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* External wind pressure coefficients for designing pipe-framed greenhouses by Satoshi Tanaka, Yasushi 
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* Estimation of S-wave velocity structures at the area of Oshu City, Iwate Prefecture by 
using microtremor array technique 
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震央（緯度） 震源深さ 規模 震源距離
No. 時間 震央地名 度 分 度 分 (km) (M) (km)

1 2008 06/16 2:36岩手県内陸南部 39 8.6 140 55.9 10 4.4 19 2.6 ×
2 2008 06/16 13:35岩手県内陸南部 39 6.2 140 55.4 12 4.1 19 2.2 ×
3 2008 06/16 13:56岩手県内陸南部 39 0.4 140 47.5 10 3.9 26 1.8 ×
4 2008 06/16 23:14岩手県内陸南部 38 59.8 140 50.4 11 5.3 23 4.4 ×
5 2008 06/17 0:59秋田県内陸南部 39 3.6 140 46.1 12 4.1 29 1.8 ×
6 2008 06/17 3:02岩手県内陸南部 39 3.9 140 57.7 10 3.2 14 2.2 ×
7 2008 06/17 3:23岩手県内陸南部 39 5.4 140 56.0 11 4.2 17 2.7 ×
8 2008 06/17 4:05岩手県内陸南部 39 8.1 140 56.5 11 4.6 19 3.0 ×
9 2008 06/17 21:30岩手県内陸南部 39 6.4 140 56.4 11 4.1 17 2.1 ×

10 2008 06/18 16:55岩手県内陸南部 39 2.3 140 51.8 12 4.5 21 2.9 ×
11 2008 06/18 17:05岩手県内陸南部 39 2.3 140 55.8 12 4.5 17 1.1 ×
12 2008 06/18 18:04岩手県内陸南部 39 6.0 140 55.8 12 4.5 18 3.3 ×
13 2008 06/18 23:55岩手県内陸南部 39 2.9 140 53.4 12 4.0 20 1.9 ×
14 2008 06/21 1:55岩手県内陸南部 39 10.3 140 57.4 10 4.0 20 1.8 ×
15 2008 06/22 11:08岩手県内陸南部 38 56.2 140 53.1 8 4.1 21 2.4 ×
16 2008 06/26 12:20岩手県内陸南部 39 2.4 140 53.6 11 3.5 19 1.4 ○
17 2008 06/26 15:51岩手県内陸南部 39 4.9 140 58.2 7 4.6 12 3.1 ○
18 2008 06/29 15:53宮城県北部 38 53.1 140 44.0 7 4.3 34 2.4 ○
19 2008 06/30 14:13岩手県内陸南部 39 4.7 140 56.2 9 3.3 15 1.8 ○
20 2008 06/30 22:25岩手県内陸南部 39 4.3 140 57.5 9 3.2 14 1.6 ○
21 2008 07/03 21:30岩手県内陸南部 39 2.4 140 51.6 10 3.3 21 0.9 ○
22 2008 07/05 13:14岩手県内陸南部 39 6.5 140 56.9 9 4.0 16 1.3 ○
23 2008 07/05 14:21岩手県内陸南部 39 3.9 140 56.9 9 4.0 14 2.5 ○
24 2008 07/07 15:14岩手県内陸南部 39 2.1 140 53.2 10 4.0 19 2.4 ○
25 2008 07/11 21:16岩手県内陸南部 39 5.8 140 55.7 10 3.2 17 1.0 ○
26 2008 07/12 8:06岩手県内陸南部 39 10.4 140 50.6 8 4.4 26 1.7 ○
27 2008 07/14 23:56岩手県内陸南部 39 8.0 140 53.9 11 4.3 21 1.9 ○
28 2008 07/15 17:42岩手県内陸南部 39 5.6 140 56.4 10 2.8 16 1.0 ○
29 2008 07/19 11:39福島県沖 37 31.2 142 15.8 32 6.9 201 2.5 ○
30 2008 07/19 13:09岩手県内陸南部 39 6.4 140 51.1 12 4.2 23 1.6 ○
31 2008 07/20 3:58岩手県内陸南部 39 6.2 140 50.4 12 3.9 24 2.0 ○
32 2008 07/21 20:30福島県沖 37 8.1 142 20.4 27 6.1 241 1.7 ○
33 2008 07/23 12:54岩手県内陸南部 38 59.7 140 51.6 10 4.2 21 2.1 ○
34 2008 07/24 0:26岩手県沿岸北部 39 43.9 141 38.1 108 6.8 141 4.9 ○
35 2008 07/24 11:27岩手県沿岸北部 39 37.2 141 31.3 112 4.8 135 1.8 ○
36 2008 07/29 16:27岩手県内陸南部 39 3.7 140 51.6 10 4.3 21 2.2 ○
37 2008 07/29 16:35岩手県内陸南部 39 3.7 140 51.7 10 4.6 21 3.1 ○
38 2008 07/30 8:15岩手県内陸南部 39 3.1 140 51.9 9 3.5 20 1.2 ○
39 2008 08/22 15:02岩手県内陸南部 39 8.0 140 55.9 10 4.1 19 1.7 ×
40 2008 08/25 13:15岩手県内陸南部 39 6.6 140 56.3 8 3.1 16 1.2 ×
41 2008 09/02 18:35岩手県内陸南部 39 9.9 140 50.9 6 4.4 24 1.9 ×
42 2008 09/07 8:58岩手県内陸南部 39 3.7 140 51.7 7 3.4 19 1.4 ×
43 2008 09/14 19:10岩手県内陸南部 39 3.2 140 50.7 6 3.4 20 0.9 ×
44 2008 09/15 1:05宮城県北部 38 53.7 140 56.3 8 3.9 21 1.9 ×
45 2008 09/17 1:08岩手県内陸南部 39 5.7 140 56.2 9 3.3 16 1.3 ×
46 2008 09/24 8:43宮城県沖 38 58.2 141 39.5 73 4.3 90 1.4 ×
47 2008 09/25 15:04宮城県北部 38 52.4 140 51.6 6 4.1 27 1.9 ×
48 2008 10/08 18:07岩手県内陸南部 39 4.0 140 55.2 8 3.5 15 1.2 ×
49 2008 10/10 0:28岩手県内陸南部 39 3.0 140 54.4 8 3.3 16 1.2 ×
50 2008 10/12 19:22岩手県内陸南部 39 3.3 140 50.6 7 3.1 21 1.3 ×
51 2008 10/28 7:53岩手県内陸南部 39 6.4 140 51.5 11 3.7 23 1.1 ×
52 2008 10/30 0:48宮城県沖 38 2.7 141 43.9 86 5.1 151 2.1 ×
53 2008 11/04 4:06岩手県内陸南部 39 3.0 140 52.8 9 4.1 19 1.4 ×

震央(経度） 発表
震度

3Fの観測
データ
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Study on Structure and Ground Vibration Reduction Using Wave Barriers 
 

Department of Architecture and Building Science, Tohoku University CAO Miao 
Disaster Control Research Center, Tohoku University MOTOSAKA Masato 

 
1. Introduction 

Ground vibration induced by seismic waves, traffic, machinery parts can propagate through the 
surrounding soils to adjacent building structures and make people who lived nearby feel distress. Therefore, 
the ground vibration reduction has become an important issue in recent years.  

The problem of vibration isolation induced by various sources has been the focus of a great deal of 
research since the 1950s [1]. Generally, vibration countermeasures have been adopted include the 
construction of open or in-filled trenches, wave impeding barriers (WIB) and etc [2, 3]. In this paper, a 
method in consideration of wave barriers is used to reduce the ground vibration and the effects of wave 
barrier depth, width, quantity and materiel are investigated. 
 
2. Parametric study of wave barriers 

The problem of passive isolation of horizontal vibration by wave barriers is considered. As shown in 
Fig. 1, some rectangular barriers (depth Dm, width Wm) of the interval Mm are located at a distance Pm 
from the vibration source to the first barrier and a distance Qm from the last barrier to the observation point. 
Properties of soil and wave barriers are shown in Tab. 1. 

 
Fig. 1: Schematic model of problem/FEM model of problem 

Tab. 1: Properties of soil model and wave barriers 
The vibration of excitation wave propagates through wave barriers from the vibration source to the 

observation point. Since vibration isolation by wave barriers is primarily achieved by screening of surface 
waves (Rayleigh wave), the vibration source is be setup in the surface of the soil. Usually, the predominant  
��������	
������
� ����

���������	
������	����� ��� ���

No. Thickness (M) Density (t/M3) P-wave Vel. (M/s) S-wave Vel. (M/s) Damping (%) 

1 2 1.6 300 150 2 
2 4 1.7 500 300 2 
3 24 1.8 1000 500 2 

Soft H 1.5 200 100 2 
Hard H 2.3 4000 2200 2 
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�
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frequency of seismic waves and traffic should be considered. The predominant frequency of seismic waves 
is mostly from 0.1 to 1 Hz. And the one for traffic is from 15 to 30 Hz [4]. On the other hand, the present soil 
properties can not be ignored as maximum energy in the frequency which the group velocity of Rayleigh 
wave is minimized can be transmitted when the vibration propagates in the surface ground. The phase and 
group velocities of Love wave and Rayleigh wave for soil properties is been shown in Fig. 2. 

 
Fig. 2: Phase and group velocities of Love wave and Rayleigh wave 

It can be observed that the minimized group velocity of Rayleigh wave is around 12 Hz. Therefore, 
the frequency around 12 Hz should also be considered. In this case, a Gaussian distribution with mean of 12 
Hz and variance of 4 Hz is selected as the assumed input motion.  

 
Fig.3: Gaussian variation of the assumed input motion 

The acceleration response of observation point will be calculated based on FEM methodology. A 
parametric investigation is carried out to study the effect of depth, width, quantity, material of wave barriers 
by comparasion between transfer function of each situation. 
 
3. Results of parametric study 
3.1. Effect of wave barrier depth 

In this part, the effect of wave barrier depth is investigated. Acceleration transfer functions of 
observation point are compared in Fig. 4 and properties of wave barrier for simulation are shown in Tab. 2. 
In Fig. 4, H=0m means the situation of no barrier. 
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It is obvious that deep wave barrier is more effective than the shallow one. There is a quite big drop 
between H=5m and H=10m. Considered properties of soil model, the wavelength of surface wave is 
approximately 8m [5]. When its depth is longer than the wavelength of surface wave, the reduction is 
obviously effective. A reduction of 50-70% is observed round 20 Hz. On the other hand, the amplification is 
observed over 30 Hz. It is possible that the soft barrier is used in this case. 
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Fig.4: Comparative study of wave barrier depth 

 

Width Depth Interval Quantity Material 
4m Hm 2m 1 Soft 

Tab. 2: Properties of wave barrier 
 
3.2 Effect of wave barrier width 

In this part, the effect of wave barrier width is investigated. Acceleration transfer functions of 
observation point are compared in Fig. 5 and properties of wave barrier for simulation are shown in Tab. 3. 
In Fig. 5, W=0m means the situation of no barrier. 

It is more effective by increasing wave barrier width and the increase of effect is not a quite obvious 
one such as the depth. But the attenuation zone becomes wider by increasing wave barrier width. The effect 
is also thought that should be related with the interval of wave barriers when the quantity is over 1. 
 
3.3 Effect of wave barrier quantity 

In this part, the effect of wave barrier quantity is investigated. Acceleration transfer functions of 
observation point are compared in Fig. 6 and properties of wave barrier for simulation are shown in Tab. 4. 
In Fig. 6, N=0 means the situation of no barrier. 

It is shown that although a single wave barrier can be effective, wave barriers arranged in periodic 
pattern or etc can be getting the better reduction. Comparing with the increase of wave barrier width, the 
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attenuation zone does almost not become wider. It can be seen that the attenuation zone depends on the form 
of wave barrier but not the quantity.  
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Fig.5: Comparative study of wave barrier width 

 

Width Depth Interval Quantity Material 
Wm 20m 2m 1 Soft 

Tab. 3: Properties of wave barrier 
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Fig.6: Comparative study of wave barrier quantity 
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Width Depth Interval Quantity Material 
4m 20m 2m N Soft 

Tab. 4: Properties of wave barrier 
 
3.4 Effect of wave barrier material 

In this part, the effect of wave barrier material is investigated. Acceleration transfer functions of 
observation point are compared in Fig. 7 and properties of wave barrier for simulation are shown in Tab. 5. 

