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Abstract: This study investigates three issues regarding the application of the SCS-CN
(Soil Conservation Service-Curve Number) method to a basin on the volcanic Jeju Island, Korea.
The first issue is the possible relation between the initial abstraction and the maximum potential
retention. The second is the determination of the maximum potential retention, which is also closely
related to the estimation of CN. The third issue is the effect of the antecedent soil moisture condition
(AMC) on the initial abstraction, maximum potential retention and CN. All of these issues are dealt
with based on the analysis of several rainfall events observed in the Hancheon basin, a typical
basin on Jeju Island. In summary, the results are that, firstly, estimates of initial abstraction, ratio A,
maximum potential retention, and CN were all found to be consistent with the SCS-CN model
structure. That is, CN and the maximum potential retention showed a strong negative correlation,
and the ratio A and the maximum potential retention also showed a rather weak negative correlation.
On the other hand, a significant positive correlation was found between CN and the ratio A. Second,
in the case where the accumulated number of days is four or five, the effect of antecedent precipitation
amount is clear. The antecedent five-day rainfall amount for the AMC-III condition is higher than
400 mm, compared to the AMC-I condition of less than 100 mm. Third, an inverse proportional
relationship is found between the AMC and the maximum potential retention. On the other hand,
a clear linear proportional relation is found between the AMC and CN. Finally, the maximum
potential retention for the Hancheon basin is around 200 mm, with the corresponding CN being
around 65. The ratio between the initial abstraction and the maximum potential retention is around
0.3. Even though these results are derived by analyzing a limited number of rainfall events, they are
believed to properly consider the soil characteristics of Jeju Island.

Keywords: SCS-CN method; Jeju Island; initial abstraction; maximum potential retention;
antecedent moisture condition

1. Introduction

Jeju Island, formed by volcanic activity, has totally different hydrological characteristics from
those of the inland area of mainland Korea [1]. Basalt, a volcanic rock, shows high permeability,
and thus low surface runoff [2]. This is the reason why most channels on Jeju Island are dry, and runoff
occurs only when the rainfall intensity is high [3]. According to the Jeju Special Self-Governing
Province [4], the mean runoff ratio is just 21%, which is far lower than that in the inland mainland
area. Different from the slowly increasing runoff pattern in the inland mainland area, the runoff on Jeju
Island shows an abruptly rising pattern after the soil layer is fully saturated [5].

Several problems are raised regarding the rainfall-runoff analysis of Jeju Island. In fact,
these problems are mostly related to the rainfall loss by infiltration. The Soil Conservation Service-Curve
Number (SCS-CN) method is a common method adopted by most rainfall-runoff analyses in Korea.
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However, application of the SCS-CN method to Jeju Island has always been problematic. First, it is not
easy to determine the maximum potential retention. The problem is simply to determine the curve
number (i.e., CN). Determination of CN is also closely related to the classification of the hydrological
soil group for the given soil or soil series. There are five different classification rules in Korea, all of
which derive different classification results, and thus different CNs. The second problem is related
to the amount of initial abstraction. Generally, the amount of initial abstraction is assumed to be
20% of the maximum potential retention [6]. Although the Guideline for Design Flood Estimation in
Korea [7] proposed the use of 40% for Jeju Island instead of 20%, this guideline is relied on only by a
few case studies [8]. It is also important to consider that this ratio is dependent upon CN. Additionally,
the impact of the antecedent moisture condition (AMC) is also ambiguous. High porous basalt soil
infiltrates so fast that simply applying the AMC condition that is applied to the inland mainland area
of Korea does not work for Jeju Island.

There have been many attempts to solve these issues. First, Ha et al. [9] showed the typical
application procedure of the SCS-CN method. In the analysis of the variation of the effective rainfall
due to the change of land use on Jeju Island, they estimated CN by applying the classification rule of
hydrological soil group proposed by the Rural Development Administration (RDA) [10], the initial
abstraction being 20% of the maximum potential retention. The AMC was determined by considering
the antecedent five-day precipitation. However, in the study of Jung [11], even though the same
classification rule of the RDA [10] was used, the estimated CN was additionally modified by considering
the basin slope. The formula by Sharpley and Williams [12] was applied for this purpose, and, as a
result, CN was increased by more than 10%. Also, they suggested that the initial abstraction should
be 35-45% of the maximum potential retention depending on the basin. The application procedure
of the SCS—CN method of Jung et al. [13] was similar to that of Jung [11]. However, to consider
the porous volcanic soil of Jeju Island, they proposed the use of the intermediate value of CNs for
AMC-II and AMC-III condition, even though the antecedent five-day precipitation was very high.
Recently, however, Yang et al. [14] returned to using the typical procedure of the SCS-CN method.
That is, the initial abstraction was assumed to be 20% of the maximum potential retention, and CN
was determined by considering the AMC condition. CN was increased by considering the basin slope.
As can be found in the above mentioned studies, the application of the SCS-CN method on Jeju Island
so far has not been consistent.

