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Visualization of ponding water flows in an experimental paddy model with
arrangement of rice bunches

OARMER" f@ESFR™ EEERE W —E™

oMasaomi KIMURA", Morishige FUKUTA™, Yohei ASADA", Issaku AZECHI™™"
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Evaluation of Calculation Algorithm for Ponding Water Temperature Applying Heat-
Balance Model in Paddy Fields
XIE WENPENG, MASAOMI KIMURA, TOSHIAKI IIDA, NARITAKA KUBO
Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1
Yayoi, Bunkyo-ku, Tokyo 113-8657, JAPAN

1.INTRODUCTION

Surface temperature and frequency of high temperature weather increases caused by global
warming were reported in several literatures. The quality of cultivated rice grain is reduced due to
high water temperature which may also lead to the value decrease of rice production. When the daily
average temperature exceeds 28 degrees, the risk of high temperature damage increases extremely.
From the analysis of variance and multiple regression analysis, 1 degree increase in daily minimum
temperature during 10 to 30 days after heading reduced the ratio of first-class rice by 3.57%.
Therefore, it is necessary to figure out the water temperature dynamics of paddy fields. Recently,
researchers have used the heat-balance model to calculate the water temperature in paddy fields.
However, the area where the heat-balance model can be applied was limited by coverage of
meteorological monitoring. Because the water temperature calculation of this model requires precise
meteorological data near paddy fields, such as air temperature, solar radiation, humidity, LAI (Leaf
Area Index), etc. In this study, a heat-balance model of vegetation, water and soil temperature in
paddy field was developed, which uses data from weather stations to calculate the water temperature.
We proposed the calculation method of LAI, analyzed the influence of meteorological data on water
temperature and corrected the meteorological data of the weather station. The aim of this study is to
calculate the paddy water temperature without so dense weather monitoring systems in order to
make the heat-balance model more applicable.
2.MODEL

In this chapter, the ponding water model is described. In this model assumption, there is no heat
inflow and outflow by irrigation. Heat-balance on the water surface was affected by vegetation so
that both heat-balance of vegetation and water body should be solved simultaneously. Therefore, 2-
layer model was employed to calculate the paddy water and vegetation temperature.
2.1 Leaf surface

The basic equation for the heat balance of leaf surface is given as

OTc _ Rnc—Hc—lEc (1)
ot ccpclcLAI

where, T, is the plants community temperature. R, is the net radiation of vegetation. The H and
lE are sensible heat flux and latent heat flux. The c. is specific heat of leaves. The p. is leaf
density. The [, is leaf thickness and the LAI is leaf area index.
The radiation R,. can be expressed by following equation as
Rpe = (1= fL){(X —a)S + Lag + Lyw — Luc — Lac} (2)

where S is solar radiation. . is albedo of vegetation. Ly, and L4, are downward long wave
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radiation of plants and atmosphere. L,. and L,,, are upward long wave radiation of plants and
water. The f, is radiation transmittance of vegetation, it is expressed by the following equation.
f, = exp(—k - LAI) (3)
where k is extinction coefficient.
Subscription a, w, ¢ means atmosphere, paddy water and vegetation.
2.2 Water body

The basic equation for the heat balance of water body is given as

0Ty _ Rnw—Hw—lEy,—G (4)
at pwewh

where the G is soil heat flux and the h is water depth.
The radiation R,,, can be expressed by following equation as
Ruw = fl 1 —ay)(A — ac)S + Lag} + (1 = f)Lac — Luw ®)
2.3 Soil heat flux
In order to calculate the soil heat flux G, the vertical soil temperature distribution is estimated by

following equation.

Ty - 0°Ty
e = Do ©)

where Ty is soil temperature. Dy is soil thermal conductivity and z is depth from soil surface. In
this study the upper boundary condition was set as water temperature and the lower boundary
condition was set as 24 degree, which was annual average temperature.

Form the soil temperature distribution, G was calculated by following equation.

D

ar,
G =cgpg [, a—fdz (7)

3.FIELD OBSERVATION

To calibrate and evaluate the applicability of proposed model, field experiment was conducted in
the paddy field (36°22'17.2"N 139246'23.2"E) at Tochigi City, Tochigi Prefecture, Japan.
Observation period was from 19 July until 19 September 2016. The size of experimental paddy plot
was 39mXx 103m. The observed meteorological items are solar radiation, wind direction, wind speed,
humidity, air temperature and atmospheric pressure. We also measured water temperature and
depth in the plot.

The solar radiation, wind direction, wind speed, humidity, air temperature and pressure were
measured using the meteorological measurement devices at 1.5m above the soil surface. The water
temperature and depth were measured at eight points in the paddy plot as well as near the inlet and

outlet (Fig.1).



A E

| G
inlet :T ¢, 1o T #
39m J‘+ F+ H%’Oﬂet

103m

Fig.1 Experimental paddy field
In the Fig.1, the red dot indicates the measured point of water temperature and depth.

LAl is the important factor to shade the sunlight and to affect the heat-balance on the water and
vegetation. This study used the inverse method to calculate LAI. First increase the LAI from 0 to
10 with an amplitude of 0.1. Then calculate the water temperature when the LAI increases once.
Compare the RMSE of measured water temperature and calculated water temperature using the

equation as follows.

RMSE = Yt Xobs,i—Xcari)? (8)

n

Record LAI when daily RMSE is minimum. The results of LAI are shown in Fig.2 where the
“LINE” is an approximate line of LAI This results of the midsummer drainage period and heavy

rain days were removed in the figure.

12
10 L 1)
8 . y : =8 §e i
— _ = 98
5 6 8 e ‘ ® a ® ® ¢ ¢ ‘\.
A B— T red L s
—5ee S
2 9
0
O Vv o BN ¢ &
/\\'\ A \Cb\ @ Oo\\ oo\% NE \0)\0 o)\\
O O QO ° O QO @
%Q\’ %Q\ %Q %Q (‘9\, %Q\’ N\ %Q\
—]LINE e D e E F G e H
Fig.2 results of LAI

4.SENSITIVITY ANALYSIS OF METEOROLOGICAL DATA
This chapter describes the relationship between various meteorological data and water
temperature. Since the measurement units of meteorological data are different, the sensitivity
analysis cannot be performed without any treatment. Therefore, the data is nondimensionalized by
using the daily mean fluctuation range. The equation of nondimensionalization is given as
MFR = ~Y7_ [ — my| ©)
where, MFR is daily mean fluctuation range. n is the total amount of data. m is the average of

data.
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Table.1 the daily mean fluctuation range of meteorological data

Type of meteorological Mean daily mean fluctuation range MEFR as ratio to the
data (MFR) mean

Air temperature (°C) 25.2391 3.4389 13.6%
Atmospheric pressure 100.4019 0.6018 0.60%
(kpa)

Humidity 0.8409 0.1201 14.28%
Wind speed (m/s) 1.3314 1.0921 82.03%
Solar radiation (W/m?) 360.1430 279.7866 77.69%

Table.1 shows the mean and the daily mean fluctuation range of the various meteorological

data. It also shows the daily mean fluctuation range as ratio to the mean.

0.7
QG 0.6
E 0.5
m 04
=
~ 0.3
S 02
> 0.
= 0.1
0 - |
ORI R RN IR SRR R IR N
X ' X ‘ X / X ‘ X QJ
&({) S ?(»Q’ Aod Q»0® «2»0® @\é @I\ %O\)Y* %Q\)

Fig.3 sensitivity analysis of meteorological data

Fig.3 shows the effect of various meteorological data changes on water temperature. The
TEM+10% means RMSE of the original calculated water temperature and the calculated water
temperature by using the air temperature which is added 10% of MFR of air temperature.
5.CORRECTION OF METEOROLOGICAL DATA

In this chapter, the method of correcting the meteorological data from the governmental weather
station is introduced. Based on the results of the previous chapter, this study will introduce
correction methods for solar radiation, temperature, wind speed, and humidity.
5.1 Solar radiation

Some researchers use the sunshine duration to calculation the daily mean solar radiation.
Sunshine duration is the time when the sun shines directly on the ground. In this study, we have
improved this method to use the sunshine duration to calculate the solar radiation per hour. We
obtained data on sunshine duration from a weather station located in Oyama City, and the

observation interval of sunshine duration was 0.1 hour. The basic equation for solar radiation per
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hour is given as

Spi = Sd X —ooniXTi__ (10)

=24
2iz1 SoniXra;

where, Sj; is the solar radiation per hour. Sd is daily average value of total solar insolation. Syy;
is the horizontal surface solar radiation per hour and ra; is the ratio of solar radiation per hour of
weather station and possible duration of sunshine per hour.

5.1.1 Daily-averaged value of total solar insolation

The radiation Sd can be expressed by following equation as

Sd = g4 p AN 0<X<1 (11)
Sod No Ny
N

=c, N = 0 (12)

and
. (H A 1
sin (E) - (cos<pc058)2 (13)
2H

0™ 0.2618 (14)
i @Ay M 96T

A= sm(4 +— )sm(4 — ) (15)

where, Syq is the daily-averaged solar radiation on the horizontal surface at the top of the
atmosphere. N is the sunshine duration. N, isthe possible duration of sunshine. a, b, ¢ and AN
are parameters. a: 0.244, b: 0.511, c: 0.118, AN: 0. ¢ is the latitude of paddy flied. § is the
declination of Sun. H is hour angle from sunrise to south middle and r is Horizontal refraction
index (=0.01rad).

The radiation S,; can be expressed by following equation as

2
Soa =I°—°(%)(Hsin<psin6+cosg0c0565inH) (16)

T

where, I, is the solar constant (=1365w/m?). d is the distance between the earth and the Sun
and d, is the average distance between the Earth and the Sun.

5.1.2 Ratio of solar radiation per hour at the weather station and possible duration of sunshine per
hour

The ra can be expressed by following equation as

ra = -1 17)

Nop

where, N, is the solar radiation per hour at the weather station and N, is the possible duration
of sunshine per hour. Currently, the sunshine is defined as "Direct solar radiation is 0.12 kW /m?or
more". Ny is defined as when solar radiation on the horizontal surface at the top of the atmosphere
is greater than 0.12 kW/m?. The solar radiation on the horizontal surface at the top of the

atmosphere can be expressed by following equation as
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2
So = Ioo (%) sin¢@siné + cos¢@ cosé cosh (18)

where, S, is the solar radiation on the horizontal surface at the top of the atmosphere and h is
hour angle from the south middle.
5.1.3 Horizontal surface solar radiation per hour

The equation of S, is as follows.
a3\ . .
Son = J Ino (;) sing@ sind + cos @ cosd cosh (19)

5.2 Air temperature and wind speed
5.2.1 Air temperature

This study uses the IDW (Inverse distance weighting) to calculate the water temperature in the
paddy field. IDW is a deterministic interpolation method based on the similarity principle. The
assigned values to unknown points are calculated with a weighted average of the values available
at the known points. The equation of IDW is as follows.

Zo= (Sl gp/Ea ) (20)
where, Z, is air temperature of paddy field. Z; is the air temperature of weather station and d; is
the distance between paddy field and weather stations.

In this study, the air temperature data of three weather stations around the paddy field were
selected to interpolate the air temperature in the paddy field. We used the data collected by
Utsunomiya, Sano and Oyama weather station.

5.2.2 Wind speed

The wind speed is calculated using the vector IDW method. Firstly, we decompose the wind speed
vector of the weather station into horizontal wind speed and vertical wind speed, and then calculate
the horizontal wind speed and vertical wind speed of the paddy field by the formula (20). Finally,
we synthesized the wind speed vector of the paddy field.

5.3 Humidity

Humidity is calculated by using the air temperature and air pressure, assuming that the weather
station and the paddy field have the same specific humidity. The specific humidity is calculated by
the following equation.

_ €1
P;+0.378e;

q 1)

where, q is the specific humidity. P; is the pressure of the weather station and e; is the vapor
pressure of the weather station. The e; can be expressed by following equation as

€1

RHl =

x 100 (22)

€SAT1

and

7.5t1

esar1 = 6.1078 x 102373+t1 23
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where, RH; is the humidity of the weather station. essr; is the saturated vapor pressure of the
weather station and t; is the air temperature of the weather station.
The humidity of the paddy field is calculated by following equation.

