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*Event deposits recorded in coastal lowland on the southern part of Akita Prefecture, the eastern margin of
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Analysis of erosion and accretion waves on Cua Dai Beach in Central Vietnam

Dinh Van Duy', Hitoshi Tanaka®, Yuta Mitobe®, Nguyen Trung Viet* and Le Thanh Binh®

Abstract: Propagation of erosion wave was observed along Cua Dai Beach in Central Vietnam with the
propagation speed is 54m/y from 1990 to present. The significant coastal erosion on Cua Dai Beach in
recent years is presumed as a result of insufficient sediment supply to this beach as well as constructions
of seawalls along the beach. In addition, new method has been introduced to determine the diffusion
coefficient expressing time scale shoreline change based on the propagation of the erosion waves.
1. Introduction

In recent years, beach erosion has occurred at almost all delta coastlines in Vietnam. Cua Dai Beach
located on the left coastline of Thu Bon River delta in Central Vietnam is also one of such cases (Figure
1). Because of significant beach deformation at Cua Dai Beach, there have been many studies related to
this problem such as simulating the morphological change on Cua Dai Beach based on analytical
solution (Hoang et al., 2015) or discussing the shoreline change in a wide area on both sides of Cua Dai
River mouth (Tanaka et al., 2016). In addition, Duy et al. (2016) applied the analytical solution of
one-line model for delta formation proposed by Larson et al. (1987) to find the diffusion coefficient
expressing time scale shoreline change at Cua Dai Beach, which is denoted by &. However, the study of
Duy et al. (2016) is just one approach for finding the value of & Therefore, it is necessary to find further
approach for the estimation of the constant &. For that reason, an analysis of erosion and accretion waves
on Cua Dai Beach will be performed in this study to clarify the value of .
2. Study area and data collection

Cua Dai Beach is a Skm long \'X i

coastline on the left of Thu Bon River Pacific Ocean

mouth (also known as Cua Dai River

mouth) (Figure 1). Cua Dai Beach used

Cua Dai
to be one of the most beautiful beaches River vioitli
. . . ALy
in Vietnam. However, severe erosion P cnr” =\ ,L

v
e e

-

has resulted in the disappearance of this

white sandy beach. Moreover, the

erosion zone is proceeding northward to
the neighbor beaches (from A to B in
Figure 1) and this phenomenon can be

observed clearly from the recent field

Figure 1. Study area

TGraduate student, Department of Civil Engineering, Tohoku University, 6-6-06 Aoba, Sendai 980-8579,
Japan

2 Professor, Department of Civil Engineering, Tohoku University, 6-6-06 Aoba, Sendai 980-8579, Japan

3 Assistant Professor, Department of Civil Engineering, Tohoku University, 6-6-06 Aoba, Sendai 980-8579,
Japan

4 Associate Professor, Thuyloi University, 175 Tay Son, Dong Da, Hanoi, Vietnam

% Vietnam Hydraulic Engineering Consultants Corporation, 95/2 Chua Boc, Dong Da, Hanoi, Vietnam.

53



54

trips.

Concerning the data set used in this study,
beside the photos taken during the field trips,
Landsat images from 1995 to 2016 were
utilized (Figure 2). Those images are
rectified to the same coordinate system in
the World Geodetic System 84 (WGS-84)
with the coordinates of the origin are
217,298.08 E and 1,754,078.07 N. The
baseline is set at 144.94 degrees counter
clockwise from the north. In this study, tidal
correction was not performed since the
maximum difference between shoreline
positions before and after tidal correction is
still smaller than the resolution of Landsat
images. Spatial moving average was applied

to reduce the effect of big scatter in

SN Jun 12,2016

y (x10° m)

S = N W A

Jun 19, 1995

Jun 12, 2010

8-7-6-5-4-3-2-101223456738

X (x10° m)
Figure 2. Typical Landsat images

shoreline positions due to low resolution of the Landsat images.

