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* Estimation for S-wave velocity profile at the K-NET station AOMO007, Minamidori by Shunichi Kataoka
and Masashi Takasawa
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SR, 2011,
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Electrical and Electronic Engineers, 57, 1408-1418.
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*Induced seismic activity near Mt. Moriyoshi in northern Akita prefecture by Masahiro Kosuga and KazutoshiWatanabe
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MORPHOLOGICAL CHANGE AFTER THE TSUNAMI AROUND NATORI RIVER MOUTH

Feril Hariati'
Makoto Umeda®
Hitoshi Tanaka?

ABSTRACT

Tsunami is a serious form of natural disaster that affects the coastal ecosystems. Natori River is one of affected
area. Before tsunami, the Natori River was protected by sand spit which act as natural barrier. After tsunami, the
sand spit was declining to the landward area and change the width of the river mouth. In the present study,
morphological change around the mouth of Natori River is investigated using aerial photograph. The result
shows that the sand spit is declining around 125 m to the landward and migrate the position of river mouth 180
m from the previous position.

1. INTRODUCTION

An estuary is the transition between two distinct water bodies; a river and sea (Savenije, 2005). Although
influenced by the tides, they are protected from the full force of ocean waves, winds, and storms by such land
forms as barrier islands or peninsulas (EPA, 2011).

Natori River played important role in fishery industry. Yuriage Fishing Port is located near Natori River mouth
and has high activity with only 7,000 populations (Yalciner et.al. 2011). During Pacific Earthquake 2011, Natori
River was reported as the one of areas which were most severely badly hit. Previous studies about impact of
tsunami in estuaries found that generally the occurrence damages were morphology change (Pari et.al. 2008;
Kench et.al. 2008) and higher salinity in ground and surface water (Reddy et.al. 2005). In this study,
morphological change around the mouth of Natori River after the tsunami was investigated with emphasis on the
sand spit by several aerial photographs, and quantified the result.

2. STUDY AREA

Natori River estuary is situated in the East Coast of Japan and directly faced Pacific Ocean (Figure. 1(a)). The
estuary is protected by the sand spit. One jetty was applied on right side of sand spit (Figure. 1(b)), and formed
an entrance channel to the estuary.
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Figure 1. Study area; (a) Location of Natori River Estuary, (b) Lay out of river mouth
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3.1. Geo-referencing

Geo-referencing is the process of aligning spatial data (points, lines or polygons) with an image file such as a
map, aerial photograph, or satellite image. The process of geo-referencing defines the location of an image and
assigns it real-world coordinates so that it may be analyzed with geographic data. Six aerial photographs of
Natori River mouth in 2011 were collected within the date of 3™ March, 1™ June, 6" July, 240 September, 20t
October and 26™ November. The aerial photograph which taken in 9 May, 2009 and had been rectified
according to JGD2000/Japan Plane Rectangular CS X system with the total Root Mean Square (RMS) error of
the rectification between 3 and 4 m is used as reference map. Using an ArcMap tool, the six aerial photographs
were rectified and aligned with the reference map.

3.2. Identifying, Digitizing and Quantifying

After all of aerial photograph were rectified, we identified the major change around the river mouth in each
photograph. In this case, the sand spit in river mouth showed significant change in each aerial photograph so the
morphological change study were focused on it.

In order to quantify the result, digitizing process was required. We separate two types of shape line. First was
permanent shape line; consisted of the line of port embankment, revetment structure and jetty. Second was
shape line of sand bar and sand spit around of river mouth and could be change in each aerial photograph. After
digitizing process finished, two basic lines were determined as reference line in measuring the distance between
reference line to the port embankment and sand spit. Several line as we called it transect was drawn for interval
20 m across the reference line. In ArcMap tools, we could use measuring tools to find out the length of transect
and distance from reference line. Figure 2, describing the reference and transect position.

Latird

. First transect

Figure 2. Definition of reference line and transect

4. RESULT AND DISCUSION

Comparing each of aerial photograph, the sand spit in Natori River mouth shown significant change in each
month. Figure 3 showed the morphological change of the sand spit.
Morphology change three month after tsunami

The Pacific Tohoku 2011 earthquake in March 11™ had washed out the sand spit and moved the tip of river
mouth to landward, and leaved the gap between jetty and the sand spit (Figure 3(a)). The width of river mouth
became wider comparing to the condition before tsunami. The tip of river mouth was receded around 180 m and
width of river mouth was change from 47.77 m to 90.42 m (Figure 4). Around three months after tsunami, the
condition of river mouth was not recovered yet, but between 400 m and 500 m from reference line accretion of
sand spit was occurred.
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Figure 3. Morphology of Natori River mouth (a) before tsunami, March 3", (b) after tsunami, June 1%, (¢)
July 6™, (d) September 24™, (e) October 29, and (f) November 26™, 2011
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Figure 4. Tip of river mouth was move 180 m to landward after tsunami event. An accretion of sand spit
occurred between 400 m and 500 m from reference line

Considering the water level during May 30" to June 30™ period, the river discharge was tent to be low (figure
5), but it in the beginning of June the water level was higher than in the end of May. The sand spit accretion
process might be as a result of sand deposit from the river.
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Figure 5. Water level in Natori River downstream ( May 30™-June 30™, 2011)

Morphology change in in June, July and September

Between June and July, the sand spit was re-formed and narrower the river mouth wide (Figure 6.). Instead of
accretion in the tip of sand spit, erosion process also occurred between 400 m to 500 m from reference line and
as we can see, the area of accretion and erosion almost in balance. In the end of September 2011, a typhoon hit
this area causing high precipitations and river discharge. As a result the sand spit in Natori River mouth was
eroded and the opening of the river mouth was widened around 40 m to landward. Considering the river
discharge, water level near Natori River mouth during June and July were tend to be low and the morphological
change in the river mouth more likely due to wave action.

In September, the typhoon season increasing the water level (21% and 22" in the downstream of the river, and
we could assume that the erosion of sand spit as a result of high river discharge and wave force from sea.
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Morphology change in September, October and November

Change of the sand spit during September, October and November are shown in Figure 8. One month after
typhoon, the sand spit re-formed and move about 20 m seaward. Accretion process also occurred, and the width
of river mouth entrance became narrower than in September.

Between October and November, the sand spit was eroded and the tip of sand spit was receded 40 m to land
ward. On the other hand, the accretion process occurred between 300 m to 400 m from reference line.
Considering the water level, between October 10" to November 25“‘, 2011 were tend to be low. The erosion
process of sand spit likely to have occurred as a result of wave action from sea .Since the discharge from river
was relatively small; the accretion process occurred behind the river mouth tip.

5. CONCLUSIONS

Tsunami caused morphology change in the mouth of estuary. A sand spit, which used to act as a natural barrier
for estuary was eroded and moving the position of river mouth 180 m to the landward area. Between June and
July the sand spit re-formed and might be as a result of sedimentation process from river. In September, the sand
spit was eroded again due to typhoon season, but during September-October, the sand spit was move seaward
and narrowed the opening of river mouth. In October-November period erosion process was continue and move
the tip of sand spit to landward side. The wave action could be the most dominant factor in erosion process.
Totally the river mouth was move around 280 m to landward after tsunami event, but the width of opening did
not show significant difference with before tsunami event. The change position of river mouth will affect the
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salinity in estuary and resulting in the change of ecosystem in this area. Considering the important role of Natori
River in fishing industry, further study is required to investigate impact of this morphology change to fish
habitat and estuary ecosystem. Oceanography data, such as wave and tidal fluctuation should be considered.