Several cases can also be found of these issues in volcanic regions worldwide. Interestingly,
their results are not consistent either. For example, Leta et al. [15] showed that 40% of the maximum
potential retention was a good ratio for the initial abstraction in the Heeia basin, Hawaii. Most of
the Heeia basin is covered by volcanic silty clay soils, and CN was also estimated to be very small
at around 35-62 under normal condition (i.e., AMC-II condition). The Bathan basin in Saudi Arabia
shows a different result [16]. Even though the Bathan basin lies in an arid volcanic region covered
by basalt soil, the initial abstraction was estimated to be 20% of the maximum potential retention.
CN was estimated very high at 78.5. In the application case of Kyushu Island in Japan, the initial
abstraction was assumed to be 20% of the maximum potential retention, but CN was less than 70 [17].
In the application to the Naivasha basin in Kenya, the initial abstraction was assumed to be 20% of the
maximum potential retention, but CN was very small at just 61 [18]. However, in the application to
the La Lumbre and Montegrande basins in the Volcan de Colima, Mexico, the initial abstraction was
assumed to be 20% of the maximum potential retention, but CN was very high at 75.5 [19].

The objective of this study is to investigate the above-mentioned issues of the SCS-CN method
raised in application to the volcanic Jeju Island. First, this study investigates the possible relation
between the initial abstraction and the maximum potential retention. Second, the proper value of the
maximum potential retention of Jeju Island is estimated. As mentioned before, this issue is closely
related to the estimation of CN, which is also dependent upon the classification rule of the hydrological
soil group of soil or soil series. Finally, the effect of the AMC on CN is the third issue of interest.
Because the soil on Jeju Island is porous and highly permeable, the typical AMC conditions used in the
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inland mainland area of Korea may not be applicable. In this study, these issues are dealt with based on
the analysis of several rainfall events observed in the Hancheon basin. The Hancheon basin is a highly
typical basin on Jeju Island, so the results derived in the analysis may be applicable to the other basins.

2. Theoretical Backgrounds

2.1. The SCS—CN Method

The SCS—CN method was developed by the U.S. Soil Conservation Service [6] and considers the
soil, land use, vegetation, etc. to derive the curve number (CN) as a representative parameter for the
hydrologic infiltration characteristics. CN ranges from 0 to 100.

The SCS—-CN method assumes that the ratio between the actual retention (F) and the maximum
potential retention (S) is the same as that between the direct runoff (Q) and the total precipitation (P).
Here, the actual retention represents the precipitation portion that is not converted into the direct
runoff, even after the runoff begins, i.e., F =P - Q:

P~s M

However, in actual application, the above equations are modified somewhat by considering
the initial abstraction (I;). Here, the initial abstraction is introduced to represent various losses,
like interception and evaporation. As a result, the above equation becomes valid by replacing P by
(P-1,):

Q F
P-I, S @
Now the above Equation (2) can be arranged to represent the direct runoff:
_ (P-L)?
Q =gpmyms (P>h) 3)
=0 (P<Iy)

The direct runoff, expressed as a function of I; and 5, is now simplified once more by introducing
a linear relation I, = AS [6]:

(P-1S)?
P+(1-1)S
The ratio A is generally assumed to be 0.2 [6].

With a given maximum potential retention, the direct runoff can be estimated from the total

precipitation. The SCS also proposed using the CN to estimate the maximum potential retention.
That is:

Q= 4)

25,400
S=="—-254 5

As can be expected, in the case that CN is zero, the maximum potential retention becomes infinite.
On the other hand, a CN of 100 indicates that the impervious area needed for maximum potential
retention becomes zero (i.e., Q = P).

The initial abstraction is a key factor in determining the initiation of the direct runoff. However,
its estimation involves much uncertainty, which results in error in the estimation of the direct runoff [6].
Especially in a large basin when the areal-average rainfall and runoff data are the only available

information, the estimation of the initial abstraction becomes ambiguous. As mentioned earlier,
the common assumption of the initial abstraction is 20% of the maximum potential retention [6].
However, many studies have disputed this linear assumption between the initial abstraction and
maximum potential retention [20-24]. Another study proposed the range of 0-40% as the ratio
between the initial abstraction and maximum potential retention [25]. Other studies, like that of
Woodward et al. [20], showed how to determine the initial abstraction by analyzing the rainfall-runoff
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data. In fact, they defined the initial abstraction to be the total rainfall amount up to the starting point
of the direct runoff. Based on the analysis of 134 basins in the US (United States), Woodward et al. [20]
proposed just 5% of the maximum potential retention for the initial abstraction.

The maximum potential retention is the maximum volume of water to be stored within the
basin soil profile. In early application of the SCS-CN method, the maximum potential retention
was assumed to be constant for the given basin [26]. Theoretically, the maximum potential retention
can be the volume of void in the soil profile, but it is also dependent upon the antecedent moisture
condition. This is simply because recent precipitation can still remain within the void of the soil
profile [25,27-30]. The maximum potential retention also varies depending on the vegetation, land use,
antecedent precipitation, etc. [31]. As the maximum potential retention is defined as the maximum
difference between the total precipitation and the direct runoff, it should be determined by analyzing
their relation [30].