3. Results and discussion

3.1. Propagation of the erosion zone on Cua Dai Beach through the field observations

Photos in Figure 3 represent the erosions at point A and B in Figure 1. These photos were taken
during the field trips on Dec 24, 2014 and Dec 20, 2016. From Figure 1 and Figure 3, it is easy to
recognize that the erosion zone extended 700m to the north from Dec 24, 2014 to Dec 20, 2016. This
value well agrees with the analysis of Tanaka et al. (2016). According to Tanaka et al. (2016), the
alongshore movement of the erosion end from Dec 24, 2014 to Oct 10, 2016 is around 500m. The
difference can be resulted from the short term effect such as Typhoon Sarika (Oct 16, 2016) because the

period from October to December is the storm season in Vietnam.

a) Dec 24, 2014 (Tanaka et al., 2015)

b) Dec 20, 2016

Figure 3. Erosion ends correspond to point A and B in Figure 1



Nagasawa et al. (2016) indicated that the 6 : . .
. . —--Jul 07, 1990 |! : .
constructions of countermeasures against coastal Jun 19, 1995 || 3
; : : _||~-Apr 29, 2000 || |
erosion at Cua Dai Beach such as groins, shore SH May 13, 2003 l |
protections, bamboo fences have caused the further e —Jul 30,2010 |} ?
—Jun 12, 2016 || ;
erosion downstream of these structures and the "= 4| ; ‘ ;
.. . X } | |
erosion is propagating to the northern area. = 1 | |
3.2. Beach erosion measured from Landsat ] S T R R
images \ ‘
Shoreline positions extracted from Landsat 2 1 i J
s 4 3 2 -1 0

images between 1990 and 2016 can be seen in
Figure 4 with the significant retreat of shorelines at

Figure 4. Shoreline evolution obtained
the river mouth (1,200m). As mentioned

from Landsat images
previously, one of the main purposes in this study
is to determine the diffusion coefficient expressing the time scale shoreline change. In order to determine
the value of diffusion coefficient, comparison will be made between measured data and analytical
results. Therefore, it is necessary to simulate the shoreline evolution using analytical solution as in the
following section.
3.3. Beach erosion measured from analytical solution

In order to observe the propagation of erosion zone on Cua Dai Beach using analytical solution,
shoreline retreat in this area must be simulated. Beach erosion can be explained by the unbalance of sand
income and outgo (Matsuki, 2016). Cua Dai Beach is a part of the Thu Bon River delta coastline formed
by alluvial sand supply from Thu Bon River. Therefore, beach erosion is the reaction to insufficient
sediment supply from the river. With regard to simulating beach erosion due to decrease of sediment
supply, a model, which was simplified from one-line model by Hoang et al. (2015) can be used with the

governing equation as follows:

2
&y _ 0 (1)

a © ox?

In which, y: shoreline positions; X: longshore coordinate with the origin at the river mouth; t: time. In
order to derive Eq. (1) from one-line model, assumptions such as small angle of wave breaking crest to
local shoreline and constant breaking wave height along the coastline have been made (Hoang et al., 2015).

In the study of Hoang et al. (2015), they divided the evolution of Thu Bon River delta coastlines into
two phases. The first phase represents the formation process of the delta with the advance of shoreline
position. After that, beach erosion happens because of insufficient sediment supply from the river.

The formation process of Thu Bon River delta was mathematically expressed in the following equation

with the river mouth is located at x=0m:

_ Y% t —xz/(4£¢)_q70m f ‘X‘ 2
Y P DzeerchE @
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In which, go: sediment supply rate from the river, D=Dg+Dc (Dg: berm height, Dc: depth of closure), erfc:
complementary error function;
After the formation of delta coastlines, beach erosion due to reduction of sediment supply can be

simulated using the following equation:

y:qi\ﬁe—xz/(4a)_qiﬁeﬁc X _JR-q (t_tojefxz/[étc(tftﬂ)]_R'qO Merfc X 3)
D \7ze D 2 2Jet D e D 2¢ 2,felt—t,)