€2

RH, = X 100 o
€SAT2
75tz
esar2 = 6.1078 X 102373+t2 25)
__ Pq
€2 = 1-0378q (26)

Where, RH, is the humidity of the paddy field. e, is the vapor pressure of the paddy field. egsrs
is the saturated vapor pressure of the paddy field. t, is the air temperature of the paddy field and
P, is the pressure of the paddy field.
6.CALCULATION RESULTS
6.1 Corrected meteorological results

The result of the corrected and uncorrected meteorological data are shown in the Table.4.

Table.4 The result of data correction for meteorological data

Solar radiation Air TEM Wind speed humidity
RMSE for  0.37 MJ/mi 0.92°C 1.24 m/s 8.94
corrected and
measured data
RMSE of 0.38 MJ/m 0.96°C 1.36 m/s 9.55
uncorrected
and measured
data
Percentage of 2.6% 4.2% 8.8% 6.3%

error reduction
Table.4 shows that the error was reduced by 5.5% on average by the data correction.
6.2 Water temperature calculation results
Proposed model was calibrated and verified with observed data in the experimental paddy plot.
Input data are the corrected meteorological data, observed water level and estimated LAI. Output

data are the water temperature. Calibration period is from 7/19 to 9/19.
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Fig.4 Water temperature calculation result at point D

The result showed good agreement in mean RMSE of 1.28 degree C for calibration period.
7.CONCLUSION

In this study, a prediction model of paddy thermal condition was developed, which can directly
calculate the water temperature using data from weather stations. We perform sensitivity analysis
on various meteorological data. From the results of sensitivity analysis, air temperature and solar
radiation have great influence on water temperature, and atmospheric pressure has little effect on
water temperature. The correction method of meteorological data and the calculation method of LAI
are proposed. After the meteorological data was corrected, the RMSE with the measured data
decreased by 5.5%. In order to verify and evaluate the capabilities of this model, we have tested the
model with the experiment in paddy plot. The result of water temperature showed good agreement
in mean RMSE of 1.28 degree C. Calculating the water temperature of the paddy field using the
data from the governmental weather stations indicates that the water temperature can be calculated
without so dense meteorological monitoring systems near paddy fields. Therefore, the scope of
application of this model has been expanded, and the calculation cost of water temperature has been
reduced.
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Observation of hydrodynamic pressure generated in an irrigation pipeline

during earthquakes
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BN A 2 ¢ omar = 1.27 v (#=0.97) 2) = Qgi?
PL b oo il 223 75 97 5= e 8 K & o i KAE
I, MBI TRAELZEBIKESTH L THEE
L7=bDThdEeELLND, 22T, T P
M & 2 HNCAE LTV B BRI % BT — 2 B K TR DAl (X 10°m)
MEMLTHRET 52 8T, THICLOE b o wmwsieg 1.5 BMOBERO KT
KIEOHEESZHTE Lz, 72720, & TR O B KA & B K E O e KA o AR
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M1 OEEEIIE, Fig. 23T &80, EROMEHNH 20T, HIohEH TRAT
LMEREKEZ T2 2 EIXRECH D0, BlHIME 2 0B E DAL E LT, 3.2
T L7 LBV, Fig. 6 (R THEE B THAE L Z8h/KE N AN B AL 2 (28T
H5F CORMIIMN 1S5 B THL, £2C, BlllE 2 07 —%06, #IEKR (S ) #E
%D 1.5 BEIZRIT 2 HIEE) O KFIEE O R KE L BKEORKMEALIY H Lz, O
FHOBMR % Fig. 8 (Z/R7, HIEEB) O KV IE O i KAE & B /K E O fie KAE O R 12 AH B B £
WD A, EoEUREA FEMNITHEBEFRE ) 1 Tko LB Tho T,
Omax = 0.76 v (r=0.96) 3)

QXL B)ROBEAE T D L, Bl 2 TiX, BETHIHEHZ2ENOMEHELTL
é@ﬁ@@*E@ihébﬁﬁiofibt@mr®ﬁkﬁi HERE) O H THAT D H)
KIED R KREOK 171512725 2 ENmhoic,

4. BHYIC

ARWFFETIE, EBRICHHA L TV REREKEICHE W CTHEREIKEDFEEZBH L
B EIKE & MBSO K EEHENFIBEBRICHD 2R L, £, HEMESTED
TEIKENRERADEERITIEEZRLE,

SI%, BIEOBR Z kG L TT —2Y0EMMEN D & & HI0, BERELE OEKKESA
— U BATOEKRKERETHLBAEERLI-WEEZ WD, £, TNOLDOT—F %
b, HERESIKEDO PRIET VAR L T, MIERICBIT 28KE L BEHE KK
ZH L ORBRERHLNIT LW,

5| A >k
IR (1969) @ EREAKERIZE T 2 HEBRREIKEIZ O\ TCOEROIFI, KEWMDMETE, 416,26-35.

KARRK, SEAGEK, 4 R#ME, PATIE (2018) : EE40MEBICL Y BEAEKKICEE LIZEIK
JE= %%%Hliéaﬁi% No0.306(86-1),pp.IV_1-IV_2.
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V5 FHERIREEFOE DRREETIR & B BRI G 2 55825\ T
Influence of Designs and Numbers of Weirs for Sloped Weir Fishways with V-shaped Notches

on Fish Ascent Rate

O—RBs™" fipig™

OICHION Eiji*, NAKANO Mitsunori , TANAKA Ke

1LIFC®HIZ

A X J1¥E (Oryzias spp.) 1L/KEREE D AL,
BEABREE OBFE, A RAEOM AR LR
AR Z I T REPICEE LT, BESD L
v RU R MZBWTHEEAEWR T IS E S L
7= (BRELA, 2012). R ¥ a v (Misgurnus
anguillicaudatus) 1%, 7K H #1457 O A B PH O
DR SN TR D R 30 RS O U
MEWE IR (NT) ICHEE S u7z (BREEA, 2018).
7] 55 FE AR 12 K D HTHEZK B 0D 43 Bl o P K B D 1
YLK B DKL & HEK B O IR HEAK B &)1
OMICEEZEK LT AL, 2004). 20D
FER, AKHE—KE—W)IFOKER Yy b7 —
7 B E T, WAKAIZKES~ORANT
TRy BHLBERIEHAZITO 9L TR
FliczzatEBxb0 5 (FEFH, 2001). Zh
OIS, KEELOKETIL, AFXD
e N a v L EERIZ, 7 F$ (Carassius spp.)
DEBHBED L TWE EEZLRD. KH
s RET S BT, Kiry hU—2
NORBEOBE 2 RiET 5 2 LT R KROS5
fECH Y G, 1998), AKikxr > F 7 —27 NI
ECTRERCLDABOBBREELMBIET D
7202, FIEEORENLETHD.
KRy N T — 7 ORA &SNS ¥
NS D726, WEVKEE ) DRV /K H A
REOLDORBEBORBRAFT LTS,
IHETIE, 7TA A NA—"= (&5, 1999),
NAT—FMB (A6, 2001), T5&XH

H P =" REpIRS VR
nji”"", CHONO Shunsuke” and FUIITHARA Yoichi"

(BAKR 5, 2001), 2V7— NEZ AW fAE
(FEfED, 2008) Z2EMNABEIN TS, &
7=, —RB5 (2017) 1%, BB/ VT v F2H
B4} B B D BB BE AL /4 @ =45~60° , / v F
(BIR &) ff £=5~30° BNAX W, K=
v, ZTHICESTHDL L ERE LT

Ak, —RB 5 (2017) &ML LTHE
fil U 7= WRBE TR AR 0> F2BR & IR BE KL D F2 R D fE
HBELVELDELOTHD. RBERRDE
Bk, Eaze v T A LOMBENAREIC X -
T, 5~30° LWEAHDHZEICHERLT, /v
FABRLIIKEL 2D 3FEHOMMBVF
v FIREEEZREL, W EERAERLIZHO
T, FREEFIR LB ERERE & R D
ZEEHME L.

PREEM S D FERIL, R (— B D,
2015) XV F vy FemEfEE (—B 5,
2017) DOWFFEIR K OAKRBFZE D FFEBEZ IR D5
THEN ST MEEE 1 oW ERBROFERI S,
BHMEL O WRBED HHERL S 2 fUE O M 3R
EHET LI EHME LCHEM L.

2.\RAE

2.1 EREE

AWFZETHW T2l VT F R mAE R
BE LR V ¥ v F RImERREE A 112
AT BREEREIC VFOU ) R&EZRITDH 2
&ET, WA KT RER I T S, KA

YA IRSL RS EIRER B3 Faculty of Bioresources and Environmental Sciences, Ishikawa Prefectural University
AL EE AN S BR B IR % — The Japan Association of Rural Solutions for Environmental Conseravation and

Resource Recycling

 [ESTHFIERE FE I N FE M ERAFZERT Civil Engineering Research Institute for Cold Region
¥F—U—N: T, FPavy, A¥H, F—AEATRE, #BEER
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BESZ BRI A 5% T T, B OIK B AT % e
PRI DG Lo, MREEMAA 1T 60°, KD
it v 5 v F (BIREHEE=5.98cm) Dl
BT, 0=x=25cm TII X (1) &, 25=x=50cm
TIEA(2) Z W THER L, FRAES S 13 0.30m
W72 KXo E L.

¥=3.83x10"*xx* (cm) (1)

3=3.83%10x(50-x)* (cm) (2)

AT :m

MRV F e EE R
(24 71)

L7 LRV ) v F Eis e e
(%A 72)

L IEAL
0.50 0.04X0.04

BiLd 0 MRV ) v F LR R
(%A 73)

X 1: FRBETZ AR BRI W T [ BE

e AL RAE L, &S 0.18m D ER ELRREE I
ACETH 2 D OERME 60" O E AR EE 2 B 0
I, mE030mERDSEOICLEE. ZThvbD
FEBEIL, T _RCEE 24mm OB CTHRIEL /2.
fREElx, A ZHB LT VWL IRk
AR R (RSt e F) T8
L VT v FOBFRBIZBWNT, iih
DO FEE LR AOBE LY ST DIz, ¥
r=24mm DO A% OIF 7= (X 2).

[ 2 i BE K s 7 157 0D i 11 TR R

REEF IR SR AEE O E 2 X 3 2R T, IR
BEIX, RS RFKRE RN OME 0.50m
DFEFRKEEIZ, K LRV E D ITKKE R
FOKBEMIBE & fREED T ZIICIZT Y v
—Z vk (NEF V=T v HG 7 V¥ —)
ZREL CRE L. E LR EO -
A 1.00m O IZ 1T EAEHET S0
DEEMZE L, THA 1.00m OS2 T
R DMK EZP 72O DT D @A E L
7=.

HAL :m Tyl
TE B i

¥ v Ah 0.50
0.30 L) FLOW
\ 4 60° — \ 4

T EREEE (21 71

[

TR e

Y S v
Lt TAh 0.50
A
0301 518 FLOW
y E

FIRERIRERE (X1 77236 JU3)

X 3: [ BET AR S B B OO A 2L

—_ 24__.



PREERCE DR TIE, K 41TnT Ko
BV T FouEMREE (XA 7 4), B4
HOVEMR VT v F BRI (X 1 7 5),
BALZ2 LEM VT v T eimRiEeE (& 4
76) W=, XA TS5 EXAT 6 DNFEEE
TIIERA a=45" , / v T4 4=30" L&E
L7z.

0.18

1.00
T:4L0.04 X 0.04

VF )  FHimEFREE (21 776)

X 4: R EE KB SE R (2 N 72 FR B

IS DOREREE 4 BV CRIEART & LR
L(E 5), b@iE 1~4 fx ol EFEBRZIT-7-.
FREEIL, FREEFZIRESRR & AR, B & 24mm
DEMWE AV THRE L. BBEEIXIE 1.0m, &
X 0.30m 2, FAEHEHEATO®mEEETNE

A 0.18m, 0.12m & L7z, [@BE B Rk o kAL =
AZFEOW ERAFEEE STV 0.10m
L7 X oI (Ui, 1999), JKEE T o 7K Fq
OEEEPE L=, £/, fAERREE R i
IR WT, o HpE L g oB G2
Tz, MREEIRSEER & [FAEEIC r=24mm O
WAZDTT- (K 2). REEL, A n R
LOGWE I, BOARKBHIEEE ClRE L.
FERIEE T, )RS KK FEBR BN O i
1.0m D=7V — hAKEIZERE L7, i
OFHEHE =01, RELZAEOTY A
i LR ET OO EEMEERE L,
FIEO EY OIZIEE 1.0mX & E 1.0m DA
Peo v (A& Imm) 2%E L. I
BE 4 O EBRZATOHEIE, K 290 (a)
DALENAE Y M2 RE L, 3 BD5E1E (b)),
2HOEGET (o), 4oGa1E (d) 12,
oo fEEBE L, (LU0 OB E§E
R 2 i L Ol EEBR AT, fiE
BB F5 &L OV 8 0 8 D /K B JE T & 7K B0 i o
I T & DRI, IRARLHERADEANE
i<imoicy)aryy—I 2 b (RNEdv—
N7m HG 7 ) v—) THDT-.

