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Key words: Terahertz Spectroscopy, Attenuated Total Reflection, Stratum Corneum

1. &

i

i3

FREIIAR LT 8B ThY, B LR
WCMEARFI R BEREEZHZ<ALTND. 2D XD
722 JE OBEREN, B D RSN EIE Td D AERE DK
DEAEEBERRSLLEX LN TEY, AEREO
AR ERE T EAEBLEOBLEN O EETHD &
25, PERD ARG ERIE, BRAREEZFIH L
T HENRE, EFHESNTWDR, BREOREY
ZFRT L EEEARREETH -T2, TR L
LCHER T~ U k2 WD FIENMERE IR T
WD, RIERAREITEM DR EL ST H LW
IMENDD.

7 7~V (THz) ¥ &%, A% 10"'~10" Hz
(% 3000~30 um) TEFR S5 ERLE T, AKITxf
THREBRWINEHT 5T, TEMCHEE
WZEENDMIERLEERE S I L DM hE <,
THz 53 WiEE WD Z & TR EZBIEEICHET S 2
ENTEDLEMFEND. L LAanbKIZED K
XTI D 7= i@ OFEEELE I X D HEITEEL <,
AKIZ K DRI Z B 2 SO ERE R E S 5 HFIEN G
Wb, BGEEE (ATRE) L1, A
DY ALRE TEXFFSINDHBRCAEL DT ARy
T MRICEY 7Y X a EREERET D HFIETH
Y, THz # CTKD X 5 7RI DK & 725308k & mig
WCHIETE D HiEE SR TWS. 7 XARHEDOT
NEytr MEORATE LEHESIE THz 4 Tt u
mfEE L RS b, FREOELEZFEOAERE D
HEZHEL WD EEZBND. &2 TARMETIT,
THz-ATR 15D fE JEK oy &E~DF A% R
R, THEEEWNEL, AEREOE RS KEEHE
EL-.

2. RERMELHER

2.1 BEEKEL THz HORINDEEZ

9, THz-ATR £%2HWT, KEEREICHE T
DT EBMHENDDIZOIEBEEKE 58.5~100%D
A 71— ZKEER O 2 E L=, LA, #l
TENZIE, THz 43 635 TAS7500 (ADVANTEST #H4)
Wz, M2 T, AEBOEEEKELIET D

* LR TS B VE GRS 116 512
— e

1l

LI AR B a1 R AT=

72O DB EVERT D BT, KEER X RE
L7-[M'E R4 (Hide powder non-chromated, SIGMA
i) ZHWTHAEREET VEERL, AERETT
JZHRBIKRER T L, BKEZZ(L S & TR
ZRIE LT,

B 112 0.5 THz IZ81F 2 E&EKE L WRIHRED
BfgAE R LT, A7 B—AKEKOEEEKE LW
AR £ D BT 158 W AR B 28 2 B 4L (R?=0.996),
THz-ATR {£E% W TR % E & TE 5 AlREME R
SNtz —F, MEREETVOEREEKELRINER
B ORI HAHBAMENFE O HHL72(R?>=0.888). L L,
ZOFBAMEITXA 7 B — A KR LV IR, MER
D HREHES N, ZNITAEEETT LD
i & NEBDOKRD A DOENCHEEET MZE
NOHZEEZVPFERTHDL EEZLND. 2%, AY
JEET NVONEHIZLE R TREMDEE L TWHIIEZD
SRV, ZERBATFETRIEE ORI EROE &S
KRBT TR NS SHESNTLE S -
A7 1— Z KRR EEART, FHEMENMELS, B
MO LRECHESNIZLDOEEZOLND.

250

opp | OA 7 B— AW
T AERET NV )
E 15 @@_, -@QO
& l©2S) R’=0.996
i 100 oR%
g R2=0.883

s0F Y

D L I I I 1
20 40 &0 80 100

BEaAkE [k
1 EHEEKER &R OB

2.2 T—FR MYy EUTIZHESRIRDZEE

T2 DOREEAERIIIKSARZ DY, KD
DS U TEZDKRGERE LTS, £ THE
BOTHDORGIZKR LT —7 AN v 7EEH
WTHEEZRELSOWIELZTTH Z & THERBN
DKy AEL%E THz # OWIRE N OHEE L2, &6
ICAREE 1 #HiTHOLNTZRERITRAT L ETHE
BEARBEHE L. Vo NI RE SN
AN I =T EOREERG, EEOKSEE



FEALSE D720, fREIER (Group I, n=5), fi#H
% 24 WEREI=EIR T CHzl 28726 @ (Group I, n=2)
2o T, T X ST AERNE ) RLES S
T TCRIEEIT- 7.

21205 THZ ICB T D /ERER~T. A MY v B
VT OEEIENT X R ORIRE B L, &
HE 1 HiTRDIEMERIRAT HE Group I T
59.9%725 64.2%, GroupIl T 55.9%7H5 62.9%~ &
BEEKRENEINT 2T BRI, AN v B
VNG BN L JE ST SEATHE D E TR
RO 23 R S 47z, WIERENT Group T D 573/
ELPESINTEY, 24 BRI EZZLIZLD
KOMBPD Lzt EZoND. 522 ORINEREK
DETHHCA N » B T REN DI & & 2B
ThoTc. ANV v B TRIEMN 25O & & T X
JEOBEREITIFE A ERES, BIEEEO Ky
TR TED Db N TWA EBELLND. ZDLk &
DRTF OWNARELD ZED /NS N2 & BIRIRER D
EWETTFICAEECTALTWE EEZ BN,
THz-ATR {EIZ XD HERBRIT= AR v & MR
BORFEAEREOKyEEZBRS ML TWD EE X
LTz,

—O— Group | —@— Group II

[ =)
= -
[T fa

HeEE 257k [%]
A

553 -

ETTER At
—

533 | : ‘
0 10 20

Z R Lk
2 AN I WU RE E B RS kRO b

2.3 ZREETIVIZL B8

T Y ALRHDT ARy MEDRBTE LIRS
VREE AU R L, ARSI BRI TIIR A 72 LIER
ED., ZOLEZARyEY MEDRATE LT
MEBOREA LY b REL 2D, WEMETAESE

L0 TFREOMEEDEREEATNDE EEZLND.