The antecedent moisture condition (AMC) thus plays an important role in the application
of the SCS-CN method. The AMC simply defines the soil condition to control the infiltration
capacity [31]. Three different concepts are generally cited for the AMC, which are the antecedent
base-flow index (ABFI), soil moisture index (SMI), and antecedent precipitation index (API) [31].
The ABFl is based on the groundwater runoff, so it is difficult to link it to the soil moisture condition [6].
The SMI is generally applied to the long-term runoff analysis, and thus it is important to consider
the evapotranspiration [32-35]. The API considers the precipitation amount during the antecedent
5 to 30 days. The duration can vary, depending on the soil and climate characteristics [25,36].
The SCS-CN method adopted the concept of API, and five days is considered as the proper period for
the antecedent precipitation.

In the SCS-CN method, three different AMCs are defined separately for the growing season and
the dormant season. The growing season in the US is from June to September, while the dormant
season is from October to the following May. For each season, three AMCs are defined by the amount
of antecedent five-day precipitation. AMC-I represents the dry condition, thus the direct runoff
is minimized. On the other hand, AMC-III represents the wet condition, thus the direct runoff is
maximized. AMC-II is the neutral condition in between the wet and dry conditions. These three
conditions are considered in the SCS-CN method by controlling the CN. In fact, CN for AMC-III
represents the highest CN among those derived by analyzing the sufficient length of rainfall-runoff
data. On the other hand, the CN for AMC-I represent the lowest CN. The remaining CNs are then
averaged to be CN for the AMC-II [37].

CN for AMC-II (or CN(II)) can be converted into CNs for AMC-I and ANC-III, i.e., AMC(I) and
AMC(III), by the following two equations:

4.2 CN(II)

N = 155 058 CN(ID) ©)
_ 23CN(I)
CN(I) = 10 4 0.130 CN(II) @

2.2. Estimation of CN by Analyzing the Rainfall-Runoff Data

It is possible to derive CN by analyzing the rainfall-runoff data. The derived CN varies greatly,
depending on the rainfall event. Sometimes CN(I) can be estimated higher than CN(II). It is also
possible that CN(III) is estimated smaller than CN(II) [38]. This is simply because the possible range of
CN(I) is very wide [6,39]. When estimating CN from the observed rainfall-runoff data, some variation
may not be avoidable. Based on previous studies [40-43], the CN of a basin is found to decrease as the
total precipitation increases. Even though the standard pattern is general [40], another two patterns
are also found [40—42]. Various methods for determining the representative CN for a basin have also
been proposed by many studies [44-47].
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In fact, the estimation of CN for a rainfall event is straightforward if the ratio A is fixed. Simply the
CN can be estimated by solving Equations (4) and (5) with observed P and Q. However, if the ratio A is
unknown, the estimation of CN can be complicated, as these two parameters should be determined by
solving the non-linear equation set. Obviously, there is no guarantee of deriving the optimal parameter
set. Due to this reason, this study followed the step by step approach. The methodology for estimating
CN by analyzing the rainfall-runoff data is summarized as in Figure 1. First, it is important to separate
the direct runoff from the total runoff. Fortunately, the main stream of the Hancheon basin is mostly
dry, even in the wet summer season. This is a general characteristic of the porous volcanic soil on
Jeju Island. The runoff observed at the exit of the Hancheon basin could thus be assumed to be the
direct runoff. Second, the initial abstraction is determined by following Woodward et al. [20]. That is,
the initial abstraction is determined as the total precipitation amount from the beginning of the rainfall
to the occurrence point of the direct runoff. Then the maximum potential retention is estimated by the
following equation:

2
(P—1)
S=—5—~(P-L) 8)
Q
Step 1: Step 2: Step 3: Step 4
Separation of direct Determination of Estimation of maximum Estimati £ CN
runoff from total runoff initial abstraction potential retention stimation ©

Figure 1. The procedure adopted in this study for estimating the parameters of the Soil Conservations
Service—-Curve Number (SCS—CN) method.

By substituting the initial abstraction estimated in the first step and the observed total precipitation
and direct runoff into Equation (8), the maximum potential retention can be calculated. CN can also be
calculated using the relation between the maximum potential retention and CN, as in Equation (5).

3. Study Basin and Rainfall Events

3.1. Study Basin

This study considers the Hancheon basin on Jeju Island, Korea (see Figure 2). Here, Hancheon is
the name of the main channel of the Hancheon basin, which originates from Mount Halla, and runs
to the seashore in Yongdam-dong. Hancheon is a dry river, which has runoff only during flooding.
The upstream part of the basin is mostly forest, the middle stream area is farmland, and the downstream
area is urban [4]. Hancheon riverbed is an eroded valley in the basaltic plateau, which has a deep
rectangular cross-section, without any embankment. The Hancheon river at the exit of the basin is
about 40 m wide and 7 m deep [48]. The area of the Hancheon basin is 32.88 km?Z; on the basis of
the Second Dongsan Bridge, the channel length is 19.01 km, and the width of the basin is 1.75 km
(i.e., the shape factor is 0.09) [13].