810 8
(a) (b) (c) (d) i A

l« 085 ] HAAZ : m

X 5: FRBERCE SRR AL E OB

2.2 AEHEER

FEBRICHWTE A X BEE 7 FHITA )R
PIVEER SR D RFEKEE T, R¥avidall
REEETT O REKK CRE L. ok
Fix, #& LT, 70, kel
A2 SEBRAKICIE S L RICEBRICH W,
AW CTHERE LI ER T — A %2R 2 IT7R
. BREEFIRZBRIT 9 FEBR, FRAERCEUERR T
10 S8R 2 Fhi L7z, FEBRIFRHIIE, 19:00 206
FH 16:00 £ TORF21 BEf & L7-. EBRKT
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I (16:00) 12, FEBRALE O EE M TR S L
TWiBBEOBEEREREZ M E5 e U, 3 EfAk
SR A E R R (%) L. 1D A
T OWREEFER A2 K T LB CEBRICH W

i 2 REH THIT L, ROREEERO 72
OIZH TR A DOTRE LT, REEX A 7

TEIC R DR V.

#* 1. A oRE (BAL : mm)

HoO MBS EBRK TIEE TORIL, EBb
ORI Z ST SE-IRECTHEBR AT 2. B
BA&MoFcinwW-smE a2 #E 3R,

* 3 HESHHE

HWEHEH AR EA4

7R (BR) VeGSR BUERT 7 O 2 VIl
FHSK-1260 (¥ —% : y—I 2 &k
»¥  SK-S102T)

pH (BR) WG RAEFT  K— & 7 L BIpH A
— % D-71

VRT3 (Bk) S5 BVERT R — & 7 VBRI R
FFOM-51-2

BRI (Bk) S5 BVERT A — & 7 VBRIEE R
7 ES-71

[is9E a=H3I /s (}) T-10

A 7/ TN g
i BE 12 fK 92 BR
A X T 20 35 26
7T 33 95 51
INAERA 57 127 88
I B S A B
Pk 20 33 26
7 A 32 127 48
INAERA 56 114 79
® 2. Er— 2R
F5 FEERA e i it
(L/s)
iz BE T/ 4K 2 Bk
1 2017/9/8 2471 2.0
2 2017/9/9 2471 53
3 2017/9/10 2471 9.5
4 2017/9/26 2472 2.0
5 2017/9/27 2472 53
6 2017/9/28 2472 9.5
7 2017/10/4 42473 2.0
8 2017/10/5 2473 53
9 2017/10/6 42473 9.5
I B AT 45 9 R
1 2017/8/30 2474 (14) 5.3
2 2017/8/31 2474 (28) 5.3
3 2017/9/1 2474 (38) 5.3
4 2017/9/2 2 A T4 (48) 5.3
5 2017/10/12 2475 (14) 7.4
6 2017/10/13 2475 (28) 7.4
7 2017/10/14 2475 (48%) 7.4
8 2017/10/18 2476 (14) 7.4
9 2017/10/19 2476 (24) 7.4
10 2017/10/20 2476 (4%) 7.4

FERBALARE, H O MR, FEEBE TRFICER
KENOKIE, pH, DO, EC, BEDHIT %
BREE4eft & L C3EE L7, /K&, pH, DO, EC
X TFRALEI D Mo TR CRIE L7z, BRI,
WK 2N 5K 20em b I IRE R AR E
L, HOHKEE EBE TRICHE L. 72,

2.3 fRETERT

fREE R R O RS FIL, SFEAHOM FR
INFREE X A T TR D E S 0 E LT
T L0, — i ES I (ANOVA) %
HAWTHIE L. ANOVA THERENM R
ENTEE, XTUA X tREFZH VL E
bl 21T > 7-. ANOVA & ZHIkE & 412, it
BCT — X EXISM 0Tz, £, A X HEIX
TRTCOERT7—AT1UEEGH ELRNo
722, ZFEE RV a vl oOnTORRBIE
ZiTo7=.

FREOM ERITRE Y 4 7720 Tidlke <
MESCKIE, MESORELZITD I LN
bhTWwWs (—RAS, 2017). 22T, KuF%E
(BT D Z A6 D ER O FE Y 72 B S 2 4
BT 5720, —RILFEEET L (GLM) & H
W BRI 24T > 7. H ARSI Bk &
W BB D72 H4THE L, AEMIEIT E
DA ERE LTz, 7B, ZOMITL 7 FEE
RYa iz onWToORITo . I EHILRE
REX A7, piE, K, MBEE L. [REEX
A NI T Y ANER, £ OIS
LT ol YTV IETET VEERL,
AIC (R A L UE) ICEESWTET V& 7
FME L7, AIC Bl b IR TET L&A
rEFNLEL, FEETNVLERRAMNETILED
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AIC D7 (AAIC) ZH I L7z, £7z, Akaike
weight 7> & 25 3 B 22 $ o> AH e ) B2 2244 (RIE,
RI (% Relative Importance D I%) Z FH L7z,
RI XY ORHAEREZSLRET LD
Akaike weight D G FHE ToH 5. RIfEI ,ﬁ%
Wﬁ@ﬁﬁ%ﬁ%i#ﬁwﬁAio A -}
220, EWEAIE LICEVEIC R 5.
@@&ﬁ%ﬁ@ﬁ%i,%%i&4ﬁ@l
~4 O EERTH LN EREE DR
KiE (RBEE1NAOHEOMER) 21 L35
EHAERICER L, RBEEY A 7 2 LT f@kE
Bl ERUbIE S A BRI 7y LT,
PR E & T BEELEAT O 72012,
W EFER 0% DLEIL 0.01%IZE# L THHr
L7z.

SHEBLUBE

3.1 REER K EER

PREEEIR ZBROFER A 6 IZR-T. A XD
WX T R CTOFER7— A 2B NT 1K
Elhotz. —RB5 (2017) 2L hiX, W
BEMHARLA 600 OEM V 7/ v FEmBRR

BEIZB W T A HEHOM ERFERINTND
(10~20%). L7=23-> T, iR vEoRkn
AL L TN EHEZRR I N D.

X 6ZR-T LI, 7THIZFAT1 X
A7 2 TEmWll ERBNE LN, 21473

O ERIFKLS eoTe. RPavidxA47 1
LH AT 3 TRCEH W ERRHEIR I N,
HAT2 TR ERE 72572,

FEER G O KR 21.6~27.3C, KEIX
DO 7% 7.49~8.80mg/L, pH 7% 7.91~8.27, EC
2 0.247~0.269mS/cm, L IE 755~865lux T
Hotz. pH, DO IZHOWTILERES (2017)
DIKFE 3 ML UEM (pH : 6.0~8.5, DO : Smg/L
k) Wichy, AEOW EITE~0 %%
B 2550 TlEehoiz b HREIND. #it
SN W ISR KR & SE I REE 2R 4 12
R

100 v ERRE (21 71)

80 4

60 4

40 4

20 4
0

100 B L7 LV s LimfEst (21 772)

80

60

40 -

20

0 T T
2.0 53

L& 0 lhFRVE LI REEE (2 1 773)

WEE (%)

100

80

60 4

40
20 _ ﬂ
0 T T
2.0 53 9.5

wiek (L/S)
B7)FE OFvav

X 6: MREEFIRERRIZIS T 5 E3gR

TFHEOMERE N a oW ERITRE
BE X A TR CHEIZE R > 72 (ANOVA, i)
EH p<0.05, £ 5). ZEEBETIIARTIE
RholebO0, THEOM ERIIF AT 3
TV ATIN, 2A4T3L0EALT 205
WMERIN oz (X7 U4 Xt |RE, W5
EH p=0.07, £ 6). F¥avoll ERET
ZHELBORER, 2473 T X447 2505
Mo TN (T U A4 X tHRIE, p<0.05, & 6),
ATV EEAT2DM, AT 1247
3OMTHEBEREN RS (RXTUAL X tR
E, WM& p>0.05 & 6).

GLM fibrit A2 712, RIfEZFE 8K
T. R 8LV, VFTHERNYaUDET LT
X, REEX A 7 LiRBOEEMENE L, KR
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& R D EEMEDME o 72,
5, ZTHL FYaUTIHE,

IS DORER D
WREEZ A 7 LR

B EARIBEL TWELHEES L.

F 4 PR LT IR

1 W B & A 7"+ 3 38.2  0.00 0.238
2 AL 40.0 1.77 0.098
3 i8S 40.8 2.57 0.066
4 KR 427 449  0.025
5 TR+ BE 2 A 433  5.08 0.019
5 HEL R+ 433  5.08 0.019
5 WBE+EBEZ A7+ 433 5.08 0.019
it &
6 KIB+HWEEEZ A 444 614  0.011
6 KIRAIT & 4.4  6.14  0.011
6 KIB+HHRE+REEY 444 6.14  0.011
A7
7 PR+ KR 452 6.96 0.007
F 8: FHKRIAOE M (RIfE)
A 28 2K (EESEE Y s

7 ¥ INVEL

Vg Bt 7 A 0.654 0.536

Vit B 0.654 0.536

KR 0.085 0.065

R 0.107 0.130

& KR RS

(C) (lux)

1 25.6 850

2 26.6 860

3 27.3 770

4 24 .4 767

5 24.8 795

6 24.0 865

7 21.6 845

8 22.2 755

9 22.6 780

£ 50 EOHTRE R
HZE PR Bl A% FE Pl
£ B
7 sy i 42 A 2 5489 247  0.00127
=R i
Y 6 667
NEV o Bz 52 A 2 2067 5.471  0.0444
b = 7
Y 6 1133

£ 6: ZHILEHR (plE)

7 ¥ e
HAT1 HAT2 AT FZAT2
HA72  0.23 - 0.499 -
HA73  0.07 0.07 0.529 0.024
# 7 GLM#ATHE 5
Rank a2 £ AIC A Weight
AIC
AR |
1 e BE 2 A 282  0.00 0.270
1 it B 282  0.00  0.270
1 IV B & A 7"+ 3 28.2  0.00 0.270
2 R+ BE & A 323 4.11 0.035
2 HEL R 7 323 4.11 0.035
2 WE+EEEZ A7+ 323 4.11 0.035
i
3 KIBHEEEZ AT 332 499  0.022
3 AR+ 332 499  0.022
3 KIB+HREEZ A7+ 332 499  0.022
it
4 KR 337 550  0.017
5 HE -+ 7K IR 38.0 9.78  0.002
NEL
1 i B 42 A 38.2  0.00 0.238
1 it & 38.2  0.00 0.238

3.2 [REEMBRER
PREERCE R TR LT ERAR] 7 12

RLTz.