Two materials which soil cement as for the soft wave barrier and concrete as for the hard one are be 
used in this case. We can see that the soft wave barrier (Low Velocity) is more effective in low domain and 
the hard wave barrier (High Velocity) is more effective in high domain. 
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Fig.7: Comparative study of wave barrier material 

 

Width Depth Interval Quantity Material 
4m 20m 2m 1 Soft/Hard 

Tab. 5: Properties of wave barrier 
 
4. Conclusion 

A FEM method is used for simulating the reduction of vibration by ground propagation using the 
wave barrier. It is shown that a minimum depth is the guarantee of an effective reduction for the ground 
vibration. Wave barriers which arranged in layering pattern are more effective than the single one. Different 
materials can play different roles in the reduction. 
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*Experimental study of feed forward type damping structure based on immediate transmission of earthquake observation data, 
Tohoku Univ. by Masatomo Tanino, Masato Motosaka, Kazuya Mitsuji 
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DYNAMIC CHARACTERISTICS OF A HISTORICAL MASONRY 
 BUILDING LOCATED IN AKITA�

�

��������	�
����

�

ABSTRACT 
The seismic vulnerability of a historical masonry building located in rural area of Akita is investigated in this research. The 

study of these types of buildings is essential due to that there are not specific regulations for masonry buildings and that only 

few researches have been performed in the field of masonry constructions. As an initial step to estimate the seismic 

vulnerability of these historical constructions evaluation of dynamic characteristics of the target building has been 

undertaken. For this purpose, microtremor measurements in the building were carried out. To calibrate the analytical FEM 

model, mechanical parameters of masonry brick units were estimated by a series of laboratory test on some stock brick units 

available near the building under study. Good agreement between modes of vibrations estimated from microtremor 

measurements and from FEM model was obtained. 

�

1� INTRODUCTION 
� Many brick masonry buildings were built during the Meiji period in Japan (by the end of the 19th century), becoming a 

common technology of construction. During the great Kanto earthquake, which occurred in the year 1923, many brick 

masonry buildings collapsed dramatically, mainly due to the lack of appropriate reinforcement. Due to that poor seismic 

performance, this type of construction was abandoned and was replaced by reinforced concrete technology. Therefore, only 

few masonry constructions remain at present, and have became historical constructions. 

Some of these buildings are located at the north east part of Japan, specifically in Akita prefecture, and most of them have 

been declared local cultural heritages. One of them is located at Ani village, which was constructed in 1879 to serve as 

residence for a German engineer that worked in a local mining company. In recent years, many regions, cities or towns in 

Japan have been very active in showing their own particularities; especially in historical and local culture aspects and some 

masonry buildings are being included in their local activity programs. However, it is necessary to consider the restoration 

and conservation of these buildings. 

For this purpose, the assessment of seismic behavior and its vulnerability as well, are needed. The study of these types of 

buildings in Japan is essential due to that there are not specific regulations for masonry buildings and that only few 

researches have been performed in this field. 

Under this context, the seismic vulnerability of the target building is assessed in this research. As an initial step to evaluate 

the seismic vulnerability of these historical buildings, the dynamic characteristics of the target building have been undertaken. 

For this purpose, microtremor measurements in the building were carried out in this research. For the analytical modeling, 

mechanical parameters of masonry brick units were estimated by a series of laboratory test on some brick units available in 

stock near the building under study. 

�

*Associate professor, Department of Architecture and Environment Systems, Akita Prefectural University 
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The calibration of the mechanical parameters of masonry brick walls in the analytical modeling was performed based on 

the results obtained from microtremor measurements. The dynamic characteristics obtained from the analytical modeling of 

target structure shows intricate modes of vibration, which reflect the multiple predominant peaks observed in the transfer 

functions of microtremor measurements. The multiple predominant frequencies obtained for a certain frequency range are 

consequence of the effect of mass distribution in brick walls. The procedure has permitted the identification of the probable 

mode of failure of the concerned structure.�

�

� BUILDING CHARACTERISTICS�
� The building object of the present study is located at Ani village in Akita prefecture and it was constructed during the 12th 

year of the Meiji period (year 1879). It was constructed to host Adolf Mecker, a German engineer that came to Japan to 

work in the mines at Akita region. As can be observed in Figure 1, the main structure is formed by the masonry walls and 

complemented with wooden elements that form a kind of fence around the building. The architectural style corresponds to 

Gothic Renaissance with some arches at doors and at windows. The masonry units were fabricated with clay of the zone and 

burned in a factory constructed for that specific purpose. The design and the direction of the construction of the house were 

done by Mr. Mecker himself. 

 

 

 

 

 

 

 

 

 

Figure 1. Target building (Ani Ijinkan) 

 

After finishing his employment contract, Mr. Mecker returned to his country and the house was used first as a government 

office, and then as social club for the mining workers. 

The building under study, have suffered the action of some earthquakes, and the most recent was the Moriyoshiyama 

earthquake in the year 1982. This earthquake was a near source earthquake and destroyed partially the building. The 

prefecture government reconstructed the building replacing the triangular gabble wall of the second story by light material 

instead of clay brick masonry. Then, only the first floor walls remain with the former clay brick jointed with cement mortar. 

The building was designated as prefecture cultural heritage in the year 1956, and was recognized as Japanese national 

cultural heritage in the year 1990. 

�

�� MICROTREMOR MEASUREMENTS�
� Figure 2 shows the plan distribution of the building, where the sensors were located in the following arrange for one set of 

measurement: one sensor at the first floor (1) and six sensors at the second floor level (from 2 to 7). 
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Figure 2. Locations of microtremor measurements 

 

Three sensors for microtremor measurements along principal directions (east-west (EW), north-south (NS) and up-down 

(UD)) were set at each location. The micro vibrations were measured simultaneously during 500 seconds with sampling 

frequency of 100Hz. Then, transfer functions using selected stationary portions of these records were calculated, and the 

values at predominant frequencies were picked up to estimate the dynamic characteristics of the structure. The results of 

transfer function for horizontal components are shown in Figure 3 and 4. The Fourier spectrum calculated at each measured 

point of the structure was divided by the Fourier spectrum obtained at the first floor level, to obtain only the vibration 

characteristics of the building. The several peaks displayed in transfer functions would indicate intricate modes of vibration 

in such a way that is difficult to interpret the vibration characteristics of the building. These intricate modes of vibrations can 

be explained by the mass concentration in walls instead of the slab. 

 

 

 

 

 

 

 

 

 

Figure 3. Transfer function for EW direction 

 

However, based on microtremor measurements results verified by analytical modeling, it was possible to identify the 

predominant mode of vibration of the building that corresponds to the horizontal normal mode of vibration of the whole 

structure. The values of 7.7 Hz and 7.0 Hz around one of the predominant peaks in the EW direction and in the NS direction 
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were identified (Fig. 3 and 4). The other peaks can be explained as higher modes of vibration that would correspond to the 

vibration of walls. Also, a small peak around 5.5 Hz was detected (Fig. 3), which could correspond to the vibration of the 

chimneys of the building. 

 

 

 

 

 

 

 

 

 

Figure 4. Transfer function for NS direction 

 

To verify the predominant mode of vibration, portions of microtremor records for all locations were filtered for 7.7 Hz. As 

shown in Figure 5, the signals filtered for 7.7 Hz in the EW direction show that all the movements at all locations are in 

phase. Therefore, the value of 7.7 Hz corresponds to the horizontal normal mode of vibration. 

 

 

 

�

�

�

�

�

Figure 5. Signals filtered at 7.7 Hz (1st mode in EW direction) 

�

4� BRICK MASONRY TEST 
� Brick units taken from a stock of the target building were tested to determine their physical and mechanical properties. It 

was difficult to distinguish the brick units of the stock used during former construction works from those used for repairing 

works. Independently of this condition, units of good appearance were selected for laboratory tests (Fig. 6). 

 

 

 

 

 

 

Figure 6. Masonry brick unit and compression test 
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Compression tests were performed to obtain the values of strength and Young modulus. However, high values of these 

mechanical properties were obtained, which could be due to the size of test pieces. Apparently, the height of specimens was 

not enough to avoid the confinement effect produced by the constraint of lateral sides of brick units. Therefore, this 

constraint could be one of the factors of apparently high values for elastic properties. Then, slender specimens and the 

inclusion of joint mortar as well, would be necessary for appropriate characterization of masonry walls. As reference, the 

values of water suction ratio, density, compression strength and modulus of elasticity obtained from brick units are shown in 

Table 1. 

Table 1: Physical and mechanical properties obtained from brick units 
Suction 

ratio 
(%) 

Density 
(gr/cm3) 

Compression 
strength 

(N/mm�) 

Young 
Modulus 
(N/mm�) 

24 1.64 12� 1.06�104�

�

5� FEM ANALYSIS 
� In order to compare the results obtained from microtremor measurements with some analytical procedure, a finite element 

model considering the brick masonry walls, the second floor wooden slab and the wooden roof was performed. The wall 

thickness is 80 cm, which was modeled as solid element instead of shell element. This criteria was adopted with the 

intention of obtain the influence of wall mass in the modes of vibration. Here, a matrix of masonry brick units and mortar 

with homogenous properties was assumed.�

An inverse analysis considering that the dynamic characteristics from the analytical FEM model must be equal to those 

obtained from micro vibration measurements was carried out. The model was performed according to available plans and 

direct measurements of the building. The complete model is displayed in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. FEM model of Ani Ijinkan building 
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Tables 2 shows the comparison of the predominant frequencies for the 12 modes of vibration obtained from microtremor 

measurements and the results obtained from 3D analytical FEM model (EW and NS directions). A good agreement between 

both results of modes of vibration was obtained. 

 

Table 2:  Comparison of predominant frequencies obtained by microtremor and analysis (Hz) 

 

 

 

 

 

 

 

 

 

 

 

 

�� CONCLUSIONS�
� Several predominant frequencies in the transfer functions of micro vibration measurements were obtained. According to 

these results, intricate modes of vibration in target building are assumed. 

Mechanical and physical properties of brick units were evaluated from laboratory test. High values of these mechanical 

properties were obtained. Therefore, appropriate values were estimated from inverse analysis by comparing values of modes 

of vibration from analytical FEM model and from transfer functions of microtremor measurements. 

The FEM model was performed based on the properties of masonry brick walls considered as solid elements, due to the 

masonry brick walls concentrate structure mass mainly, and therefore they have a great influence in the modes of vibration. 

The results showed that there is a good agreement between the observed frequencies from microtremor measurements and 

those obtained from analytical 3D FEM model in the range of 7.0 Hz to 14.4 Hz. 

Microtremor measurements combined with FEM analysis have provided valuable basis for assessing the dynamic 

characteristics of heritage masonry structures. 
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Mode Microtremor FEM 
1 st (NS normal mode)  7.0 7.2 
2 nd (EW normal mode) 7.7 7.8 
3 rd (Torsional mode) 9.7 9.6 

4 th 

Predominant 
peaks from 11.4 
Hz to 14.4 Hz 

12.0 
5 th 12.6 
6 th 12.8 
7 th 13.2 
8 th 13.3 
9 th 13.5 
10 th 13.6 
11 th 13.7 
12 th 14.1 
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ANALYSIS OF BATHYMETRY CHANGE AROUND GROYNE SYSTEM ON 
ISHINOMAKI COAST 

�
Tohoku University, Widyaningtias1, Hitoshi Tanaka2 

 
ABSTRACT 

Coastal protection has been an interesting case to study. Groyne, as mean of coastal protection structures, has 
been applied in many cases in the world. In Japan, it is applied to protect sediment deposition in Ishinomaki 
Coast and also others coastal. The purpose of this study is to analyze influence of groyne system on Ishinomaki 
Coast using bathymetry data sheet from 1990 to 2006. Analyzing using standard deviation presents how 
significant sea bed level change to mean elevation. Using Least Square Method, it can also represent changing 
bottom rate along those years. 
 
1. INTRODUCTION 

Uncontrolled coastal change is one of problem in coastal area. Erosion and deposition rate in some area occurs 
rapidly, thus requires hydraulic structure for protection. There is various type of construction for this purpose, 
such as groyne. Groyne has been used in Ishinomaki coast to protect its coastline from severe sediment transport 
of its bed material which is sandy clay. Furthermore, past construction of breakwater for harbor in nearby area 
has affected the mechanism of sediment movement. Since 1990 to 2001, seven groyne has been constructed 
along Ishinomaki Coast. The construction purpose is to manage sediment transport problem along the coast. 
From previous study, it is concluded that westward movement of longshore sediment is predominant along 
Ishinomaki Coast (Mochizuki et al., 1990 and Inoue et al., 2002). In long-term prediction, it can be caused 
severe deposition around Nobiru Coast.  

The previous study has already discussed about morphological change based on bathymetry data sheet 1990 to 
2002 due to breakwater and also river mouth influence (Takahashi et al, 2005). However, since the final groyne 
was finished constructed in the end of 2001, the effect of this construction was not evaluate clearly.  

 
2. STUDY AREA 

Ishinomaki coast is one of sandy coast in Japan. It is located around 40 km northeast Sendai Port. Its coastline 
length is approximately 12 km. Ishinomaki Industrial Port is located on the eastern side of the study area, 
whereas the western side is bounded by Miyato Island as seen in Figure 1. The construction had been started in 
1991 when groyne nos. 6,7  was constructed. Following the year, groyne no. 4 was constructed in 1993 and 
groyne no. 5 in 1994. Miyagi Prefectural Government program to overcome erosion problem was still conducted 
continuously, along with groyne no. 3 was constructed in 1997, and no. 2 in 1999. Finally, the groyne 
construction planning has been done in 2001. Groyne no. 1 was installed near Naruse River mouth area.    
�
3. FIELD MEASUREMENT 

The measurement has been performed by government from 1990 to 2006, in the winter season, using 
echosounding and leveling. From this survey it was obtained depth measurement point that was used for further 
bathymetry analysis along the period. Figure 1 shows field measurement area. Bathymetry surveying has been 

������������������������������������������������������������
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conducted beyond the depth of closure in this coastal area. The measurement area covered 11,6 km in longshore 
direction and 10 m in spatial interval. Moreover, it is also applied in approximately 600 m in cross shore 
direction, and 0.2 km spatial interval.  