Figure 3 shows a picture and cross section of the Second Dongsan Bridge at the exit of the Hancheon
basin. There is a surveillance video at the center of the Second Dongsan Bridge, whose image can be
obtained from the home page of the Jeju Central Disaster and Safety Countermeasures Headquarters
(https://www.jejusi.go.kr/bangjae/realcctv/river.do). An electromagnetic surface flowmeter is also
placed at the center of this bridge, which measures both the flow velocity and the water stage every
10 min. The cross-section in Figure 3b was made using the survey data provided in the Master Plan for
Local Rivers Management in Jeju-si and the preparation of river facility management [49].
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Figure 2. Location of the Hancheon basin in the Jeju Island, Korea (the empty circle represents the rain
gauge and the solid circle the stage gauge at the exit of the basin).
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Figure 3. Picture of the Second Dongsan Bridge (a) and the relation curves of depth-area and
depth-wetted perimeter (b).

3.2. Data

This study used the 10 min rainfall data obtained from four AWS (Automatic Weather Station) rain
gauges around the Hancheon basin (i.e., Jeju (gauge number 184), Sancheondan (329), Eorimok (753),
Jindallaebat (870), and Witsaeorum (871)). The areal-average data were then made by applying
the Thiessen polygon method. The weighting applied to each rain gauge was Eorimok 48.89%,
Sancheondan 22.96%, Jindallaebat 8.64%, Witsaeorum 10.19%, and Jeju 9.32%, respectively.

This study selected a total of ten rainfall events that occurred from 2012 to 2019 (Table 1). As the
infiltration capacity of the soil in Jeju Island was known to be very high, only the rainfall events with
their total precipitation higher than 100 mm were selected. Several events with significant problems in
their runoff records were excluded. Among these selected rainfall events, nine events were caused by
typhoons, while the remaining event was convective. In particular, Typhoon Bolaven, which passed
the south-western part of Jeju Island in August 2012, recorded a maximum wind velocity of 49.6 m/s at
the Seogwipo meteorological station, and a maximum total rainfall of 740.5 mm at the Witsaeorum
meteorological station [50]. Based on the areal-average rainfall, the rainfall event #5 recorded the largest
total rainfall amount of 691.5 mm, and the rainfall event #3 the highest one-hour rainfall intensity of
76.8 mm/h. The antecedent five-day precipitation for rainfall event #4, which was 564.8 mm, was the
highest. Figure 4 compares the rainfall histogram of the rainfall events considered in this study.
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Figure 4. Temporal distribution of the areal-average rainfall over the Hancheon basin for the rainfall

events considered in this study.
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Table 1. Basic characteristics of the rainfall events considered in this study (these statistics are all for
areal average rainfall).

Total Rainfall Maximum Mean Intensity

Rainfall Event # Time (Duration) (mm) Intensity (mm/h) (mm/h) Comments
18 July 2012. 06:00—
1 19 July 2012. 16:00 2000 384 5.9 Tg’ggﬁ‘
(34h)
23 August 2012. 02:00-
2 25 August 2012. 03:00 377.7 63.0 7.7 Convective
(49 h)
27 August 2012. 12:00- Typhoon
3 28 August 2012. 17:00 535.0 76.8 18.4 P
Bolaven
(29 h)
29 August 2012. 14:00- Tvoh
4 30 August 2012. 16:00 113.0 49.2 40 yphoon
Tembin
(26 h)
15 September 2012. 19:00— Tvphoon
5 17 September 2012. 23:00 691.5 714 13.3 gnba
(52h)
31 July 2014. 16:00- Tvohoon
6 04 August 2014. 12:00 400.0 70.8 44 ﬁakri
(92 h)
22 August 2018. 13:00—- Typhoon
7 24 August 2018. 05:00 398.2 450 10.0 gguhk
(40 h)
4 October 2018. 16:00— Typhoon
8 6 October 2018. 14:00 480.0 50.4 105 B,
(46 h) g-rey
6 September 2019. 00:00- Typhoon
9 7 September 2019. 16:00 185.2 30.6 46 L{E i
(40 h) gling
21 September 2019. 08:00— Tvphoon
10 22 September 2019. 20:00 594.5 39.0 16.4 5;1;’ o
(36 h) p

The runoff data used were based on the water stage and surface velocity data measured by the
electromagnetic surface flowmeter. As the electromagnetic surface flowmeter measures the surface
velocity, this should be converted to the cross-sectional average velocity. There have been many studies
to determine the conversion factor, or a constant to be used for converting the surface velocity into the
cross-sectional average [51-53]. A similar study was also done in Korea for several streams in Jeju
Island including the Hancheon [54]. Their result shows that the conversion factor should be 0.48 when
the flow depth is lower than 0.5 m, 0.48-0.85 when the flow depth is in between 0.5 and 1.5 m, and 0.85
when the flow depth is higher than 1.5 m. In this study, this conversion factor was used for estimating
the cross-sectional average velocity.