Sand spit

Figure 8. Comparison of sand spit change in September, October and November, 2011
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Figure 9. Water level on October 10™ to November 25" 2011
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2D FORCE MUSCL SCHEME FOR SIMULATING
BREAKING SOLITARY WAVE RUNUP

Mohammad Bagus Adityawanl*
Hitoshi Tanaka’

ABSTRACT

Breaking wave simulation using depth averaged based model, i.e. shallow water equation (SWE) is still a
challenge in tsunami modeling. SWE does not have the ability to capture shock and discontinuity. However,
certain numerical scheme may enhance SWE for breaking wave simulation. In this study, a 2D First Order
Center Scheme with Monotonic Upstream Scheme of Conservation Laws (FORCE MUSCL) scheme is
developed. The model ability to capture shock and handling discontinuity was tested by simulating flow over
submerged structure. The expected change from sub-critical to critical flow was observed. The model was
benchmarked and applied to simulate breaking solitary wave run up. It was found that the predicted run up
height and wave profile agrees well with the experimental data from previous study.

1. INTRODUCTION

It is very important to understand tsunami wave since it may cause devastating effect to coastal area.
Numerical simulation is considered to be a valuable tool in assessing tsunami. Shallow water equation (SWE) is
one of the most commonly used model. Nevertheless, depth averaged model such as SWE can not accurately
assess breaking wave. Breaking wave process requires vertical distribution of velocity which depth averaged
model is unable to perform. However, the process can be reproduced numerically, i.e. using artificial dissipation
(Hansen, 1962). Unfortunately, artificial dissipation requires pre-calibration, thus it is not favorable.

The use of artificial dissipation is not necessary when employing certain numerical scheme, developed for
shock capturing (Li and Raichlen, 2002). Furthermore, finite volume FORCE MUSCL scheme may provide a
more robust method for simulating breaking solitary wave run up (Mahdavi and Talebbeydokhti, 2009).
Moreover, the method has been further enhanced by employing Simultaneous Coupling Method (SCM),
assessing bed stress from boundary layer (Adityawan and Tanaka, 2011). Nevertheless, the method was for 1D
computation. Hence, the use of the model is still limited. In this study, 2D FORCE MUSCL scheme is
developed and used to simulate flow over submerge structure and breaking solitary wave runup.

2. MODEL DEVELOPMENT

Governing Equations
SWE consists of continuity equation and momentum equation. The continuity equation is as follow.

oh ohU OohV
—t—t—=
o Ox oy

where / is the water depth, U and V" are the depth averaged velocity at the corresponding axis of x and y, and 7 is
time. The momentum equations are as follows.

0 M

5 1 ghz
, 0—
I,
> O_gh
aZtV + 6haZV + 6}:3;/ T gh(So, =S4) ¥
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where g is gravity. S, and Sy are bed slope and friction slope at x and y direction, respectively. Here, friction
slope is calculated based on Manning equation as follows.

B WU |NU? +V? |

Sfx h4/3 “)
nzV|\/U2 +V? |
S, = g 5

where # is the Manning roughness coefficient.

Numerical Methods
The governing equation can be rewritten in their vector form as follow.

O0E OF oG

o ox Oy
with E donates the conservative variables (h, hU, and hV), F donates flux variables in x axis (hU*+1/2gh’, hUY),
G donates flux variables in y axis (4 V2+1/2gh2, hUV) and S is the source term. (g/(So-Sk), gh(Ss-S5)). Thus the
solution can be approached as.

oV
——=-F(0)-G(»+S M
L

=S (©6)

ot

The space derivation of F and G in its corresponding direction can be solved using finite volume center
scheme as follows.

F'(‘xi,j) = W (8)
G, =G
G'(y,)= z.;/+(1/2)Ay i,i—(1/2) ’

The FORCE MUSCL method with superbee slope limiter (Toro, 2011) is utilize for grid reconstruction and
approaching the flux variable value at each axis.

MUSCL

The Monotonic Upstream Scheme of Conservation Laws (MUSCL) method reconstructs the grid system by
approaching the conservatives variable value at the left and right side of the cell interface. The following
examples are given for MUSCL method to reconstruct the grid for conservative variables of AU and 4 along x
axis. The value of 42U at the right (+) and left (-) of the cell interface (i+1/2) are approximated as follows.

_ 1

(hU)M/z‘j =(hU)i,j +55i’j(hU) (10)
N 1

(hU)m/z,j = (hU)m,_/ _55i+|‘_,'(hU) (11)

Here, the value of §;; at the corresponding node is given by.
5i’j(hU):‘Piqu,.’j(hU) (12)

where the value of 4, is calculated as follow.
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(hU)

A[’j (hU) — itl,j (hU)

13
5 (13)

The slope limiter V;; in Eq. (12), which is very important in the shock handling computation, is determined
based on the value of r, which is calculated as follow.

i-1,j

A, (hU
= Bz, (U) (14)

A (hU)
in which,
Ai+1/2,j (hU) = (hU)f+1,j - (hU)i,j (15)
A[—l/z,/(hU) = (hU);, - (hU)[—l,/ (16)
The slope limiter value is given based on the value of r;; as follows.

0 r,<0
2r, 0<r <1/2

Y, = 1 1/2<r,<1 17

. 2
min(r; ,,——,2) else
R

The same method applies to the other conservative variables in both x and y direction, accordingly. However,
it should be noted here that surface gradient method is required for the water depth. Here, the water depth
variable is converted to the surface elevation, to accommodate bed level change. Surface elevation is calculated
as follow.
n=h+z, (18)

where 7 is the surface elevation, and z, is the bed elevation.

FORCE

First Order Center Scheme (FORCE) method is applied to obtain the value of flux F and G at the cell
interface based on the estimated value from MUSCL. The FORCE method is basically a combination of Lax-
Freidreich and Lax-Wendroff scheme. The following example shows flux F calculation in x direction.

1
E+]/2,j = E(Efﬁz; + F;fn/z,_/) (19)
1 1 Ax

LF - n + _
E+(l/2),j = E(F;'+(l/2),j +F;+(l/2),j) _EE<V;+<1/2),/' _Vf+(1/2),j) (20
Ei(vr/z),j = F(foﬁV/z),j) 2D

_ . 1 At N _
ifgl/z),/ = E(Vw(l/z),/ + i+(1/2),j)_5E(F(I/H(I/Z),j)_F(I/H(I/Z),/)) (22)

Eq. (19) to Eq. (22) are repeated in y direction to obtain the value of flux G.

RUNGE KUTTA 3" ORDER

Eq.(8) and Eq. (9) can be solved based on the obtained flux value from FORCE method, described previously.
Thus, the value of the right hand side (L) in Eq. (7) can be obtained. Time derivative to obtain conservative
variables at the next time step is solved using Runge Kutta 3 order scheme with auto time step ensuring that
the Courrant number value does not exceed 0.8, as follows.
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(a) Model setup (b) Simulation result at 7=20s

Fig. 1 Flow over submerge structure

VI =3/4xV! +2/3xV D +2/3x Atx L(V?) (23)
where,

@ _ n
Vi) =V + A L) 4)
VD =3/4xV! +1/4xV) +1/4x At x L(V)) 25)

Moving Boundary Condition

Wave runup simulation requires a moving boundary condition to separate the wet cell and the dry cell in the
computation. The moving boundary condition in this method is given by stating a minimum threshold for the
water depth in all dry cell. The water depth is equal to this threshold value with zero velocities (both direction)
if the calculated water depth is lower than the threshold value.