g kE MlE IR EORLRIETH LD,
SREC TR EIT R RER m e L, SR 23 A%
SNTAHEEZONDS. ZDLE, THREETL V%
AW 21T 9 2 & T, =Ry ty MNEDER
FPLES L0 GEDZDENAEE D IO A AT
PICHAETE D LSS, £ CTH2HICHIE
L7 7 4 K G ORI ERERIC —RimEe T v & A i#
WrahilL, AEREOHONEROTGEZ ARz, fEHT
RFC LB R T A= Th D A1 57, AEE
DIEIE 30 um, HILEOBEEEITRIZA Y v &

V7% 25 [T ol X OT X REOBEE TR &
L CHtr 217 o 72

X 312 RmET NVE HWTET SR A RS, R
Mrs ik, MHraTo b o & g U RIS T/ &
CEHE SN, AER IV L TEOMREIXAERE
EHARTELOKGERLTEY, ZHREET VI
Fo TRV DK ERT HMEIZ LD HG%
PEBRT D Z LM TE =20, WIREDN /NS < FHE
EhimtEz251%. Groupl, Groupll & HI1ZWKIY
FRBUTMEHTRIFEERIC A B Y » B 7T L,
B 1 HCROTEMEMRITINAT D E Group I T
57.6%70>5 64.3%, GroupIl T 53.7%75>5H 62.9%~ &
BEEGRKEPEINT 2R A 60, FTfTafse Ve
[FEREDBM 2R LT, ATIC X > THIlEIC L 5
TFHEZYBRL, AEBOAOEHRETGT 52 &N
TEI LR END 2D, A RY v BT K
DEOECNAEETELTELDOTHD Z & DR
iz,

2

- ———— e =
-
--
-
-

o
2

(=3
=3

LA
(=)

HEEE BE7AKE [%]

Lh
b4

—C=Group | BEF1£
—0— Group Il BE7f7%
—=—-Group | BEITE]
o | — - = Group Il BETFET

0 5 10 15 20 25
b R P

X3 T T A AN TR

Ln
[
T

3. FEDH

EEET Ve MOT, YEORMITIALND G
DOEREEGKR EWIRE OB EREAFR LT, 7
ZREGORETIE, 7—F AN v BT LRI
S 7 & B g ORI O ZEALD HERR S 4L, 1wy
IZRAT D 2 & TT Y REDEREKROLE Lz
E LTz, SOICZREET VERWTHT 21T 5 2
L CMfaE DTG 2 PR L, AEE D OWRIEREL
ZATHICHAG T2 Z ENARETH D L RE S,
THz-ATR % W THEREOKFEZFITE 5
ATREMED R ST

SE X
1) Hachiro Tagami, Masatoshi Ohi, Keiji Iwatsuki, Yuko Kanamaru,
Mizuho Yamada and Bunjiro Ichijo (1990): Evaluation of the Skin

Surface Hydration in Vivo by Electrical Measurement, The Journal
of Investigative Dermatology, 75(6), 500-507.

2) Keiichiro Shiraga, Yuichi Ogawa, Tetsuhito Suzuki, Naoshi Kondo,
Akiyoshi Irisawa and Motoki Imamura (2013): Determination of the
complex dielectric constant of an epithelial cell monolayer in the
terahertz region, Applied Physics Letters, 12(5), 053702-1 — 053702-4.



HARER < & DIEYIERIE "

Plant Species Identification using Images of Leaf Veins*
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Application of Kramers-Kronig Transformation for Qualitative Analysis

Using Attenuated Total Reflection Terahertz Spectroscopy”

Key words: Kramers-Kronig transformation, Terahertz spectroscopy, Qualitative analysis
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Influence of the shooting angle on a multispectral image analysis of rice paddy
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The effect of different light intensity and photoperiod on growth of leafy vegetable”
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A hydraulic model of low-head drip irrigation system

Key words: Drip irrigation, Pipe network, Reynolds number
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Measurement of Iwagaki Meat Volume Using Helmholtz Resonance’
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The Relationship between Water and Material Balances and Water Management
in Paddy Plots in Echi River Fan

Key words: Paddy water management, Water balance, Environmental load, Farmers conscious
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Multidimensional evaluation of social-ecological value of the Noto Peninsula

Key words: Social-ecological system, Environment, Satoyama-index
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Measurement of Postmortem Change in Fish Eye by Ultraviolet Imaging System *

Key words: UV Image, Fish Eye, Tribolodon hakonensis
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Estimation of Hydraulic Conductivity Using Pore Network Model with Non-circular Cross-section

Key words: Porous media, Darcy-Weisbach equation, Hydraulic diameter
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Wind-induced flow analysis for shallow closed water bodies using
a horizontally two-dimensional Finite Element/VVolume Model
(K- 2 RO H IRELFIRFET 7 /AT IS\ 7= BASHME 7 /K Ik O WSS AT

Key words: Wind-induced flow, Vegetation, Shallow water equations

1. INTRODUCTION

Analysis of flows in shallow and closed water body such
as agricultural ponds and freshwater lagoons plays
important roles in understanding their water quality
dynamics. Such water bodies are typically vegetated with
aquatic plants which physically and biologically affect
conditions of surface water bodies".

Flows in shallow and closed water bodies are mainly
wind driven whose dynamics is reasonably described by
the depth-averaged horizontally 2-D shallow water
equations (2-D SWEs)?. This paper uses 2-D extended
shallow water equations (2-D ESWEs) instead so that the
vegetation effects into mass and momentum conservation
laws are considered. The 2-D ESWEs are solved with the
2-D finite element/volume method (2-D FEVM)?.

Despite water-environmental and ecological importance
of vegetation in surface water bodies have been reported,
only a few researches subjecting wind-induced flow in
lagoons have been conducted.

In this paper, test cases for steady and unsteady wind-
induced flows in non-vegetated basins are given, followed
by those for steady wind-induced flows in a vegetated
basin. Analysis for wind-induced flows in a particular
fresh water lagoon associated with Lake Biwa is finally
operated.

2.2-D SHALLOW WATER EQUATIONS

The 2-D ESWESs on the Cartesian x—y—z coordinates
consist of the continuity equation

on , 0w.p)  0G,9) _
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and the momentum equations
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where 7 is the water surface elevation, ¢, is the water
fraction on the bed, (¢,,,4,,) are the water fractions
within the plane x=x and y=y respectively,
h=mn—z is the water depth, 7z, and 7, are the wind
shear stresses on water surface. For brevity, p and ¢
are reffered to as the components of unit discharges®. S,
and §; ~are the friction slope terms given by the
hydraulic radius-based Manning’s formulae. The terms
S,. and S, referred to as the drag slope terms,
represent the momentum losses due to the existence of
vegetation which are represented following the quadratic
type formulae®.