Table 2 summarizes the basic characteristics of the runoff data for the ten rainfall events considered.
In fact, some portion of the data was missing; in particular, the entire surface velocity data for rainfall
event #5 was missing. The missing portions of the data were interpolated by the data observed before
and after the missing point. The mean depths of the rainfall events #3 and #5 were rather deep at
1.34 m and 1.43 m, respectively. Rainfall event #8 showed rather high flow velocity of 4.19 m/s.
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Table 2. Basic runoff characteristics of the rainfall events in Table 1.

Mean Maximum
Rainfall
Event# Flow Velocity Depth Discharge Flow Velocity Depth Discharge

(m/s) (m) (m®/s) (m/s) (m) (m*/s)

1 2.39 0.82 98.70 4.90 2.73 187.43

2 2.85 0.92 55.42 7.24 2.72 203.33

3 2.89 1.34 133.79 7.07 4.18 42271

4 2.23 0.56 53.53 5.87 2.66 134.48

5 n/a 1.43 n/a n/a 4.52 n/a

6 2.29 0.92 50.11 4.65 248 230.28

7 3.22 0.94 89.88 7.23 2.74 289.52

8 4.19 0.88 99.57 7.34 2.53 304.20

9 2.07 0.79 39.51 7.25 1.80 106.88

10 3.28 1.10 87.13 7.31 2.46 188.75

4. Results and Discussions

4.1. Initial Abstraction and CN

The initial abstraction was determined as the rainfall amount from the beginning of the rainfall
to the starting point of the direct runoff. However, as most of the time the Hancheon is a dry river,
the starting point of the direct runoff coincides with the starting point of the total runoff. The effective
rainfall depth was then calculated by dividing the total direct runoff volume by the basin area
(i-e., 32.88 km?). CN could then be easily calculated using Equation (5). Figure 5 shows the procedure
determining the initial abstraction from the rainfall-runoff data:

Starting Point of Direct Runoff
530 min

T 2

600 _- 54.5 mm 480.5 mm %
—_ ] 3
g 500 3
T 400
£ 300
c 4 Total Rainfall :535.0 mm
3 Total Runoff :12,072,078.0 m?
@ 200 ] Effective Rainfall : 367.2 mm

100 +

0| —_—
0 500 1000 1500 2000 2500 3000 3500

Time (min)

Figure 5. Determination of the initial abstraction in this study (rainfall event #3).

Table 3 summarizes the determined initial abstraction and CN for each rainfall event. CN varies
widely from 44.0 to 80.1. As this wide variation was mainly caused by the AMC, the actual variation
of CN may be smaller. For example, in the case that CN was estimated to be 80.1 (rainfall event #4),
the antecedent five-day precipitation was over 500 mm. On the other hand, in the case of rainfall
event #9, CN was estimated to be just 44.0, where the antecedent five-day precipitation was only about
100 mm. In fact, this antecedent five-day precipitation was not a small amount, but could be considered
small in a porous basalt region (this issue will be investigated later). Overall, by considering the four
rainfall events with more than 100 mm of antecedent five-day rainfall amount, the representative value
of CN was assumed to be a little higher than 60.

The maximum potential retention mostly controls the CN, so the variation of the maximum
potential retention indicates the variation of CN. However, as the maximum potential retention is
dependent on the soil moisture content, it becomes small in the case that CN is high, and vice versa.
This relation is also what the SCS-CN method explains, such as in Equation (5). Table 3 also confirms
this tendency. For example, rainfall event #4 shows the smallest maximum potential retention of
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63.0 mm, but the highest CN of 80.1. Rainfall event #10 shows the highest maximum potential retention
of 415.2 mm, but CN was very small at 38.0. The initial abstraction, which is also linearly proportional
to the maximum potential retention, could vary, depending on the maximum potential retention.

Table 3. Estimates of initial abstraction, maximum potential retention, and CN along with other
basic information.

Rainfall Antecedent Total Direct Runoff Initial Maximum 1
Five-Day Rainfall ~ Rainfall Runoff . Abstraction Potential Retention - CN
Event# Ratio (I,=AS)
(mm) (mm) (mm) (mm) (mm)
1 123.8 200.0 81.0 0.41 39.2 158.4 0.25 61.6
2 88.4 377.7 119.1 0.32 114.9 317.1 0.36 44.5
3 392.2 535.0 367.2 0.69 54.5 148.3 0.37 63.1
4 564.8 113.0 50.5 0.45 259 63.0 0.41 80.1
5 10.7 691.5 502.6 0.73 29.8 208.8 0.14 54.9
6 22 400.0 182.1 0.46 79.5 243.6 0.33 51.0
7 1.0 398.2 203.7 0.51 72.9 194.2 0.38 56.7
8 0.0 480.0 180.7 0.38 112.6 379.6 0.30 40.1
9 120.5 185.0 471 0.25 36.0 3234 0.11 44.0
10 0.0 594.5 263.2 0.44 107.1 415.2 0.26 38.0