In which, t,: starting time of sediment reduction, R: reduction rate of sediment supply from Thu Bon
River. This should be noticed that the right side of Eq. (3) consists of two parts; the first part is the

formation term as in Eq. (1) and the remaining part represents the shoreline evolution after t, with the
reduction of sediment supply by neglecting the existence of shoreline positions formed before t,. Since Eq.
(1) is linear, these terms can be combined (linear superposition) to express a more complex situation such

as beach erosion at Cua Dai Beach. Values for variables in Eq. (3) are taken from Duy et al. (2016) as in the

following table:
Table 1. Calculation conditions (Duy et al., 2016)
Diffusion coefficient &125 m*/day
Sediment suppy from the river 600,000 m’/y
Formation time =500 years
Erosion duration (erosion at Cua Dai Beach started from 1990) 27 years
Depth of closure D=6 m
Berm height Dg=2m
Reduction rate of sediment supply from Thu Bon River R=0.8
Figure 5 shows the shoreline evolution on 6 T T T -
. . ---Dec 01, 1990 ! |
Cua Dai Beach from 1990 to 2016 using Eq. wwDec 01, 1995 } 1]
(3). As can be seen from the diagram, shoreline 5} -{==Dec 01,2000 L
h . h sh imil - ---Dec 01, 2005 |
retreat at the river mouth shows similar = —Dec 01,2010 ! retreat
configuration with the shoreline position % ,| [TZDecO0L,2016] 7 |
obtained from Landsat images. However, the E | i
retreat is just 600m compared to 1,200m of 's“3 i i
shoreline retreat in Figure 4. The difference of i i
shoreline retreat can be caused by the i i
assumptions to simplify the model. 2_ 5 _‘4 3 _l2 -1 0
3.4. Propagation of erosion waves and new x(x1 03 m)
method to determine the diffusion Figure 5. Shoreline evolution obtained from

coefficient theory
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Figure 6. Comparison between measured data and analytical solution

Figure 6a and 6b show the shoreline changes with reference to the shoreline position in 1990 obtained
from the Landsat images and the analytical results, respectively. Intersections between shoreline changes
and the horizontal axes are the ends of erosion zones denoted by X. (m). Thu Bon River mouth is located at
the right end of each figure. As can be seen from Figure 6, the propagation speed of the erosion waves
measured from Landsat images is about two times higher than the value obtained from the theory.
Higher value of propagation speed from measured data indicates that erosion is more severe in reality.

In addition, ending positions of erosion zones are plotted to clarify this severe erosion as can be seen

in Figure 7. This diagram shows good agreement between theory and measured data from 1990 to 1999.
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From 1990 to 1999, there was no construction activity . (x1 e m)
e

on Cua Dai Beach, which means the model of Hoang et -1 T I—anallytical

al. (2015) is sufficient to study natural beach © measured|]
morphological change. Furthermore, this good

agreement indicates the reliability of &=125m*day. — ]
However, from 2000, the erosion at Cua Dai Beach has S
become more serious compared to the predicting trend

from analytical solution. The seawalls along the '13990 19I95 2000 2005 2010 2015 2020
coastlines, which block the longshore sediment Year

transport and cause further erosion in the down drift Figure 7. Comparison between

side, have resulted in this difference. Therefore, it is measured data and analytical solution

highly required to improve the model by including the
effect of seawall in the next study.
4. Conclusions

Propagation of erosion waves on Cua Dai Beach has been analyzed using Landsat images from 1990
to 2016. The propagation velocity is 54m/y, which is higher than the result obtained from analytical
solution (28m/y). Seawalls on Cua Dai Beach have caused excess erosion along the beach. Furthermore,
a new approach has been introduced to determine the diffusion coefficient by making comparison
between analytical results and measured data in terms of the propagation of the erosion waves. The
result shows that diffusion coefficient expressing time scale shoreline change on Cua Dai Beach is
&=125m?/day.
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* High-frequency UAV monitoring of beach and wave by Akihiro Suzuki, Yuta Mitobe and Hitoshi Tanaka
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Observation of sand spit development at Cua Lo River mouth, Central
Vietnam

Dinh Van Duy', Hitoshi Tanaka’, Yuta Mitobe® and Nguyen Trung Viet*

Abstract: The development of a sand spit vy (x10°m)
5

at Cua Lo River mouth in Central PACIHC AN HOA |

OCEAN CAPE

Vietham is causing complex beach
morphological change and affecting the

local people activities. Satellite images

CUALO
RIVER MOUTH

were used to observe the migration of this
sand spit. Shoreline positions extracted
from Landsat images show that the sand
spit has shifted 1.7 km from 1973 to 2016.