�
�
�

 
 
 
 
 
 
 
 
 
 

Figure 1: Ishinomaki Coast, location of groyne system construction and field measurement area 
 

4. RESULT AND DISSCUSSION 
�
�
�
�
�
�
�
�
�
�
�
�
�

Figure 2: Cross section location for the analysis 
 

Therefore, further analysis using comparison result is conducted to understand morphological behavior.  
 
Average Bathymetry 

Average bathymetry is the requirement to analyze standard deviation and changing bottom rate. It also 
presents sea bottom level in relatively stable condition. From 1990 to 2006 bathymetry data sheet, the range 
value of average bathymetry elevation is 4 m in land to -10 m in deeper area.  
 

Analyses of bathymetry change around 
groyne system conclude comparison of sea 
bed change for each year, standard deviation, 
and changing bottom rate analysis using 
least square method. Mean elevation analysis 
is one of requirement to generate standard 
deviation and least square method. These 
analyses applied in the cross shore direction 
as shown in Figure 2. The locations of 
groyne construction are also confirmed in 
this figure. Comparison of sea bed 
deformation profile in 1990 to 2006 for each 
year is shown in Figure 3. It will be difficult 
to make comprehensive discussion regarding 
only from comparison analysis.  
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(a) 

(b) 

(c) (d) 

(e) (f) 

(g) 

Figure 3:  Comparison of cross section bathymetry 
change, (a) Groyne No. 1, (b) Groyne No. 2, (c) 
Groyne No. 3, (d) Groyne No. 4, (e) Groyne No. 5, 
(f) Groyne No. 6, (g) Groyne No. 7 
 
Bathymetry change around groyne construction can 
be examined by Figure 3.  In shallow area sea bed 
changes are varies. In the deeper area, due to depth 
of closure influence, it is relatively stable. 
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Standard Deviation 
Standard deviation represents how significant sea bed change to mean elevation. Figure 4 shows correlation of 

standard deviation with sea bed elevation. Regarding to this result, it can be seen that deeper area (TP = -7m) has 
less variation. Theoretically, it represents this area is influenced by depth of closure. Otherwise, in shallow area 
(TP = -2 ~ 6m), it shows the largest fluctuation. Sediment movement activity in beach area is the major influence 
in this phenomenon. 
 

 
 
 
 
\ 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Standard deviation around groyne system (data sheet 1990 – 2006) 
 
Trend Analysis 
 
 
 
 
 
 
 
 
 
 
 

 
Suppose year is independent variable (X) and elevation is a value of the dependent variable (X) as shown in 

Figure 5. The R-square as correlation coefficient determines goodness-of-fit of the regression. The R-square 
takes value from -1.00 to +1.00. The strong correlation is indicated by value closer to |1|.   

Least square method is one method to examine trend 
analysis. In coastal case it can be used to understand 
changing rate of bottom elevation. Using this method, 
sea bed deformation in meter peryear can be calculated. 
The locations of measuring point are pointed in Figure 
2. 

Trend analysis derived from least square method 
expresses changing rate of bottom elevation as slope or 
gradient. Using one variable and linier function, the 
prediction is given by the following equation: 

    (1) 
Figure 5: Trend analysis using Least Square Method 
in cross section A 
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From figures above it can be examined that erosion occurred in cross section A, B, C and D. In the other side, 
the trend raising indicates sediment deposition settles in cross section E.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Trend analysis using Least Square 
Method in cross section B 

Figure 7: Trend analysis using Least Square 
Method in cross section C 

Figure 8: Trend analysis using Least Square 
Method in cross section D 

Figure 9. Trend analysis using Least Square 
Method in cross section E 
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Figure 8: Changing rate of bottom elevation 
analysis using Least Square Method in 
groyne no.1 

Figure 9: Changing rate of bottom elevation 
analysis using Least Square Method in 
groyne no.2 

Figure 10: Changing rate of bottom elevation 
analysis using Least Square Method in groyne 
no3 

Figure 11: Changing rate of bottom elevation 
analysis using Least Square Method in groyne 
4 
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5. CONCLUTION 

Bathymetry change around groyne system on Ishinomaki Coast can be examined using several methods. 
Standard deviation shows that sea bed formation has less variation in elevation TP = -7 m to the deeper area. The 
most variation of sea bed formation is located in shallow area, until elevation TP = -6 m. It gives interpretation 
that sediment movement activity becomes the main cause in this phenomenon. Trend analysis carried out using 
least square method represents changing rate of bottom elevation in meter peryear. Positive value indicates 
occurrence of deposition. Otherwise, negative value presents depth of erosion in representative area. Correlation 
coefficient regarding the least square method is much smaller than 1. It is indicates that raw data process should 
be enhanced to acquire a more accurate result 
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Figure 12: Changing rate of bottom elevation 
analysis using Least Square Method in groyne 
no5 

Figure 13: Changing rate of bottom elevation 
analysis using Least Square Method in groyne 
no 6 

Figure 14: Changing rate of bottom elevation 
analysis using Least Square Method in groyne 
no 7 

The positive value represents deposition 
occurrence, otherwise the negative value 
explains depth of erosion in that section. 

The maximum deposition reaches 0.15 
m/year occurred around groyne no. 1 until 
distance 200 m and the 0.16 m severe 
erosion occurred around groyne no. 7 until 
distance 150 m from shoreline.  
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*./0�� !"#12-34��567*89:;*�;<=>?��1*@A-BCD

(4EF�G�HI*8<JK?LMN$OL0 

�� !"#1PQ9R.4ST?LU���VWX*�-Y*F�STZ[9\34]^

Z[��_`abcd*89eF�fghST3ei-?LHI<j.4@Lk-<lm 1)�

no�pq3/0 

�rs�1�U�tu�vw2x<yz9{(|9}~9�L/�9�������SUNX

��<��3���<yz9�{�|9�L/�9��Q����AD�������

�KEYENCE���h��3/0 
 

������ 
��� ���� 
� rs�����<��-1(a)�(c)9�?0
�-1(a)�(b)9�?ei9�rs9�@/
�zy �1 cm¡�¢£¤¥b`¦§��

1¨' 350 cm�© 100 cm��' 10 cm�

OL0�zy �uAD 100 cm�-kª

91«b¬�0.2 cm¡�®��$¯�

34OL0��-1(c)9�?ei9�°y±
h01y�²�³� 2 cm�´µ¶��°y

±1 0.8 cm�OL0´µ·¸¹º1�«

b¬AD 150 cm �»�9´µ¶�$¼

Lei9¯�3�������1G�¶

�AD½¾ 40 cm��������1�

�����-¿À»�9¯��)*@/� � � � ��-1� rs�������Á»Âcm� 

�G(Ã(������ADÄÅg9 4 cm |D34½ 36 cm�¾ 44 cm9¯�3/�lm�n

o�1��-1� A�E�»�9¯�34@/�0 

Æ�Ç A�DÇ91G(Ã(������$VÈ|É�Æ�Ç A’�E’91�������$

1 Ê|É¯�34OL0´µ·¸1}ËÌ^µ<Í³93/ÎÏ�j���4 mm ¡�¢£¤

¥b`¦§���ÐzÑÒ1 1 / 100 9¯Ó34OL0Ô/�yÕ²-´µ·¸¹ºÖt1 1/ 
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25 �ÑÒ�×ØÙ�9e.4ÚDA9�Û'(4@L0 
 

��� ���� 
� U��ÜÝ<yz9�{�|9�

�?L0 

80 cm Þ(4@L���Ç AßC

x- BßD x<U�tu$ST?L

�9N?L2xAD�àá�2xâ

<ã�Lk-$�)L0U�1 0.2 

cm �®��«b¬<äå9æ¼

k-9e.4çè'�L0k�«b

¬1Úé-êëìb<í�3�«b

¬$î9æïLeiàð-�ñ<

3 Ç�ò.4OL0Ô/ AD �%ó

ôõbö÷Øö÷b<í�3�� �       � � � � �  (a)� �Ç AßBx 

Exceløb�-34ùú3/0���

���1û<ü(ýG�þx$J�

'(Lû���<����1���

����<í�3/��yz9{(

|9���)L0 

�������ûQ<��?L�

��)'1�Ç A�B�C �1]�

1.5 mm��Ç D�1]� 2.0 mm�

OL0������1��rs-3

4yÕ�à�9	b`<
F�Gk

9Êé<�-34�Ç AßB x��

Ç CßD x�2xâ$�)L�ï

'¼*Lei9¯�3/0Êé1¨� � �     � �    (b)� �Ç CßDx 

%��)4EF�à�9�ï/	b� � � � � �  � � ��-2� ��2xâ 

`��)1¿À�OL/��Ç AßB x��Ç CßD x$V]Qî9¯�34O(ý2xâ1

0.000 s ��39*L1|�OL/��G(<��34���������2xâ$�)L�ï

'¼*Lei9¯�3/0	b`1�ö�	����	b`<���#��`9/�Ô*@

ei9�Ó3�Êé1 4^9�º�é<Éï��3*@ei93/0��-21�Ç AßBx��

Ç CßDx����������2xâ<�3���2xâ$ 1/500 s�Ä�OLk-$ L0  

�-2��!"1 

� � � �
��
�

�
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�

	 


� 2

2

2 2
exp

2
1

��
mxxxf � !!!(1)� � � � � �   

³#� 610267.0 
� �

$%&â 3105172.0 
� �

�'�0.00055(s)�

³#� 6103611.0 
� �

$%&â 3106009.0 
� �

�'�(0.00017(s)�

2) 

2) 
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<�@4*&3/0kk��
2� 1³#� x1 x +î�,-�.� mx 1��2xâ��'<�

?0 
 

 ���!" 
 �� #$%&'()�*+,-��� 

� /-19rs01 1), 2)2�Ç AßBx��Ç CßDx��Ç AßCx��Ç BßDxG(Ã(�

U�tu�vw2xâ��Ç AßC x-�Ç BßD x<ST?L�9N?L2xâ<�?0/

��341�h1156y±�OL07t12xâ�8C9 A�B�C�D1�Ç</34EF�S

1ÐzÑÒ�OL0/-1 ��7t(ACßBD)�.$:�O(ý�Ç AßC x�ST2x$�Ç B

ßD x�G(eF;@k-<�?0ÉÔF·@Z�A ÇAD��<��U�tu$±@Z�B

ÇAD��<��G(eFå¼ST3/=>$:��'(4@L0 

 

/-1� rs01-rs?@�������� 

 
/-1 eF�Ç AßC x�ST2x$�Ç BßD x�G(eF;@k-$�AL0y±�·@

-kªA8STåB$�)@k-$~C�)/0k�?@1lm�rsøb�-¿À�[<�

34@L0Ô/��������DB���-2EF�ADjk�.1 1 / 500 s �î�â$OL�

�G��)L-@CL0 

 

 �� ./�0�1�)�23��� 
/-29���$HIî$FAD�IJ¼Ô��KG�2x<�?0k�2x1��-3�ei9

�./2x�OF�L4��!"<M4�'3/2x�OL0 
�  

/-2� HIî$FN%ADy»$�IJ¼Ô��2x 

��(cm) 
S 

t� (s) 

h1 h0 A’ B’ C’ D’ E’ 

7 

2 0.01

0.900 0.900 0.700 0.700 0.700 

8 0.800 0.800 0.600 0.600 0.600 

9 0.700 0.700 0.600 0.600 0.600 

 

��

(cm) S 
���7t(s) 

�	
��

�cm/s� 

h1 h0 7(tA-tB) 7(tC-tD� 7(tC-tA) 7(tD-tB� 7t(AC-BD) A-C � B-D �

7 

2 0.01 

0.016 0.011 1.087 1.092 -0.005 73.6 73.3 

8 0.014 0.008 0.991 0.997 -0.006 80.7 80.2 

9 0.017 0.006 0.912 0.923 -0.010 87.7 86.7 
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/-39�Æ�Ç����<
�?0�Ç A’�B’ �1 3 O

F-j7HA’ �Z$ 7HB’e

F��$�)¼lm��[-

P��[<�34@L0�Ç

C’�D’�E’�1�7HC’ $Q

-*F�7HD’ $7HE’eF

�)¼*./0lm�?@�

17HC’ $Q�-*F7HD’ 

$R9�)¼7HE’$Q�

.//���Ç C’ <S@4

lm-¿À�[<�3/0 

� �9���-41ÆHIî$F
N%2AD�IJ¼Ô�2x        �-3� Æ�Ç��y»�T2�£�U�h1�9cm) 