The relation among many variables related to the SCS-CN method can be investigated using
the scatterplot (Figure 6). This investigation is also useful to validate the consistency between the
estimated variables and the SCS-CN model structure. In this study, the total precipitation, runoff ratio,
maximum potential retention, ratio A, and CN were considered. Among the possible relations,
the clearest relation could be found between CN and the maximum potential retention. As mentioned
earlier, their negative correlation is what the SCS-CN method adopts. That is, the higher the CN,
the smaller the maximum potential retention. Additionally, even though the correlation is rather weak,
the negative correlation between the ratio A and the maximum potential retention was also noticeable.
This relation can also be explained by the definition of the initial abstraction. These two negative
correlations also indicate the significant positive relation between CN and the ratio A, which can also be
confirmed in Figure 6. Also, as the multiplication of the maximum potential retention and the ratio A
becomes the initial abstraction, no clear relation might be expected between the initial abstraction and
CN. The same applies between the total precipitation and CN, and between the runoff ratio and CN.
Based on this interpretation, the result summarized in Table 3 can be accepted as valid and consistent
with the SCS-CN method.

The basic characteristics of the determined initial abstraction, maximum potential retention,
ratio A, and CN can be easily investigated using the box plot (Figure 7). Table 4 also summarizes
the important statistics of the box plot. The box plot shows that the data are not so strongly skewed.
There is no outlier detected in all four cases. Symmetricity is strong in the initial abstraction and
the maximum potential retention. Even though slightly longer tails are found in the ratio A and CN,
these are mainly due to one or two estimates. For the initial abstraction, the median is 63.7 mm,
the first quartile is 36.0 mm, and the third quartile is 107.1 mm. For the maximum potential retention,
the median is 226.2 mm, the first quartile is 158.4 mm, and the third quartile is 323.4 mm. The median
of ratio A is 0.32, while the first quartile is 0.25, and the third quartile is 0.37. Finally, the median of CN
is 53.0, while the first quartile is 44.0, and the third quartile of 61.6.

Table 4. Quartiles of initial abstraction, maximum potential retention, and CN.

Initial Abstraction = Maximum Potential Retention A

(mm) (mm) (I,=AS) CN

Minimum 259 63.0 0.11 38.0
Frist Quartile 36.0 158.4 0.25 44.0
Median 63.7 226.2 0.32 53.0
Third Quartile 107.1 323.4 0.37 61.6

Maximum 114.9 415.2 0.41 80.1
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4.2. Effect of AMC

As mentioned earlier, most variables considered in the SC5—CN method are highly dependent
upon the AMC condition. In fact, this investigation of the behavior of these variables with respect
to the AMC condition is especially important, as it can provide important tips for determining their
representative values. In the previous analysis, it was possible to see their correlation structures and
relative behaviors, but it was impossible to determine their representative values.

As the SCS-CN method accepts the concept of AP, it should also be important to determine the
number of days of antecedent precipitation. The generally accepted period is five days. However,
as the Hancheon basin is in a porous basalt region, a slightly shorter period may be more appropriate.
This part of the study also aims at this issue, which was investigated as a form of sensitivity analysis.
A total of five cases from one to five days were examined in this study. As variables of interest,
the maximum potential retention, ratio A, and CN were considered. In fact, the initial abstraction is
related to the AMC condition via all of the three variables to be analyzed.

Table 5 summarizes the antecedent precipitation amount depending on the number of antecedent
days to be considered. Basically, the antecedent five-day precipitation amount for rainfall events #5, #6,
#7,#8, and #10 was relatively small; in particular, the antecedent precipitation amount for rainfall event
#8 and #10 was zero. On the other hand, rainfall events #3 and #4 show a very large antecedent five-day
precipitation amount, whose values were 392.2 mm and 564.8 mm, respectively. If considering a slightly
shorter period like three days, the antecedent precipitation amount can, in general, become smaller.
For example, the antecedent precipitation amount of rainfall events #1, #3, and #9 became much smaller,
at 68.0 mm, 47.4 mm, and 49.7 mm, respectively. In particular, the antecedent precipitation amount for
rainfall event #3 decreased from 392.2 mm to 47.4 mm.

Table 5. Antecedent n-day rainfall amount for each rainfall event considered in this study.

Rainfall 5-day 4-day 3-day 2-day 1-day

Event# (mm) (mm) (mm) (mm) (mm)
1 123.8 103.5 68.0 54.3 44.6
2 88.4 88.0 85.7 64.5 23.7
3 392.2 348.8 474 0.2 0.1
4 564.8 534.9 534.8 534.2 12.3
5 10.7 10.7 10.7 7.0 0.2
6 2.2 0.5 0.0 0.0 0.0
7 1.0 1.0 1.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0
9 120.5 94.6 49.7 45.6 24.1
10 0.0 0.0 0.0 0.0 0.0

Additionally, the runoff ratio also shows the problem of using the antecedent five-day precipitation
amount (see Table 3). The runoff ratios for rainfall events #3, #5, and #7 were estimated to be higher
than 0.5, but the others to be less than 0.5. The generally accepted idea is that the runoff ratio is
proportional to the antecedent precipitation amount. However, rainfall event #5 showed the highest
runoff ratio of 0.73, even though the antecedent five-day precipitation amount was just 10.7 mm.
On the other hand, the antecedent five-day precipitation amount of rainfall event #4 was 564.8 mm,
but the runoff ratio was 0.45. Basically, the runoff ratio in the Hancheon basin seems to be affected
in a complex manner by the rainfall characteristics, including the AMC. For example, the duration
of rainfall event #4 was 26 h, but for rainfall event #5, it was 52 h. However, as the total rainfall was
113.0 mm for rainfall event #4 and 691.5 mm for rainfall event #5, the maximum rainfall intensity was
(49.2 and 71.4) mm/h, respectively.