3. RESULTS AND DISCUSSIONS

The developed model ability to capture shock and discontinuity was verified by simulating flow over
submerged structure (Ern et al., 2000). A structure is located in the bed of a flume. The submerged structure
follows the following equation.

z,(x,) = max(0,0.02-0.05(x~10)’ ) (26)

The initial water elevation at the flume is given at 0.33 m with the minimum bed at 0, with zero velocity.
Incoming flow with the velocity of 0.18 m?/s is given at one side of the flume. The model setup is shown in Fig.
1 (a).

Simulation was conducted for 20 seconds. The result is shown in Fig. 1 (b). The final results shows that the
model is able to simulate shock in case of flow over submerged structure, resulting from supercritical to critical
condition. Good comparison are found to the previous study. The flow is relatively stable after 20 seconds, with
the upstream final height of 0.42 m, downstream jump location at 11m and the minimum depth near the
structure is 0.17 m.

The developed model was further employed to simulate solitary breaking wave run up (Synolakis, 1986) on a
sloping beach (1:20). The model setup is shown in Fig. 2. with H is the incoming wave height and 4, is the
initial water depth. The case has been widely used and accepted as model benchmark. The breaking wave case is
given for the ratio of H/k, = 0.3. The incoming wave height follows the following equation.
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All variables for comparison are given in non-dimensional. Detail explanations can be found in the reference

(Synolakis, 1986).

ZA
H
nx.n
I 5
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h(x) X
h
Tan B
x=0 X X
Fig. 2 Breaking wave runup model setup
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— Run Up Law (Synolakis, 1986)

R/hO

O 2D FORCE MUSCL

0.1

0.1 HhO 1

Fig. 4 Runup height

The water level profile at the centerline is shown in Fig. 3. Furthermore, several other cases were simulated
by changing the H/h, ratio. The predicted runup height from these cases are shown in Fig. 4. Both, surface
profile and predicted runup height show good comparison with the previous study (Synolakis, 1986).

4. CONCLUSIONS

2D FORCE MUSCL has been successfully developed and used to simulate flow over submerge structure and
breaking solitary wave runup. The shock capturing ability of the model was verified. The model is able to handle
shock due to change from subcritical to supercritical flow condition in the case of flow over submerged structure.
Moreover, the model successfully simulates the breaking solitary wave runup benchmark case with good
comparison in both, surface profile and predicted runup height.

Future development of the model will require further verification with non-uniform bed in both axis or other
cases with multidirectional flow. In addition, the model can be further enhanced by using SCM, for a more
accurate bed stress assessment from the boundary layer.

ACKNOWLEDGEMENTS

This research was supported by Grant-in-Aid for Scientific Research from Japan Society for Promotion of
Science (JSPS) (No. 23-01367). The first author is a Postdoctoral Fellow granted by JSPS (No. P11367).

REFERENCES

Adityawan, M., B., and Tanaka, H.: Coupling between Shallow Water Equation and k—®» Model for Simulating
Breaking Solitary Wave Run-Up, Journal of JSCE, Ser.B2 (Coastal Engineering), B2-67/1, 2011. (in
Japanese).

Em, A., Piperno, S., and Djadel, K.: A well-balanced Runge--Kutta Discontinuous Galerkin method  for the
Shallow-Water Equations with flooding and drying, Int. J. for Numerical Methods in Fluids, Vol. 58, 1,
pp-1-25, 2008.

Hansen, W.: Hydrodynamical methods applied to oceanographic problems, Proc. Symp. Math.-hydrodyn. Meth.
Phys. Oceanogr, 1962.

Li, Y., and Raichlen, F.: Non-breaking and breaking solitary wave run up, J. Fluid Mech., 456, pp. 295-318,
2002.

Mahdavi, A., and Talebbeydokhti, N.: Modeling of non-breaking and breaking solitary wave run-up using
FORCE-MUSCL scheme, Journal of Hydraulic Research, 47, No. 4, pp. 476485, 2009.

Synolakis, C.E.: The run-up of long waves, PhD Thesis, California Institute of Technology, 1986.

Toro, E., F.: Shock-capturing methods for free-surface shallow flows, Wiley, 309 pages, 2001.



48 2012 137

SHORELINE CHANGE MODELING
COMBINED WITH THE RIVER MOUTH MODEL

Eko Pradjoko’, Hitoshi Tanaka’

ABSTRACT

The shoreline change around river mouth was examined by means of frequently aerial photographs. The
natural evident show that the river mouth influence to the surrounding shoreline has form in sediment
supplier and river flow. The influence is an obstruction to the long-shore sediment transport, which makes
an accretion and erosion on both sides of river mouth. The shoreline change modeling was developed and
combined with the reservoir and river mouth model to consider the river mouth influence. The model shows
the simulation of sand terrace existence gives better improvement than the simulation of river mouth width
in the shoreline change model around river mouth. The modeling improvement was hoped will give benefit
to the coastal and river management plan.

1. INTRODUCTION

Many research focused on river mouth morphology, which is influenced by sediment source on upstream
or by tide & wave. The construction of dam or land use change in the watershed area may reduce the
sediment yield into the river and influence the river mouth morphology. The delta formation and sand spit
development was influenced by wave and tide current (Wright et al., 1980). Some research also discusses the
influence of river mouth as sediment supplier to surrounding beach. The existence of delta formation or sand
terrace in front of river mouth makes accretion or erosion in surrounding beach. The natural river mouth
seems have similar condition with perpendicular structure. The river water usually flow to the sea in
perpendicular direction depending on the course of river mouth. The perpendicular of water flow may also
able to obstruct the long-shore sediment transport like jetty or groin.

Sendai Port
—

Nanakita River

N

¢

/

3

Natori River /

Yuriage Port’{ ey I—l—l
0 5km

Fig. 1: Study area

This study attempts to investigate the shoreline condition around river mouth especially at Nanakita
River Mouth. The shoreline change was investigated from bi-monthly aerial photograph and correlated with
the natural data such as wave and river discharge. Then, the shoreline change model was developed by
considering the existence of sand terrace and river mouth width change. The simulated shoreline was
verified by shoreline data also from aerial photograph.

The Sendai Coast is sandy beach and stretch about 12 km from Sendai Port at north until Natori River at
south (Fig.1). At north border, there is Sendai Port with its 2 km long of breakwater. Going to south, there is
Nanakita River mouth and Gamo Lagoon. About 1 km from the Nanakita River mouth, there is water outlet
belongs to waste water treatment facility of Sendai City. Natori River mouth border the Sendai coast at
south. However, the object of this study is only about 4 km shoreline around the Nanakita River mouth.
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? Professor, Department of Civil Engineering, Tohoku University, 6-6-06 Aoba, Sendai 980-8579, Japan



138

2. MODEL DEVELOPMENT

Reservoir Model

In tidal inlet, many morphological features exist inside and outside of inlet such as flood and ebb shoal.
The sediment is possible to move cyclically around the inlet, which is influenced by wave action and tidal
current, such as back and forth between the flood and ebb shoals or around the ebb shoal; down-drift
bypassing bar; beach; channel; and back again to the ebb shoal. Kraus (2002) simulated that process in tidal
inlet by analogy to a series of reservoirs or beakers. The volume of sediment in the shoal (reservoir) can
increase until it reaches an equilibrium volume V7, (the subscript e denoting equilibrium) according to the
hydrodynamic conditions. Sediment may leaks to adjacent reservoir with assumption the leaving transport
rate (Qgou) 1s proportional with the filling transport rate (Qg;,,) multiply by a ratio between instantaneous
volume inside reservoir (V) and equilibrium volume of reservoir (V). When the equilibrium volume is
achieved (the reservoir is full), the sediment, which goes to the full reservoir, will bypass that reservoir in the
direction of transport at the particular time.