<V34AD 0.1 sx�'3/��AD��'y±<W@/���OL0X8$lm�?@-P

��[<�34@Lk-$�AL0 

� Ô/�LYX9lm�rs?@eF��$'¼*.4@L0 7 cm�1EEeG 0.5�0.6 cm� 

8 cm�1EEeG 0.6�0.7 cm�9 cm�1EEeG 0.7�0.8 cm'¼*.4@L04 cmÄÅg

9|D3/k-$8(A8Z[34@LA�AD*@3�\]'¼*./�Aj�A.4@

*@0 

 

/-3� Æ�Ç���� 

��(cm) 
S 

	�7H(cm) 
h1 h0 7HA’ 7HB’ 7HC’ 7HD’ 7HE’ 
7 

2 0.01 
1.509 1.560 1.286 1.382 1.364 

8 1.768 1.789 1.372 1.505 1.401 
9 1.996 2.060 1.721 1.735 1.780 

 

4�56 
4�� #$%&'()��� 
� ������<��3/k-9e.4�U�vw2x<yz9�{?Lk-*¼�Lk-$

�)/0 ��9j3^3/ei9�_¼�rsøb�$lm-¿À�[<�3/03A3½

^3/ei9������1û$üD(/þx<J�?L0y-@i�`ab*j�<�.4

@L/��U�$c/þx�*¼�U��1*@y�d(�û<ü.4@LefHjOL0g

h1Vij�9������$��3/þx�øb�<í.4kV3/$�lmnFoâ$O

L-BCD(L0G�/��������øb��lmnF9p341qr$MN�OL-B

CD(L0û$üD(L�ï���?L��1*¼���?Ly»<s�D(L������

0.5 s  

0.7 s 0.6 s  

2x�s� 
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»
�
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�
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D’ 

C’ 
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Ô/����)'9É@41�Ç A�B�C�1]� 1.5 mm��Ç D�1]� 2.0 mm�O
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* Geotechnical properties of volcanic ash soils distributed in Aratosawa and Hiyashi-sawa landslide area, Kurihara, Miyagi 
pref by Jun Umemura, Katsushige Hara, Katsuya Hashimoto, Akihito Ishizuka and Mikiya Ashida 
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GFDL-cm2.0 USA � � � 1971-2000 2046-2065 2081-2100
GFDL-cm2.1 USA � � � 1971-2000 2046-2065 2081-2100
GISS-AOM USA � � 1971-2000 2046-2065 2081-2100
ECH O-G Germany/K orea � � � 1971-2000 2046-2065 2081-2100
GISS-ER USA � 1971-2000 2046-2065 2081-2100
FGO ALS-g1.0 China � � 1971-2000 2046-2065 2081-2100
INM-CM 3.0 Russia � � � 1971-2000 2046-2100
MIRO C3.2(hires) Japan � � 1971-2000 2046-2065 2081-2100
MIRO C3.2(mederes) Japan � � � 1971-2000 2046-2065 2081-2100
MRI-CGCM2.3.2 Japan � � � 1971-2000 2046-2065 2081-2100
NCAR ccem3 USA/Japan � � � 1971-2100
NCAR ocm1 USA/Japan � 1971-2000 2046-2065 2081-2100

Accession of output daily dataCountryModel name SRES

156



����	
f��FG���uv	\ß���

��%=]��F��b�yìíÃ�G�Tç�'

�(WH1988��� 2007�	³��������

yäfH�.���6b�ç�Ù�
fÈ� �T

ç�Ù��ç�'�(WH'�uB��y¡�H�

�|AH��	
��������	��FGRu

v��ÄÅ×CÇSTbG	³ Hç�Ù�yWH

ç�'�(��8���]aS�b�yó| 12 �

�}���	ÙÌ �ç�'�(]}~RS�Tç

�'�(�y�� RHÌ���H������H

�� �'��,]<F �T 

 

N��������� !"#$%&'(�

I4�¯=>HHe
�AMeDAS	
��Ö-

������������]ïðñ��öy./

â¡ �%=� RHO+1	ï3� 100mm�4

�@�ï�./HO+2 	5�ï3�./]��T

¡eHïðñ��ö�ï3�100mm�4�@�ï�WH� !"�	@� �1981���2000��ï3

�100mm�4�ï��¢Yyä�T5�ï3�

WH� !"�	@� �5�ï3�]ïðñ�

yó? �Ã�yä�T£��H��������

@�%=WH¢ßRÖ-���
fÃï3�

100mm�4�@�ï�C¤¡�H5�ï3�Ã2

F¡�y�FGRS�b�Ck��	FG�T��

�����W� !"�.]ó? �Ã�yä��

~H©H`¡½�ó¥BCâã%=	�� �Ä

Å×Ãä�T�� H?@×CA0£BCFG��

¯=>H�NOWHó?Ç�CUS��I{oS 

�3ç�¦~�G	�S§d�¨	~©FGRS�T

Ë��~Hó¥B�ª«�,yÌN	jkyz�Ã

�yW¡S�¤¬FG�Tb�%=WH��°�

Æ�]Ç~�ÚH_®"»�����çjK� %u§H̄ °¡3ç±¯@��Ù�`¶�²M³$Ã<F

 �¸¹º"»�Mº¼]rxcd×]����TÊ�Hð��y+,��������]´µ`	«a �

��uv�����]rxÚHuv.]èa��b�C[	yä�b�]� RS�T�¶���uv	³

�����H���âãyWH��uv	wxç�M"N�����Wuv.]«a��T 

��������¢£`¡��°�×]�����~H� !"�	°�×]âã �%=]O+3 	�

�T�`¡�	�SRï3� 100mm�4�@�ï�H5�ï3��Ã	LMCä�Ã��H·¸"��

¹º�	»�ïðñ��¼�IöHïð¶�¿"�ÇõI½H-iIÍW�³`	½Iö� RÌ¾��T

O-1� PQ"<100mmRS -$P�TU 

O-2� VWPQ"<TU 

100mm over times (mm/day) 

[GCMs] [GCMs]

[Results] [Results]

¿100mmover timesÀ ¿Maximum daily rainfallÀ

Maximum rainfall 

O-3� /012X #$%&'(TU 

157



 � ¡C�H,-IÍH�,IÍyWH�������	eSR����C¦~�G¡S�	³ HÖ-

���	
fï3� 100mm�4�@�ï�C½�H5�ï3�Ã�z¡�C�FGRS�Tü	�,I

ÍyWHÖ-������£	Á SLMC¦~�GRS�T�¨?Â	8« �çjK�èéB	wx©H

`¡��£�3C&�ÃÄ	FGRS�C 10)H�������y°� 	�S�¨B	
�_®"»���

��çjKu§	
f@�����S|CÖ-�����ÅL]ÆÇRS�Ã���>FG�T  
 

Y����78�9:;!" <=>& '(�

Ö-����������°�Æ��âã
fHuv.]�	��uv	³���H��]}~�TO+4

WHïðñ��ö	³��SRES	\ß����������ï3�100mm�4�@�ï�.]�|��H

&�ø��H�ø��y�� �Ã�yä�TSRES-A1B WHMIROC3.2mdres ]U��&�ø���	uv

. 1.0�� 2.5H�ø���	uv. 1.0�� 3.0�¶	Èû��ÉK ��q]��TÊ�HSRES-B1WH

MIROC3.2mdres�hres]U��&�ø���	uv.1.0��2.0H�ø���	uv.1.0��2.5�¶	È

û��ÉK ��q]��TË�ÌÍyHSRES-A2 	��GÊH�������	
îRÔËÌ	uv H

�z¡Ê��z]� RS�Tb�ª«� RH��l7HIö×l7�Sx¯±¬Í�SRES	wSÔËÌ

	�@���b�C<æ�G�TO+5 WHïðñ��ö	³�� SRES 	\ß����������5�

0

1

2

3

4

5

6

Present Near-future Future
(1981-2000) (2046-2065) (2081-2100)

0

1

2

3

4

5

6

Present Near-future Future
(1981-2000) (2046-2065) (2081-2100)

0

1

2

3

4

5

6

Present Near-future Future
(1981-2000) (2046-2065) (2081-2100)

0

1

2

3

4

5

6

Present Near-future Future

CCCma47
CCCma63
CNRM
CSIRO3.0
CSIRO3.5
GFDL-cm2.0
GFDL-cm2.1
GISS-AOM
FGOALS-g1.0
INM-CM3.0
Miroc3.2hres
Miroc3.2mres
ECHAM5
MRI-CGCM2.3.2
Ncar ccem3
Ncar pcm1

O-4� PZ[\]^�9:;SRES�_�`a������� PQ"<100mmRS -$P�T 

0.0

0.5

1.0

1.5

2.0

Present Near-future Future
(1981-2000) (2046-2065) (2081-2100)

0.0

0.5

1.0

1.5

2.0

Present Near-future Future
(1981-2000) (2046-2065) (2081-2100)

0.0

0.5

1.0

1.5

2.0

Present Near-future Future
(1981-2000) (2046-2065) (2081-2100)

0

1

2

3

4

5

6

Present Near-future Future

CCCma47
CCCma63
CNRM
CSIRO3.0
CSIRO3.5
GFDL-cm2.0
GFDL-cm2.1
GISS-AOM
FGOALS-g1.0
INM-CM3.0
Miroc3.2hres
Miroc3.2mres
ECHAM5
MRI-CGCM2.3.2
Ncar ccem3
Ncar pcm1

O-5� PZ[\]^�9:;SRES�_�`a������� VWPQ"<T 

0.50

0.75

1.00

1.25

1.50

1.75

2.00

Present N-future Future

SRES-A1B
SRES-A2
SRES-B1

(1981-2000) (2046-2065) (2081-2100)

Standard deviation
0.00

0.50

1.00

1.50

2.00

2.50

3.00

Present N-future Future

SRES-A1B
SRES-A2
SRES-B1

(1981-2000) (2046-2065) (2081-2100)

Standard deviation

P resent N-future F uture
A1B 1.00 1.73 2.04
A2 1.00 1.66 2.16
B1 1.00 1.65 1.97

A1B 1.00 1.12 1.17
A2 1.00 1.12 1.22
B1 1.00 1.12 1.13

P resent N-future F uture
A1B 0.83 0.74 0.76
A2 0.85 0.79 0.71
B1 0.84 0.82 0.87

A1B 0.26 0.27 0.31
A2 0.24 0.29 0.31
B1 0.26 0.30 0.30

100mm over
times

M aximum
rainfall

100mm over
times

M aximum
rainfall

SRES Standard deviation

AverageSRES

O-6�  SRES�_�`PQ"<100mmRS -$P�TbSRES�_�`VWPQ"<T 

158



ï3�.]�|��H&�ø��H�ø��y�� �Ã�yä�Tï3�100mm�4�@�ï�.�

./ RHS®G������He
�SRES�Ã	ÉK ��q]� RS�TÊ�H5�ï3��uv

.Ã1.0��1,5ÎyäfHï3�100mm�4�@�ï�
fÃ2F¡uv.y�FGRS�Tb�%=WH

ï3��
fÃHï3� 100mm�4	�FG�����C��uv	êSÁ �Oë��b�]� 

RS�TO+4�O+5] SRES�	Ï% �Ã�CHO+6yä�Tï3� 100mm�4�@�ï�.
fH

&�ø���Êy SRES-A1B�ï3� 100mm�4�@�ï�.C5��CH�ø���	 SRES-A2�ï

3� 100mm�4�@�ï�.C5�	uB��b�Ck��	FG�TbGW IPCCÐ 4p��fÑÒ�

%=�Ì¾�� 1)H�:4Ó�	wxçjK�èéB	8« Rïðñ�����CÇÊ�b�]��T 

¢£`¡�Oë�]�����~H� !"�	uv.Oë�]� �Ã�CO+7 yä�Tï3�

100mm �4�@�ï�.�Oë�
fH�,IÍ�-�����ÇÊfC¦~�G�Tü	H-� HÔ

Õ"HÖ×"HØÙ"�,-IÍ-ÚH�,IÍH�,IÍ	µ����"HõÛ"HA3"�����Ü

Á¡OëC�FGRS�T�ø���	WH� SRES�Ã	bG��Iöy 200%�4(�|. 3Ý�4)�ï

3� 100mm�4�@�ï�.�Oë�C¦~�G�T5�ï3�.�Oë�
fH�©`	Þß"��

-à�ïðñ�HáâIÍ�3�OëC�FGRS�T�������	���%=]ÙÚ���H��u

v	
fïðñ�-Ú����H�CÁ �Oë���¤¬FG�T-� H,-IÍWH���4ie


�µ& ª�S·¸"��¹º�	»�ïðñ��¼�Iö�./����	wxç���ã¡Iöyä

�T � ¡C�H�������	
f��FG����H��uv	wxç���ÏOCäåFG�T  
 

c����78�@ABDEFG HIJK�

�����������%=];<	H��uv	
�ç�M"N���]�� �Tâã%=WHO+8

�ï3� 100mm�4�@�ï��ç�'�(��)	���efyä�TÖ-	
�ï3� 100mm�

4�@�ï��ç�'�(��)]K*B �ÚH5ÃæS��]� �Ã�CD���*yä�Tb�*

WçK)�R2=0.562y�FGHÙ�`	²è¡�)�¤¬yz�Tb��)]�ÊæH1988���2007�Ê

y�ï3�100mm�4�ó?@�ï�]�|��	³\yz��}� R~K HO+7y}~�G�SRES

	\ß�ï3� 100mm�4�@�ï�.]{ßRD���*	éê��b�y&�ø��H�ø���ó

?`¡ç�'�(]}~�T¡eH�}�¡��|���ó?ç�'�(W 1160ëìyä�TÖ-]<F 

�âã%=
fH&�ø���	eSRHe
Ë�|. 6Ý�� 7Ý�'�	¡�b�CìíÊG�TÊ�H

O-7� ��78�9:;/012X�78Tde< 

¿Maximum rainfall ratioÀ 
[Near future climate period] [Future climate period] 

Ratio (%)[B1] 

[A2] 

[A1B]

[B1] 

[A2] 

[A1B] 

¿100mmover times ratioÀ 

Ratio (%)
[B1] 

[A2] 

[A1B] 

[B1] 

[A2] 

[A1B] 

[Near future climate period] [Future climate period] 

159



�ø���yWHe
Ë�|. 13Ý�� 20Ý�'

�	¡�b�CìíÊG�T&�ø��	��GÊ

� SRES�Ã	ç�'�(	LMC2FSÃ��H

�ø��	
f'�(LCÆC�îï]��T¡eH

�ø����ç�'�(WH�	wSðñ¡��

� ß� 2004��ò 1ó4160ëì	ôõ H�ø

��	eSR 2004 �����¡ç��C�é��

b�]äåF��Ã�yä�T 

 

f���gh��

��������°�Æ�]âã����Ã	H���]�	��uv	\ß�ïðñ�He
�� !"