W (%)

WL (%)

AXHBIIETOERTHLENALD
NN oT=DT, KIZRL TUVLZRLY,

—— {74
—a— 5 (5
-0 =4176

e BEAC K

e —l— 5 T4
—a— 515
-0 =X2A476
#;:5% = a
1 2 3 4

W BERCE

7. WREEHCH L W 1

7T TR REERCE AN &b A D W
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BEZ A T ZEIZR R DR E o7, U=
U CIIBREE 1 e DA O RPN E L, E
BE 2 UL E oA B3 A ERIT A S s
Mmolz. RYa vl ERIIRESY (728
WCRERENR N2 o7z,

Wi, ERUbfEE L W EROBFREK 812,
RETCHEMR L ZORERKER 9 TR
T, TTHERYaUvDOERENICBWT,
3 OOWFEEX A 7 TIRIEFRIER 72 54 52 3 2L h 7
Brourtl»ngEoniz. £z, 7F7HEOE
Lo R EREIL 091~1.00, F¥a vicH
WTH 0.75~0.78 &I WMEEZ R LT,

1.0
7 A B ZA74
0.8 A FAT5
i \ A o 4176
506
= \ RE (XA T4
0.4 —— BR (XA T5)
02 - = =B HFA76)
0.0
1 2 3 4
W B A
1.0 & B #1774
NERY ,
08 A XAT5
aﬂﬁ_ﬁ o XA76
506 LEJCE L)
§0.4 RFe (5 A T75)
- = =85 FA76)
0.2
0.0
1 2 3 4
e BERCEL

X 8: FRBEMEL & IR R EHR 1k

£ 9: BREPlihi L R?

fREEX 7 REHELEh#R R2
=X

7 A

B AT 4 y=0.95x"9%  0.96
2475 y=116x"1"1% 091
2476 y=x"! 1.00
Kvaw

B AT 4 y=0.26x"% 0.78
2 AT5 y=032x"*% 075
2476 y=032x"*% 075

— B 5 (2015) I XHiE, FREE L TRROK
NEZEN 9cm & 6cm DPFE TR H I AKX D
W ERIZRKRERERN LN TND. AKER
THWfGERE X, —B 5 (2015) OFEEE
LIERIT R R DA%, KALZE 10cm TA X AA
WP ETHZ LT LTS, b
(1999) IZ& B EAF IR RNY a U7 ED/N
REE R LT HRIBIZEBW TS —/VEIKAL
7% 10cm R L CRITIEMERWE LT
WD, AZTITOWNTIEARFIEDRER S
EEICRNTLILERHDL EEEXOND.
JE A (1995) (2L % &, Maclean D=2 KL A
BREXMEOERIZEBWNT, ZEALEDHAN
1000 7 — /LA EDIE Y, HIZiX 6600 7' — /L
DIEST-FERZHRE L TND. ZOHEFNS
DX DI, REBRICEWT, REEMEN
ML Tl ERPIE T T 200F, fAEEY A
RMUE 7 — /L DR E BRI 72 & IR
R DT/ REER S 5. 5tk, WREERHNR
ML CTH#l EEMET LARWE D e RS
HERRTOIVLERDD.

4 F£&EH

AL, VT v FEEREEDOIR &
BEMCEN SO E3RICH 2 5 B2 5 )
T 52 Z2ZAME LTIT- 2. RESRIRIC
B9 %SRBI, i vV F /v F 2wk R
(Z A7 1), %7 Ui VF > F e
RbgEE (¥4 7 2), BHHVMBRVF v F
SemEBIREE (XA 7 3) O3 XA, iR
%3 B, Gt 9 Bl IR & 1E 0.50m D=
NEBRKKE T ETHROKMZEE 0.10m TR E
LTiTo7e. MREBEBCEICRE 3 2 F28E, B4l
UV Ty FRIRERIREE (X A 7 4),
Lo 0 ERRVFE S v FRIGEMREE (¥ 1
7 5), e LIEMR VT v T e B R R A
(A7 6) D3 XATDOIREEZ W CIEAE
Btaw 1~4 HICE LS ®TiTo 7z, fiafa
EAZ I, 7THE, FYavaERLEL.
FREETZ IR O FBR OFE R, BALIL 7 FTEOM E
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FrFsE, FYavoll ERs EH s
T2 ERRBEINTD, A X IO LT
WTXZehote., £z, 2EEREE & ik
BERIREEEDR T, 7 HE FYa vl B
WCHBERENE LR - T, FREEMEL D EBR
TIX, I &I, WTNOREEX 1 7 D3
BRCHEWT S, REERE L B EROEHFLER
BOMTEHLOEMUXNELNTZN, AXD
oW FITHZE CE ool

Bt

AW T, AR KA EIRER B F MR 58
B f B o ds—A, BUFHI R, AEER, 2
JFEIOFKITIE, FEREEOMESLEREMK IV
T, mWA~ABIGC R -7, £, RBFIEIE, F
Ji% 27~30 4 FE B AR IR B BL S A TR B Al Bh 4 (S
MERFZE (C) FREEE S 15K07652) OB %E 1) 7-.
IR LTESTD.

51 A3k
[1] dm& = (1998) : KHEMI AT LORBEER
~ORBLASBORY, BETARTRE, 66(2),
pp-15-20.
[2] & (1999) : /NS e fEIZ X 2 RBIH ~D
i LB, RELARFTRE, 67 (5), pp.19-24.
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A discrete time dynamic programming problem for a plant growth model

with controlled parameters
(NS A=A QFNHENSEPEEETILICH T SRR ST B RE)

OKoichi Unami', Yamato Fujikura!, Meni Arai?>, Masayuki Fujihara'

1. Introduction

Recent studies of ours have revealed appearance of
discontinuities in value functions solving some
Bellman equations for discrete time dynamic pro-
gramming (DP) problems [3,4]. It has also been
suggested that another discrete time DP problem
can be formulated for better cultivation of a plant
species irrigated with both freshwater and saline
water, which significantly affect growth of the
plant [1]. Here, a discrete time stochastic DP prob-
lem is presented for the plant growth model. Prop-
erties of the associated Bellman mapping are dis-
cussed, showing that it is non-expansive with re-
spect to the uniform norm. A computational exam-
ple using the model parameters estimated from
measurements in the real-world indicates patho-
logical behavior of the optimal treatment policy.

2. Formulation of a discrete time DP problem
We consider a choice of treatment k& as the control

variable u, at the time stage ¢, to cultivate a plant
whose growth dynamics is modeled as

Xo=o +nX, (1)
where X, is the growth level at the time stage ¢,

t

o, is the discrete time arithmetic growth rate un-

der the treatment £, and 7, is the discrete time ge-
ometric growth rate under the treatment k. How-
ever, the plant under the treatment £ may die before
the next time stage ¢ +1 with a probability £, . In

that case, another seedling with the growth level of

x_.. 1is planted at the time stage #+1. Thus, the

transition probability from a growth level to an-
other is represented as

P(X,, =&X, =x,u,=k)
B, ifé=a +nx
=<h, ifé=x
0 otherwise
where B, =1-F,, . Let K and U be the set of

growth levels x to be considered and the set of op-
tions of treatment & to be chosen on the base of full

information on X, respectively. A map from K to

)

min

U is referred to as a treatment policy 7 . To evalu-
ate the speed of growth to achieve a target growth

'Graduate School of Agriculture, Kyoto University
2Faculty of Agriculture, Kyoto University

level x

ment policy 7z is defined as

" =0~ (s,x)zE[r—s] 3)
where s is the current time, E represents the expec-
tation, and 7 is the first exit time of X, from K,

the performance index under a treat-

which is now considered as K = [x Xnax ) - The

optimal treatment policy 7z~ achieves the infimum
CD(s,x) of ®” (s,x) as

q)(s,x):q)”* (s,x)SCD” (s,x) 4)
for any treatment policy 7 . This ®@° = CI)(s,x) is

referred to as the value function defined on K. Ac-
cording to the DP principle [2], the Bellman equa-
tion governs ®(s,x) as

B (1+D(s+1,x,;,
®(s,x)=min O‘k( ( ))

keU +P1’kH(CDM ,x,k) (5)

where H (d)’,x,k) is the Hamiltonian defined as

X — X .
H@k)={ cx ST (g

1+®(1,8) if & <x,

with &=qa, +7,x . The mapping @' = (p(CD’“)

prescribed by the Bellman equation (5) is referred
to as the Bellman mapping.

3. Properties of the Bellman mapping
It is shown that the Lipschitz constant of the Bell-
man mapping does not exceed unity with respect

to the uniform norm. Let two sequences {v,’ } for

i€{0,1} satisfy v,.’:go(vf“) . For each x,

i

j€{0,1} and k' eU are chosen so that
v"/. (x) =P, (1 +y (xmin )) + E,kH(v(’/.”,x,k)

J

(7)
<v, (x)
where #=mod(j+1,2) and let
W, (x)= };’k} (1 + vi,” (X ))
®)

+P H(\/+1 x,k})

1 b
LK, #

This leads to the evaluation
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IA
v

(%) =" (o))
0 if&>x,
{P (416 (&) ¢ <x,
with & =, +r,x, and then
[ ()=t (),
<P 4 (o) - ()
P, 7 () (&)
<l (x) =i ()],

where |, = sup|v(x)| , and C is a coefficient of
xekK

)

\4

Vo
(10)
v(t)+1

0<C<1. It may be conjectured that the value
function ®(z,x) is bounded, non-increasing with

respect to x, and converging to a steady state,
which is the fixed point of the mapping ¢ .

4. A computational example

In the previous study [1], the growth of the irri-
gated plant was measured every month in terms of
tree heights (cm), and then the model parameters

of (1) have been estimated as (a,.r) =
(8.091,0.99935) for freshwater irrigation (k = 0)
and (a,,r) = (0.6176,1.0228) for saline water ir-
rigation (k = 1). The Bellman equation (5) is com-
puted under the conditions of x, =40 ,
Xpue =200, B, =0.1,and B, =0.0, dividing K

into 16,000 sub-intervals of equal length. The
value functions, which are linearly interpolated
from nodal values, eventually converge to a steady

40

state as shown in Figure 1. The computed steady
value function is non-increasing with respect to x,
suggesting finite number of discontinuities appear
in the exact one. The optimal treatment policy 7
is not a type having a single threshold of switching
the two options of treatment.

5. Conclusions

The results of the computational example support
the conjectures implying the pathology as well.
Analysis using the uniform norm is not enough to
approach this kind of DP problems.
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RAERIEZ AL Hele-Shaw LD 740 H) U T REDHIEFTE
TR R PGP eR OO Sak -7y 8 —B0- gl 1537

1 [FL®HIC

ZAVE BRI I TEAE TR DS IR S PE DR IR B SV DB, TR ) FRIIRARZ E M
L0, oMK OBERBRIROBE LD ZERHD. ZOBRIT B > 7 BG EMEN T
BY, vz VBIZBIT DA A ORI NAPL(Non-Aqueous Phase Liquid)iZ & 2 Hi FK{GY72 &,
ZIGIZOT- 2 FGICBER L TS, BlzIE, BMESRAEE L 2o 7o e ol 2 K T LTS,
KP—FRICAMEMT O TR, 74 0BV U THBZ I O MRPOFIROKE & 72> ThhD)E
WERY, MR ERB ST 220355, ZOXIBRENS bbb XIS, 740 H ) T
ZOREBE AT L LITEETHS.

Hele-Shaw it & 1%, FEFITHRWEBEZ &1 TAESE L2 2 MO SRR O % i 5 FEEREE O XL
MR OHENTH Y, ZDHEE% Hele-Shaw /L &9 (X 1). Hele-Shaw i & ZFLUE AT DD
KELAFRERUFFEF 1L T Y, Hele-Shaw {iitlid 7 « > 'V > V' BIG O &5~ 25 72 Ol b Hiflifb
SINTFRET NV EHHET NV ERIET 50 L LTHER STV .

BENSE SR E DEAMFMAT 1L, — AR B MEA IREERE, R ERIER ENHVLNS. LA,
Sakakibara and Yazaki (2015)IZ & > C, JACHEHI 372 < FHTUXH T~ 5 Hele-Shaw Jit DU FHEIZ XK
FH#E 1% (Charge Simulation Method)23i# L TV V2 Z & AR S 72 [1].

AHFFETIL, Hele-Shaw E/VPITHMETREZRA D LIXMHIE L Z LICLoTHEL LT 0 0
Vo 78R ERAEMELHWTEREL, EROBIRNEMICRD 7 0 T v TBR~ONRHER
EOBEAMEZRET 5. £, WHARE REBEIRMOMEEZ T A —5 LT BIEFERZIT, £
N &7 40T TG OBMRETARD.

2 ¥EETI
2.1 Hele-Shaw &

V—R /v 7 DR\ Hele-Shaw E/LINOFRIKI, L TFO BRI KREINS ¢
Ap=0 inQ(t), t>0

p=ok onT'(t), t>0

2
vnz—flwm-N onT(t), t>0
12u

(1)

Q(0)=9Q,
T, Q@) e R ITIRAROEE, T@)I1ZQ@) DR, tIZEEE, pIidES, ol TFREEIMEE, kiX
HISR, VTR X ST DIEREE, b I PR OMBR,  u IXRPEREL N=N(X) (xe () TR xIZH
T DEMOINA E A IE LD HAERR Y ML, QITHIIfEE TH 5.