The reservoir model, which is introduced by
=== | Kraus (2002), is suited to simulate the emerging of
-— PR e — sand terrace and bypassing process in river mouth.
I ain a This study used that model with some adjustment
— ——-T———' by disregard the initial purpose and application of
eacl Beach . . . . . . .

asrv reservoir model, which is for simulating tidal inlets
behavior. The existence of sand terrace, the
Mouth component and pathway of sediment transport in
river mouth is depicted in Figure 2. It shows sketch
of river mouth situation with the simple case of
long-shore sediment transported from right to left.
The Q; is sediment transport rate induced by wave
along the shoreline on both sides of river mouth. The Q,, is the long-shore transport rate from up-drift beach
side, which enters the river mouth or sand terrace area. The Q,,, is the long-shore transport rate, which leave
out the river mouth or sand terrace area and go to down-drift side. The Qy,, is sediment transport rate induced
by river water discharge and fill in the sand terrace area. The volume of sand terrace area at any given time is
Vy with the corresponding equilibrium value of V..

Fig. 2: Sketch of sand terrace simulation

As same assumption with the reservoir model, the rate of sediment transported out is specified as:

Qoul = Ziﬂ (Qin + erv)

ste ( 1 )
The mass conservation equation for the sand terrace is:
dv,
TJ = Qin + Q.wv - Qoul
! 2
where ¢ is time. With the initial condition V/(0) = 0, the Equation 2 can be solved analytically become:
th = ere(l - e_m) (3)
where: 0=fntln 4)

14

ste
The ratio between instantaneous volume and equilibrium volume of sand terrace can be used to simulate the
bypassing factor (Byp):

Byp=1- L (5)

ste

River Mouth Model

Ogawa et al. (1984) have proposed the mathematical model for simulating the fluctuation of river mouth
width. The model assumed that the wave component is responsible for development of sand spit and the
river discharge flush out the sediment from the mouth as seen in Figure 3. The governing equation is
expressed as follows:
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(I_Z)Lhiif: erqu_ew(l_ﬂ')Qw (6)

where 4 is porosity of sand, L is width of sand spit, /4 is the depth of river mouth, B is the width of river
mouth, ¢, (or Oy, in sand terrace model) is river discharge, Q,, (or Q;) is wave long-shore transport, e, is the
efficiency of flushing out by river flow and e, is
the efficiency of sand spit development by wave

? Qm:_ <_Qi" < motion. When the sand spit development reach the
equilibrium condition (the narrowest width of

Beach - L Beach river mouth), the river flow passing the mouth
T . obviously interrupt the long-shore transport.

Mouth Therefore, the bypassing factor can be expressed

in ratio of instantaneous and maximum river
mouth width as:

Fig. 3: Sketch of river mouth simulation Byp= B max ™

In this study, the river flux was estimated by using MPM Formula for bed load transport, which is expressed

in river discharge as: (Meyer-Peter, 1951)
3/2

4 nzq 2
=As-Dgdd| — I _0.188 (8)
g, = (s-Dgd, G_Dd iB
where ¢; is sediment discharge per unit width, s is relative density, g is gravity acceleration, d is sediment
size, n is Manning coefficient, p is water density. The long-shore sediment transport induced by wave was
calculated by the CERC Formula:
0, =K(EC,),sina, cosa,, ©)]

where E;, is wave energy at breaking position and C,; is wave group celerity also at breaking position, o is
wave breaking angle and K is empirical coefficient.

Shoreline Change Model

Total shoreline around the Nanakita River mouth for simulation is about 4,000 m. The shoreline
stretches from Sendai Port breakwater until position x = 4,000 m on the right of river mouth. The Nanakita
River mouth was simulated with 180 m width in open condition. The spatial step of shoreline was set at 30
m and coincided with spatial step of bathymetry. Therefore, the wave parameters also coincided with
shoreline spatial step because calculation of wave deformation was based on bathymetry. The simulation was
performed in interval 1994 until 2009. The calculation of wave deformation was conducted in daily interval,
but the shoreline change simulation was run in two minutes interval (120 s) because the stability problem.
The sand terrace and river mouth simulation were also conducted in shorter interval (hours).
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Fig. 4: The boundary and model of shoreline around the Nanakita River mouth
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There are three boundaries exist in the model, i.e. left, right and river mouth boundary. The left boundary
represented the Sendai Port breakwater, which completely blocked the long-shore sediment transport. It is
obviously the left boundary can be set by:

0,=0 (10)

The right boundary was determined as fixed boundary because the shoreline is relatively in stable condition
and set as:

Oni1 = On (11)

In this boundary the long-shore transport still passing but has no differences with up-drift or down-drift cell
and moreover makes no shoreline change. This position is also far enough from the influence of river mouth.
The river mouth boundary was sketched in Figure 5 with simple case that long-shore transport from right to
left. The long-shore transport component of Q3 0,07, Qs were calculated from wave parameter. The long-
shore transport components at river mouth boundary (Qs and Q) were important to simulate the river mouth
influence. These components were determined based on how the river mouth will be modeled. This study
setup the shoreline change model with four different conditions in river mouth boundary. These are for
examining the improvement in shoreline change model by incorporating the influence of river mouth in more
detail. The conditions are follows:

— —— - =
ol qi o LI A
————0 ° o ’—'—‘—'—.—
Y1 H Y2 | Y Ya Ys H ysi H ¥z H Ys H
: P : H

dx

Fig. 5: Sketch of river mouth boundary

Model 1

First model simulate the condition without considering the river mouth influence. The river discharge was
assumed no exist. The long-shore sediment transport components at both sides of river mouth boundary were
determined as follows:

05=04, 06=07 (12)

Model 2
Model 2 simulate the Bypassing coefficient which was controlled by the existence of sand terrace in front of
river mouth. The sand terrace was simulated by applying the principal of reservoir model (Kraus, 2002). The
transport components at river mouth boundary can be determined as follows

05 =06=BypxQ7 (13)
The bypassing coefficient was calculated by Equation 5. In this model the flushing out sediment from sand
terrace was assumed loss to the offshore.