Figure 8 shows the behavior of these three variables, i.e., the maximum potential retention, ratio A,
and CN with respect to the antecedent precipitation amount. As can be seen in this figure, the effect
of the antecedent precipitation amount becomes clear if the number of days is four or five. In fact,
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this result is disappointing, as the authors expected a much shorter period, as the Hancheon basin
lies in a basalt region. The difference between four or five days was also not clear. The antecedent
five-day rainfall amount for the AMC-III condition was found to be higher than 400 mm; on the other
hand, that for the AMC-I condition must be less than 100 mm. In fact, this condition for the AMC is far
different from that applied to the inland area of mainland Korea. During the growing season in Korea,
the antecedent five-day rainfall amount for the AMC-III condition is just 53 mm, while that for the
AMC-I condition is 36 mm. Even though the AMC condition for Jeju Island was roughly estimated
with a limited number of rainfall events, it was believed to consider adequately the soil characteristics
of Jeju Island.
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Figure 8. Change of maximum potential retention, A, and CN depending on the antecedent n-day
rainfall amount.

The effect of AMC can be found when considering the antecedent four- or five-day precipitation
amount. As mentioned earlier, it was not possible to distinguish these two cases, due to the limited
number of rainfall events considered in this study. First of all, an inverse proportional relationship
could be found between the AMC and the maximum potential retention. On the other hand, a clear
linear proportional relation was found between the AMC and ratio A, and between the AMC and
CN. The maximum potential retention was found to vary from a maximum 300 mm to a minimum
100 mm, which might correspond to the AMC-I and AMC-III conditions, respectively. Under the
AMC-II condition, the maximum potential retention might be around 200 mm. The ratio A was found
to vary in the range of 0.2 to 0.4, which might also correspond to the AMC-III and AMC-I conditions,
respectively. Their mean value 0.3 might correspond to the AMC-II condition. Lastly, the CN for
the AMC-I condition might be 45, and that for the AMC-III condition might be around 80. The CN
for the AMC-II condition might be around 65. That is, the CN(I) is near the minimum value of
estimated CN values and the CN(III) is near the maximum value. Finally, the CN(II) is the mean value
determined for the range of antecedent five-day rainfall amounts between 100 mm and 400 mm. In fact,
these CN values under different AMC conditions match well with those given by the SCS-CN method.
That is, if the CN value is 65 under the AMC-II condition, the CN(I) and CN(III) become 43.8 and 81.0,
respectively [6].

4.3. Classification Rules for Hydrological Soil Group

The hydrological soil group is a key factor in the determination of CN. In general, four different
hydrological soil groups are used to represent the infiltration capacity of a soil, where Group A
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represents the highest infiltration capacity, and Group D the lowest. Groups B and C are in between
the two [6]. The hydrological soil group is determined using the reconnaissance soil map or detailed
soil map. Various characteristics of the soil provided by these soil maps are used to classify the soil
into those four hydrologic soil groups. However, how to consider these soil characteristics to classify
the soil or soil series into four different hydrological soil groups is dependent upon the classification
rule. That is, the classification rule is not unique, and thus there can be many different classification
rules for this same purpose. In Korea, a total of five classification rules are available, among which one
is based on the reconnaissance soil map, while the remaining four are based on the detailed soil map.

The classification rule using the reconnaissance soil map is the same as that of the SCS [6].
The reconnaissance soil map provides rather brief information about the soil, among which the
main characteristic considered for the determination of the hydrologic soil group is permeability.
Permeability is the soil characteristic that controls both the infiltration and drainage capacity.

The four classification rules using the detailed soil map are given by Hu and Jung [55], Jung et al. [56],
the Rural Development Administration (RDA) [10], and Lee et al. [57]. First, the classification rule by
Hu and Jung [55] considers both the classification rule of the SCS and that in the Soil Survey Manual of
the US Department of Agriculture. By considering the soil characteristics, such as infiltration capacity,
drainage capacity, permeability, and soil texture in the soil series of the detailed soil map, they could
classify these into four hydrologic soil groups.

Jung et al. [56] complemented the classification rule by Hu and Jung [55] and proposed a new
system. The most important change of the new system is that it is based on a points system. As a
result, the system could exclude subjective judgement, to make the classification result more consistent.
Additionally, the authors introduced a new factor of “impervious layer’ to consider the shallow soil
depth in Korea. Permeability was also excluded, as it has a similar characteristic to the drainage
capacity. As a result, a total of four soil characteristics are evaluated separately by points from 1 to 4.
The point of each soil characteristic is then added to derive the total score. If the total score is higher
than or equal to 13, the soil series is classified as Group A. On the other hand, if the total point is less
than or equal to 7, the soil series is classified as Group D.