The 2-D ESWEs are solved with the 2-D FEVM which
applies the standard Galerkin FEM scheme to the
continuity equation (1) and an upwind, cell-centered FVM
to momentum equations (2) and (3).

3. NUMERICAL SIMULATIONS

3.1 Steady wind-induced flow in a circular basin

A benchmark problem for a steady wind-induced flow in
a circular lake is firstly performed. The bathymetry of the
lake is bowl-shaped and its radius is set as 194 (m). The
friction slope terms are given by the logarithmic type law®.
Fig.1 shows the depth-averaged velocity distribution
along the centerline x=0, with its wind shear stresses of
(rx,z'y ) =(0.02,0) (N/m?). The figure shows that the
numerical solution obtained with the 2-D FEVM model is
as sharp as that of the second-order Godunov type model,
indicating that the present model involves less numerical
viscosity than the first-order model.

0.5
L (d
B
8
2 P, o9
2800}
S|
[}
g o Istorder
Z e 2nd order
2-D FEVM
-0.5 ‘
-1.0 0.0 1.0

Normalized cordinate
Fig.1 Comparison of the depth-averaged velocity

3.2 Unsteady wind-induced flow in a rectangular basin

Test cases for unsteady wind-induced flows in a
rectangular basin” are performed. It has a length of 10
(km) and a breadth of 14 (km), and its topography is



horizontal. The shear stresses are set as

(rx,ry) =1,(cos(ot)sin(a),cos(ot)sin(ar))  (4)
where 7, is the magnitude of the wind shear stress, o
is the frequency of the wind forcing, and « is the angle
prescribing the wind direction. Varying the input
parameters of the still water depth, asymptotic and
computed water depth at the specified points in the
domain are compared. The computed solutions agree well
with the asymptotic counterparts for the cases with the
deeper water depth.

3.3 Steady wind-induced flow in a vegetated basin

Numerical simulations of steady wind-induced flows in
a circular lake with vegetation are conducted. Geometry,
wind speed and wind direction are same with the analysis
conducted in section 3.1. Due to the symmetry of the flow
between north-south directions, only the northern half of
the lake is set as the computational domain. Five different
cases for the vegetation distributed areas are considered
including a case with no vegetation. Fig.2 shows the flow
field for a case with vegetation area in the western half.
The computed results show that the average velocity and
the maximum surface elevation difference for the case
with no vegetation was larger than those of the vegetated
cases. From this fact it is concluded that vegetation area
attenuates the velocity fields and reduces water surface
gradient.

4. APPLICAION OF WIND-INDUCED FLOW
ANALYSIS TO AFRESHWATER LAGOON

Wind-induced flow in Nukegawa lagoon, a freshwater
lagoon associated with Lake Biwa, is analyzed. Wind
speed and direction data for the typhoon Man-yi, the 18th
typhoon of 2013 observed at the AMeDAS observation
station of Imazu (September 15th 0:00 to 16th 24:00) is
used. Wind shear stresses on the water surface is estimated
based on the bulk equation. Flows in Nukegawa lagoon is
simulated by varying the parameter of the water fraction
@, . Fig.3 shows the flow field of Nukegawa lagoon for

Vegetated area

Water surface elevation (m)

Velocity: 0.033 (m/s) 0.924 0.934
—

Fig.2 Flow field of the circular domain

the case for the water fraction of 0.96 at peak wind speed.
The results for the average velocities and maximum
surface elevation differences well show that higher
density of the vegetation leads to higher ability of
attenuation of the wvelocity fields and reduction of
fluctuations of water surface in the water bodies.

5. CONCLUSIONS

Numerical simulations of steady and unsteady wind-
induced flows in ideal basins and those of a lagoon have
been performed. The results well show the 2-D FEVM’s
applicability to those wind-induced flows, as well as the
vegetation’s attenuation ability against the flow fields and
reduction ability against the fluctuation of water surface.
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Plant species identification using leaf shape
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Development of human detection method on paddy field during grain fill duration

Key word : Wavelet transform, Safety measures, Agricultural machine

1. #8

BILE, HARDEIEITREREE O bo%AkE
ARt VWoltfMEZWZTVD. 22T, R LL
YEW % IWHET 2 FIERFR ST 5. ZDHIED
—DL LTHITFENDDON, adRy har (T,
ZOHMBETFIES = a % GPS hHELND
PEERIC L > CTAlfREL 72 5. LovL GPSIZ X 47
BIERIZT TIEa o A OMEFT I EEY 2N
DEELTEELTHERETL2ZENRTET, vAR Y
b NNA NERICHBEEITT O E DLV,
AT, BT D355 NICRE L, G
FIZADND DD, WRWONEZHEL, ADBWND
LHIE SN EDOMEIZWD D, ElfM AN
DO ERRET DA EZMIETDH.

2. EBER

By A, AT A R BET ST
W, A CIIRER EIRES S 2 H 5 BERD
7o RIS ERAREO BRI TH Y,
2013 429 H 11 HTEFEE PHTT\KRHT, 2013 429 A
26 B KB mim m#ES cigg L2 .
BRED R ST 2~2.5m 12725 KOk Liz. 2
A VEIRIRF IR OFENIC K W B A T ONLESCf
NETL2EREBEZOND -0, MEMOHISE
HEH OB EIZITo TR W, B AT IT
NEX-5(SONY) % fif ff L 7=

b

1 ESEfR (EA

BfT/\KE, EABHES)
3. NDAEHESLUMEREFE

BRIZI 1T 2 Ny 2 2 B8, N4y & Rgi
FDT I AF X DEVIZEHR LT, £ DO AR
TEv=—T7 by NEHEHAWS., v=—T7 L vk
X, 52N EREAr—) V7B -
THERLL, oIz kbniztEies v =—7 Ly
FEABIZ L > TETLOTHD. LER->TATr—
U > 7 BRI & o TR SN T1E 5 2 LAk Ay,
Tx—7 Ly FEKICL > TRENDIESE LI
FEVH T ENTE D, MFEG T, Ny DZ%E

74—V RaRT 17 A58 UNE: Qe

{ERTIE NS 720, FEE o DAL TR & < 72
L7, TnEFHATS.
ANOFEHE B X ONLER H FIEOLIIIR = <
ST, HIE B IER, ANOFEHE, NOAE
BHO 3 SOMBEN L7025, F 38 EH BB IER D
LPRCLE, B L7 B E&R ) H N O M| E 217
DT OO AEERT 5. JuEiR A HE L, 810
0 %179 Z & T 1280x960 pixel {2 L, Z OEEIZxS
LCy=—T7 by NEMEITH. SRl —T Ly
MBI N VIR R AV, LUV 3 £ TfTo
(1% 2).