As a result, the protrusion of this sand spit

is causing beach erosion on the downdrift ) |
side. In addition, long-term sediment
deposition rate on the sand spit evaluated . |

.. -2 -1 0 1 2
based on temporal variation of the sand X (x10'm)

spit’s area is 0.16x10° m*/y. Figure 1. Study area
1. Introduction

Cua Lo River mouth locates in Central Vietnam, which is about 650 km southward from the Capital
Hanoi (Figure 1). Beach morphological change at this river mouth is happening with the development of
sand spit on one side and erosion of the opposite side (Figure 2). This problem is getting attention of
local authorities as well as scientists since it is affecting the local people activities such as aquaculture
and tourism. Although problem at Cua
Lo River mouth has been stated, there are
still few studies about this issue. Binh
(2014)  studied the  geomorphic
conditions at Cua Lo River mouth and
concluded that shoreline retreat at this
location is mainly caused by wave

activities in the northeast monsoon

season. Cong et al. (2016) made analysis

to investigate the erosion and deposition Figure 2. Beach morphological change at Cua Lo River

mechanism at Cua Lo River mouth using mouth (Point A and B are specified in Figure 1)
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CERC formula and numerical model.

The development of the sand spit, which is important to understand and predict morphological
change at inlet system (Tung et al., 2009), has not been studied at Cua Lo River mouth. Therefore, this
study will focus on the movement of the sand spit at Cua Lo River mouth using sequential aerial
photographs from 1973 to 2016.

2. Study area and data collection

This study focuses mainly on an area around the sand spit on the left of Cua Lo River mouth as
shown in Figure 3. Truong Giang River is 70 km long, which is actually a branch of Thu Bon River
running  along  the
coastline  from  the
northwest (the whole
map of Truong Giang
River can be seen in
Tanaka et al., 2016).

Landsat images from
1973 to 2016 were
utilized to observe the
movement of the sand
spit at Cua Lo River
mouth as can be seen in
Figure 3. Those images
are rectified to the same
coordinate system in the
World Geodetic System
84 (WGS-84) with the
coordinates of the origin
are 246,998.99 E and
1,712,461.66 N. The
baseline is set at 90 WEEIECEMIL
degrees counter
clockwise from the north.
Extracted shoreline
positions from rectified
photos are not corrected
to tidal levels since the

maximum difference of

shoreline positions due

to tidal effect is still Figure 3. Typical Landsat images show the migration of the sand spit



smaller than 1 pixel of the
Landsat image (usually 3500
from 25 m to 40 m per
. 3000
pixel).
3. Results and discussion 55,
3.1. Migration of the sand
spit 2000
The migration of the
. 1500
sand spit can be seen
clearly in Figure 3. The
migration process has led to
the disappearance of the

beach on the right hand side

of Cua Lo River mouth as well as the eastward shifting of this river mouth. To quantitatively investigate

the migration of the sand spit, shoreline positions of several years during the surveying period are plotted

in Figure 4 to show the
migration of the sand spit. As
can be seen from the figure, the
sand  spit has  extended
approximate to 1.7 km to the
east in 43 years.

The development of sand spit
at Cua Lo River mouth is
simmilar to the Inlet Migration
Model
introduced by FitzGerald at el.
(2000) as in Figure 5. In their
report, they stated that during the

Spit  Breaching

migration process, longshore
sediment transport adds sand
predominantly to updrift side of
the river mouth which inturn
results in the erosion of the
downdrift side and causes the
shifting of the river mouth.
FitzGerald at el. (2000) also
discussed about the formation of

a new inlet besed on the

y(m)

—Feb 24, 1973

- Jan 07, 1988
-==Apr 29, 2000
---May 11,2010| |
—Jun 26, 2015

1000
-1000

=500 0 500 1000 1500 2000 2500 3000 3500 4000
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Figure 4. Shoreline positions of several years
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Figure 5. Migration and spit breaching model
(FitzGerald et al., 2000)
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breaching of the

sand spit at a

location updrift of
the sand spit
where the tidal
prism is easily
accessed (Figure
5). In their model,
the ebb flow from

the river impinges

{-0-2=3,000m
PRI

on the backbarrier  “1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

side of the spit to ) o ) » i
Figure 6. Temporal variations of shoreline positions at some positions

reduce the width
of the spit and determines the favourable location for breaching.