Model 3

Model 3 simulate the bypassing coefficient which was controlled by the width of river mouth. The width of
river mouth was calculated by applying the river mouth model (Ogawa et al., 1984). The transport
components at river mouth boundary were determined as same as Equation 13 and the bypassing coefficient
was calculated by Equation 7.
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Figure 6 shows the morphology process around Nanakita River mouth in 1997. Figure 6.g shows the river
discharge, Figure 6.h shows the wave height condition, and Figure 6.1 shows the direction of incoming wave.
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Fig. 6: Seasonal variation of river mouth behavior

In January (Fig.6.a), the river mouth was in
process of sand spit development because
the river discharge was in low condition.
The shoal was not emerge, which means the
long-shore transport fully compensate the
development of sand spit. In March (Fig.
6.b), the river mouth was in equilibrium
condition i.e.: the river mouth width in
narrowest condition. The shoal was emerge
on both sides of river mouth which means
the river flow give blocking effect to the
long-shore sediment transport. The picture
also shows cloudy area on tip of flow which
may show the existence of sediment
bypassing river mouth in this time. Figure
6.j shows the shoreline position 100 m on
left and right side of river mouth. In this
month, the right shoreline was more
advances than left position. In May (Fig.
6.c), the river mouth was still in equilibrium
condition because the river discharge was
still low (Fig.6.g). The shape of sand spit is
slightly going into river because the wave
direction is in almost perpendicular
condition (Fig.6.i). In June (Fig.6.d), the
river discharge is wusually going high
(summer season), the river mouth become
wide because the sand spit is flushed out by
flood. In this time, the sand terrace may
emerge in front of river mouth to store the
river flux and the flush out sediment from
sand spit. In September (Fig.6.e), the
remains of sand terrace from previous flood
event still appear. The wave action spreads
the sand terrace to both sides of river mouth
which is depend on the wave direction. In
November (Fig.6.f), the river mouth is in
stage to reach the equilibrium condition
again. The sand terrace is slowly decreased
and goes to diminish.

The simulation result of all model were
presented in Figure 7. There are still big
discrepancy  between  measured and

simulated in area from Sendai Port
breakwater until section 2000. It is caused

by the problem in wave ray modeling, which make the shoreline near break water was eroded and deposited
in the area of advance shoreline. For the right side, the calculated shoreline is in well agreement with the
measured one. Considering the river mouth only influence the surrounding area, Figure 8 shows the detail in
500 m around river mouth. Model 1 is over estimate on the left side but perform well on the right side.
Model 2 shows good agreement with measured shoreline both on left and right side. Model 3 is under
estimate on the left side and over estimate on the right side. This mean the inclusion of sand terrace model
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gives better improvement to the shoreline change model. The calculation of root mean square error (RMSE)
gives value 16.1 m, 6.9 m and 21.2 m for Model 1, 2 and 3 respectively. It shows the smallest error of sand
terrace model compare than other model.
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Fig. 7: Results of shoreline change model
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Fig. 8: Comparison in 500 m around river mouth

4. CONCLUSIONS

The natural evidence from aerial photograph and others data have shown the influence of river mouth to
the surrounding shoreline in seasonal time scale. The existence of sand terrace and the equilibrium of river
mouth give obstruction to the long-shore transport. The combination of reservoir model and river mouth
model in the shoreline change model were performed to simulate those influences. The reservoir model
gives better improvement to the shoreline change model around river mouth, which was showed by the
smallest error. The river mouth model still needs modification for giving better improvement.
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®-1 TRAIEZEOMEN LT R, RALBIE, HEERE S LHHRK

T ﬁﬁﬁ?g Wﬁﬁ?i &ﬁﬁ% BB a%??é
St.0' 68.1 —49.8 4.8 0.10 2002.04.28
St.0 90.6 —44.0 7.3 0.17 1992.07.13
St.2 74.4 —64.2 6.5 0.10 1991.08.01
St.4 86.4 -32.0 8.3 0.26 1991.08.01
St.6 222.3 85.8 12.7 0.15 1991.08.01
St.6' 65.9 —41.2 8.1 0.20 1998.05.10
St.9 59.1 28.5 6.2 0.22 1991.08.01
St.14 75.7 44.9 6.1 0.14 1991.09.13
St.15 67.8 -30.4 6.3 0.21 1991.08.01
St.16 48.9 =271 3.9 0.14 1991.08.01
St.18 69.4 35.1 8.8 0.25 1991.08.01

3.2 A1 EOTF—42DH4E

A 1FFRE L LA OITRAE Y () 2o 5 MBEITHE (RER) , £898E (B
TG & OZEOMXHE) ORRFEELH 2 B-4 1279, £, TROOITHRELTE (E&
EHERE) OREMERZe OB EZB-5 1277,

B-3 & 50kfen s, REEBRFREIERDICoN T, EERAEDSSLLRE < D EmAR
ROOLND. Fio, AEMMZE L CHERMBEAF L CHLIE-5 1BV TH, 2EMIC
RERT ORI & 32, fEHERZEDSLCHIMEm TH D Z 3| S

FT-1 ICERERICEBT DT E L O A8 &, oA &, SRS L ARz R
#.::ﬁ,ﬁﬁ%@ﬁ%m:nif@ﬁﬁmﬁk%@ﬁ%&%k%ﬁﬁ%@%,%k%@%
EIXHEROEBORKEO Z LT, AEORKFIIITHERFICEONTLLOTHDLZ L AR
#.it,@@ﬁ%@ﬁﬁ@S@%(mm$~mn$)@%@%mbfwé.%w%,%m%
FATBYE RIS B 2 A8 Rtk (=R R KA THE) 1X 0.10~026 RETH D Z L B3H 5.
F7o, BRSNS DD LW T, FOITRMLE LT~ B2 I TIEaw.

4. BHYIz

K R B M (2 33 1 B IT AR B AL O BIHIGR A - T 28 L C, ROMERF LT,
OITHLBAB O Zo 1%, RN, B ORR & & HICOPHINER Th 5. Ziud
HERIBRALIZZ AL O0d Lt

OITHLE OEBRE (=R~ REE &) 130.10~026 FRETH S.

BB B H 7oV, REAHE SEEM L ILREC R IE O ) 257, EERT 5.
BEXH

&SI « WP « KRR — - B 2 BT DI AR O R R A 22 AL B A S O
T, MR LSRR SCAE, 55 555, pp. 636-640, 2008.
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HAD 5 ¥EFIZIIT BB 100 SEBIOMEEAKEHE L
SEZENC L 5 100 SEE DR AT

FALRZETER &H %
FACRFRAGE LIS SR e 5 — Al &7
FACRF R TR SRRt & — EBF B

1. IZCHIZ

BRI Kl X DENEARRKIRIAR 2 &% 72 DJRIK & Ui EADMRE S Tnad. 21 HfeRIZIE,
TSRO L 18-59em _FH95 LHEESH TS (IPCC, 2007). dLAPEEEEET /L (NPOGCM) %
FAWTRES N, RS APEHEORZE L) U A4 (IPCC, SRES AIB 3V A) 13 KREYTD
FHEARE RIS ZAUE, AATED 100 A& O FA-81% 927 em ERT2 EHEESIVTEY, S HIOKH
IR &~ THE) 1. 2/ vear HiEf S G5 2 LOMEESNTWD. — 5T, BRONYE LIck
BRI OW DR & KUFISENC L DRI AR S SIS, AADRIGRAEINC L AHHHEA T
BNZOWTIE=RD (1994) LIRS TURNZ EHH Y, 100 455 T2 2 L I3BREROBETH 5.
FRN TR EFEPIERT T <, VBRI B IS AT O A Tl & B8 D BB D
100 FFHDRETREN EORE TH DD, EO XD 7B RIFThand 208N S 5. T 2 CAEIOIF
5TV, HARD 5 SOUREZ OV THI A TV TlEZS 100 4RO BRI AT, KB X5 100 4
BORETHZETD.