@ ..U 1(640x480pixel)
‘ ..LR)L2(320x240pixel)

. ..LR)L3(160x120pixel)

K2 9rx—JLvy rEREOZLARLOHEELERES
ZD%, F LUV OEBR A H L, 640x480pixel (&
Wiz, “fEbEIT o772 ETH L-ULOHEE, F 6
O 5. ZoHEMEBRIZENT, fEEs RIS

NEBTRIZ2 D, WIIANOFIHETHD. 2D

#53 TIE 1280x960 pixel F11Z 35 K% 120x120 pixel LA
FEOREZIDODADBES TWBEHEICZAFE D EHES
NP EAERRT D, T HEHERIZY TIXD D
72 ® 8 x 8 pixel DIEF (LI, BEMS)E/ER L,
R OAERIZ Y TIELD, TNENOMET BNIZ

& % A pixel DEEAFHET 5. NHEIXZOBND
F1 pixel 2% 0 & 72 > T 5 SIS B OB 2 5% ), 1

B DG TRMELL E DTSN B 202 E D INTAD
HEEZHET D, B, NOMERTAEIZAE

D EHE SN EE TITON W THH. NDF
HEH| E O ALBR A T, R J7 17 TN O A pixel
B0 Tho o DO A 7T ARERTE 5.
ORI T LETEBELTHL L, EAL
7T LD —7 FIBIZAPALELTWD Z Enbh
o, LEBRSTREA N T 20O —7 2RHT 5
L CfrERmN A T

4 HRRUEBE

SO EERIZE T 28R OEEEL, NOFED
HEDRESTWDH I &, NEY EHESNSGA



WALEBR DR S T2/ TN D Z E D2 S L
L7-.

4. 1 ERH/\KRETOEE
R AARITD, FEAHE 0 EIR L T2 Wl
T, L b o 2N O A pixel 28 0 T 5 FEIBEN 1
AT LS DHAICAAG D EHET D ERBENR KD
L rot. M3 I ADOHEHITHD.

NE Y ERIZI T HREIL, 87.7% TH Y, AL
BT DA 97.9%, AESOEIEEIT

91.9% & 7o 7. FRHIE SN-EBIITRE L T
T3INRE—=r otz 1 ODITEB T DOAPN/NETE
TANEY EHESNWGETHDLN, AB/hs<
BLDDIXHEBORMTHY, a1 M ohbb bR

FEBNLTWAME THLTDMERNEZZ NS,

2 S BEIX, B EEIIE SN Bl TL
FVZFOHMOPHRHEEINTVWDEHATH DI, 20
Habar A LN ALETH LD, AD
HIHECTHERH L2 E 2 IC T iU HE DR E
NHEZEZLND. 3 2HIE, B LEHLUNDNTR
WER DD SN TWAIEATH S0, ZOE01E
{45 CREME 2 5 TOVZRWE o FRIORE S K &
KBESTWDHEDTHY, I ATOAEZRE L,

ZDXDIREGBMLIRNE ST LT b7
v,

4. 2 SHERBOEE

RS OB I RE OBIR 32 <, HIE H B %
TERC L 7o 556 KRBT O g & bz U CHRAE 1%
MoTe. T TEND A pixel 730 Th 25 EBE D
EZE1~10 CRLIZEZA, 10 7 Ll LD & & AA
D EHESNOAGADNRBEENELS o7, X4
FAOHEEHITH 5.

NA Y BEBICR T DEEIL, 77.1%TH Y, N7 L
BB DREREIT 73.3%, AEA Y- HEIX

75.7%& 72 o 7. ROBEURBZ VBRI, Bk
PRVNER & AR OBENMEL ooz, BHE LD
EREL T TKRD 2 = Thotz. 1 DHITH

B LA SN D8 —Th D, BRDZ
SHmE I OZBALR N LV /hEL oo TEY
HEHEG CREAE LD ZENEN-T-. ZhidH
EREG O EEAZHIEICHW RN D & TRHEED B
BT ENEZOHND. 2 OBITFREAEIRL TWAR
RENHEIE D T E > TWABE, F 045 ZkH
LTLEHZETHD. LnL, OBURDE LW
LEa v A A U EERT S Z EIETE RO TR
Ry ORISR EN D B2 b D.
EHEIIZ BV TIZIAR 2 ANF - TV D EHE
B, PR EFIT L. TORE, TELVHEN
ENTDIXTIA%TH T, BHEL SR TWD L
DD LIE, 1 NOK; & RFRICEE L0, foFIR
AR SN TWEEAEThHoT=. £, 1 ADML
AN E L B S TOVAGER, AU TWDIGE
W1 ALDRIENRWGEERH-Ten, KRELE
STVBHAREYN TV ARWARKRIE SN DA,
UL VOETICKBEIT RV EZZEN D20,
iRV EEZBND.

5 #&

ARl OB CREBGE BB D NOFEHE E1T
VY, AN D EHIE SIS AICADNLE & A D
BHZEAT 5 FESBR Sz, AOF BEMEIIEN
D Hpixel 730 TH L FHEIABE L Liz L &, fao
R X - CHEYIZRBER S D Z L R¥bho 7z, i
DOEURAD 72 W TIE, BIME2 1 ORFTF OFEE
1% 91.9%, EIHROZ I TIEREEDS 10 ORE, i
HIZAD 1T ADBHA T T157%,2 ADOBE T 73.8%L
pofe. T ANOACER ML TIX, FROBIRNZE
TUTEL L RVIREET, ARHIBREORKE I TE
STWHEB THIUTHRTFTRETH > 7. BHNIC
BEONPNGEET DHAETH-> T, »OEEREN
TWAEEIT 2 NETHRIETE 2.