�	���������]+,�T%öHe
�<�]��	ñ÷��T 

1) Ö-���������°�Æ��âã
fH�,IÍ�ÅL��zFCk��	FG�Tb�%=WH
_®"»���¯Ã<F �¸¹º"»�Mº¼×��ï4	ø~�cd×]��T 

2) �������âã
fH�������yWH��uv	³ ï3�100mm�4�@�ï�.C5

�ï3�.
fÃ�z¡uB]��b�Ck��	FG�T 

3) �������âã
fH�������yWH��uv	\ßRïðñ�-Ú����H�CÁ 
�Oë��b�Ck��	FG�T 

4) ��uv	wxç�M"N�����
fHïðñ������uB]<F �ÚH&�ø���	
�|.ò6Ý��7ÝH�ø���	�|.ò13Ý��20Ý�ç�'�(CìíÊG�b�]k��	 �T 

ijkð��WKL�IJKL��¢Ú��ùúS-4û���ü|	
îRr�G�T����������

�ý%y,®þÝf¢��*ml�	D\]�S�Tbb	� R�è]��pÐyä�T 

lmno�

1) �����H�¯dHKL�cIPCCÐ4p��fÑÒÙÚfÑÒ�ZçK�ï�dòH pp.1-24, 2007. 
2) �æÊHasegawa, A., and Emori, S. : Tropical cyclones and associated precipitation over the western North Pacific; 

T106 atmospheric GCM simulation for present and doubled CO2 climate, SOLA, Vol.1, pp.145-148, doi:10.2151/sola, 
2005. 

3) �æÊAmor V.M. Ines, James W. Hansen : Bias correction of daily GCM rainfall for crop simulation studies, 
Agricultural and Forest Meteorology, Volume 138, Issues 1-4, pp.44-53, 2006. 

4) �æÊBarbara Tomassetti, Marco Verdecchia and Filippo Giorgi: A neural network based approach for the 
downscaling of precipitation fields – Model description and preliminary results, Journal of Hydrology, Volume 367, 
Issues 1-2, pp.14-26, 2009. 

5) �æÊJean-Philippe Vidal, Steven D. Wade : Multimodel projections of catchment-scale precipitation regime, Journal 
of Hydrology, Volume 353, Issues 1-2, pp.143-158, 2008. 

6) �æÊYuji Masutomi, Kiyoshi Takahashi, Hideo Harasawa and Yuzuru Matsuoka : Impact assessment of climate 
change on rice production in Asia in comprehensive consideration of process/parameter uncertainty in general 
circulation models, Agriculture, Ecosystems & Environment, Volume 131, Issues 3-4, pp. 281-291, 2009. 

7) *3	: ¶_¸"����_`!aB	�SR, ��� ,̄ Vol.48, pp.319-383, 1993. 
8) ()*+H�£
H�¸�kHÇ�c.
��M"N��	³��������[aH./�mç&
�ö��HNo.53Hpp.661-666, 2009. 

9) �.���có|19���ç�Ù�Hpp.1-464, 2009. 
10) �æÊ�4��c��:¶µZºh�¯��¨k���H�ç �m�HVol.42HNo.512Hpp.4-6H2005.  

0

500

1000

1500

2000

2500

0 25 50 75 100 125 150

Economic damage results
Climate change case

Future-A2

Future-A1B

Future-B1

2004
NearFuture-A2

NearFuture-A1B
NearFuture-B1

Present average

Ratio=1.0 (� 62times)

Ratio=1.5 Ratio=2.0

O-8� !"-$P�bBDpDq rs 

160



�������	
�������������

�

���������� !"#��$%� � &'� (�

���������� !)*+,� -./0� 12� 3�

�

45 678��
� 9:;<=�>?@ABCDEFGHIJKLM�B=6NO�PQ��RSTU8SV�WX�YZ[D

\]WPQ^_D̀ abcdeb�fgWhGWiFSj	5k�'YHD
��lmGHIJKno6pq

�UI[Drst9�
�uvw�xyc� GzUFSj	5{|}W~��S6D
�������	�

��W��)*G��iFSj	������D���D��������.�����WhYZ	5�

��������jS6D;<=��	
��lm���RS���G���WRSj	��YDPQ}�


���G� D���G¡¢=K	k�G£¤iFSj	¥�5k�I8DPQ¦�no^_�����§

¨WJ©�¢�¦�debGVªWX��WRSj	5�

EkYDPQ^_G«¬W®¯°±²0¯³.�RSD@ABC��	�´ª^_uµ�I¶·¸¹�º

»����¼0�½.¾��	¿ÀLM�@A�B=�vK	debuÁÂK	k�uÃ}��I� Ä�

�ÅÆ¾G�z�Sj	5ÇÈ}�6DÉÊ�� ��[ËÌGÍ8JFIÎÏÐÑ0Ò���	tªÓÔÕ

ÒÖ×
mØDÙÚmØDÛÜÝÞ^_D�ßàáD9â¸¹ãÂ��ä»=������å¦�æçuzjD

@ABC�¿ÀLMB=uèé�I���êëÔÕÒ�ìíuî�Yz?H�YZ	5�

ïð6D�Ä��ÅÆ¾��L��S 2009ñ 8òóJ 9ò�ó�S����uôFDõ9xyuzRIö

÷uøùK	H�YZ	5 
 

ú5 õ9xy�ûª�
� ����6��YHHR�Hü�j���ýYZ	5Íþâ��9���K	�¶��Ð6D����p�

uÍþâ���	�ÉÊóJ
RSTI5�ñY6D
��lm��RS�����G JF	GD���

�	¢������	���ÌH��S�[D@ABC�>?��L¯Ð�Ü�B=�DveYTSjWj5

�ID�¶���N��'�>?¶·â�æ����9�æ���RS�´ª6��Sj	�H�UJ�D

¶·����	�ß��=��� !ÖÛÜ���"��#$=�ÝÞ�>j«¬���	G%��Sj	5

k?�I¿ÀLMB=�>?���¯Ð�Ü�B=�DN&'C�(ïYZ	)*Y)+W�,-u./�S

jWj5k�\W01óJD23�xy�vw6D�¶��Ð·�D45K	6Ò�Ò¾·���YZ	D

Huayna Potosi7
���©Tuni-Condoriri
�uvw�K	k���I5 

� vwYZ	�����
�9â���u����8K5����¶��Ð�9Í6 3,600mYZ[D2

3�xyvw��IHuayna PotosiDCondoriri6DEF:F6,088mD5,850m�9Íu;�Dj�FHþ<=6


��>UFSj	5 
 
* Glacier Retreat and Resulting Water Resource Problems in Bolivia, Hitoshi Tanaka and Akira Mano 
 

�

東北地域災害科学研究　第46巻（2010） 161



�

���� � vw9â 
 

23�� Ä��ÅÆ¾���	� ?Ò0Ä�@öu����8K5ABY6Dõ9xyuH��DEF

:F�� ?Ò0Ä���	� åCcX��ýjSfguzRID÷u8K5 
 

 

 

 

 

 

 

���� � ?Ò0Ä�@ö 

 

E5 õ9xy�D÷�
Ö��×
� �ýjS 

9ò2F�zRIDZongo
�DChacaltaya
�G�õ9HIuJ�KSD9ò3F�ïÄ��ÅÆ¾G� 

vw�K	2ý�
��LM�ýjSDõ9�N./0�0¾YZ	O.�.P²�Ð��ÖUMSA��ë�

 ÏÖIHH��QR�I5La Paz/El Alto·�Sª��YZ	k�D�Æ-Ð�TU!�GCVWk�DWX�

Y_Zu[ó\	k�Wh�ª]u.IK
���SDIHH^óJ�_j`aHZ[DHuayna Potosi7
�D

Tuni-Condriri
��2ýu� vw�K	k�u»b�I5kFJ�
����u����8�I5
�lm

ÔÕÒ6cde��f	H���DE�ÔÕÒ@g�I8�@wY_ThDfi�I8�Ù	Y_Thu!�

K	k���I5 

9ò5F�6Dj
��HIuzjDIHH�Ramirezkl�[m3un�DWXY_Th�§oD9p�


��YIuzRI5���6DTuni
��BÙ=�!�iFSj	Ù	¸_q�rstYZ[Dk�uBÙ�

Condriri�� 

Huayna Potosi��

Tuni
� 

×
?Ò0Ä 

ÙÚ?Ò0Ä 

"Þ?Ò0Ä 

�ß?Ò0Ä 

�¼0�½.¾

?Ò0Ä 

162



�jSTuni��Ùv�Sj	5 


�Y_�X���S6Dwx�WX�Y_ThYyz�{�GpóRIk�GøùiFDyz|}�¨~

Wh�vbu�	�ªGZ	k�G��JF	5���X���S6D���×�9Í��GZ	k�G IHH

�[øùiFDkFu�JFIY_ThY�����K	óG��JF	5 
 

 
���� � vwÙâ 

 

 

 

 

�������� 

	
������ 

���� 

	
�����

���� 

	
�� 

163



 

 

 

 

 

 

 

 

 

 

 

� ���� Tuni�BÙ=�rst� � � � � � � � � � ���� Huayna Potosi7
�BÙ���� � �  
 

Ö��ÙÚmØ� �ýjS 

ÙÚmØ6D
�lm���c�×u���I���ÔÕÒuìíK	k�uD9ò2F�zRI IHH��

��»U\Y§o�I5�IDmØ��6vw
�âóJ���WRSj	��"�Y��DÙÚmØ�ËÌ

�fi�I8D����"�ÙvK	K�S�Ù	6DY_®Z	j6ÙÚÔÕÒY`MK	k���I5Ö��

Y§M�I� vw�j
��ÙÚ�6D����8K��[ Tuni ��"YZ[DkkY�ÙÚ	���"

����_M®�[DºÙv	G`MYTÙÚmØ�ËÌGfgYT	5 

X���S����G��VªYZ	5Huayna Potosi7
�óJTuni��"�Y�©	Huayna Potosi�6

40km�Ì�Ù�u;�D�jÙâu�KSj	Ö���� �5ÙÚmØ�ËÌu§¨K	I8�6DkkY

�����	nou��K	�ªGZ	5k�I8D�	¸u¡!��DYTF¢£&�	�Y_uzjÍ

��õw��	��ÙÚuàáYT	�?�K	k�GD��k�D÷u¤RSzUF	"Þ¥¦mØY6�

ªYZ	5�IDIHH§�Y6Dp�Thu!�K	�Gz�j��KJFD̈ B�©ª¿ÖEPSAS�Wh

«T�GW!�Sj	Y_Õ0/�d�¬qGó\Wj5 

Ö��"Þ¥¦� �ýjS 

vw�K	
�u Huayna Potosi 7
�DCondriri 
��®RIk�óJD"ÞÝ¯�fguz?��"6

Tuni��"�W	5I§�Dj�F�
���jSHuBÙ�°±}��W��u;�DE�'u²³ cm

�Ì��´GÙB�S�[D
�âóJp	�"Þ¥¦GZ	�6�K��jµ¶YZRIÖ����5��D

Huayna Potosi
�óJ�^�·�Sí¸�IZongo
�uBÙ�6k��?W��GX¹\�Dºv uö�

Sj	5Zongo
��Ù	Y_Ï��jS6"Þ�Ý¯G»��D���¼�6�Ñò�rÌ½h�"Þ�¾

¿G�ª��k�YZRI5 

I§�DHuayna Potosi7
�óJTuni��"�À	Huayna Potosi�Y6ÁÂÃóJp	�"Þ,-Go8

JFDTuni��"���	ÝÞuÄTÅkKSªWªÆ�W	��KJF	5k�µ¶u���D����8

�I5k�I8DÇÈ�µ[DËÌ�ÍjÙÚmØuz?��H�DE�ö÷uH��"Þ¥¦�ÔÕÒ=G

VªWX�YZ	5 

164



 