However, in case of Cua Lo River mouth as can be seen in Figure 1, Truong Giang River runs along the
coast line which indicates that the effect of the river flow on the sand spit to erode the back side of the sand
spit can be neglected. As a result, the tip of the spit will develop and entrench into the right side of the river
mouth without any breaching. Finally, Cua Lo River mouth will be closed and Truong Giang River will
discharge to the ocean through the inlet between Tam Hai and Tam Quang villages. This argument can be
confirmed by the composition of the An Hoa Cape, which mainly consists of basalt (Binh, 2014) and will
impede further migarion of the sand spit.

3.2. Temporal variation of shoreline positions at some positions along the coastline.

Temporal variations of shoreline positions at X=-500 m, 0 m, 500 m and 3,000 m along the coastlines
are shown in Figure 6. According to the figure, among four observing locations, there is only one
location where the shoreline position remained stable from 1973 to 2016. Shoreline advance at
x=3,000m together with the erosion of beach on the right side of Cua Lo River mouth indicates that
sediment in this area is moving predominantly to the east. This moving direction of sediment well agrees
with the development direction of the sand spit.

3.3. Long-term sediment deposition on the sand spit.
Figure 7 defines the sand spit’s area, A (m?), which y (x10°m)

will be used to calculate the long-term sediment 3-3

2016-(

deposition on the sand spit of Cua Lo River mouth. 3
The estimation of long-term sediment deposition is 2.5
based on a theory, which was introduced by Tanaka et B

al. (2006). 1.5

. L . 1
With regard to the determination of the sand spit’s 1050051152 25 3 35 4

area, a fixed boundary on the left side of the sand spit x (x10°m)

must be determined since the sand spit is developing to Figure 7. Area of the sand spit



A(x10° m?)
2

4

1
H
3
3

T
EH
H
H

A =2.06x10%(t-1970) + 5.38x10°
R2=10.953

1.5f---

05F--=- TEEETTE

H
B
i
H
i
H
i
...... Il I I NS |
H
H
H
t
1
1

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
1 (year)
Figure 8. Temporal variation of the sand spit’s area

the right. According to Figure 4 and Figure 6, there is almost no change of shoreline position over the
surveying period at x<-500 m. Therefore, a vertical line will be set at x=-900 m as a demarcation on the
left to calculate the area of the sand spit.

After calculating all the areas of the sand spit from 1973 to 2016, these values are plotted in Figure 8.
Using linear regression method, temporal variation of the sand spit’s area shows a developing trend at a
speed of 2.06x10*m’/y as in Eq. (1):

A=2.06x10*(t-1970)+5.38x10° )

Where t: time.
From the values of the spit’s area change rate, the long-term sediment deposition rate can be

calculated as follows (Tanaka et al., 2006):
AA
Q:(DB"'DC)E (2)

In which, Q: long-term sediment deposition rate, Dg: berm height, D¢: depth of closure, AA/At
indicates the area change rate of the sand spit. Values of Dy and D¢ can be taken as 2 m and 6 m,
respectively, from Cua Dai Beach (Duy et al., 2016), which is located on the same coastline and about
50 km to the northwest from Cua Lo River mouth. Using Eq. (2), the long-term sediment deposition on
the sand spit can be estimated as 0.16x10° m*/y.