AHFFE I, FARDOTHARTRE Z Z BT 572012, M1 0 X 5 1T Q) NIZ Y — X S 2% T 72 [2].
V=ARIXT 4 7y 7 OT NVEEEEHAWTEIND. BAREFYS 72 0 25T 2 A OmiER% q
ETnL, OHRIED XL IICEEHZIOLND

q>0 q<()

It

(1)

1 Hele-Shaw i
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Ap=05(x—§) inQ(t), t>0
=ok onI'(t), t>0
p obz ®. t>0 o
V, :—mVp N onI(), t>0
Q0)=Q,
ZIZT, x=(%y) e RIIMERY ML, E=(E,n) eRPIXY —ARDALENRT ML ThD. ZDOL X,
BEIR Q) OmfEE A &5 &, RROEFERFRIZK D 1o
A@»:A@)-ﬂqm. 3)
2.2 THEERME
BEROBERIRERSEAL, koXTRENS -
f%:VN+VT 4)
ot

ZIT, VAIREXICRT AR, T=T(X) (xe () IZKREFHEID iz EE T2 mxIC81T 5 H
NAERRR 7 MLV TH 5.

3 HEFEFE
BESHAR T (1) 2 n B OERIZBES(LT 2 &, @RTRDO L HickEND -

ez =V, N, +V, T, (i=0,1---,n-1). (5)

n, i 1

G)ROMRIEIZIE, 4BEARDN T« 7o BiEERND.

3.1 (N (T Ak, PR
I L D BMER# 2 TEX AU MR D701, TN kX 4 kDT 27702 2 il % AV Cko
K OICERT 53] :

T

=S —S Swi—S,:S
X,i yi , N _ TL k _ ><| yy,i Y,iOxx,i (6)

\/(SXI) e \/(SXI) e ((s1)? +(Sy|))
22T, s=s(xY) IFRFETH Y, TOWMDITR (K, Y,) 2T LT DBEE4 (0, Y) s 05.Y2) (% Ya) s
(%, ¥s) ZHOTUTOXTEZ HND

as(x y3)
2P\ I3/ 8x, +8x, —
= m Xs),
Sy M (y1 8y2 +8y4 y5)1
oy (7)
*s(Xs, Ys) 1
. =#zg(_x1 +16x, —30%, +16x, —X,),
625 X, ¥s) 1.

3.2 v, | oiH

AR L, Q)N EHEME TRV TRD 5[4]. RHBME S, SR, BAk, LT
— VB OERQEDEED 3 SOF5M G2 T RRETH H[5]. RHE ﬁ&fi i#ﬁﬁi_n

EOMF A ))& & B, F LT, FEEOSMIN AR L R OBy, ) 2L 5. By
FENENER Q) £H0. ZhbEAVD L, QRTKO LS ICEEHRZHND.

—_ 4&)._
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p(xi)= p(xi):Qo +2Qj+lE}(Xi)+qE2(Xi)! ®)

Ej(x)=E(x-y,)-E(x-z;), E*(X)=E(x-&)-E(x-2)
S, PO pO) DI, {z,)") & 2 IXEEEA S AN ABICH B X I — K THB. EM)
IZ Poisson HEEXDIEAFETH VU, 2 IRIC Poisson HHE DG E 1L
E(X) = _i|n||x|| ©)

TREND. E7, BRIy Iy, =x +dn, T 5. d BN FRROMIEE WEIT 8T A

—H T, X =X, +X)/2 1 FTFEIOTHTH L.
ZIT, v EIEHOEROIERRE, n Zi#EEOBEROBMIERZ ML, rZiFHOEFED

n-1
TRRELEHRTDHE, D EHx) DIEHRBS H(X) 1E
i=0

H, =—EVEj(x?)-niri (10)
£ RO A DRI T
—=ZVaﬁ ZQMH ZQVE (x))-nir, (1)
tELZEnTE, O)KXExt E?JLTW IJ/;L_‘E WCRAT S &,
;Qj+1Hj —ngEz(x?)-nin =—q (12)

PEIND . ORI CTIIRBERIFR 29 & 5 1C(12)REeHmR gL LT
BT, )R & (2R AT B Q). 2R, @)ROWIA L TR EES.

3.3 (v, oi#

PR |2 DWW, B HIE D P(X) 226 25ER ETHEBIL TRO 20N TH 5. & Z AR,
ZEOVE CHARIREE 2 31 U ORISR M 2 g < B, SHREDEDRIZ O THIROBEITR Y B34ET,
RAENHM LTV Z 2235 5. % Z T Sevéovié and Yazaki (2013)i%, HimOBLENS —HEIZ2D X9
PR 2 SR ER T 2 Wiy —RBLENE 222 L72[6]. W) —#REIEVE CIE, LT O ARER &M< -

Vsi :E—F&VSO'
' Ci Ci
Y=g+, ++o, (13)

n,ivi

o =-V,S =V, .5, +1%+[£—n)w(n)
n ot n

ZZT, ¢ =cos((v,,, +v)/2), s =sin((v,,, —v;)/2), v, ILi FEHOEROBERARE, LIFFKO[E,
o) ITEFBEMTH S, V1 TKANSHEEND ¢

n-1 n-1
WOB c by b- c, 5 (14)

i
i=1 Y i=0

22T, b LB EEORDLBH Y, TNENOSENBRES D OE(D, D, LT 5)%

%@Lf@%%@ﬁ%%wéﬂ%mwiﬁ’&ﬁfé

r r

casel bi:sL, B= Zvn, — 20t

if |D,|>|D,|,
(15)
case2 b =01"T1  p_g if |D,[<|D,|.
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4 BUEERER

FRNTREIRIE, PR R =4.5 (cm)DH, FARMOMBRD 1L 0.1 (cm)& 5. ABFZETIE, Al CHiw
WA r=R+acos(md) ThL-Z, TORREMELBIT 5. 22T, ridEmns Ol a l3EELIRIE,
m e — REL, O IFEREOAE L35, 22T, a=01 m=8%5x7.

FRT A=A, B1OIICHEELZ. QLo lZO0TE, 6 2OFMTHE LZ(3 2).

K1 N"TA=H
NTG X=X T INTRA=H [
n 300 d n?
z (1000,0)" o(n) 10n
z, 1000y ; Yz, 0.08 (Pa-s)
g (0,0)" At 0.0001 (s)

®2 BAEEBREN

Case q o
Case 1 100 0.2
Case 2 100 1.0
Case 3 100 0.01
Case 4 50 0.2
Case 5 200 0.2
Case 6 -100 0.2

5 BRBLIUBE

R CHE L TEONTEREOREREZX 212, £ TOmE A OFRFRRRIERZ X 3 1R
T2 T, HEARTONARKRLT () ETHRELTEBY, T, /7 (s) FCHEZ Rt Tl
N, T ()P EEOREEERTHI LTS, Fie, AR L ORFHIBRIEEEZ X 41277

M2 XY, g>0& LTEMPERIAZRW L7285 (Case 1~5), Case 2 ZBRV N THMUOARKL M
RZER) DS BRI 2 0 L O THIRNIZIRA L T 27 4 ) U TBIG 3 R T 5. Case 2
WZOWTUE, T4 AV LEDETHNE0BEREBEINZEIVITITREAD ETH51DIF I BKRE
K, ZA4v AV IZPECTICHIBR L EEZ A bRD. —FHT, q<0 & L TERMERAEZIEAL
7e3%6(Case 6)I%, BERDOBIRBNTEDE R LLEITIRAR > TN 5.

MREIC OV T, K3 TrEfEn 1 IR L T D Z &R0, ZORFMZE bENq & —FH LT
W22 Enh, KERFIZHZL 0D L5225,

X 4 OFEOREREEE 25 L, Casel,3~5 CIIMIDIXRERSOFBETHENEL D03, i
MY — A JUCHL D AT O TEKBI DB 220, 7 4 ATV T ORERENRKEL 8D LT,
FREBEEOICHIIN L TV 5. £, qQOERREWVEE, 2L T, o DENVNSWEET 4B Y~
T ORERENPRELS 2D LR TE .

6 F&OH

AMFZETIE, WHAD D 5858 D Hele-Shaw B APICEIT D 7 1 7V o ZVBEA~DNRHERED
AR, O, WHORREEE T ENTET.

LT, EENEERALE & ICEMIERIRO P HRAZTEAT D22 THELDL 7 4 o H
U U TBIGSe, ZAVEBATICBITD 7 4 B v THEA~OERAMEIC OV T HIRETT 5.
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] S
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HTFAANDIEARADIRB D DIIRRICEET 2 AIRILER

FHESRER A B A IR OfaA K& - T i —ER - BRI 1kse

1. FC&®IC

EEWIL, WEBLUBIC X 2TAOEEZICL > THIZR I INIHREKRDOTENTH 5. K EHK
DEFICHECTH AL, FHECHFEKE TR S L2 /KL B COBRAKL v AR LTV S
[1]. 2h B REREABHRTH ZDICHL, RF—AMfHPLT AL —FEICE T, L4 ) =K1+
KEWE X ITIARAGRBIRRNASEL 2 2 M5 NT WS ([2]. Takeuchietal. [3]1%, AR TK
mMnicEBWT, LEORENMES TEAGVES, 214V Bz 25 LIREBNARRNABEL S C
EERBUEFERIC X WHEERL T3, T 72, Kawabataetal [4]iCBWTY, DD 5 HE FKA~HEKDE
AT, 214 Y) —ExBA 5 LEAKPRBVICHALTWLZ &, 2014 U —EUIIH KGR
NOFRIKIFET 22 EPMEINT VD, ZNHEDANT A= (ZZTIELA ) —E-e FKGHE) 23
Bl L7z 2T, BHHROTHED L Z L 2ol v, IRCHREROIEREHICHEE T2 DL E 2
LT3, RITIE, BUEEB CHEREINZL A Y =L T/KITHEDIEWIC X 2 E/KIZADZEE D
ZALIC O W TKIEEERZ T > 72D T, ZOHBEICOWTRET 3.

2. XmAHER
AWFFE TR L 32 FE s L R EEEO R, UToXcRI L 5[4].
i{&a_ﬂi(w_?]: Ra 00 (1)
X\ xf oX | o0z\ «. oz oX
A iR @

T 2T, Y=P(TXZ) \THERIub I N2 BB, g, 13 20°C 1351 B REPELREL 1, 120 37 2 AHHA,

Ky, i XEEEERE K O, ThEnz i, X 7 OMME RaliL AV -5, 0=0(T,X2)
IR S N2 K DIEEE, ¢ IXMBE, RILEBIEREL, TI3EXTTb S K <dh 5. K5E
s LUORRAEGFER IO XS KHET 5. RHlicswT, L'ddikEATHORS, v, ¥, 3
IKIAERIC BT 2 NI DIETH 5. FNBEEICEE T 2 B 1E, Tiddy=0, LindsHEKE
AL O %R E—E T, HKBATETIEY,, 25 P + ¥ (TN T 27 4 Y 7 LAER
SfbC, Il AT owon=0ThE 2 b3 ) 4 <= v RIEREMACH 3, KBS 2 8 F41F 11,
FAKBATO=1, TNLIMNL00/on=0THZ b 5. MNBBOVIEMZ Y0 X2) =2,
I FE DWHASAE IZFEE N D 2T D HICHBWTH0,X,2) =0T 3.

LAY —HRalZUTORXTRING.

_ H 4p9x, _ HkAp 3)
#,D p,D

C T, HENRERORE S HOE X, Ap ZHAT 2HKOHE p, & FAKDHE p, DX, p,

1220°C IC BT 2KDERE, g (ZENGEHE, D IZAHE QKB GEUREL kK ITEKFRETH 5.
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M 1 SREEE X CERSM
3. ERAEK
31 EExE

AHFEICH W b - KB E X, BARBIOERBTHONZD DDEIKRATICKEEZMA2d DT
H5. K2 icEREBOMRAXZ RS, HEPRLOERE (KX L=130cm, HBfTZb=5cm) IChfE
d=2mmo# 7 A —X%2FHEL, FEICMERE LTT 2 VARERDY HF 5. 2 idkiE % LhkfE
JEMH XV 40em ICEE L, #ERBICT 2720 Th 5.