 

 

 

 

 

 

 

 
 

���� Huayna Potosi�'Ù=� � � � � � � � � ���� Huayna Potosi�É�t�ÝÞ 
 

 

 

 

 

 

 

 

 

 

 

���� Tuni���=�"ÞÝ¯µ¶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

���� Tuni��ÙvK	Ê����=�"ÞÝ¯µ¶ 

Tuni� 

��� 

165



�IDTuni
�óJ Tuni��"�ÙvK	���wBÙ=�6Ë»W"ÞÝ¯Go8JFDk����"

Þ[Ì���SHfgG�ªYZ	5Tuni���=�\Íu����8�Sj	5�IDTuni��ÙvK	«

�Ê����=�Ý¯µ¶u����8K5õ9xyuÎ �IÏò6Ð¼��I	I8D�å���GÑB

�Sj	5k�I8D�¼���£�pöiFIÒÓµ�"ÞÝ¯9pG3Ô�o8JF	52�DIHH�Q

Õ�BDM¼}W_	uz?k���[D��"�ÝÞ	uàáK	«¬YZ	��KJF	5 

Ö¥��ß� �ýjS 

�ßxy6 Tuni ��"��©kF�ÙvK	����jSz?5ÇÈ}Wxy6DpÖÃ�ß¸��	õ

9¸_�D×��Ø�Ù�Ø�óJW	5ÇÚ�ýjS6ÛvTU��SKY�¸¨�Sj	5�Ú�ýjS

6DUMSA�=�Ü� Ý�QÕuÞSD�ß�ØuzK	k�G§oiFI5 

Tuni��"�'ßà��6�7�·�áâ	ãäµ�ç[Ú�9pGåJF	5k�\W9p}�æ��[D

ç�iFI�â&Y�ÙCGè*iFSj	H��^éiF	5k��?WÙC�êG�ßLM�ëìKno

�ýjSDõ9xyc®¯°±²0¯³.uµ7Sfguz?k�G«¬YZ	5 

W�D2009ñ8òD9ò�õ9xy�ÄTíjSD12ò�6Tuni����	�ß��K	õ9xyGÎ 

iFSj	Öî&cïðñ��5 

Öñ��¼0�½.¾� �ýjS 

ï� 6D̈ ò¥� �ö÷un�SzUF	H�YZ[D23�õ9xy��jS6DÇÈ}W�»\6

WiFS6jWj5 
 

ó5 �U[��
� ïð��jS6D2ñÌ�[ôÙiFID�������	
����K	� �ûªuõö�I52�D

ÇÈ}WxyD÷�ýjSøùuz?^MYZ	5 
 
÷øùï� 6DJSTúJICA9:��X�ve�û!�üýQÕþ��
�%��vK	���êëdebÔ

ÕÒ�ìí����un�SÎ iFIH�YZ	5kk�ò�S��t��÷bu|K	5 
 

���	 

1) '
��Ö»�ù�����9:;<=��K��
�, 159p, �a�5 

2) �&��ù���Íþâ���	
�ß	de��æ�@AB=¦�e�, ×
, � 63 �, pp.171-179, 
2001. 

3) Kaser, G., Hardy, D. R., Molg, T., Bradley, R. S. and Hyera, T. M.: Modern glacier retreat on Kilimanjaro as evidence of 

climate change: observation and facts, International Journal of Climatology, Vol.24, pp.329-339, 2004. 

4) Wagnon, P., Ribstein, P., Francou, B. and Pouyaud, B.: Annual cycle of energy balance of Zongo Glacier, Cordillera 

Real, Bolivia, Journal of Geophysical Research, Vol.104, D4, pp.3907-3923, 1999. 

5) î&� �cïð��: ����Tuni�Ùâ��LMxy, ��9â)*!�� , �46�, 2010. (��') 
 

166



���� Tuni���	
���� 

 

����� ��������� ��� ��

����� ��������� ��� �

 

!" #$%&�
����'()*#+,&-./012*34056-1 789":;<=>#?�@A>	

BC�	DE&-.F?
GH	'IJBC�	K
&LMFNO0"P&QR	STJUH

V/0W�
X?
GH	'IJY%0"Z[?QRST	\]&^_?`abc
GH	d

eXfgh0"FiF?<=>Jjk�@A>BE#?K
	lcOmnoE�34_56-2
789?lp&^0q
Xrs/0tVu'O"vw<=>xyzZ{	|}�}~x3#?�

���&��;x�	��V��E	��&^�N
��#deFNO0"�g&?����

&��
���>��	��X���hN�_?��b&QRXSTF��Fw�	
GH	

��X��c ¡Vc�NO0"t�Fw¢£��V¤¥��	��&¦§Fw
GH�>�

�	¨©ª&^0?«¬i®¯Fw
°±	��#?*13��c²³Vc�NO0" 
t�Fw ¡&¦´/0w%?µ¶gJjk·¸V����	¹º��»}¼½X?���

�&^0QR	¾l&�O¿À�h0��bc
GHÁÂÃ	¦§&ONÄÅJÆÇFwV

tÈ340"Ét3?ÊË��&�ON¦ÌVc0 Tuni Í���^zÉ	��&ON?�
Î�VFNÏEÐ�J 2009[ 12Ñ 2Ò3·&ÓÔFw"�1Õ#?��	Ö�c×JÏ
E	¹º��¶5Ø@�@ÙÚ�>��
Û��ÜÝInstituto de Hidraulica e Hidrologia, 
IHHÝ9c×&Þ�ß_J]�tV&eà?áâãä&^0
åæçJÓÔFw"̧ èé3#?

t	êëJÐvàN?ÏE	ìí&²FNîïJ/0" 
 

� � � �  
6-1� ����yz<=>x	-.� � � � � � 6-2� <=>	ÑðñòK
ó 

 
*Field observations on aquatic environments in Tuni Reservoir basin, by Makoto Umeda and Yoshihiro 

Asaoka (Tohoku University / JST, SATREPS) 
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L pH EC 
[Ï] [-] [mS/m] 

[1] Condoriri� 10:37 10.3 7.79 9.46 
[2] Tuni�§| 11:55 11.9 7.51 9.94 
[3] Huayna
� 12:24 10.8 7.79 9.94 
[4] Tuni� 14:53 11.5 7.64 4.77 
[5] HPõQR5� 17:39 8.3 7.73 9.66 
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[1] Condoriri� 10:35 0.5 <0.2 <0.005 <0.2 <0.02 
[2] Tuni�§| 11:55 2 0.2 0.005 0.2 0.03 
[3] Huayna
� 12:20 4 0.3 <0.005 <0.2 0.03 
[4] Tuni� 14:45 2 0.2 0.005 0 0.02 
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*Water environment and inhabitation of Corbicula japonica in Lake Jusan by Yukihiko Ishida, Makoto Umeda, Hitoshi 
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*Study on monitoring method of river flow conditions by use of CCTV images 
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3. �� ¡ 
3.1.  ¡ì� 
# È-3A�)*V
��BüHqPIVAnQ ¡ì��6O 2)	É|RPIV>���ýîAþGJ�����

�AnX6�	«�|Q�@Y��¢����e��VqEY�AwOP�Q�	
��B������

�IJPcX��}IKV�QR��Y2� CCTV ���>��4ALMNOP�Q�@Y��	�@vu

��|Q}IAqQR}�n�q�@vu��J���VWÃPY��å�	^�Y�a���Aå�|

Q}IAnXY ¡	^�}IKV�QRJvJqKuY��ÕMvue�HA�ìAÕM|Q�9���>Y

��å�	^�¥Y��K�5JPJ��}IKWQ 3)�@Y����ÕMK��vuqQ Eâ�}IK~

�OQR�)*V>Y��å���@�¾¿½4½�L�	ÙÚ2ÞlI>!�èA^�YÈ-4A"ûVÉ|

²³ 7̀9m×72m�#ì$f�Â�A®JPY��å�	%JYPIVAnQ ¡	^Ã�R 

3.2.  ¡©ªI&' 
# ¢-1AÉ| ¡ÅÆV12:30vu1lñ»IA ¡	^Ã�R©ªA��PY�(¢�6�)*�+È	È

-5(a)~(e)Y�(6�ô,	È-6(a)~(e)AÉ|RqmY ¡ÅÆ�-.>¨/�)* 4)A¿¦QR 

¢-1#  ¡ÅÆ 
-. º0 1Õ 
��2º 32 2 
lñ 60 sec 
��ñ3 1.875 sec 

���45(X, Y) 600 547 pixel 
1pixel6X�¤# 0.1317 m 
��²³�45(X, Y) 592 544 pixel 
)*�+789�º(X, Y) 37 68 : 
;<=��>�45(X, Y) 32 32 pixel 

Xì?�@A²³(max, min) 52 20 pixel 
Yì?�@A²³(max, min) 8 -8 pixel 
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¢-2# HQaIC�6��pq 

lï Õ(m) HQavu�
6�(m3/s) 

C�6�(m3/s) HQaI�s(%) 
¢�6� `�(6� ¢�6� `�(6� 

12:30 1.22 92.60 143.00 107.21 54.4 15.8 
13:30 1.51 138.14 185.98 138.57 34.6 0.3 
14:30 1.89 211.54 238.96 176.78 13.0 -16.4 
15:30 2.34 317.32 287.57 211.57 -9.4 -33.3 
16:30 2.82 455.37 407.19 299.88 -10.6 -34.1 
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OVERWASHED SEDIMENT INTO THE GAMO LAGOON IN NANAKITA RIVER 
MOUTH AND EFFECTIVENESS OF THE OVERWASH PREVENTION 

CONSTRUCTION 
 

Xuan Tinh Nguyen1, Ryutaro Hirao2, Hitoshi Tanaka3  

 
ABSTRACT 

Coastal overwash occurs primarily during severe storms. In the Japan, overwash is common during the 
Typhoon on a low sand dune or beach as well as on the barrier island between lagoon and sea. Overwashed 
sediment or washover can be transported very long inland and on barrier islands in their natural state, contributes 
to the maintenance of an island’s sediment budget during severe storms. Overwash may damage or destroy 
bridges and roads or simply render roads impassable due to large depths of deposited sand. Overwash can lead to 
coastal breaching when the overwashing waves and currents open new inlets on barrier islands. The occurrence 
of storm is expected to increase because of the Global Warming Effects so the study about storm impacts is 
become very important for coastal management and engineers.  
 
1. INTRODUCTION 

Study area is located in the southern part of Sendai Port as shown in the Figure 1. This sandy beach is limited 
by Nanakita River mouth in the south and Sendai port in the north. However, this study will be focused on the 
sandy beach at the Gamo Lagoon as denoted by a dot-line in the Figure 1. 

Overwash is often occurred during the extreme storms and it is the flow of water and sediment over the crest 
of the beach that does not directly return to the water body where it comes from such as ocean or lake. Washover 
is the sediment transported and deposited inland by overwash processes. There is a number studies on the 
overwash process such as Sallenger at el. (2000), and Donnelly at el. (2005). Most of them have classified the 
overwash processes into two main mechanisms of overwash, namely runup overwash and inundation overwash. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                    Figure 1: Location of the study area on Japan map 

 From 8th to 10th of October 2009, an extreme Typhoon number 18 was attacked to the Nanakita Beach in 
Japan. Figure 2 is the aerial photograph taken before one month of the typhoon and Figure 3 shows the aerial 
photograph was taken immediately 4 days after the typhoon. There a big amount of sediment was transported 
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and deposited inland after as seen in Figures 3. The morphological change of this area suggested that the 
sediment was even reached to the Gamo Lagoon area. This intruded sediment may cause the smaller area of 
lagoon, thus it is definitely not good for the lagoon environment. This study is to evaluate the total deposited 
sediment by overwash processes in the Nanakita Beach and to discuss about the importance of constructions for 
preventing the wave overwash as well as sediment intrusion into the lagoon in this area.  
 

Figure 2: Aerial photo of study area on 5th Sept. 2009 Figure 3: Aerial photo of study area on 14th Oct. 2009
 

2. DATA COLLECTION AND ANALYSIS 
 Cross-shore profile measurements 

In order to estimate the impacts of Typhoon to the beach and calculate how much was the deposited sediment 
inland, the pre- and post-storm beach profiles as well as the hydrodynamics condition are appreciated. However, 
there were no historical data of the previous cross-shore profiles that available to use in this study area. Based on 
the evidence that the before surface beach 
layer was covered by vegetation and grass, 
the cross-shore profile holes were dug until 
reaching this grass layer and then measure 
the sediment thickness so that the previous 
beach surface was roughly known. An 
example of digging hole is shown in Figures 
4. The average deposited sediment thickness 
is about 10 cm height.  