2. fENTHIE

PRSI, VI — 2 AT T HERE it v
TholAl, Bk, ik, &, ERoOEE
THD (XM1). NSRS
FECh%. - K (2000) A3 1900, 1950,
1990 AEEE DRI Bl L 7-Fidse gt
SRORDICREI & BRI Z T, Bl (2008
AEEE) 9 1/25000 KA 5 H7- b L=ibite
ek MR A U, WA A TSRO R
ETES = L CRERARD, @75 100 o 000N
WO R E AT~ (X 2 (THE % =7
BRPGUFE IR 100 EORIRAN 27 13600 Seo
HROFREDEI DI TE 5.

40°0'0"N A - 40°0'0"N

,?' Miyazaki L 30°0'0"N
."'

B1 : RS ie

*Century-scale Shoreline Change and Future Forecast of 5 Japanese Beaches, Tohoku University School of Engineering by
Jun Yoshida, Disaster Control Research Center Tohoku University by Keiko Udo and Akira Mano.
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WIS, i LA K DWERREEO PRUAKIOWTORT. MIRRERDT, =46 (1994) LT Bruun
Rz FWTHERE L7, Bruun AT, WEPABIZWERBEN 27 L & LTI L, Wik & 9hod 2 YRoch
ERV P RREE 2 R TND SARGEL, £ Himtgz 35X (1) TRan 2.

he = AyY3 (1)

h KGR (), A VRIS, v I3 TAOREE () THS. A TRMEROEERES L 58\ R 55 =
LOMERR S TEY, Dean(2002) 12 &> TEOBIRIAEH SN TWD. oMY, ik b5
&% LX) DIREAR B2 Dififi AR I~ % & L bICEICOBEIL, TTHDMZIET D &1k
ESITND. Z ol B L TR RO BIRANE) U733 Bruun HITTH Y, K(©2) TRah 5.

Ay[Wa ==S)(he + B,) @)

A I THEER (), h I TWRBEIRAUKE ), W T TRBEIRAUKEE COAEERE ), SI3Em
FHEE @), Bl N—20EE ) 2FT. hddHallemeier (1978) 1CL5:EB) MW TCEET 5.

he =2.28H,, —68.5(Hm3 /ng3) ®)

H IR FN S ), TIIRKRERIEY ), ¢iXEIIEE W/s) £, W0 okiic kv
Hzonb A ERE) LVEESND hERALTROLND y THZ 5. B I, B - bk (1983) 04)
ERNTHEETS.

By, =0.125H,” S(grsz)’/ *w

H 3BTRS ), H PSR (), TS (s) 23 H,130% (1983)
ORI VEET S, tan o | WHEARS, L IFFETAERIEEZRT.

Hy/H, = (tana ) (H, /L) "% 6)

Pz X o B, WoRiF, WHERAEL RO SIRREAHEET D Z LN TE D,

WiEAl FAEE, NPOGOM |2 o THEH &7z AIB 2 U AT 5 21 iR & T8 AT, KR
R X Ay B 7955 1. 2m/year ZNZ TABAAEH Uiz, JERGAIHTT U 7 7 A0 — 2 ZFEA L,
W2 10 BUEOZEUHmAY 100 4% E Thi< SRE LT 100 FEOFEEE G2 7o (AR
—29. Tem/100years, FFcRAFERE © 95. 8cm/years) . AL 2009 AEE HHIFHGERI T bm A w3 =2 D%
TEHIX BAE SN DI TR HEORIVARL CH- 2 72, £ LITHEEICAW AT — 42 &R

#1: ANTIT—H
Rk | AR | R RNAOZSE Sla (R SN EE - T
(mm) Ee 100 4D L2 B | 100 %0 ML M | BAE
W (m) ) | Wemm | A (s) (m)

filie 0.26 0. 047 0.12 0.62 7.7 5.8 12 0.39
S 0.48 0. 066 0.16 0.71 5.7 12 10 0.27
HARF 0.44 0. 064 0.15 0.71 5.7 12 10 0.27
=yt 0.90 0.11 0.20 0.45 7.6 10 13 0.32
IR 1. 00 0.11 0.21 0.86 7.3 8.0 12 0.32
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3. i3 100 AFORDIERE AR
3 T 100 FEOTTHZME.E 100 FFRORAETHIZ RS, 1950 LA REFIEHENE L A L1Thiv T

53, TR UFECAMENC IV E LT LB 55, WTNORIBIZITE 1950 475 1990 4R

DRNTRE ITHAER LTS, 2L, X2 0 1950 45 & 1990 EDRDIRERDZM VA5 1956 FEODUREE

I L DU, W OEERINERIRIC LD b D EEZ BD. 1999 FEDOWFHESIEIC LY TBASE)

72 Tl kil Lo v

7Y m—3 g RAERERD 50 -

MER e CHERO TBREE ) <2 TR T o

) ~ORE b ERESND & R e\ N SR )

HIT7p otz 1990 LELIET, Q

WBREEIT & o TH SRS § -100 1 —e=sendai Toeesessszzzzony

o7 I L CRERITINE ® -150 | —#Miyazak

ETHEMICHD. LT § p00  TReeh N

100 454513, SURZSBNC L% 8 .| TNiea eIl

Wi - OIE A~ @ =¥ Kashiwazaki

BWHRFEH SIS LD 2 -300 | | | |
b 1900 1950 2000 2050 2100

(272 B ATHEMEDS &L
Year

X3 : a7 100 FEOITHZHS B & 100 4P ORA TR

4. KFFENC LB 100 FHEOEETH

2 4\ TR0 100 A OTTHZE LR L 2008 4E45 T8 2100 AEOWENR 2R3 WO RIS T THH IR
JORERE Motz {THIRBED R RONIIRNE, ST EIUEERE ARV, AEDNER) T 5 2 &0l
Tl FHES BASIE CRe b RE W2 E M BITHMEIRATE L ERI 22 72, B O BIR SR FA-ReIiRas
PRTEDORIGHIE & R E 72753720 03, WEAYETH WRERARAKTH D Z LD IRETIITCIER B IEY N
EDotz. T TH -7 100 SO TN, RUFAE) &R FA-EOAERE LIERTHHOT, BEORE
FPEZ BT UL L Y R VRIS FIREIZ /2 D LB 2 b,

1999 FEDURFHELESRD TH55E), TRIH), [BREE) \CHAZEHEEEOS Y 55, TTHAS 10m LA
FUBRT D T, BEOWIENEE BET 5 LA ERERICR & B s T T b0 L B2 HND.

24 1 100 ROV THZ O TR E 2008 35 KON 2100 4EORYEENE

& S Frle T =0
100 DI THZE. (m) -29 -17 -18 -14 -12
2008 DY (m) 76 76 58 46 70
2100 LEDORBENE () 37 59 40 32 58
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. F&®

5YEFEODIEZ 100 FFOTTHZKIE, 19001950 4AFOHIRT I SrIgatskE A O B ERIC L 0 AT TRY
1950 AELARE BRI BIR AR E A THVERIC L W AE T T D LB 2 BID. 1990 4ELIEET, TTH{TZ
ETDHANCH D Z LMD, 100 Pk IRUBAEE) L Diff - ORRZ B~DEN B H H i d L H I
722 ATHEMEDSEV . 4TI Bruun BIZFAV 72 100 AR ORMEZETRICIE, 10m DL ETERDMZIET 5 LD f
Rl o7208, AlalER Uiz BAEOHHG R, o ER-E0 FHEOR TH/ASUMEZ HWTE
v, 100 %O ER-EITARIOMEL HIZHRKT 2 ATREME D 5720, HEERERLL RITITi %Ik 2 &
bHLEZSNS.