6. && Xk

il

1)  N. Dalal and B. Triggs, “Histograms of Oriented
Gradients for Human Detection”, IEEE Computer Vision
and Pattern Recognition, vol. 1, pp. 886-893, 2005.

2)  EPZEEK - UAEED - FHER  [Ux=—T7 Ly b
2 & DAE 40P & i 0B | esr RNt
(1999)

3) epfl— [ZnRooh2EHEFEE—f/N "
FENO Y 2 —7 Ly MET— ) RSt
(2003)



#hK%E Caloplaca flavovirescens 0 He fEIRIVIGE & HEBEEDRER

The relation between photosynthesis rate and helium ion beam absorbed dose for lichen Ca/op/aca flavovirescens
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Numerical Analysis of Failure and Erosion of Soils by DEM-LBM Coupling Method

Key words: Distinct Element Method, Lattice Boltzmann Method, Seepage Flow
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Effects of microwave on growth of Tomato®
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Simultaneous Analysis of Darcy and Navier-Stokes Flows on Unstructured Grids
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Water resources evaluation judging from characteristics of outflow in Shigaraki forest catchments
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Detection of Deteriorated Region in Soil Structures Using Particle Filter and Boundary
Tracking Method

Key words: Particle Filter, Phase-field Method, Topology Optimization

El=l=N
1. BHX

VAR, FE R AR 23l & - B AR it
RAEENRE, SB%ZEhOEEO X HITEBL T
K DINIREEDOBE L 72> TV 5. M EY 1T,
FEEIZDE > THESHEN YIRS, —RT5
ERETEMIC IR VEED NS, L L) D,
MRS S I AT E OB WM EHC K D ks b
7, HOWDHHMIAEIL D EnEL,
BN Lo TUTEBIIZ L D73, B TR — LR ZE
72 EORERNCHTH O ERFET D, WEOT v
X ADEREEREFNZIL, F 0 46%03 /34 o ZITHER
THLDTHHTZEVWIMELHD . LEER-T,
MBI DO LA FT 2 20T L, SERER-CHIER O 5
B3P L TR BEY & U CHERFEE L T K
R L. HEMOBKTIEE LT, YorT v
TP 72 ERE A O FFIERFI ST D03,
H—OHific L B cREE 95 2 S13oRE
WEECh b L ERD. LoT, BEOFELEYIC
FAE DY, ZORRERA W L, 22WrEE
KMaRHHBE &2 LS8 2 Z ERHIfE SN D, AF
e, T—XEMbOTIEL, BEFGBHRNEZ E Y2
FEDLEDLZEEHMETS.

2. KiFT7A4NH
(1) 7 —# [F{t(Data Assimilation)

THNFE O NHEEMI LT D701, B Z
BRYirteZ & THIEV I 2L —va iZBIT )
o BRAFMNRT A—F BEIE - EHTD [5—
% [alfk(Data Assimilation)| A3HE%E S, Hilg T2
B oA OREICENShTWS D F—2EL
FFEE L TTHEFRRPRAR T 70 EOHERE 0538 T
L, YHEEbWbhb., T—XFEkIE, 5

BRI BINE 2 — 55 L TP 23R &,

A 2 L1550 D BUNE %2 7= OFE LB 5 BRI
DFHZENRTEDL. HIETIET Y aA v Mg UK
JEAESE, 4AD-VAR)?, %E T~ T 40
# (Kalman Filter, 2L F TKF] EMFRT %), 7 oW
YT NN~ T 4 V4 (Ensemble Kalman Filter, LA
T TEnKF] EWEFR3 %)k 17 4 L 4 (Particle

Mk bERE T IIF =

Filter, LLF [PF| LR 2) ) MRFEM AR TiEE L
TETFOLND. BT — X FEYLFIEOF T EnKF
X PF (IIEMEEIC LA ATRETH H. Lol
HR 38 - 2 BB REAT (2 DWW TS ) B I 4R
g2 BB L D20, V7Y o rick
STVIalb—yarNOEBOREELITR D
EnKF LY L PEOFNELTCWDEEZLND. E
BRIZ, PF 2N SEMIAE 2 eb g & L 7= AR ARAT I dS 1 5 i
WMRERRE T L DRT A= 2 REICHE N TETH
HIZENFEIESH TS D,

(2) ki¥ 7 4 LZ(PF)

PF (ZIREOHERE LS A ZH DY 7 (R
F) TEMRT 7 T viERE T Y
ALD—DThDH. FRAIZONT—RREEZERH T
TMZED I 2aLb—F 528 T, REEDOSMH
R FE RIS A2 R E T 5. EnKF (2xF L, PF 34
&« WO AR EOREEBNT, 74N 3HD
FER AR FTHEBTLZZLICXY, b5 DI
- T AOBBEICLEA T, HEE~0FE
LRGTHDH. PFOTLITY XNTLFEEHBD Y
YT TOFE®IZLY,
Re-sampling (SIR) & Sequential Importance Sampling
(SIS) VAT HZ LN TX 5. BiETIE, &H
FOREIE U TR FAER - ERIS N, %E Tl
KEFR OB EAT, FINAER L IR 2 fik ey
WV D, SIR TIEAT v 7RI 7Y
TR o THERFZEN LER - FEHEITH, OF
0 AT THIZBREZ - 72 0 LWRL %2 v %
Z LR DDT, ISR ZRE T DT A
— X DREIITE S 2 Wz b, £ 2 TARFET
X, SIS |ZHE-SnW= PF 280 L7=.

Sampling Importance

3. BESLBBRNE LS RE b

BRBBHIEO ERTFHEICITLLE v ME
(Level-set Method) & 7 = — X 7 4 — )L Kk
(Phase-field Method) 23 & % *. il 1% 2 RITTZERAN D
BERZ 3RO ZEMOBEETEREL, BROBE%E
g5 FETHY, BEITZ RS —PLE OB S
OEROBENZRITLTFETHD. 72— 7 4
— IV REIXT Y R4 MEKRET VE LTHE 24



B, DR, BEE O A7 6T EMEA B MS L,
ME T2 B0IZIE2CoMEREZ B T 5 %
TICEELTWD Y. —FT, FlzIE ABiREEe
NAFAH =T A7 E, MEFLFLS D538~ b i
AENTBY, ZO—DICHfilE T4 0BV TR
FHREOBEBH~OHEHA bIT2bh T, 7=
— X7 4 —/v RiEIX 3 ot ZEMN O BIEL D S 1k
DVENRIR L, FRERNBREG Th D120, A
FTIX T =2 — A7 40— )V REEZHWLZ L LT 5.