4. Conclusions

The development of the sand spit on the left of Cua Lo River mouth has been studied using satellite
images from 1973 to 2016. The analyzing results show that the sand spit has been elongated about 1.7
km by the sediment deposition during the survey period. As prediction, this sand spit will entrench to the

rocky beach at An Hoa Cape and Truong Giang River will enter the ocean through another inlet between
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Tam Hai and Tam Quang villages. Finally, long-term sediment deposition on the sand spit is estimated at

the rate of 0.16x10° m*/y.
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*Study on prediction of turbidity in reservoirs under future environmental changes , by Rikushi Yasumatsu,
Makoto Umeda.
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Applicability of the Curve Number Method
for estimating flow duration curves in the Humid Tropics

Chris Leong* and Yoshiyuki Yokoo*

1. Introduction

Most islands are developing countries with poor hydrological data availability which causes stress
on hydrological resources due to unmonitored human influence and negligence. There is a need to
understand these stresses and influences by building block research specifically targeting islands. Model
simplicity must be applied before transitioning to complex ones. The strengths and weaknesses of these
simple models have to be identified before full usage.

The flow duration curve (FDC) is one such tool that can be used for estimating runoff in island
catchments as it has a simple yet vital role in displaying catchment behavior and overall flow pattern. Its
simplicity includes sorting streamflow data in descending order without regard for sequence or
occurrence. (Searcy, 1959; Mohamoud, 2008). Another simple model is the curve number (CN) model,
developed in agricultural catchments for flood mitigation (Rallison and Miller, 1982). The CN method is
convenient and easy to use (Tedela et al., 2012), unfortunately its simplicity is also its weakness (Ponce
and Hawkins, 1996). Unifying the CN method and the FDC to make estimates will require some
alterations. Therefore this study aims to identify an exceedance probability threshold of which the CN
method can be used for estimating FDC in the -
humid tropics.

The first alteration is to consider the
FDC as a 2-part system (high and low flows)
rather than a single unit. Past researchers have
identified the high flows to be generally
governed by precipitation which coincides
with the reason for development of the CN
method to estimate runoff from storm rainfall
(Ponce and Hawkins, 1996), this in turn works
in favor of the CN method. The low flows of

the FDC are controlled by geology, soil and
baseflow (Mohamoud, 2008; Yaegar et al.,
2012) or by evapotranspiration as mentioned
by Yokoo and Sivapalan (2011). In the case of evapotranspiration, the CN method does not consider it
and therefore may hinder its performance at low end flows.

15750 0°W.

Fig. 1. The Hawaiian Islands

*Graduate School of Symbiotic Systems Science, Fukushima University, Japan
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2. Study area and method

2.1.Study area

This study is based on nine catchments in Hawaiian Islands (Figure 1) because it has sufficient
data and can relate to similar natured catchments. The catchments are from different areas on the islands
of Kauai, Maui, Oahu and Hawaii. The daily and monthly runoff and rainfall data were downloaded from
USGS (USGS, 2012) which contains United States catchments water data. Catchments annual rainfall
and area ranges from 1500 to 9000 mm and 1.5 to 569.8 km? respectively. To identify a catchments CN
a soils map was obtained from ArcGIS SSURGO Downloader 2014 (ESRI, 2014). The CN model was
then used to estimate runoff.

2.2. The Curve Number Method
The CN model relates rainfall and runoff with the following equation,

(P - Ia)z
Q= P=I,+S €Y)
where Q is runoff, P is precipitation, S is potential retention and I, is the initial abstraction.
The initial abstraction is defined as,
I, =AS (2)

where 2 is from 0.00 to 0.3 commonly set at 0.05 (Ponce and Hawkins, 1996; Woodward et al., 2010).
The value of S can be defined as,

;. 25400
- CN
where CN ranges from 0 < CN < 100 (USDA, 1986).

— 254 3)

2.3.Hydrologic Soil Group (HSG) and Weighted CN
Where catchments have multiple HSG, the average weighted CN (WCN) was calculated by the
following equation,

% CN; x A;
= O]
where CNi is a CN for a type of soil group in the catchment, Ai is the soil area of CNi that intersects
within the catchments area and A is the total catchment area. (Detailed information on HSG can be found
in USDA-NRCS Technical Report (USDA, 1986).