AR T 72 100 455D TR, KIFEZEENC L A B & R OBERE LT-ERTHH DT, SH%IFS
DIGREOREEMELEE TS 2 L TR B TIN5 B2 B,

HRE - AHITIEIT, BREER OBREI R AHEEL (S-8-1(4)) ORI LV B Shriz. FEHHIT— 2SIk
WL, RAEEFRICTEINE 0z, 2 2IGGE L CllE a1 5.

6. ZEITR

ZFMESE, JREET AHHEEL SREREE], (SREEGE - RO DN R ORESHUE ) TRFET LD
FUVEOIRE & RERHEORAS, ViR TY5sCE 55418, pp. 1161-1165, 1994,

FEHBLE, TEAKET @ MRS K DR - HEREORN, MR T5sCE 5 47 &, pp. 681-685
2000.

FEHLZ T LR RIBEORRT, AR R TIFEAS - KEEAR, 2000.

) I - MR T AR ORSEHR, 1991

Tl . AAOHFHRE, IR, 1997,

B - ORISR - IHEOHERRE 01T 2 P b, i Tomlsn O, o5 30 &, pp. 254-258, 1983.
VRIBZEUSHAAITITAT MR - K ES VS EIIE T — 2 - REMSEIRTEEIRIGEE (v 7 7 ) BRT—
4, http://www.pari.go.jp/bsh/ky-skb/ks-jyo/kaisy/dat/sub300.htm

REIT IPCC 54 Ui E 55 = BRI OB b L i AKAL

Bruun, P. : Sea-level rise as a cause of shore erosion, J.Waterways and Harbors Div, ASCE, 88 (WW1), pp.117-130,
1962.

Dean, R. G : Equilibrium beach profiles : characteristic and applications, Journal of Coastal Research, Vol.7, No.1, pp.53-84,
1991.

IPCC WGT : Climate Change —The IPCC Scientific Assessment. Cambridge University Press, 365p, 1990.

Duncan M. FitzGerald, Michael S.Fenster, Britt A. Argow, and Ilya V. Buynevich : Coastal Impacts Due to Sea-Level Rise,
Annu. Rev. Earth Planet. Sci. 2008, Vol.36, pp.601-647, 2008.

Hallermeier, R.J. : A profile zonation for seasonal sand beached from wave climate, Coastal Engineering, 4, pp.253-277,
1980.




48 2012 195

BRI RIS BT 2KEAYOBERE I CET 2 HMBAE

BERFHELZATF ABETHE B2 XEE
BERPIAEL AT AETSE T HE
BERZIAET AT AETHE BRE 2

1 IC®IiC

WK OKAEEY OZERSAE, HAKORIHE TIXELT 5 Z ENTHEND. TOEIE, K
A OY A ZRHEERES), S OITITERERERFIEFL TV DL EEZLND. 20k, HIK
DRI TIX, KEEYOHEMEDEM DA NET 5 EHER S D . KEAEY OREEREIED IRRE
ZACIZ DWW TIIHEEDS (2010) 2 ILUEEOKIARNICHMFE 21T > TH Y [HURF O HERA IR
Bt & BEEEMDESE 0 \TITTRVHEBEN H D ) Lk ~TnD. Lo L, HusRE o FEEE & BRI 0 DR
FRIZKRIFRINSUA DTN T HFRILT D DD, ITHOWTIEH LTIV, £72, BEES (2010) ©
MR ERRE & REEEAEE 0 ORIREZFEL RS L, HIERAYEEEEDS 2km o S CREEFIEE 0 A5
FHHIZD L HICRADD, ZOHRIZONTHRAES LTV, & ZCTRBIEE, KR DK
LR DFEEREIE DO ZE R 0 A O ZAL OHRIZ AN T 7255 1 BERE & U T, SRR KAL) DO BEEERE &
B9 B BHIFEA ZTTV, BEED (2010) OFRA T S IR > TORW 2 DO UZ DN TH LR
L.

2 j‘?‘& o

21 WEMA g o T
AR CIER AR L | P tg v

2 AN E R E L. 98 - 2 [0

W, b 15 4 B0 RIS P. 02 | X

6 A BNTIT o7 (B-D. [y N S~

22 KEEHOY LTV T i O S - e MRS
KEAEMOY 7V 70, K1 AF) EREm 0T A

B% 23 4F 11 A 16 BIZK-1 (TR

A6 IR T 1 [EfT o7z, BFEHE TIE, WMALDERH e L 25, KEDERWE ZADEMAH T
T3 EET AN A ISR Y, 2 KT — ME&Ed——% >y b (30cmx30cm) &AW CERY 7Y
T EAT o T R LTOKAEAEMITE DY TR 2/ — )V & W TCREE Lz, o 7V idhisesE
IZFFBIR Y, LED fTBAMEE A N C AARREKAER I (IE4KR - fH—=, 2005), JR)IlHh
B Guilfdifd - mFEERIE, 2000) IZHEVFIREZRBR W AN IHE L~V E ClRE L7z,

*  Community structure of aquatic biota in the upper Shiroishi river basin by Hideaki Matsuzawa, Rie

Kanno and Yoshiyuki Yokoo
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23 NIRRT —%

AL A 6 R TIE, KAEEMOY 7Y 7 L RIFFCR)IEREFAE ST o 72, KIETAZ v
7 % TR OREET 7 2R 22> T 3 EFTCRHl L, ZOFHE & UCHE L. Wl LB
HWEH JFE 7 KX T w27, AEMI-D) ZMWWTHIE LTz, RifRIZY 7Y & 7 % AT > T O A
DOERZBHEIZLY Som Z A Trogk Lz, AKRISZKIRECEHIIL 7=
24 HEANORESERME

WS N OFESZARVE &2 EMTE O$ & 3670 a1 S & Shannon-Weiner 245 #54% A (Shanon, 1948)
WX VR L7, FESERIEIIEEENOFEOEE S LHEED 2 DOBERICL > TREDH. —KICH
OENEVNEEREIZHTHD EE2D. L LIHEICE TN DFOBMBFRIRE Th > T HHE
DOFE OB EEL 8 % < MO ERE DD 72 WEGA TR OB Lt % K < T2 D SRR 22 5.
Shannon-Weiner ZAEFES S H 1ZFESAENED 2 DO THETH AF OB S X L WSR2 KAl <
B CchVUToOXTHEINS.

=5 ol )0

T 2T i i B ORI 2 N IT e Bl OREEEE S~ R
2.5 FHUREOESENE

- Hi R O BEEERGE O FELIM: % Pianka OFALUE R o (Pianka, 1973) & HWTEHME L7z, ®AT
AT alX 005 1 OFOMEE LY, 11ZE3 <A EFEM OFERRK & ML RITEP T 5.

) n,. ny.
Z—pB’ ) Pa= ) Py =)
\jzpm zpb’z 4 B
Z 2T Ny NpldHisi A, B ORMEREZE ny, gl 3H A, BICEIT D i EREOEELE RS
F7o, BRI OBEERNE OEW A FREANERE 012 KX VM U7z, BEEMEE 0 13HLUEEE o
EHAWTCO=1—a LEFR L.