Flo, T, Tz — X7 4=V NEICESW
R L O FIEDM BN L2058 CHEH 24D T
. tEERE &1L, FREOBMICK LT, e
HEZAIHT A FETHD. 72— 74—V Fik
ERWD Z LT, BFRZERNO ST RILX — Ok
(2 &0 BB & R A KRBT H Z & T, i
REEERAINT 2D THD. AT, ZoOfkE
KO TH, HWEORIE T TR IEED KiE
fboxtg 35, AR Y — ik (Topology
Optimization)" % iV 5. BfE, 2D 7= —X7 1 —
b RIEIZESWE bR e U—KEb O FREEHAND
LT, BROLIERILT D HEEESRZTTH
5.

4. K LD 3T 2 BT O 224

P
(1) =
LRI RIEHRE TX HEFEICETELTW
RNT= 8D, ARFRSCTIE, PF O FEEZRERG 5 B
5, PF & W72 & A2 381 5 B BT
D Z BT I DWW T IR S

BERR 2 B OIMEMRERAE 21T 0 126y b, X o
A N CHIERLERN & HGA 1L THEBENT ) M Thbih
% O, HEHMTO BT, EBROBHIMESIC XS
TN I O BN Z 15 5 72 D Wl GRIAR L

TR O BRVEAR S, WO ER) AR L, ENERe
WAEIZHN D2 OMEEL LT 2 LER S SH. £ 2T,
FRELUEAT Tl & 72 2 EB O Z I -5 <
BB RN 2 TR~ &AL S, PF OLE
(EA)FHEEZITH>ZET, TOYTEIEVORX
DBURD DL MEOFHEZ1T 5. AR, dRE2H
FRKar 7 V= EAEL, BEERE REIS
10% (ZHEE L 9, SR ORFHED o 5% 19 7
— A (0=0.5~2.5)5- 2 C, BILEMRITZ21To7. B
WIS AT OAE F,  HIERB) O INiE B E O FHM E B
DOHMLFEMAE(=1H)NIESNT O Lo, =
OFFAEOX S B L & ORRECA OBERE & DN
HIETIERY. 2B OREZ RT3 72012, 15
bR f% FdRdD PF 7 L— AU — 7 IZ#HE T
EESLESAMTEEEEMNTHZ 2T, ZOoRMHE
NEORELSL DL LW EITMd 5.

(2) FHAEMGR L B

BUARRAEZ 01% & LI2GH D, =60s D & & DH
AT VRS, KO SBIXFBUAET TR 5
Nicfli(o=1.4)%, —SHBIIEAPLHELNHFE
EEZENENRT. KD, BERKRE) ITFEDT
— R PP IZOWTHRIZRWEEZ RT H O TIEZe
2, 0=1.7~2.0 FE DY TixFE » BB E . £72,
COBEBERNTHRFOELFEFEHE LD L,
0.1 Ta=141 LHEESND. KT (e=1.4HEH DL
EliXEmneidnz2nb oo, E L7k 1 B
(0=0.5~2.5) TIELFFA] =60s W 5L 1 H I fif & ot
EIXEBRET OFREISEVN LD L END. 4
B, BFHAEHECL, MTEEEEZ, BEEK
HBRIENRT A—=XITINZ 5 Z T, XA
DR TE 5.

1.0

0.8 |

0.6 [

Weight

04

02

00 e QOO O |
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Multiplier

1 =60s 21 DEAIAG

e P

) AFE O, PR, R, AR, A E
Z(2009) : Kif7 4 V2L DD T — Z [,
S T m SCAE, 12, 99-105.

2)  kEREZ (2011): 7 —Z REEAM-KEROT I 2 b
— 3 UHEAR, AL,

3)  EARKE (2009) : KG: - WEEEET BT ST
— 2k, 7ensi: AAHRIKT)FEEE, 28, 37-44.

4)  Akihiro T, Shinji N, Mitsuru K (2010): Shape and
topology optimization based on the phase field method
and sensitivity analysis, Journal of Computational
Physics, 229, 2697-2718

5) /LR, EAREIEA(2013) ¢ T = — R 7 —/b Rik
AR, ALEHRR.

6) VR 24 R RBURE NEE ERREM S LK
EMFHIE RS BIRY ARETEE(2012)

7)  Foster M, Fell R, Spannagle M (2000): The statistics of
embankment dam failures and accidents, Can Geotech
Journal, 37, 1000-1024.



H 271 Jis P DZR RIS K OMEE D> b DO FLHA T Fr

The Characteristics of Environmental Load of Outflow from Forest and Residential

Area in Hino River Basin
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Analysis of input-output relationship between the amount of irrigated water and the accumulated
yield of tomato using the theory of inverse problems
Key words: Inverse problems, Tikhonov regularization, Rainwater harvesting

1. FC®IC

T ORI DO K38% I L HL M - PR R B DR X
B LTEY, ZORERMETH 5 ABA 72 R
ERINC O DN EEAFEICE 2 D BITER
WCREV. LD b, PRz TE, NI
AU B ARBRIDDE KA X M k- Th
BAKGIRENRRELS EASIND. 2D, KAKE

EIZL > THONDEMNEITFEEICALETHD.

F 7o, WREMZKEIRARIL Z OMIc s 5 ¥
EEELAHIRTHIERLEREZ2>TND. T8
B, YRR IC W TR AT L, MR

BECAIH U CAEEZM ESELZENEELRD.

MK AN N AT AT, IS D/ R
FREED BEATEDOIUIN RN TH 5 & EBRIIC
IRENTED, IFREKIC X DRER ) B E
JOM LICBEERNREEGT H. 207, WA
—RA MV AT MK DHEKOIFEE, BRBIFIC
FIHTE 2KERZHERT DFEE L THEITHD
EEZLND. UL, BEOHERIC X - ThFEK
NIOI, BRI AT AOMEFICHRE 2 KT
Bab THEND. LER-T, KEFEORE LW
STV AT AR D72, WY 2R A R
MR T HDHLER D D

AW TIX, FEBRAZ2/FRRAK N—_Z F R
TLAIBWCTEM ST 2% b &2, #EKE
ZANT, BN~ hoOEEHDE LIZEEOAR
JIRAR & W AT FIEIC Lo THERE L, #8070
TEERT I O R E 2l 5.

