved insurance policies and the number of insurance
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Fig. 3. Flood depth-damage ratio curve for detached house.

claims data. Therefore, the insurance statistics of accredited
institutions is required to calculate accurate loss frequency.
The insurance statistics was established using the data from
2006 to 2016 provided by MOIS. According to the MOIS, a
total of 1,902,060 insurance policies were approved from
2006 to 2016. Among these, the number of housing insur-
ance claims due to flood was 1,537. However, there were 480
cases of housing insurance claims due to wind disasters and
26 cases due to snow disasters. As a result, the number of
approved insurance policies and the number of insurance
claims for houses due flooding was 1,902,060 and 1,537,
respectively.

3.4. Flood insurance rate mapping of Ulsan City

The number of approved insurance policies, number of
flood insurance claims and damage ratio were substituted
into Eq. (5) and the grid-based flood insurance rate map
was developed as shown in Fig. 5. The flood insurance rate
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Fig. 5. Grid-based flood insurance rate map developed in this
study.

of detached house for areas where flood is predicted not to
occur is calculated as 0, the maximum flood insurance rate
was estimated at 0.0808. The average insurance rates were
as follows: 0.0054 for Buk-gu, 0.0038 for Jung-gu, 0.0026
for Nam-gu, 0.0013 for Ulju-gun, and 0.0001 for Dong-gu
in descending order (Table 3). The uniform natural disaster
insurance rate, which is currently applied in insurance pol-
icy of MOIS is multiplied by the flood damage rate of 65%
to convert to flood insurance rate as shown in Fig. 6. The
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Table 3
Statistics of flood insurance rate calculation

Administrative Calculated flood insurance rate in this study Existing uniform
districts Minimum Mean Maximum Standard deviation insurance rate
Buk-gu 0 0.0054 0.0808 1,87 0.0321

Dong-gu 0 0.0001 0.0808 9,921 0.0232

Jung-gu 0 0.0038 0.0808 30 0.0620

Nam-gu 0 0.0026 0.0808 1,862 0.0186

Ulju-gun 0 0.0013 0.0808 8,491 0.0549

existing insurance rate (Fig. 6) is based on the assumptions
that each administrative district has the same insurance rate
irrespective of the topography and flood characteristics.
Hence, constant issues such as people living in the highlands
without flood damage and those living in the lowlands with
habitual flood damage paying the same premium exists. The
current uniform flood insurance rate of Buk-gu is 0.0321 in
all regions, but the grid-based flood insurance rate resulting
from this study is calculated differently according to terrain
and hydrological characteristics. In the case of Buk-gu, the
flood insurance rate in the flood hazard area near the con-
fluence of Taechwa River and Dong Stream is 0.0450-0.0808,
which is higher than the uniform flood insurance rate. For
the flood hazard area of high land, flood insurance rate is
calculated as 0-0.0150, which is lower than current uniform
flood insurance rate. Only the flood hazard area in Ulju-gun
should have high insurance rate because flood damage occurs
only in the Hoeya Estuary and Taehwa River. However, Ulju-
gun has a uniform insurance rate of 0.0549, which is a high
insurance rate for the whole region. In this study, the insur-
ance rate was 0.04-0.0808 in low land area near the Hoeya
Estuary and Taehwa River. In other highlands, the insurance
rate was lowered from 0 to 0.02, which made the insurance
rate more reasonable.

Table 4
Area according to the classification of flood insurance rate

- River or
Stream

Insurance rate (%)

hig< R
b6 = R <0.08
= R <006
0oz R <0.04

=R =002 +—+H—+—++—+—+—+—

Fig. 6. Existing uniform flood insurance rate map of Ministry of
Interior and Safety of Korea.