KA v 7 X0 20em T 2> & 15cm [ERE CERIRIC 7 27 U Aiic/E 5 O, EXRE
#ito 7w —7 (HORIBAES-71) #ffiAT 2. CoBREELN% LR-OIEFCEL 1, €12, +
N3 knd kL5 LELTE,

FEBRfE A LKA X v 2 Y fH, RifElmm O F 7 A — X CHEEFET 5. JRHEIC
vFEY I EL, JKEDO LIS 2B 28T, 7 AL —XDEBRBE~DHHZF < & &b Ik
DFAZAREIC LT3, AR CIRIKRTDOIL & 10cmx3cm © b D ZHH L 72, kAL v 713~
VAy b2V 2ICFa—T%2NLTER->TEY, ~VAdy b2 v 7hb—EiRECHEKPRATS.
ok OB 2 WUt T 5720, BFL (3 U VL, BRKREG 1025) 2E» Ld o zifike LTHY,
BRKICIIKEKREFH L., R2icEiF 5 Ah, Ah, AL, EFRAGBOIKNEL & FRHE O K D KALZE,
EEJE L b~V A4y b2 v oHBKEOEE, HKFEAZ Y 7 DKIEHOE S 2K . AR T
X, TNHDATRA=2 R~ F v+ &y 7 NOEIKDEE p. DM AEDEIT X - TEHED FERSAM
%52 5.

~V Ay bF7

Ah =0 ~ 4.0cm |

H =40cm

/ 7
AL T 130cm

X 2 SERREE ORAIX
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3.2 EBRFIR

FERO FNEIIREAR[5] 0 F2hs % B8l 2, HEREEE ICKEKE ANTDIREETH 7 A — X% H & 5cm O
f@Z b icERfEcRET 2, #ErRET220CREEBECEYERL, Ero—clLE®2 L
T, #7 A —XEOEEE MRS 2. 72, PHEOREEWFZ 77 2 —X@ICii+ 2 & TRED
BAZBIET 2. @& 40em FTHIAEC—-XEZREL &, KE+oWL, REEEAZECRT. ®
W, T2 VABOELEOEKE v 7 BRI T, A7 A —-XEICERBER 2 LiIAR, K%
N7 cH® 5, A EREE oKL TOKMEFRMIL, VA PRV IETRY Yy D LI
BWC, ZOEIEZHETLLICXVEKOBMABREZHRET 2. K1 —EDOMBTHEKZ V755
FHLTW2 2 & 2ERAL, BRAGERZFH ¢ 2. BRUGELRGC 10 AR CHE/KEE % 3l
2LEBIC, A VvE—VHATT 20 BHERCREOK T 2T 2. £/, AREECIEHINHZ
6,000 & L 7-.

33 EE&MH

RKEBRICHW/ZE T A -2 DfE%FK 1 1CiC 3. Kawabataetal.[4]EAR[S]DEHRICENT, L4V
— R EACEST IR D FOR IR L TRA L 2 HOK OB (LB A b b, REFETIE 3 2O
MG (4h =15,25,35) 2#&%ET 5. 4Ah =15225TlE, LAV —$EKRE{F5L, EFIRE
WKWIR T2 & W RAKERA 2 SN HANCIREI L AR LB AT 2 L WO~ E DR o720 T, %
DEIZED LAV —FICOWTEREZITS., A =357TiL, 20X BT bhd o770, &K
DL AY —ETHEFIRBICWRT 22 L 2HERT L. TNZNLDT — RADOEEREMFIIR 2 ITRT.

K1 KRNI XA-ZDHE

parameter value parameter value
H 40 cm Ah: 15.5 c¢cm
L 130 cm psl pi 1.012, 1.024, 1.048, 1.060
b 5 cm k 0.47 cmls
AL 10 cm d 0.2 mm
Ah 15, 25, 35 cm D 1.2x10%cm?/s

£ 2 & — RDOEBGEM

case Ah, (cm) Ra (-) ps! pi ()
Case 1 1.5 18.8 1.012
Case 2 1.5 37.6 1.024
Case 3 15 75.2 1.048
Case 4 2.5 75.2 1.048
Case 5 2.5 94.0 1.060
Case 6 3.5 94.0 1.060
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BAUCERHC X 287 — A DMER R 2 MASKDORE CHBILL b0 %2R 3 225 81733, K

9 1Tid, EHFIRREICINR T 22 AR & EFR IR FIRBIN IR A 2 SR o #BIY 7 ffil & L C,
F—=A1263D550%, 3059, 60 0EOKTFEZRT. 7—A1 (Ah=15cm, Ra=188) T,

RALZZHAKIITHICEREL T 2 e IRIEKFIEEI L (K9Ek), L/RESIREIRICZLL 72
Db, EFIREICIR L 72 (K 3). H /Ko FtE R U cHiKEE 2N 27- 7 — % 2 (Ah =1.5cm,

Ra=237.6) Ti, ALK, SNRICXY) ETFICREIREL 2230 FHICREL 7223, 60555
DOMRMIC L 2RI B ST o7, (RIPHR). BEICOVTE, L], #L2ICBVWT60H7T5E
TAHANCRE AL L T 22, ZNLFIIRE RZFITRZ o Tnkwv, 7, B0 3 DI
WKOWTH, BIF—EDRETHBELTWS (K4). 77— 3 TiE, MIEZITo T3, #kkehicxt
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M9 WABADKT (Fr—=21 (), ¥y—=x2 (FR), ¥—=3 (H))

FAFAE L, i X vEkBSAHEHICHERRIhTw2 (K94, B5). 7—21¢2, ¥—22&3D
EKDIBAKERDENE, LAY —FoWhlcky, ZhZnpERELzdboE2LbN5,

WFKOWEEZKEL L2y —R4 7 —A51CFH0WThH, F7—R2E7—R3 LFEBRICLA Y -
DA XV, HKOBAKADZEN T 2R Lo (K6, 7). 72771, HEHEEOEHHEIH X
N=DiZer 2PEICEWTTHY, $7, FEPERZ 214 Y -8 Ah =15cmD & ¥ L HRTKREZ
{7ro T3, bt Kawabata etal. [4] DFMEREBROFER & FERIC, WEAKE {22 2ok
BRERBHICBEIT R bic, LAY —HAENT 3L ot

I HICH PKDOIEEREKE L L7 —26 (Ah =35cm) TiE, H&FMROMES L 5ICENT, K
A EZ#BBH S -0b, EEIREBICIGEL T3 (X8). Z#d, Kawabataetal. [4] DEfiEFEER
DFER LAk TH 5.

7, WIhoERICEWTY, Bl X NEKREOEENIIAHAITH 5 7253, Zid Kawabata et
al. (4] OFMEEFROFER e KE (R A2 M Th 2, BUEFERTIL, IRELH)ITHIRE)C 2 ©— 27 OfRE) <
BHolzH, RERTIE, hARNAEEEZRL T, HEERCIFINE 2 XtET L+ 2HWTE D, K
FEERICBEWTDH, SHE2XICETAPBEHTE 2 L5 ICHETE I 5em I L7228, ERICEIK8EL LU
FRICBON S X HiC, SHRITMAERAELTnwZz2 &8, ZOFERAE LTHETFLNS.

b, BhVIC

AFFRICE Y, KEXVEEDORE HRYE M N KIGRAT ZERICIE, FFICX > Tidke 0%
FICEBZHMICE o T, TRIIAKIEEL TR FT 2 2 e pm I nsz, B4Ry, Zo&ti ko
T LA ) =BT 20T, BRAKKSARE BT 20EHREEZLND, KifFETir> 72
KHEETIE, oD 5T K~DHEIKDZRAZEENCET 200K 2 ENERIC X WV EZEL, 2lk234
C3L AU —BUIKFHBEDOFEIRTE L TWDE 2 ERERRICEWTHIER S L.

Kawabata et al. [4] DEfEFEER <X, RAKKIZHEM 2 BEIANZS) % L iz, KEBR TR O -6
FCREKIEIAHANCHRE) L 2 235 RE L 72, B I N BEORIZ A AICEE L T Y, FERR
JERERVIEHTIC X b, WA REHEEZITR D T L BSHBROBETH 5.

5| F>CER
[1] Diersch H.-].G, and Kolditz O. (2002): Variable-density flow and transport in porous media:
approaches and challenges, Advances in Water Resources, 25, pp.899-944.
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[2] Holzbecher E. (1998): Modeling density-driven flow in porous media, Springer, p.286.

[3] Takeuchi J, Kawabata M, and Fujihara M. (2015): Numerical analysis on occurrence of thermal
converction in a flowing shallow groundwater, International Journal of GEOMATE, 11 (27), pp.2688-
2694

[4] Kawabata M, Takeuchi J, Fujihara M (2015): Numerical Analysis of Density-Driven Fluctuation in
Groundwater Caused by Saltwater Intrusion, Jurnal Teknologi, vol.76, Nol5, pp.7-12,

[5] A K& (2017) = MR K~ DR A D P IHIRICEE S 2 AL ISR, K 28 4R RUER R AR
ARAR SR SC, 40p.
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BEMITEAERBETIVERAVWRKARO L RIRETHE T %0 LR

Comparing fish habitat assessment methods based on community analysis and habitat models

OffE 25 - w5 2
OAIHARA Seiya, FUKUDA Shinji

1. [ZC®IC

JEEEBAERICB N T, BB L ORFNIEELRREOO L S TH Y, WKMEAIILD LT 25K
A OAEBICEE LS ASRE L SKTWD Z EnD, BEKKICAERT 2HKEEDE
BEREICET 2 AOEBNBRARTHD. EWOLEBREICOWTEIHMET 2B121%, AWkttt %
SFEL, ERROMICTE T D EN ARG DRERMAT (7 F 22 U o OB 72 &) <0,
KGRI DB RLEAL, LD ZE /M 7340 & BRI EEIR 0 BAGRIE 2 BORRIC KRBT 2 BT Vs &
WCHWSND2Y, WHFIC & D5l 4 bl L 72 a3 ey, £ 2 TRI|TIE, BEKKBIZAELET S
WKBFEOERBREIZONWT, 7 7AX VT ERWTEHEMITICL D TIEE, VXL T741LA
N & AW FERIOAEBSET MZ K AT 2 FEEZAWCEHMET 5 & & b2, WEOLKEZIT
Wy, FEEO W ATREME 2 M L7z
2. RhAEE

AR CGRREENZT) 12 14 A OREX (KEE 10m) Z37E L, AFEHMRAS X 0w
BREEAHA A, 2016 4F 3 H/nD 2016 4F 12 Az CTEA 1 BISEs L7z, ABEMAFHAE TIX, #AEX
O ETEEE@ETHEIY, 2 AX10 50HOBHET, EEe ¥ efEs A CREZRM L. &
Man-fEE, MmERE L, BEkEeSR258 L. WHERENE CIX, FHEXNIZSm J¢
\ZRRE LT3 HAITE IS B\ C, B 7= O\ KENE, KiER X OWEA N L, R B (K
B, P, NE, BIER IO a7 U — ) ORESR L RARERE TR LT,

3. BWAE

RIEOERBRERHEICOWT, 727 AX Y TR HWTEREMRTE, T X A7+ VA MEHN
TRERIOABBZETAD 2 FIKICLVFHMET 5 & & HIg, WTFIEOKETT - - FREOMHTIZIT,
#EkY 7 R (R Core Team, 2017) ZfEH L7-.