WCN =

2.4, Calibration of CN model

Initially, WCN and A are set as 0.2 and 0.05 but after analysis of the Q.s:, the WCN and A parameters
are calibrated with the least squares method (LSM, Equation 5) and the solver function in Microsoft Excel
software to improve estimated runoff. In Equation 5, Qn is the measured streamflow and Qe is the
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estimated streamflow. The ability to achieve stable parameter estimations is one reason this formula is
often used (Huang et al., 2006).

LSM = min Z(Qm - Qest)2 (5)
i=1

3. Results

Figure 2 shows a comparison of measured runoff (Alakahi Qm), calibrated estimated runoff
(Alakahi LSM) and uncalibrated estimated runoff (Alakahi WCN-Lamba 0.05 and 0.2) for Alakahi
catchment. The uncalibrated runoff are seen to overestimate runoff, therefore the Qnm is calibrated to
improve estimations. Majority of the catchments had inconsistencies at the low end where at times the
estimated curves bend up implying an error in estimations. After the calibration of the CN model to
achieve better runoff estimates, the accuracy of the estimates were measured by setting the error bound
of + 30% of Qm. If the Qest Values were within this range then it was considered accurate and assigned a
value of 1 (true), otherwise it was given a zero value (false). Figure 3 confirms the Qe accuracy. The
estimated values are sorted in descending order on the vertical axis. If a value is within + 30% then it is
automatically placed at 1 on the horizontal axis and if out of range it is placed at zero on the same axis.
In the figure, the poor runoff estimates (out of range) are concentrated at the low end. Figure 4 shows a
transformation of figure 3 as a complete FDC. The low end is observed to have values out of range thus
inaccurate estimates. Two high end data points also are out of range but this was not consistent for all
catchments. Furthermore the calibrated values of WCN and A were less than the ones initially used.

Applicability of CN Model

Estimated Discharge in Accuracy Range

Thigh end

Discharge (mm day')
Estimated Discharge (mm day -'}

]

100 gL

a/ n
Precipitation (mm day™) = (False = 0) Accuracy Range (True =1)
----- Alakahi Qm —a— Alakahi WCN-Lamba 0,03
Alakahi LSM = Alakahi WCN Lambda 0.2

Fig. 2. Applying the CN method to Alakahi
catchment. Alakahi WCN-Lamba 0.02
and 0.05 are the estimated runoff at A =
0.2 and 0.05 respectively. Qm is the
measured runoff and LSM is the
calibrated estimated runoff

Fig. 3. The point on the 1 value represent
the data within the £ 30% range.
Those on the 0 value represent out
of range values
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4. Concluding Discussion

Past researchers have identified possible dominant controls of the FDC shape and based on these
we can identify the applicability of the CN method to the FDC. The CN method was developed to estimate
runoff from storm rainfall (Ponce and Hawkins, 1996) thus it may function well in the top end of the FDC
where precipitation is dominant. At the low end, geology, soil and base flow control the low tail of the
FDC (Mohamoud, 2008; Yaegar et al., 2012). Furthermore the CN method does not consider
evapotranspiration which is a dominant control in the low flows (Yokoo and Sivapalan, 2011). Figure 5
shows each catchments maximum exceedance probability for accurate estimates when using the CN
method. Based on this, the calibrated CN method can possibly only make stable estimations in FDCs up
to approximately 50% exceedance probability. The accuracy of the estimations was set at + 30% of Qm.
The need to calibrate runoff in forested mountainous catchments is almost certain based on studies done
by Tedela et al. (2012) and Ajmal et al. (2016) in US and Korean forested mountainous catchments
respectively. The former suggested to calibrate the CN to reduce uncertainty and the latter showed that
when A = 0.2 or 0.05 the results were poor, however when A = 0.01 or 0.0, it showed improved results
which was consistent with his study.
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* Spatiotemporal variation of triggered seismicity in Akita prefecture after the Tohoku-oki earthquake by

Masahiro Kosuga
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*Applicability of seismic interferometry analysis to array records of three-component microtremors
observed in Iwate University by M.Hiraka, H.Yamamoto ,T.Saito, K.Keiji and F.Sato
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*Collapse procedure under wind or snow loading and effect of reinforcement on the wind and snow resistance
of pipe-framed greenhouses by Yasushi Uematsu and Kazuya Takahashi
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