The results of measured cross-shore 
profiles and location holes can be seen in the 
Figure 5. There were in total seven different 
locations occurring wave overwashing 
during the typhoon. The whole study area 
was divided by two area, namely 
construction area and overwash area as 
shown in Figures 2, 3.   

 
 Topographic field measurement 

A field survey is also conducted to measure the topography of study area in order to get the shape of dunes and 
overwash fans morphology. The result is plotted and shown in Figure 6. It is clearly seen that overwash only 
occurred through the lower notch in between two dunes.  

In the southern part near Nanakita River mouth, the elevation of topography is quite low and morphological 
changes suggested that this part was inundated during the typhoon.  

 

Figure 4: Thickness of deposited sediment after the Typhoon
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Figure 5:  Location of overwashed area and surveyed profiles 

 

 
Figure 6:  Topography of the study area 
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2.2 Hydrodynamics collection 

The time series of hydrodynamic conditions of 
typhoon such as the wave height, wave period, 
and water level including storm surge height are 
of interest when estimating beach profiles 
response due to overwash and for developing and 
applying the empirical formula discussed in this 
study. The wave information is taken from the 
Sendai Port station which located in about 20m 
of water depth. The tidal level is obtained from 
the Ayukawa station. The time-series of Typhoon 
18th hydrodynamic conditions are illustrated in 
Figure 7 and summarize of the maximum 
condition values are shown in the Table 1. where 
Hc is the dune crest height, R is wave runup 
height calculated by Larson Formula (2004) . 
The excess runup, �R, is difference in elevation between the wave runup heights plus storm surge height (Still 
Water Level) and the beach crest height. And the excess runup duration, tD, is the time of excess runup 
occurrence.  

 
Table 1: Summarize of maximum hydrodynamic values of the Typhoon 18 in 2006 

Profile 
No. 

Wave 
height H 

(m) 

Wave 
period T 

 (s) 

Beach crest 
height Hc 

(m) 

Tidal level
(m) 

Runup 
height 
R (m) 

Excess 
runup �R 

(m) 

Excess runup 
duration tD 

(s) 
Profile 1 3.65 8.6 2.56 1.09 3.24 0.68 126000 
Profile 2 3.65 8.6 2.82 1.09 3.24 0.42 108000 
Profile 3 3.65 8.6 2.07 1.09 3.24 1.17 248400 
Profile 4 3.65 8.6 2.85 1.09 3.24 0.39 108000 
Profile 5 3.65 8.6 2.56 1.09 3.24 0.68 122400 
Profile 6 3.65 8.6 2.56 1.09 3.24 0.68 126000 
Profile 7 3.65 8.6 2.54 1.09 3.24 0.7 126000 

 
3. RESULTS AND DISCUSSIONS 
3.1 Cross-shore overwashed sediment volume 

Nguyen (2008) has developed an empirical formula for overwashed sediment volume by assuming this volume 
is proportional to the sediment transport rate multiplied by the excess runup duration (tD).  

 2)(0011.0 c
Dc HR

T
t

R
H

Q ��    (1) 

where  Q  is the cross-shore sediment transport volume (m3/m), R is the wave runup height (m), and Hc the 
beach crest height (m) referenced to the still-water level, tD is the overwash duration (s), T is the wave period (s), 
and an empirical coefficient,� = 0.0011, was calibrated using the field data sets from United States.  

By applying the Equation 1 for seven cross-shore profiles and comparison with the measured volume, which is 
computed by integrating the area between two profiles, and the results are illustrated in the Figure 8. These  
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shown that there is a well agreement between calculated and 
measured sediment volume. Most is felt in a factor of two.  
 
3.2 Total of overwashed sediment volume 

Using above seven measured overwashed sediment volumes 
and by multiplying to the overwash fan area, the total 
overwashed sediment volume, which deposited on the surface 
of Nanakita beach can be computed as approximately equal to 
930 m3. Since this typhoon is rather lower in magnitude 
compared to some previous events attack to this area but we 
still obtained significant deposited sediment inland direction. 
These indicated that this area was very frequently impacted by 
overwash and the sediment deposited further inland by 
overwash is a big concern issues for local coastal management 
and environment.    

 
3.3 Effectiveness of overwash prevention construction in 
this area 

There are two different types of overwash prevention 
construction in this area. One is a hard-rock construction and 
the location can see in Figures 9 in the upper picture. Another 
small and separated construction is made from bamboo trees (Figure 9 in the lower picture). These bamboo 
constructions were built up in different directions to prevent the wind-induced sediment transportation inland. 

As mentioned above, the topography of whole area was measured and Figure 10 is shown the results of long-
shore elevation at the dune crest location. At the sites of construction, the elevation is designed as a constant 
level so that there were almost no sediment deposited on the back side of construction, even thought the structure 
elevation is not so high compared 
to the overwash area part (see 
Figure 10). This is because of 
constant level of construction and 
no v-notching places, which make 
the overwash can occur and 
sediment intrude to the inland 
direction. Therefore, the hard-
construction is played in important 
roles to prevent wave overwash. 
Because of that this study 
recommends to further construct 
the hard-rock structure to the 
northern part and in the overwash 
area we might have to conduct the 
beach nourishment such as bring 
the transported and deposited 
sediment in the lagoon to the 
nearshore zone. Since the fresh 
sediment in overwash area is 
somehow important for the 
immigrating birds that living in 
the lagoon.     
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Figure 10:  Long-shore section of elevation at the dune crest location 

 
4. CONCLUSIONS 

The cross-shore sediment volume calculated by new empirical formula is again in agreement with the 
measured volume and felt in a factor of two for the Nanakita data sets. This indicated that the new empirical 
formula is able to predict the overwashed sediment volume for any future storm events at a sandy beach.  

The total overwashed sediment volume on the surface of the Nanakita Beach after the Typhoon number 18 in 
October 2009 was estimated about 930 m3. 

Since when the sediment reaches to the Gamo Lagoon side, the area of the lagoon will probably smaller and it 
is not good for the environment of lagoon. Therefore, a recommendation is to further build up a hard rock 
construction up to the northern part of Gamo Lagoon. In the southern part, which is closed to the Nanakita River 
mouth, we allowed overwash occurrence for some environmental reasons but the deposited sediment by 
overwash needs to move to the nearshore zone if it is necessary.       
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INVESTIGATION OF SHORELINE CHANGE TRENDS  
AROUND THE NANAKITA RIVERMOUTH USING AERIAL PHOTOGRAPH 

 
Eko Pradjoko1, Hitoshi Tanaka2 

 
ABSTRACT 
 The shoreline is dynamic feature in the coastal area. It always changes in respond to natural forces. As a 
border between land and sea, the stable shoreline is more preferable due to a lot utilization of coastal area. 
This study attempts to analyze the shoreline change trends around the Nanakita River mouth by utilizing the 
aerial photograph which has been taken regularly in that area. The results show that the shoreline around the 
Nanakita River mouth is moving dynamically during the time with maximum-minimum range is about 70 m 
and standard deviation is about ± 14 m. The shoreline change trends was retreat from 1990~1999, change to 
advance in 2000~2005 and back to retreat again in 2006~2009. The left side has bigger changes than the 
right side due to the effect of port breakwater. Additionally, the shoreline around the Nanakita River mouth 
is considered in condition “dynamic stable”. 
 
1. INTRODUCTION 

The shoreline is the border between land and sea. The shoreline is influenced by natural process such as 
wave, tide and current which exist in sea area. The shoreline responds those processes by moving advance to 
the sea or retreat to the land. However, the stable shoreline is more preferable due to a lot utilization of 
coastal area as human living, various kind facility, and environmental preservation. Therefore, the study of 
shoreline change is important for managing the utilization of coastal area. 
 This study attempt to investigate the shoreline condition around river mouth specially at the Nanakita 
River Mouth. The Nanakita River is located at Sendai City in Miyagi Prefecture Japan. The length of river is 
45 km and the basin area is 229.1 km2. Flood discharge of 100-years return period is 1,650 m3/s and typical 
river discharge is 10 m3/s. The Nanakita river mouth is located at east side of Japan Coast, facing to the 
Pacific Ocean. Tidal range at Sendai Coast is about 1.5 m at spring tides and most prevailing incoming wave 
is from south-east direction. These wave conditions generate longshore current and sediment transport from 
south to north direction for overall coast. The location of study can be seen in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Study area 
 

In the late of 1960’s, there was construction of Sendai Port at 2 km north of the Nanakita river mouth. 
Large port basin had been excavated and almost 2 km long breakwater had been built. This huge structure 
had given a large impact on the surrounding coastal area (Tanaka and Srivihok, 2004). Since then the 
attention to shoreline around the Nanakita River mouth has increased and it is supported by the existence of 
Gamo Lagoon behind the shoreline. In terms of environmental reason, the lagoon is very important place for 
resting of migration bird. Moreover, the area behind this shoreline is highly utilized. There are human living 
area, agriculture, and waste water treatment facility. According to planning plan of Sendai Port Authority, 
there will be development of port facility to south ward close to the Nanakita River mouth by reclamation in 
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the future. Therefore, the investigation of shoreline behavior around this river mouth is very important in 
order to anticipate the future changes. 
 
2. DATA COLLECTION 
 The aerial photograph is one kind of remote sensing data which taken by airplane and special camera. 
The utilization of aerial photograph in shoreline change analysis has been used by a lot of researches. The 
general explanation about shoreline mapping techniques by using aerial photograph can be found in Moore 
(2000). The study utilizes image data from aerial photograph which have taken regularly in the study area. 
The aerial photograph has been taken every two months since 1990 until 2009. In order to analyze by using 
aerial photograph, firstly the image should be rectified, detect and delineate the shoreline. Then, the 
shoreline is measured from baseline and corrected with tide data for getting same datum level for all images. 
The detail process is explained below :  
 
Image Rectifying 
 Aerial photograph of Sendai Coast has 1 : 8,000 scale in print format 9 x 9 inches. The aerial photograph 
should be scanned by machine to make it become digital format. The scanning resolution will influence the 
accuracy of image digitizing. The high resolution will increase the accuracy of digitizing. However, the 
resolution quality should in balance with the file size. The image is scanned in 400 dpi (dot per inch) 
resolutions. That resolution will give : 
 9 inches x 400 dpi = 3,600 pixels so 1 pixel = 0.0025 inch = 0.0064 cm 
Photo has 1 : 8,000 scale, therefore in reality : 
 1 pixel = 0.0064 x 8,000 = 51.2 cm = 0.512 meter. 
So the scanned result of photograph in 400 dpi give resolution 1 pixel = 0.51 meter and it save in JPEG file 
type due to make small file size. 
 The images data have many variant and discrepancies both in temporal and spatial. The digital images 
have pixels system which it will give little difficulties when measuring the shoreline. Therefore it needs 
rectification process to conform to another coordinate system, conform to each other images and get accurate 
result (Anonim, 2005). The rectification process in this study conform the image to the local coordinate 
system in Japan (JGD2000/Japan Plane Rectangular CS X). This local coordinate system is expressed in 
meter distance, such as UTM system, so the extracting data will be more easy and accurate. The rectification 
process use 10 Ground Control Points (GCP) from Japan Map and give total RMS error about 12 pixels x 
0.51 m = 6.12 meter. At last the rectified image has Japan local coordinate system and the beach line 
oriented around 2120 clockwise from North. 
 
Shoreline Detection and Delineation 
 The method of shoreline detection and its reliability has been discussed in many papers (Camfield and 
Morang 1996, Boak and Turner 2005). The shoreline delineation around the Nanakita River mouth was 
being processed by automatic delineation using BeachTools extension in GIS program from CIRP Project of 
US Army Coastal Engineering Center. The tool also can generate the baseline and transect for measuring 
shoreline position automatically. It can remove the tedium and subjectivity of extracting data by hand and 
allowing for much greater precision of such measurement (Hoeke et al., 2001). An example of shoreline 
delineation by this tool is shown in Figure 2(a) below. 
 Then the image is corrected toward tidal and wave setup phenomena for getting same water level. But 
only tidal correction had been made in every image, since the error caused by wave set-up is much smaller 
than the one caused by tidal level. All shoreline in image was being corrected to the same level i.e. mean 
water level at Tokyo Port (TP-0 m level). The tidal correction use data from tidal measuring station at Sendai 
Port and Ayukawa Port. According to these data, the tidal level at the time image can be determined. So the 
correction value was got by using calculation from tidal data and average beach slope (i.e. 0.11) from 
Kurosawa and Tanaka (2001). 
 Total shoreline length which analyze in this study is 1,600 m. Cross section or transect had been set up 
with 20 m interval. Every cross section is approximately perpendicular to the shoreline. The generation of 
baseline, cross section and measuring the distance between baseline and shoreline had done by the tool 
automatically. Figure 2(b) show the position of baseline and cross section. 
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Figure 2: (a) Shoreline delineation, (b) Baseline and cross section position 
 
 
3. RESULTS AND DISCUSSIONS 
 In order to analyze shoreline change in spatial term, it calculate the mean of shoreline position ( y ) and 
standard deviation (�) in every section as follows : 
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where y denotes the position of shoreline at distance x and time t. Figure 3 shows the results of statistical 
analysis on left and right side of river mouth. The shoreline is seen to be retreat if it refers to shoreline 
position on May 1990 and September 2009. Fortunately due to a lot of data, the behavior of shoreline change 
can be examined carefully during 19 years. Both on left and right side, the mean position show steady line 
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alongshore. The mean position is more advance near river mouth due to the effect of blockage from river 
discharge flow. 