BEEEMENT 21T modified TWINSPAN 34T (Rolecek eral.,2009) %\, £/ RIET — #1285
¥k %& 7 7 A2 —ZFRbT % & & HIZ, INSPAN 2347 (Dufrene et al., 1997) % H\ > CHRAZFE % f
M7z, 2L T, 7 7AX—ZEEMIIARRINDHMEIEL L TRV, 772X —ICRAEOYE
BB 2 i 5 2 & T, A BBREEEE 2 S T4 L 72,

F7-, BIEEfEARISEE LT, UL 7+ LA (Breiman, 2001) &AW BRETF L A4
gL, PN EBRESMEATUE L. 7 A OSEERITH MO,/ FRIEL L, SiHEHICIT
KR, KEE, W, VEE, RO RE R L ORI ARE R 2 Ve, ERRERER O
i, BEOBEEE LSEMBRE AV BROBEBEEX, 7 AREICRT ORALKRORERE
R L, WAL, ERBRT ULy VTSN T, KABORALZHA~DORE LTI L b
DTHD. MENGHEOLNIERERE LT, ELRERIEZ G L 72

L SOt TR OB Graduate School of Agriculture, Tokyo University of Agriculture and Technology

2 BB TR RFB L ERSERE Institute of Agriculture, Tokyo University of Agriculture and Technology
F—U—RERRR, KBRS, REEIRAE, MBI, EREKEEE
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4. FEREER

FEMMREICL Y, 18 FOWKEIAD MR S 41, modified TWINSPAN T 21T 7o 5, A
X6 Dy Z A% —ZEENT-. £72, INSPAN i 21T 7ofbR, 7FHEELAXY s (VT
AL—=1), FANY, ATLIBILOT T INY (FTAF=2), AFHhELEEna (FTAK—
3), BT (VT AL—4), AT /)RVIE (VT AX—=5) BLXOKRYay (77 AX—6) O 10F
DR L LTt Sz, 7 9 A =03 T WG OREE i LT L 2 A, 7 A X
—LIKERREL, 7THE XY 7 BECHBT 2 Z LR Sz, 7 7 AZ—2 13K
TR ETRED AN —KE T, R /22 & D, WEKEE NS E 3 FENMRIERE L /e o 72
EEZOND. 7T AKX =3 L AFTRENNE L, KRB DMEN A ZX B R0, LK R EREE & 4T
Zxna (7 AL=3) RLEVT (VT AX—4) [THLIEEE CTH o7z, 7T AX —5 [ TEN
ELIREL, WRROBEONER >3 > /) RVEOABAERRRERE Ch o7z, £z, KiED
WERNEL, BRI efEil ey, ARG E L CRHALTWD LSRN, 7T A
—6 1 IR ETREN & HIT/NSWZ & THRESIT B, Y a U RKEEEO/INKEICAERT S Z
i (B1).

FEROA BBRBERHMEIC B W TIE, BEOEEE T, 3>/ RVEERE, MEE KR
BEENE DT, INEHMBRIC L 25 LG T oL, 7HHELXY 7L, KENRKEL (20cm
PLE), WA/ NS WEREE (10emys BLT) 2347 L, FEMEM O@#KE OKEME 400cm 2L E) % 3
RAERLGE LT\, T7I0Y, BTLYEBLIOAA VL, 40 c/s BRI CAERILG R T
YR NAREL, EKEINENETH D Z AR I (B2). AZAReFERA, BY AT
TR/ NS WEREE 20em/s LLT) <0, FEAERERENEWVEREE (40%2L 1) Z4FA, KA DR
BOAMICH G Lize B2 bND. I3 RV, WEARKEWVEREE (50 c/s LLE) WIe D
BERMENEREE Q5%LLT) TRWARSLRT vy v ERL, WEIRICEZELZEONE G T 5
Z LSO O ST 2RI A RIS A 2 L T, WG FCHAERTE LB I bNS. Y
= UL, KEES /N E < (50~200 cm), KR/ NS WEREE (15cm BLF) O EEREWNZ &b,
KB JEL D /NKIEZ A LT 2 & BRI ST,

MRS XDl & bl 9~ 5 &, 7 T A X2 — DA & 04 BBREMRTE R0 R —8 L, B
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(@) 7 TS5\ (b) AT Ly (I s Ly

B2 7I73/1\Y¥ (@), hILY (b), BLUFAHT (c) DKRERRICET HICEHE

EIRATIC L - C, ENAT2ARBREREZRIT 52N TE. Jiud, SRFEQ RS 2
21 TAL =L ST, FREOET — 2 NAT WOz, TolcRE\ T L
FEADLND. —HT, BEROBEE Sz T 22— (1~3) TIE, —HOBHERDIS
BHHBRICIBNT, 77 2AF =D & R DM E R TRGFME L. 0L, KEELw I
T LRSS, WAV M E AT HMICEETHY, 77 AF =R T#HAL D &IRWERERIZHm
L, 77 AF—0ERREOMHA AL ENRN-TZ EICERT2EE2OND.
5. BHYIC

Modified TWINSPAN 34t & AW RESEMEAT &, T L7 4 LA h e W AERLET VO 2
FHEIZ &Y, YOKBEOEBBREMNT 21T - TofR, SR (1) (28 A DL BREREN 2D
, TOMFEIFEFETHA S L. BEEMATICL Y, 04 BREEREZ KB 5 2 L3
TEIN, BIEVKEGFMEZFHAT28MICONTIE, 7 7AX—ICL > TH#ERILL &k
WVRIREPEAVRIR STz, ARFFETIE, 15/ NMET —Z Z AWy, RS Mok U= 87 —
a5 Z LT, B5ERREMMABOND REENEZ X OND. KR THWE 2 FiE
X, BT —ZIZBWT OO 21T 5 Z &N TE L5720, BT — & % KW U7 Hs
AROFIETHD.

5| A Ek
Breiman (2001): Random forests. Machine Learning, 45, 1, 5-32.
Dufrene, M. et al. (1997): Species assemblages and indicator species: the need for a flexible asymmetrical approach.
Ecological monographs, 67 (3), 345-366.
Rolecek J. et al. (2009): Modified TWINSPAN classification in which the hierarchy respects cluster heterogeneity.
Journal of Vegetation Science, 20, 596-602.
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FFRAKERNICHITHAERKEBERERE

Preliminary feport on echydraulic surveys in Fuchu Yosui irrigation system and Yagawa

Omm ="
OFUKUDA Shinji

1. &I

ISR BB AR I BT SN D AKER v R U — 213, BEKEE & ZHUKIEA MR 2 EE
EFAELTREY, —FHHRKEREZED T, KBEBRICE-TEELZELREFRBELTVS
(Ohira and Fukuda, 2018) . L L7adsh, #Hii{bBlBds, AEERSICRET 2 KHBE
DELE bz, TEOHRBABEOERIMEIZ LV, EREYOEBREOELNEBICHEST
LTRY, FEROKES - BERAT RV BAPBBOMB L 20T 5, —f%ic, B¥EK
BT DM T A BEAER Yy PU—Z AR BHKAEL, SIS RnEbo
HEEWMZTIAED, TORLICEERY NU—ZRAORROEEEL (BEbEE BREKE
OWH) EEETILERDD. ThET, R L IEERHOLERREOELLIEEMMO
BADHEEOBEEL LI o TRENTELD, WINSDOEBARLEBARSDWESGKIZEST
EUHRRDMREOBBMEITIZE A BRI S TRV EY, FRICHE> TEET HKERS
FE, LB VwotERREHEOE T AAERECKRELHAONCT HLERD
B, FO, BREAERY U ZBITAERREEERBT ORI, KEBFEEEEK
M, ERFOMEPLERAIRTHY, MENRE=X ) 7S < EIERFFEAR < K
Hohd. FITERBTHE, BEARTHLIMPAKELBANITESX)IZET 2HREERE
Bk L AEROEHREORRICOWTHELRET S,

2. Ak '

IR ESI BT 5P AAB I OEOHANTIITH D RINCENT, KE&Z1I0mD
AERMZ 4T 2REL, FREAAE2014FESA DD, KINE2015F6A 05, A ELSH
‘TEFIEM LA, FAETE, FKERSERE (KRB, s, KEE WERER, WEEE) Lo
BIEMAICOWTHELL., MAREREILS mBEcEEL, AEORMIZ, ~TM, B,
EBEMEEFANT, 1EKM2AXI0508 AR TITY, AKIBEOXE SIS LT, BE, SR E
FE L. KELFENRFEIIE, ThEFRER L ERMES (KENEK, LP30 - LPT-325) %
fERA L7, WRMBE LU ARE S, SFmEvCERICIVERELE.

3. BELER

R HATCHE, FhefomAKARNEB I, FHBAKICIIERESETHILEBELONHHAFE
KAAEBRREREIN. FliE, AdEnaod 518, 2014 ~2015E 0l & T,
2016 E~2017FICITE M S 3", 2018 ICHERMEN 52, HHEN B8R OEMMATE |
EEZLICRRoTWHZENS, BAOFANOAFEMOBELHIZT VI bDOLEELD
nd. RNTEEARMICENFEOEEARRERE INSH, BPAKEOAMAFMTTIEEE
RAEREARBEINTEY, EBEHLEEORM TN Y=T7 3, &ASEIERINB
EbhBD. FOHE, FYoFIRAIOVWTHE THDIEELLOND. FFPRRAKE R
WALET AR E LTI, WTLAYRFAL BT, PTIA Y, RhFrRYay, ALIERHIT
BENBE, &M FYa vosfiEBEAREOAKBIZBLA TS,

"W T KSR EAEP%R  Institute of Agriculture, Tokyo University of Agriculture and Technology.
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Fig. 1 Flow rate (cms: m’/s) of station ST2 in Fuchu Yosui irrigation system, of which box plot

indicate descriptive statistics of flow rates among three cross sections in a station.
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Fig. 2 Flow rate {cms: m*/s) of station ST2 in Yagawa, of which box plot indicate descriptive

statistics of flow rates among three cross sections in a station.

FPRAKCRTAMEOERBEROFTEICREREELZITHEY (Fig. 1) , ST3LST4
DFEAROFAN L 0 EAMCKATND MEARFET S, i, FPAKTE, 204FEBLT
2017EDFEFMME T HICHE, THEOEHIERITHTIEMBE LD, E0HOAIEHA
CREREEN AL,

FRINDOWRIE, 9H~1NARY—2 %281, 20#%, EHETHIHEOZRLTREY, H4F, 1T
ERFEOEm E2-oT D (Fig. 2) . BAKIE, BEMBRIZEEET LA, THRERTLEED
BEINBRBEEIShAZ ED, ERBVWEICLBAOTAMENHL O LMEREEND.

RPRAAKERNOKBEREICOWTHHIKT 2 &, REOEND, KELHEOSMBRE L
REBEEBHIT, LA I ARBPTL— FRIZHENSH BN (Figs. 3-4) .

FFR K ORIEME, ERCES ZENMNLORBEOBANRD B, Fifls ATREoMmn
MERFRINLIR, FEEDBREOCHEFE (Fig. 3¢) 76, MEIY bAERHESFIZL -
THESTbh, KEXXEL, BEBELARMATHEENEL R I ENLND. bRAIL, &
i, BRMECSARRKMAH 21D, \MiEL 22 bFET D2, RERTHAM
REMINTERY, AEOCEMOMN & BT A IS E T EEFREICE S I TR /MR
TV NEBAFILTCLE I REASS. Zhid, SFERETHoTH, WRME®
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o (a) Froudo number

(¢) Species richness

{b) Reynolds number
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Fig. 3 Scatter diagrams of depth and velocity of Fuchu Yosui irrigation system, with varying mark
sizes indicating (a) Froude number, (b) Reynolds number and (¢} Species richness.
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Fig. 4 Scatter diagrams of depth and velocity of Yagawa, with varying mark sizes indicating (a)

Froude number, (b) Reynolds number and (¢} Species richness.

BERRPHAER L DL o THE ISR AWM RBREEFIRAL TV 2AERTFET L Z LICER
LTW5. iz, MEOERVBWESY, KEFZHNLZ2KRHAROLNAIEHATHD. HHERE
EREFEMROBROBMBELODIE, B L RAERRESESOERMSEE U
ZE, BHEOBREERIC X DEMELREFBIIOWTHTT20NENSHD.