2. EEBRMAKN—ARZXNIRTL

FERAY NI AR N—_Z b & 2T AT ER T
BENCALE T D, T Y=y 7 (KR Seimiffarse
TN CERANM TN, 2O AT AT, B1ITR
T LI, ENENOEED 7.36m> DEFF 8 DD 1
v R(P-1,P-2,...,P-8) % ¥i->. P-2,P-4,P-6,P-8 ||k
KBTI 2V, Znlso 7 vy Mg m
ZHWTWS., ZoWmER 212777, P-3 05 P-8
T =— Ny A TEDLN, ETESICa e
—LENTWS. P-1 & P2 13tk E L CokE
PEL, IWESNT-TKIXEZEBICATRBZ 7~
KEND. ¥ r ORF-EKIL, 2R THD P-3 &
P-4 2RV v 7SS, P-5 5 P-8 TIXZENTE
N E R OB E O IO B2 HR T2 X 012 #

KEFEFMTH2E AR Lk

BN THI, BENKITETEENAINS. 728, P2
MNH P8 TOHFEEHME LT, b~ bW

1:“:~—-1l//\177\A

1 p2 P3 P-4 P55 B P7BE

[%_‘ WRS SS WRS SS WRS SS WRS

MAEE 7

WRS: Water-repellent sand($#8 7K #)
SS: Standard sand (@)
1T IMNRERAN—ARZ N R TLOFEER

l
Y-}
L Tayy
,/’I \\\
e Y |
_w ¥——‘_.~
mj_) P
oMo
= | . I
B
B
HEAEEBO
FuiA Kk
2 Jow kP-2, P-4, P-6, P-8 DfitkiEX

3. EEFE

2 OOWRERINT—H x &y ODANHHBERIE, &
A IV ROE1ITFE T L RR/LLAES FRERIZ L
STHEZLND LD EET SH.

v = [ K(t=x(2)d7 (M)

T x D EMKE, y NBER b~ MEEZERL,
K13 ¥ (kernel) TH 5. — ERMFMBOAIRET
— Z DN T

k<i+l

Vi = Z K, %, (2)
k=0
TRbb
Yo X, 0 e e 0)( K,
: X, X, .0 :
v, =] oo e K, 3)
: w2 X oox, 0 :
Y-l X X oo X X \K

LEERET A, 22, AT AT v T2 E
. RB)2Yy=XK LT, X Ly»rbK %




Kevn Z &%, FREY) Z2UETH 2 DT, b
BI7R R O R 2150 FB L L Tieh K <D
N IEAMEEETH 5 Tikhonov D IEAILIEZE AW 5.
LBI%

1K) =K~ v, @
ie/MEd 5 K=K” %2Rk 5 1% Tikhonov O IE
HURIEE RS, 22T, a>0l3EHKTH Y, EHIk
T A= EMEINS. Zhiucky, KX

K =(X"X+al)' X"y (5)

cRsh?, ZOK ZHW5 &, BA b~ MER
RN

k<i+1
Z=> Kix, (6)
k=0
ThHExbNdz & LTHIEShD. 2212, K'iZ
KO il Ths.
4. FEHER

RGBT M=X"X+al, v=X"y & L,
Gauss-Seidel 15T MK* =v ZfEiH1E, KB 56N
5. I6IZoK ZHNTz, Rz, P25 P-
8 EFTOENENT, b~ NOINENKDLETD
8S HMIZl/EoNleT — 4 &b LIZEHEEZITo 72, &
Z'ry NTOMERKE LB M~ MUEO AR
RER 3 ITRT. Fiz, EHHL T A —% o D8
ERARDID, a DEEZESECEHAEZITo
ZIZTIEHHIELTP3 THRLNRMEAZR 4, K5
R

025

o2
0.15
N —p2
o1 j —P-3
0.05 [ ul P-4
K; A
o — P-5
] 10 20 £l 40 50 B0 o
-0.05 P-6
—P-7
0.1
——P-8
015
-0.2
i(H)

X3 £70v FTOEBKELRELNT MIEDA
HARBR (a=1)

K3icknre, £CHO7ay hTh~ bOIENR
thE 7240 A HEitg 22D K O A LTnWb 2
LD, KRS T HDUIEDISEN EFL RS
nNTnWatnzs., &7y hOJ 77 &ET 5
L, P3 TOIRENMEO T ay NI @O KEER
L7=Z &b, RbIFEORWEEMHE CTH- T2 &
W2 5D,

0.25
02
s M
|
01 ! —oa=1
A i
0.05 a=10
K

—oa=0.1

i —— T =100
0 10 20 30 40 70 hOA «=1000
-0.05 1V
——a=10000
01
——a=100000

-0.15

-0.2

i(A)
4 P-3 THEEKELRE MY MREDOAH AR

14

measured

a=100

a=1000

«=10000

Y0 20 30 40 50 60 70 80

a=100000

i(8)

K5 #WE®BROINE

B4 TiE, o100 LI EICR D EREIZT T 7N
EHEMDZRY, 7Ty Mo TV ZRUTZ,
K5 ICRLND X D ITHIEMEAHIEM & B 7=
EAE/RLEZ., ZHER@ICELT, ahKRETES
L, BUE2HEMNE 1R TRELRYVTED
MO LEZBND. ZORENS, EAUL/ AT A
—X alX 0.1 25 10 O OETHITEE &V 2
5.

5. &nYIc

INBBERR AR AN—RZ b 2T A TEAlI SN =T —
K EHEIL, ANEFRREEZITERKE, Bhx
F~ FOBRRNEE LT, FOANHABREHEE L
7. ZORERMND, ZOHEE AW TR HER
FHEERETDHLENTES.

5| Xk

1) Pachpute J.S., Tumbo S.D., Sally H., Mul M.L.
(2009): Sustainability of Rainwater Harvesting
Systems in Rural Catchment of Sub-Saharan Africa,
Water Resource Management, 23, 2815-2839.

2) Andreas Kirsch (2011): An Introduction to the
Mathematical
Springer, pp.36-43.