RDA [10] additionally complemented the previous studies by considering the in situ experimental
results of infiltration and permeability. The in situ experiment was carried out for 58 soil series,
which includes 16 forest soils, 17 paddy soils, and 25 farmland and upland soils. Based on these in
situ experiment results, the soil series were reclassified to have similar infiltration and permeability
characteristics. Additionally, to consider the shallow soil depth in Korea, soil over the impervious
layer was classified into Group D, and soil on the limestone into Group C.

Finally, Lee et al. [57] proposed a new method to consider the revised information of the soil series.
The revision of the soil series has been carried out by the RDA continuously since 2007 but has not
been considered so far in the classification of the hydrologic soil group. In fact, the new classification
rule by Lee et al. [57] is basically the same as that by Jung et al. [56] but considered the revision result
of the soil series during the last 10 years.

In this study;, all five different classification rules were applied to the Hancheon basin to estimate
CN. The result shows that the CN using the reconnaissance soil map is 70. Also, the CN as defined
by Hu and Jung [55] is 78, that by Jung et al. [56] is 70, that based on the RDA [10] is 77, and that
by Lee et al. [57] is 68. As the estimated CN with the observed rainfall-runoff data was around 65,
the classification rule by Lee et al. [57] can be assumed to be close to the observed. There has been
large variation in the estimated CN depending on the classification rule, so it is just as well that the
most recent is closer to the observed.

5. Conclusions

This study investigated three issues in the application of the SCS-CN method to a basin on the
volcanic Jeju Island, Korea. The first issue was the possible relation between the initial abstraction,
and the maximum potential retention. Determining a proper value for the maximum potential retention
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was another important issue, which was also closely related to the estimation of CN. The classification
rule of the hydrological soil group of soil or soil series was related to this issue. The effects of the AMC
on the initial abstraction, maximum potential retention, and CN were the last issues of interest in this
study. All of these issues were dealt with based on the analysis of several rainfall events observed in
the Hancheon basin, a typical basin on Jeju Island. The results are summarized as follows.

First, estimates of initial abstraction, ratio A, maximum potential retention, and CN were all
found to be consistent with the SCS-CN model structure. That is, CN and the maximum potential
retention showed a strong negative correlation, and the ratio A and the maximum potential retention
also showed rather weak negative correlation. On the other hand, a significant positive correlation was
found between CN and the ratio A, which was mainly due to the negative correlations between CN and
the maximum potential retention and between the ratio A and the maximum potential retention. As the
multiplication of the maximum potential retention and the ratio A becomes the initial abstraction,
no clear relation could be found between the initial abstraction and CN. The same also applied between
the total precipitation and CN, and between the runoff ratio and CN.

Second, the effect of the antecedent precipitation amount was found to be clear if the number
of days is four or five. The difference between four and five days was also not clear. The antecedent
five-day rainfall amount for the AMC-III condition was found to be higher than 400 mm; on the other
hand, that for the AMC-I condition must be less than 100 mm. Even though the AMC condition for
Jeju Island was roughly estimated with a limited number of rainfall events, it was believed to consider
properly the soil characteristics of Jeju Island. In fact, this condition for the AMC is far different from
that applied to the inland area of mainland Korea. During the growing season in Korea, the antecedent
five-day rainfall amount for the AMC-III condition is just 53 mm, while that for the AMC-I condition is
36 mm.

Third, an inverse proportional relationship could be found between the AMC and maximum
potential retention. On the other hand, a clear linear proportional relation was found between the
AMC and ratio A, and another between the AMC and CN. The maximum potential retention was
found to be around 200 mm under the AMC-II condition, and the ratio A was found to be around 0.3.
Also, the CN for the AMC-II condition might be around 65. Additionally, among the five classification
rules available in Korea, the classification rule proposed by Lee et al. [57] was found to provide the
closest CN to the observed. This result is especially meaningful, as the classification rule proposed by
Lee et al. [57] is the most recent. In fact, there have been large overestimations of the CN by up to 78.

In fact, these results derived in the Hancheon basin are all surprising. Especially, the size of the
initial abstraction was found to be much higher in the Hancheon basin than for others in the inland
area of the Korean Peninsula. The size of the maximum potential retention was also found to be
larger, and the ratio A was also higher, 0.3 rather than 0.2 in the inland area. The role of AMC was
also very different. Due to the different soil characteristics of the volcanic Jeju Island, an extremely
high antecedent 5-day precipitation amount was found to be valid for defining the AMC-III condition.
Interestingly, some of these results were also mentioned in Leta et al. [15]. However, any comment
about the AMC could not be found.

Finally, it should be mentioned that the above results were derived by analyzing a limited number
of rainfall events. The analysis was also limited to just one basin, even though the authors assumed
this basin to be representative of the other river basins on Jeju Island. Despite the practical limitations,
the authors are positive about the results derived in this study. With more rainfall events in various
river basins in Jeju Island, the results could be consolidated further. This should be future work for the
authors of this study.
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