4. BHYIZ

BRI & EACMNT IR 2 EHREND, HREAEROF A F 37 AoV THRE
L, A TRR2SEGUEFETAILREALMMIRoTz. £, AREOHKE TH-oTHEK
BN OKBRUENRELD Z LT, AEOERRRAR RS Z LR T & . BEEOWREICIX,
AEEOABIRELETETH-TH, MR I 2 THEFOPBRPNZVLENIBELDD
e, SBROBREAROLELFARE L RLZ2HREZEL, AENEOREDHY FiZ-
WTHERTIMNERDHD. O, KBEFNEEZTRIIIRE L, EBELAKRZEORAI
Lo TN FEEZRFT AL L bIC, HHFHELENERICE > TRIEE2ED B Z EMBHED T
BEETHD.
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Ohira, M. and Fukuda, S. (2018): Flow regime shapes seasonal patterns of fish species richness and
abundance in main and branch channels of a rice irrigation system. Paddy and Water Environment,
16(4), 783-793.
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Topographic and ecohydraulic survey for hydrodynamic modelling in Yagawa

O RN - RHfE 2
OKONDO Masato = FUKUDA Shinji

1. [FL®IC

HIEN T2 HOBAKBFEL, FHBAEOEL KIS W T 2RO EERAEL
BRENEGFEL TS ZERNMOLNTWD. M (2018) 1%, HAHE LT & i 2 46 i/
FINCEBWT, REMRB IO ETHE - KE - WRME 2 EOWBRREE TR 5 & A& %
FhaL, 2 FEB22RERMENLS, HARKERO/NTINERAERES N NP avies
DRKBBEICREFRAERRRELZRIIEL VWD E2RE L. —F, RINTREOHEN
RENZ END, MBENOREHIBORESY —=0 72T 58121, RINEERIZBT 5
BB BRI & T IS T A A OIGE (MESAMOELE) IZOWTFHMT 5 LERH
5. TZTARBTIE, RINEMEBETHERKEET VOB MIT TEME L7 HEH & &
WHBRBEREICE ST, RINDAT 5 ERKEREMEZFEE L 7-.
2. A&k

RN, BEAEFEROE T /NTITHY, ¥ 1.5 km 2 F L%, WHhHKICEKRTS.
MHIEIL Sm UL FTH Y, KEDEA/NS WD, AELO K E VS T &S ERIZ 1 m/s
A DWEPBN EN DL, WRIERKES LTS, ZOXIREHRIAFTI 7 AD
BB, FEEF L IREKEETADEN TH D0, TOBEICHIT - EB#RE S LT,
TR OHIE R B & W EERERA L 2018 42 5 AICHE L7z, HEHE TIX, KERNEICX
D, FFRHKEOEFRD D i EIRERAF T O KA A E T ORI R AKX <
AT HMEICOWTHE L. Z OB, MEEN S R EZ D2 RoFH 7 REERARLE L,
VBN U CTHRIR Z BN L7, £z, KRBT OO, BRRICBWT, KE, H,
PIRMEE CRBE, g, g, WilRoBIE), MARBE~THE L. R LT, MNH/H
KEDOEFEEROFEUER E & )11 108 Wik (0.5m~93.5m &) ®FF 109 Wi <& -
W A& FE i L 7=

FEREMEAT X, MEHENT Y 7 P REH W, £7°, #HIERHEOM BN S GBS L OUKNA
DHEWT oA X 2 ERL L, BRI CK s UC, MEMREEIEE L. WIiZ, FHRm
mZ ez, KAk (1) REAKEmEAE (A), M2 (S), BE (R), WEFEHmE (V)
FEE L, FEREE S OKEAR, RIEICESWT Y= OB HEHEAR ) DR %
HELE. W T, ~v=22 « 2 V27 57 —DRTRDT=KRTE X4y O RLERE A %5
SCOWKRM B OPEEIZ L > THERMEMREAFAE L, £RAONEREHREIC X D EALA
JEBIC L 0 KW OB EREERH Lz, 2B, WKEMEBOKXS ERERE (k)
I%, Tablel OfE%x A\ /o, 22 TliX, ZNENOHETRDIHMERE A g U, IR
BHZ RS S HERBORE HIESCWPICHEE L RIFTHREIZOWTHRFT L.

VU TRZ 53 School of Agriculture, Tokyo University of Agriculture and Technology
PH AR L RS KEBL R %EBE Faculty of Agriculture, Tokyo University of Agriculture and Technology
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3. MREBE Table 1 Roughness estimates used in this study

KN O & KmE T (Fig.1) 7» 5,  Class Diameter (m) k; (m) Roughness n
Ty 5 400 m ¥ CiEAmRk LG 0.064~ 0.128 0.02960464
X< 2D 1000 m £ cixam MG 0.016~0.064 0.032 0.02349722
; . SG 0.002~0.016  0.005657 0.01760303
PSR BRE, RINOHERSE Sand/Clay ~0.002 0.001414 0.001651452

BYEOBRERNSATENRD. A
DB, KEABLDOKEWEE CTHKRHRELSR-oTHEY, MENOHEICEEL K
FT AR I N, AEHERED DA L 2 Wrm iR & ERE (Fig. 2) 225,
A RCHLEE AR BT He D < Wi S E 28 088 KFEAE L TV D 2 E B BT/ o7, Fig.2¢ T
X, WRKFEMLCOIBEILTOMAEFBENLRE S RoTNDLIENG, HAEDKENRR
I, Zoft, WARFHMOERLE LT, HEREFLEZEZOND.
4. B YIC

R TIE, BHHAEOR NS EBKBEEIC O W THE L, KEMITHICEE L KIET
TR DWW TR U7, JTERAEE D & H#EE U 7o LB £ 25 C it ol 4 3 K GF Al 9~ 2 817 23 4
SRl ehD, WMAEHBELSOZENLETITIH SN, MAOHESCERE (KD
RAKTEMSE) NEET D20, BIENRKEMBITICHT IR0 EARRDEND.

Eievation(my
WEECm)y
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Distance from the downstream end (m)

Fig. 1 Elevation(m), WSE(m), Gradient and percent vegetation coverge along Yagawa
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Fig. 2 Observed vs estimated water velocities in Yagawa, of which bubble size indicate the
percent coverage of (a) large-sized gravel (LG), (b) medium-sized gravel (MG), and (c)
vegetation (VEG).
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KEEMICEDREERBMRICET 2HNRAE L EANHFKBEER
Effects of aquatic vegetation as a flow resistance under field and laboratory conditions
Ol &t MRS, 2. @ EE 3
OFUNAKOSHI Kan = ATHARA Seiya = FUKUDA Shinji

1. [FL&®HI

KAERDIL, WEAOKBEREICK > TEMOMERESND—FHT, ARz V=
T ELTMmESML LWmEFICHELEZ TV D. FHAENKOTRNIZKIETTEEITON
T, LS 2 i, BT EREIC L DA RFRER RS TE 72 (5,
2008) . KEEWNOMAEL, BEABEO FERICAR L7720, MBERIND ZENZ VN, A%
ROKAERBFEL, HAESCTKMEHZ Lo THERSNIMNEREZ~ A 7 EX Yy &L
THEALTWDZ E0G, AFEEBRER CONT U A2AORNZEBO 2O H O E£HH
WROOEND. £ TRRTIE, KAEFMEDZ I L7 KENRE & SEATE O BRI 2
RAEHBIE L, TORMMA L L TERLMAEOEPUREICE T 2 FH A A & =B K
BEBRIZCOWTEHET S, TOE, FHPHAKSLRINO —HMICERL TRV, BEEDE M
ENOBEBEENMEN T2 LpnHESnT0no2EdFvavIiclERT 5.
2. A&
2.1 HMERAE

AL, MPHAK GREEENZ) 2B W T, KENIZESL TWDHKEMEYIC XS
AR RO 2 BR & 9 5. 2018 EDEREHIC, X 3 7 (dcorus gramineus) 73
BRLTWARKRME SHS, A4 7% E (Myriophyllum aquaticum) & X 7V (Sparganium
erectum) \ZOWTIEZENEN 1 i FO2ZPE L. FHAIZTEBWT, W X OUKE,
KESWE, JKTEbE, AR, AR, A, KEZHELZ. WEOBEEICIE, 1 RTEM
fi#EE (KENEK #H8¢, LP30) M LT, KIS\ T 5 |EHIL, RKMEE &K
B2 BRA L, FHRHZ FHE L7,
2.2 ERFKEREER

FETRFZEFHOENBAKE (IF 40 cm, 2K 810 cm, “FH/KE AR 1/2500) (23
WT, X v a vORERENROBRT 2 AIC, SNEKEIERZ LR L. KPFZET
X, FEBROKEOW T M A x @, #ETmz ydh, SEhmae 2l XL, 2 m OFER
X ZRE L., ERTHEMT L X3 viE, L2W0ERWREBIZL, 8 (17cmX
21 cm) (ZHEEL, FHKAEE 4 mm OPNEZIEES 3 em (2722 K ) ICHEFD, &Ml
HEIICHKRELL. TOE, ERXHENOREIM~DOXEEZZE L, RRIXHO L TR
O 1 m T/ BEREZIER U, AR, FERXEO L5 50 cm O Wiz 5L, &
WD RN F M OKBEEECHET 5 KO BLE Lo, KEIE, KEKO/NEELE2S 15 cm
2722 KO ICHRET L, Wi F M 10 em BT, #EE7mIciE 5 8~10 &, b
[Z 3 4 (KR 3em, 12cem, 15cm) (22T, 3 RouEREEEF (KENEK L8, VP3000)
ERHOWTERILZ., 61, MEOBER RN S, #itY 7 F R DRy — lTakimal %
ML, SRR D s 55 A O X 2 ERk L7z,

VU TRF 5258 Graduate School of Agriculture, Tokyo University of Agriculture and Technology
2H AR L RS KBRS Graduate School of Agriculture, Tokyo University of Agriculture and Technology
SHAURE TR RERBL M JEBE  Faculty of Agriculture, Tokyo University of Agriculture and Technology
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2.3 25 OO 0 16 4 B O 7 2 A 0s -
RETIE, WEOREERSD R AT iR )

LU, WAEMHAL Rl RO, 2 . .

T, fi=eprURA2 THY, fiXEE (kgemls), 505 _

p KDEE (ke/md), Uo HREAH Lo  Sos e

fRFEFE (m/s), UsiZWrm 8w (m/s), 4 %314 i
L BB LR () < e o
HD. FEKIETOMAER L, HBATICL - TH cbmma eee 000 =T
DA T B2, T o TR A P aremmes

U, i o IS 00 52 2 S A L 7 Fig. 1 HEZOHWEESLBAL

3. MREEFR xyWF@i(z=3 cm)

it AR 2N R D FEAGFRAR & L CHU & 5
LRSS, FEKIE CORER R I A
BHERMBPKREL RHIFER AP KT 5 H
M A DAV AY, ENEBRO R F T o6
W] T -7z (Fig.1). i, Fig.2 D X 91,
FE AR 45 AR 7 O @ BRI A E AR % IR AL
TWbHZ &z, FEAREkEFEREARY, EB
KEETIIHEAED MR EETHICEPFLTND
ZCEIERLTWLEEBEZOND. b, &
B (z=12 cm B LY z=15 cm) 1%, F£E (z=3
cm) EHT L&, PREAKREZY RN E 2 |
STWA. TR, X a v nBREs,SE n o e .
;Tii;ii;ii;;;;%i%?fg Fig.2 ERKBNOFEE 2 RTFES
D, LV RERBWEDRERE LD EEZOND. £, HiAkkoEmL, X2
DEAFTHERLIZ) ETIHHE AR > TEY, HAWEY EILAEY L WD BIEEDE
WERBELTWD b D EHEZEIND.

4. B YIC

A TIE, BIHGHA & ENBAKEE TOBLRIRE RO, KA DA T 25 W IEK R R %
FEM L7z, fERELT, SCRHABAREN TIEd o), MEAERORKE IOMAR L BiE
DEWZ L > TRBZI RN R D ZERHLNT R -T2, — i, KEHREZ ERENICE
B 20 %0E, BREAORERSCHEBEICE > TEIT 570, K0 FEABICITWVIRIET
DFEICIN A, v~ = 7 OMERBOREHED X 5 R ERKEMEITICE T 2 B R B %
MLETHD. 5%, REICII2MEETOFABEICET 2 EBRERICESWT, #H
BRET — A — A OMEBERICOWTHENT T FETH 5,
5| A XXk
WAL S (2008) AKBSMIEIZKE L TREARZ AT 2K O — RN ET L.

BN TS UHE, 258, 479-484.

0 10 20 30 40

Tk 75 Al EE Al
0 10 20 30 40

0 10 20 30 40

—_ 62;__



NIEAREENTFES SAKEBHESES
AATE =L, OHKEBICETZFEBEGAHICOWTOR
FHRMEEHEL, BEENTITFHBOFM - HfT0IRE
CHEDREBIFESETHIEEBNELTVWET.

http://www.jsidre.or.jp/ouyousuiri/

EiEfE 0 T889-2192 BIEmHEEATLAA L1 — 1
BT AFEFE HNEHIREBER R ST
JCR/KEBMM R EEHER (Bak - fEiE (ZR)