Theory of Inverse Problems.



ZRONFETIELZRE S EEADKEREE & it
Hydraulic Properties and Wettability Indices of Porous Media
with Mixed Sizes and Wettabilities

Key words: Water-repellent particles, Combination of diameter, Mixture rate
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Development of input system for information management of farmwork”

Key words: Input System, Smart Device, Decision Support System
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Steady and unsteady flow analyses of a vegetated agricultural drainage canal
based on the 1-D Extended Shallow Water Modeling
(PEBR— IR IEE T V& WA 26T 2 BERPKIE OB - I8 RAT)

Key words: Agricultural drainage canal, Extended shallow water equations, Vegetation

1. INTRODUCTION

The analysis of surface water flows is important for
assessing hydraulic and hydrologic phenomena that occur
in an agricultural drainage system. Water flows in an
agricultural drainage canal are described using the 1-D
shallow water equations (1-D SWEs), in which the
incompressibility of water and the hydrostatic pressure
distribution are assumed (Cunge ef al., 1980). One of the
outstanding features of water flows in agricultural
drainage canals is the existence of vegetation. Aquatic
plants physically and chemically influence the water flows
(Chenet al.,2012). Although previous studies have shown
that the 1-D SWEs can reasonably simulate real water
flows (Wakazono et al., 2014), the 1-D SWEs do not
consider the occupied volume of vegetation and double-
count the momentum losses from the bottom friction and
vegetation drag forces. This study presents the 1-D
extended SWEs (1-D ESWEs) to address the
shortcomings of the previous 1-D SWEs. The 1-D ESWEs
are numerically solved using the dual-finite volume
method (DFVM) (Yoshioka and Unami, 2012).

2. EXTEDED SHALLOW WATER EQUATIONS

The 1-D ESWEs consist of the continuity equation

adon 0(40)
oo o 470 O

and the momentum equation
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where A4 is the cross-sectional area of flow, 7 is the

water surface elevation, Q is the discharge, ¢ is the

lateral inflow, f (=1.1) is the momentum coefficient,

S, 1is the friction slope, and S, is the momentum losses
due to the vegetation. S, and S, are given by

_n0l0]

Sf - A2R4/3 (3)

and

g min{h,h,} C,aQ|Q|

respectively, where n is the Manning’s coefficient, R
is the hydraulic radius, 4 is the effective vegetation

(S
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height (Arita ef al, 1998), C, is the drag coefficient, and
a=Ad 1is the vegetation density with the number of
stems per unit area A, and the effective diameter of the
stem d . The 1-D ESWEs have three additional variables:
&, . #p,and ¢,. @, is the fraction of water on channel
bed at the cross-section, ¢, is the fraction of water on
the plane z=7 at the cross-section, and ¢, is the
fraction of water in the cross-section. If ¢, =¢, =¢, =1,
there is no vegetation in the channel, and the 1-D ESWEs
are equivalent to the 1-D SWEs.

3. STUDY AREA

The 1-D ESWEs were used to simulate water flows
in the vegetated agricultural drainage canal in the Katsura
district of Imazu-cho, Takashima City, Shiga Prefecture,
Japan (Fig. 1).
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Fig. 1 Map of the study area

4. NUMERICAL SIMULATION

Steady and unsteady numerical simulations of water
flows in the agricultural drainage canal were performed
using the 1-D ESWEs.

4.1 Computational Condition

The Manning’s coefficient »n of the canal was set to
0.020 s/m'?. In the steady simulations, the inflows from
the perpetual spring and the 16 paddy fields located
upstream were set as the inflow discharge at the upstream-
end and the weir formula was specified at the
downstream-end. The momentum flux was also specified
at the upstream-end. In the steady simulations, the
estimated lateral inflow discharges were specified as
nodal ¢, while in the unsteady simulations, they were
calculated from the ordinary differential equations model



of the water balance (Kinjo et al., 2013).

4.2 Steady Flow Simulation

Steady flow simulation was performed to optimize
the two unknown parameters b=C,a and ¢, using a
trial-and-error approach (Wakazono et al., 2013). Here
&, =@, =¢, is assumed because it was observed that
only small parts of the vegetated areas in the canal were
submerged during the field investigation. Steady
simulations were performed for ¢, = 0.5, 0.6, 0.7, 0.8,
and 0.9;and b=1, 2, 3,4, 5, 10, 15, and 20. A total of 40
simulations were performed. The route mean square error
(RMSE) E (Wakazono et al., 2013) was calculated for
each computed case, and the optimum values of the
unknown parameters were b = 5 and ¢, = 0.9. Fig. 2
shows the computed water surface profile in the canal
using the optimal parameter values. The computed water
surfaces profile agrees well with the observed values.

4.3 Unsteady Flow Simulation

The unsteady flow simulations were performed using
measured rainfall data from Typhoon No.18 (2013). The
impacts on the followings were analyzed: 1) The effective
vegetation height #4_, 2) The parameter b, 3) The fraction
@, ,4) The outflow condition at the downstream-end. Fig.
3 shows the computed water surface profiles using the 1-
D SWEs (h, =+) and the 1-D ESWEs (4, =0.25 m)
when the discharge at the downstream-end is at maximum.
The figure shows the unrealistic backwater effects of the
1-D SWEs, which are addressed by the 1-D ESWEs.

5. CONCLUSION

The 1-D EWSEs were developed to address the
shortcomings of the conventional 1-D SWEs. In the steady
flow simulations, the computed water surfaces profiles
with the identified model parameters agreed well with the
observed ones. Unsteady flow
performed to highlight the differences between the 1-D
SWEs and the 1-D ESWEs. The computational results of
the unsteady flow simulations revealed that the effective

simulations were

86.0 - — Computed

© Measured

00
o
n

T T T = — — — — _ _ _ Vegetation
_ ="

- - - I\

Elevation (m)
o0
W
(=]

%
b
n

| Channel bed

o0
by
=

Lateral inflows

0.0 586.0
Distance (m)

Fig 2 The computed water surface profile in the canal using the

optimal parameter values

vegetation height has significant impacts on the water
flows in the canal. Unsteady simulations with different
parameter values showed the advantage of the 1-D
ESWEs over the 1-D SWEs in simulating the flows in
canals; specifically, in showing the effects of dense
vegetation.
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