Administrative districts Range of flood insurance rate Total
0<R<0.02 0.02<R<0.04 0.04<R<0.06 0.06 <R <0.08 0.08<R
Buk-gu Area (km?) 143.60 3.80 2.43 4.25 3.50 157.58
Ratio (%) 91.13 241 1.54 2.70 2.22 100
Dong-gu Area (km?) 35.77 0.01 0.00 0.00 0.01 35.79
Ratio (%) 99.96 0.02 0.00 0.00 0.02 100
Jung-gu Area (km?) 34.71 0.94 0.35 0.90 0.08 36.98
Ratio (%) 93.86 2.54 0.95 243 0.22 100
Nam-gu Area (km?) 68.32 2.11 0.12 0.84 0.04 7143
Ratio (%) 95.63 2.96 0.17 1.18 0.06 100
Ulju-gun Area (km?) 736.62 5.62 4.98 491 1.96 754.09
Ratio (%) 97.68 0.75 0.66 0.65 0.26 100
Ulsan city Area (km?) 1,019.02 12.48 7.88 10.90 5.59 1,055.87
Ratio (%) 96.51 1.18 0.75 1.03 0.53 100

R: Flood insurance rate.
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Areas with high flood insurance rate and low rates were
distinguished based on the flood insurance rate of 0.04%,
which is median of flood insurance rate calculated in this
study. For the whole Ulsan City, 97.69% of its area has a flood
insurance rate of less than 0.04%, while the remaining 2.31%
has flood insurance rate of 0.04% or more. In particular, the
regions with insurance rates of 0.04% or more in Buk-gu and
Jung-gu were 6.46% and 3.60%, respectively. Ulju-gun has
the largest area with a flood insurance rate of 0.04% or more,
which is 11.84 km?, followed by Buk-gu with an estimate of
10.19 km? (Table 4).

The area near Cheongryang Stream and Taehwa River is
where flood occurred during Typhoon Chaba in 2016. The
flooded area during Typhoon Chaba is shown in Figs. 7 and 8.
The flood insurance rate in the area where the flood occurred
in the past was 0.03 or more, which is higher than other areas.
Because there was insufficient previous flood mapping data
available, it could not be compared with the map of flood
insurance rates in all Ulsan City. However, two comparative
cases (area near Cheongryang Stream and Taehwa River)
have proven that the flood insurance rates calculated by this
study reflect the actual flood damage well.

7 7 Past
m Im.:mlaleil area

River or
Stream

Insurance rate (%)
Bl o0ssR

] 006< R <008
T ] ondz R <008
I oo2<R <o
Bl o=k

5 Kilometers.

Fig. 7. Past inundated area and flood insurance rate map near
Cheongryang Stream.

Fig. 8. Past inundated area and flood insurance rate map near
Taehwa River.

4. Conclusions

In this study, the equation for flood insurance rate calcu-
lation for detached houses was derived using loss frequency
and loss severity. The loss frequency was calculated using
the number of approved insurance policies and the number
of flood insurance claims. The loss severity was estimated
through a map of flood damage ratio by applying flood
depth-damage ratio curve to the flood inundation map.
Using the depth and frequency of the flood, a 30 m grid-
based flood insurance rate map was created. In Ulsan City,
the area with flood insurance rate less than 0.02% is 96.51%,
between 0.02% and 0.04% is 1.18%, between 0.04% and 0.06%
is 0.75%, between 0.06% and 0.08% is 1.03%, and 0.08% or
more is 0.53%. In particular, the flood insurance rates in the
low-lying areas near Dong Stream in the western part of
Buk-gu were the highest in Ulsan city and are also higher than
the uniform insurance rate of 0.0549. In addition, the insur-
ance rate was estimated to be 0.04-0.080 in the vicinity of the
Hoeya Estuary in the Ulju-gun, the vicinity of Cheongryang
Stream, the upstream of Taehwa River in the western area
of Ulsan City, and the area near Taechwa River located in the
border between Jung-gu and Nam-gu. In most other regions,
the insurance rate is less than 0.02, which is lower than the
existing uniform insurance rate. The existing uniform insur-
ance rate has many problems. As an example, although flood
disaster occurs only in some areas of the administrative dis-
trict, the insurance rate of the entire administrative district is
increased. The insurance rate map developed in this study
can improve this problem because it has information on flood
insurance rates for each 30 m grid within the same admin-
istrative districts. It is expected that the implementation of
reasonable flood insurance policies will be possible through
the utilization of grid-based flood insurance rate map.
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