The maximum and minimum (max-min) position on left side also show same trend line with the mean 
line. On right side there is some variation in max-min position near river mouth. It is caused by the 
movement of river mouth path which ever strongly deviate to the right. The range of max-min position is 
about 70 m on both sides.  

The standard deviation of left side is 14.5 m and right side is 13.5 m on average. The left side has bigger 
movement than right side. It means the left side get more external force (i.e. wave force) than right side 
which is due to wave reflection from port breakwater. The magnitude of � value (+14 m ~ -14 m) is about ½ 
of the range of max-min position. This condition implies that the shoreline move dynamically within the 
range during the time.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Max-min position, mean position, and standard deviation 
  
 In temporal term, the position movement of some shoreline section can be seen in Figure 4. All side show 
seasonal fluctuation every year. The shoreline was moving dynamically in respond to seasonal condition. In 
long term, the left side also show changing trend of movement. The trend of movement go down from 1990 
until 1999, change to up from 2000~2005 and go down again from 2006~2009. The right side also show 
same trend but with less magnitude. The changing trend on right side will be more clearly seen from 
calculation of change rate in those periods. Some zero or small data on sections very near with river mouth 
are due to influence of river mouth movement. And the zero data on beginning and last sections are due to 
the limitation of image. 
 The change rate calculation will show the trend of movement, i.e. advance or retreat. The change rate (a) 
is calculated by linear regression from relationship as follows : 
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Figure 4: Movement of shoreline position from 1990~2009 
 

The change rate is calculated in 3 different periods, i.e. 1990~1999, 2000~2005 and 2006~2009. Figure 5 
shows the left side retreat during 1990~1999, change to advance in 2000~2005 and retreat again in 
2006~2009. The right side show same trend but with smaller magnitude as mentioned before. The changing 
trend of movement reflect to the condition of longshore sediment transport which influenced by river mouth. 
River mouth might act like jetty which interrupt the longshore sediment transport by means of flow pattern or 
sand terrace forming in front of river mouth. The different magnitude between left and right side also depicts 
that the left side get more wave force than right side as effect of the port breakwater. 

Moreover, there is no indication of net significant advance or retreat movement in this area. This situation 
depicts the decreasing function of river mouth as sediment supplier to the beach. The shoreline is moving 
advance or retreat in respond to wave action with little sediment supply from river mouth as main source 
component in that area. In addition, there is no exist significance sink component which can decrease the 
sediment. Therefore, the condition of shoreline around the Nanakita River mouth can be said in “dynamic 
stable”.  

Section 55

270
280
290
300
310
320
330
340
350
360
370

Section 60

270
280
290
300
310
320
330
340
350
360
370

Section 65

270
280
290
300
310
320
330
340
350
360
370

Section 70

270
280
290
300
310
320
330
340
350
360
370

Section 75
270
280
290
300
310
320
330
340
350
360
370

Section 80
270
280
290
300
310
320
330
340
350
360
370

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Section 20

270
280
290
300
310
320
330
340
350
360
370

Section 45

270
280
290
300
310
320
330
340
350
360
370

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Section 25

270
280
290
300
310
320
330
340
350
360
370

Section 30

270
280
290
300
310
320
330
340
350
360
370

Section 35

270
280
290
300
310
320
330
340
350
360
370

Section 40

270
280
290
300
310
320
330
340
350
360
370

Year

y 
(m

) 

Left Side Right Side 

y Trend line 

201



 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Trend of shoreline change 
 
 
4. CONCLUSIONS 
 In general, the conclusions are follow : 

- The utilization of aerial photograph in shoreline change analysis has presented. The frequent taken 
images have given comprehensive results for understanding the shoreline behavior in that area. 

- In general the shoreline around the Nanakita River mouth is moving dynamically during the time 
with constant maximum-minimum range (about 70 m) and standard deviation (about ± 14 m). 

- The trend of shoreline change was fluctuated in long term. The trend was retreat from 1990~1999, 
change to advance in 2000~2005 and back to retreat again in 2006~2009. 

- The left side has different behavior with right side as effect of port breakwater. 
- The condition of shoreline around the Nanakita River mouth is in “dynamic stable”. 
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MEASUREMENT OF VERTICAL DISTRIBUTION OF VELOCITY AND SALINITY  
IN MITOGUCHI CHANNEL, LAKE JUSAN  

 
Atas PRACOYO1, Makoto UMEDA2, Hitoshi TANAKA2, Mikio SASAKI3 

ABSTRACT 

Hydrodynamic information is essential for developing a predictive water quality model in Lake Jusan. The 
lake is connected to the sea by the Mitoguchi channel. Saline water and freshwater exchange through this 
channel, and it take dominant effect on the water quality behavior in the lake. Detail information about 
parameters of velocity and salinity distribution in the channel is very important to achieve a good result of 
numerical modeling. Field observation was carried out by deploying continuous point measurement devices 
to measure the both parameters. Spatial measurements by using ADCP and water quality device are also 
performed to verify vertical distribution. The result shows that both parameters are only distributed 
vertically. The distribution is changed due to flood and tidal conditions. For the velocity, even it is 
distributed vertically, but its direction from the bottom to the surface is uniform. By using this information, 
a better result of numerical simulation could be achieved.  

Keywords: Mitoguchi channel, vertical current distribution, salinity distribution 
 
1. INTRODUCTION 

Lake Jusan is brackish lake, located in northwestern part of Aomori prefecture, Japan. The lake is 
connected to Japan Sea by the Mitoguchi channel (Fig. 1). The lake is wide shallow lake which has an 
average depth of 0.9 m and a surface area of 18.06 km2. The Mitoguchi channel is a man-made canal, 180 
m wide and protected from blockage by longshore transport by two jetties; 389 m and a 337 m long in 
north and south side, respectively (Sasaki and Sato, 2006). There are some rivers flowing into the lake, but 
only three of them are dominant, they are Iwaki River, Yamada River and Toriya River which have 
catchments areas of 1996 km2, 267 km2 and 106 km2, respectively. 

The lake has the third biggest production of Yamato sijimi (Corbicula japonica), a species of bivalve 
that is an important resource in fisheries in Japan, usually cooked as an ingredient of soup. In 2008, the 
amount of 8900 ton of bivalve stays in the lake. The population of bivalve fluctuates yearly (Fig. 2), but the 
parameters which are responsible for it have not been clearly understood.  

The bivalve life depends much on appropriate water quality, and hydrodynamic condition. They can 
not move to feed, but water flow brings food to them. Hydrodynamic information in the lake is essential for 
developing a predictive water quality model for the lake. A 3-dimmensional hydrodynamic model is 
sufficient to simulate the circulation structure in the lake. To obtain precise results, a set of boundary 
condition data is needed. The objective of this study is to measure the characteristic of flow velocity and 
salinity distribution in Mitoguchi channel, and to obtain sufficient data for boundary conditions of 
numerical simulations.  

 

 

 

 

 

 

 

 
 
 
 
 

Figure 1- Location of study and lay out of measurement in Mitoguchi Channel 
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Figure 2- Fluctuation of total sijimi in Lake Jusan (measurements were done in every Aug. or Sept.) 
 
2. FIELD OBSERVATION 

Two kinds of observations were conducted; continuous and spatial observation. Both consist of 
velocity and salinity measurement. The objective of continuous measurement is to obtain a set of data that 
will be applied in the computational simulation as boundary condition data. The spatial measurement will 
be used to verify the vertical distribution of both parameters. 

For continuous observation, devices were deployed at point A and B to figure out the horizontal 
distribution. Meanwhile, to catch the vertical distribution, several devices were installed at each point that 
located vertically at fixed distance, measured from bottom (Fig. 3 and Table 1). All devices were set to 
record the data at 10 minute intervals and the period of measurements start from 10 July to 25 October, 
2009.  

The spatial measurements were conducted by using portable water quality meter (AAQ1183, Alec 
Electronics Co. Ltd) and ADCP (Acoustic Doppler Current Profiler) to measure vertical distribution of 
salinity and velocity, respectively. Salinity measurement was carried out in the same location as the 
continuous measurement points, meanwhile the velocity measurement was performed at several tracks as 
shown in Fig. 1. The spatial measurements were carried out two times on July 10th and August 10th, 2009. 

During the first spatial measurement, there was a storm with high intensity rain and strong wind. The 
water elevation in the lake was high and the tide elevation might be effected by the storm. In Mitoguchi 
channel, it was clearly observed that water flew from the lake to the sea. The contrast condition happened 
on the second measurement: it was calm and sunny day. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3- Measurement setup. (A) Sketch of installation of salinity meters and current meters at Point A. 
(B) Sketch of cross section between point A and point B 
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Table 1- Instrumentation in Mitoguchi Channel 
Location Device Type Elevation from bottom (m) 
Point A Current meter COMPACT-EM, Alec Electronics Co. Ltd. 0.5 and 1.5 
 Salinity meter COMPACT-CT, Alec Electronics Co. Ltd. 0.5, 1.0 and 1.5 
Point B Salinity meter COMPACT-CT, Alec Electronics Co. Ltd. 0.5, 1.0 and 1.5 

 
3. RESULTS AND DISCUSSION 

 
River discharge and tidal condition 

Conditions of river discharge, water level in the lake and tide in the sea have effects on the flow 
characteristics in the Mitoguchi channel (Fig. 4). During the measurement, several floods occurred, and 
four of them were big with peaks over 400 m3/s. Flood continue for more than 2 days. Stormy wind is one 
of the characteristics of Lake Jusan (Umeda et al, 2007). The wind plays big effect on tide elevation. In 
some cases, especially during flood, high tide occurred and it seemed not because of lunar tide. These 
phenomena observed clearly in several flood events.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4- (A) Condition of river discharge, tide and water level in the lake during continuous measurement 
period. (B) Flow direction at point A on 0.5 m and 1.5 m, clockwise start from the North. (C) The 
magnitude of velocity at point A  

 
Velocity distribution 

In order to make clear the effect of river discharge and tidal condition on the distribution of velocity 
and salinity, the analysis will be focused on two cases: during flood and low river discharge. Considering 
the availability of spatial data, the period of 10-12 July and 9-11 August are chosen as flood and low 
discharge cases, respectively (Fig. 5). 

Direction of current is controlled by the differences between water level in the lake and tidal elevation 
in the sea. When water level is higher than tide, water flows to the sea even in the flood tide condition. 
During flood, the current mostly flows to the sea. In some cases, because the flood occurred during the 
storm, sea water flew to the lake even as low velocity. During low discharge, the current controlled totally 
by tide. 

In vertical direction, velocity in the lower surface, 0.5 m, always smaller than that in the upper surface, 
1.5 m (Fig. 5.B). This distribution was well captured by spatial measurement ADCP (Fig. 6). Compare to 
the continuous data, the ADCP data looks very realistic. From both data, it shows that the current flows in 
the same direction from the bottom until surface. 
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Figure 5- Profiles of velocity and salinity with river discharge and tidal conditions for flood and low 
discharge cases. The vertical dot line indicates the time of spatial measurement for both velocity and 
salinity.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6- Comparison between vertical velocity distribution measurement by using ADCP and continuous 
point measurement data.. 
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Salinity distribution 
Water depth at point A is 0.5m deeper than point B, therefore 1.0 m at A is the same elevation with 0.5 

m at B, and also for 1.5 m at A and 1.0 m at B as well (Fig 3.B). Fig. 7 shows that on the same elevation, 
point A and B has similar salinity even it fluctuates due to river discharge and tidal level. Comparison of 
spatial and continuous data shows that the vertical distribution exactly already captured by continuous 
measurement data (Fig 8). Furthermore, the figure gives a proof that salinity is not distributed horizontally 
across Mitoguchi channel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7- Comparison of salinity data at point A and B during flood and low discharge cases. (A) Point A 
1.0 m and point B 0.5 m. (B) Point A 1.5 m and point B 1.0 m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8- Comparison of salinity data at point A and B during flood and low discharge cases. (A) Point A 
1.0 m and point B 0.5 m. (B) Point A 1.5 m and point B 1.0 m. 
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4. CONCLUSIONS 
Field measurements were conducted in Mitoguchi channel to investigate the horizontal and vertical 

distribution of velocity and salinity. Both parameters are distributed vertically. Behaviors of both 
parameters during river flood and low discharge have been characterized. For the velocity, even it is 
distributed vertically, the direction from the bottom to the surface is uniform. The highest concentration of 
salinity occurs in the bottom and distributed vertically. All of these information are detail, therefore it is 
sufficient to be applied as boundary condition data in order to simulate the hydrodynamic behavior in Lake 
Jusan. 
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