3 MR
3.1 s —%

T DB HNTIIBREE T — % 231 17 JfedlE P06, /KiRIE P05 TEN L@ MES
RLE. L LINLOBRET — 2 ORICAERMEITR N7,

-1 FIRET—#

FEM S P.01 P.02 P.03 P.04 P.05 P.06
7K (cm) 40.0 33.3 36.7 46.7 25.0 33.3
TR (m/s) 0.69 0.74 0.76 0.68 0.81 1.61
FIE(cm) 10 10 5 5 5 5

KR (C) 8.0 7.5 7.5 8.0 8.5 8.0
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32 KAEEY

B2 1B A DO KEAY DFELEZE LD THD. U~v— < hETr T LA A ~ZTH
Fa I ERERSROETICH D 6 HAIZHFEEL TS, T, 4/ TAY~ s T, alx
VY hETT, NGR4T FHVNES T, STV NS T, XAV TEO—FEIL6
HSH 5 MAICFEEL TS, MSEICAD &, POl TR ) 22 ) SR OB RHME ((F1EKL
=0.26), 1/ 7AY~ hET T ((F{EH=0.19), P02 TIXV/L~—~ hEF T ((F{EH=020), =
HE< T TRO—H (F(EH=0.13), A ~F T H47 17 ({F(EH=0.13), P03 Tl U/ ~—
v M T (FER=023), E A T XS a U RO~ ((F{EH=0.08), P04 Tl U= 7
RO B R (fF/EH=0.42), 5777 > A% Amtocha J& D —F (fFfE£EH=0.11), P05 TldAA~%F
Aray (FfEk=0.16), =V X ) BIEROE AR ((£1EH=0.13), P06 TlEA / S A ¥~ bt
77 (FEH=038), Vv —i~ MES T (FER=0.13) RN ZhE iz R L T D,

0.45
0.40 -
035 mP.01
0.30 - mP.02
ﬁ 025 - mP.03
s 0.20 - mP.04
0.15 1 EP.05
8(1)2 = P.06
0.00
M//) @S’v /@:Yﬂl/’;ﬁ//’ //@:OA:OA &OQ /@ /@&i@y /@%@&i‘@ /A@ /@&i@
v NGO O A A K R KL K KO K
PRI SN ,@”,4’9 » @@ﬁ a@a@ﬁ@@ﬂ@ @@@@ ﬁé’ﬁ,&@@
A A A 8 9T Q8 AT 0000 R0 R0 el e
o K KT AT AT AT A ) & & =
NN A AT A RS T N AR S Ry
VoY AT R T X AT T 90T 0 3T 00 NS B
NI RSN SIS A AR o ) <
“Ar )éﬁ e A > )rw ﬁ// ﬁiﬂ D NASE o7
0 /)Y’/) z v A T4 @’9

-

X-2 KAEAMOFEEL

PR HLE A 6 MR BW T, B O KA ORREERE, A FERESCS, Shannon-Weiner 45k
W EAEE2ICFEED.
-2 KEAHOKEEE, 4H5¥E#ES, Shannon-Weiner Z4EEFEE I°

FEH P.01 P.02 P.03 P.04 P.05 P.06
HEARE (B 31 46 39 81 91 16
TEBHS 13 15 21 16 19 8
Shannon-Weiner Z5£% 55 1 2.25 2.41 2.79 2.11 2.55 1.84
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6 HSIZ B W TRER SR I35 T 16 IR (P.06), 5% T 91 (P.05) fEKE 72 7. /pFAREER S 1L 8
(P.06) 7> 21 (P.03) DRI TZEH L7=. Shannon-Weiner Z4kE 54k H°1% 1.84 (P.06)7> 5 2.79 (P.03)D
MCEB) Uiz, BELKEAME LT, eyl 12588, VU7 TH 6 p¥EE, s
B 11 70%ERE, WRE 2 %8R, BOAR 7 0 BREDHERR S L7z,

K@ A%k, S3JERES S & Shannon-Weiner ZEREEFRE B DEIRE HL 5 72 9I1ZX-3 8 L X4 #1{E
B U7z, [K-3 10 3 5ERES S & Shannon-Weiner 2245 FEFREL P IZIFAHBE R 5 Z L I3 O TH 5.
X|-4 % H.5 & P04 TIIRMEREA 2\ T B4 59 Shannon-Weiner Z2ARFEFEH P DIE MK L 72 -
TWn5h. ZIZTH2 25 E P04 IZBWTIET Y =2 U 7 fiF o J& REIFE O (F1E LE ARG I K &
{725TW%. DFE Y P04 ® Shannon-Weiner ZARETEI B DIEAME < 72 2 DIXFELARNE 2 ARk
HEHED 1 O ThHIHEEMENZDOE LB LS.

25 T 2.80 100 2.80
'l\ 90 -
N\ 260 80 - 2.60
20 - ¥ 70 \ =
& 240 % & 60 \ [ 208
% 15 Lo 20 \ Jé&
& T 10 I
990 ¥ 40 \ 2.20 #
R / i \
\ E 30 - \ ®
10 SRS i 200%% £ g0 | =——infEikHK W\ 200
-—= ZEREREEH ' 10 | === ZEREREH
. L 0 — 1.80
P.01P.02P.03P.04P.05P.06 P.01 P.02 P.03 P.04 P.05 P.06
R MR AR A

-3 SMEEEES & SRRERE B DBIR -4 iREES L SERERR £ ORISR

3.3 BEEMERE 0 L EEREOBR

(-5 1%, BEED (2010) 23 & 0 F & D IIBRAFFIIINC IS 2 His i o EEREERE & BEGEFRIE
O DR TH 5. 2km Mgl £ TiE, FEEEAEEIL DI I CRESEMIER 0 HLEIN L, 2km #1822 B X
5 EHHEMEIE 0 1ZTITHIZ2 > T D KD ICx 5. -6 1ZK-5 OF — X I[CAMIE O AAE o
MzIZbDTHD. H-512BVT 2km #HA TEHITHIT 2D & PRSI FEMER 0 1L, A%
DFEREEDE D L ZORITID LT AIREMEIVR STz
3.4 RfERER, BEEMEE 0 L EEREDBGR
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U NN OB ~EDEEEZ B LT D, RO EAFIRIE, SRR ITHA
FEALEHELT, BARTHHE DN DNFET 2 -EMTH 5. Z D7 DK A KR
ELTRETHEENIRE V. BN OB 22 KR O SR E DA 5 L OUKN B & 34 5 7=
OIZH TR KIRFH(Onset Computer #E% 7 ¢ K& & v2) & /KALFH(Onset Computer 1%
HOBO U20 U —# — L~ nr JJ—) & FK ORI E Lz, FHIHIM I 2010 47 9
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* Numerical simulation of water temperature distribution in Tuni reservoir, by Keisuke Tani, Makoto Umeda and

Marcelo Gorrity
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1) Rocio Urrutia, Mathias Vuille : Climate change projections for the tropical Andes using a
regional climate model : emperature and precipitation simulations for the end of the 21st century,

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114, D02108, 15PP., 2009
2) Senamhi HP, http://www.senamhi.gob.bo/
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-1
* Sediment deposit in a lake —comparative study between Lake Tuni, Bolivia and Inawashiro Lake, Japan
Hitoshi Tanaka, Edson Ramirez and Yutaka Fujita
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