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Spatial Variation in the Water Requirement Rate
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ROEE) CHEHS GRERYS) #RETLH LR
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ERELOEINRALNIZZENS, FHEEORUKIEE
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HLHED 3 OORKIALET 5T X TOMYE (48 F) T
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e B R BURE )1 K R T e B AR A S PR FE T Y 2007
FEITBTR IR s (B9 T It D B &8) T17 o 72
BOKTERE DGR 2 e, 208 EHT, B OME
THRENTLINTZ[@E 7 7 A /v &, FHAIMESE 2T S 7=
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Fig. 1 PH 7R - Hidk B X 0 PN IX 5k

Jurisdictional area of Nishikanbara Land Improvement District

DIEARIRDLE Fig. 2 1077 T, £ OBRIRDIE, %Rk 5
SEFE AR A O BEMA Y F 27— % (2013 423 A 31
ABIME) Z BV TR L7z, 2013 41T 30a LL_Eoo X |2 3
fif SALTWIZK T 27% (EFEHIE) L4072, KD ol
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O RIRZRTC EIT 10a X0 2 23X H & LT S
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ST, E72, 2013 FITHAKNERE & L TE KBS 41T
WK, 15% & FEFITD 7)o T2 (B0 IXBRKEE 2358
fifi) o

2.1.1 REBESOLMHE THEL2A4T

WOKEEFRARI, 1,000 O CIFbiviz, HIBLE#HR S A
75 (GIS) ZHWT, £7°, BT 7 A MRS TND
PEEEH GREE - RE) & GIS T—#1{bL, FH&MEON
BERTHEBBGRA v T —2 2B LT, RIZ, £h
I RAEARTA EOERTIREERREG A 1957 £ 5

KA
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0 ERE - 30 Lk
B E# - 30kl

Fig.2 /K O X & K OBEAHRDL (2013 427 AR)

Status of improvement of paddy lots and irrigation canals

1978 A1 ENE) O FERARY o7 —x (AARTHER S,
2003) ([CEAAT, FHEBBSERA > FBMET D EHEXKAR Y
S DFEME THMkFEE ] & THHERA ) OEE2 AR,
KREMMGOLLEOMEE LY A T2 R L,

THE S O E GIEBSARA > b)) & PR i
KAEWNO TSR (HERRY 20 2 B EmIcEN) &
Fig. 3 12”7, £/, TMER]- L8 X A 7RNCTRA RS D%
ZAEE L7245 R % Table 11053, O oD HMEASSREE T,
»o, HEEXATRTT A4 (BLT, 58k - 774+
LIERR) Th HRERGOBE (851 #) NEb%£<, &
KD 85%% Kb TNz, # 2T, AT, WG - 7
T4 LORERGOAIEBT D,

2.1.2 HABLBKRT—4

BKEOFNE, €/ UETITbivz, £/ AT
L, ST EAT S A ZBBNICEEBICT T, £/ PV EAK
FL& ST TR o TE ONLE (FEUER) 2 BKE £ TORR
HEaRE L (Fig. 4), ZOREEEZ AN & T 5, ZOHEEE
HIEZRFZ A & 20 24 B2 OFFZI B AZATVY, FFZ AT
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Fig. 3

AL S O & A3

Positions of the survey fields and soil distributions

B BHEAKNAL & KA B IR DKM 2% 1 HTERL T
BKE (mm/d) ZHHET 25, ZOF IR L DRk
OFPARKTOEFT AT —Vm (GEM, T8, P+

U, ShEIIERH, HOREH, BB (2 3 [EfThbhiz, &
&L, FEBMGEZHEL TWDRETH D,

WKEEZ 7 A ML, FHHA, B A - B, RiZIA-B D
WAL, BRSNS ST\ D, B & KA O FE sk
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EOFHAFEIE S 2 [FLL T2 5726 D, @FFZ A 225 FF% B
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AR D D,
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8 (EE 1, 30mm/d LA EOFHAE) Z @R IZBRAN L2z K
T B2, KART AR E DS T2 72 DIZHEZ] B Dk

Table 1 LVERI - B2 o 7RI Al S5 %k
Number of survey fields counted by classification by soil textures
of subsoil and soil types

TR
774+ JREMH L Bl F
HEREEL 851 33 3 887
i R~ 22 0 0 2
» e 0 57 0 57
i; W 25 0 9 34
it 898 90 12 | 1000

P X AEY's

R KEERAARBLE (2010) ORHTHELY

Fig. 4 &/ %051 L HRALEHI

Measurement of water level using a scale
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WZDOWTUE, FF LOFEH B RREFES N TV e ho72D T,
P LANCE DN DOH, HF LEICHE LS D2
R TH-T,

T, W7 ANk D e, HE EHEXY) I TH
oV LELINTWZFEBSGITHOT D 7 KT, EERHK



4 BRI JE sy ey T2 RJeitr % 3% CPi31 43 )
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(A L 7= BRI T — 21 2iE, 2 OFHA S o Bk
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2.2 HARIBUKROERHEZE & DHEZERH

FRE « 7T A L OB OMBIEOKET — 2 & Hv
T, EH AT — VI IBIBK RO ARG R 2 R L7z,
F7o, BHERE FER) 90% CHBIBUKEO R (B4
FAAARDIL)) % +2mm/d OFPHCIXEHEE T 2 72 DI il
FRREARS n ZRAUC KV EH UL (ak, 1993),
n=(ts/E)? (1)

ST, Xt AR TH LN, s IR IS
EXfFRiizE Cmm/d) THD,

2.3 HELERIBIZEIZEBERDH

WRSE - 7T A LORE RSO WBEKET — % % v
T, FEACERS T2 80 L CHBIEOK IR R & < 4
LERARE Lo, AR (B X, &EFAT
—VOHBIBAKETHY, TAT 5 GUAEE) 1, &I
WD RIS, TEEE ), THO T KAL), TREEE A )
BELOTFHIEAKNL) TH D, Zhd GHIREAKN 2 FR<)
AR, VORI B XK ENOSIIZOWTT
—HENFRECH D L L. BEREZHET D HEMM O
KON IR BIR L CW D ATREME R & B &
Bzl llcL A, BIAE, RBRENR LT, B R
\CHEFARBLIS 2o 72 2 L MA 2.5 O T, THEEH oK O
HUFKAL ] TR S ATREE SN D & & 2 72,

(1) Ve

GIS ZAWT, RNROHIRAEATAD FHERAY =
VT ZICRERGRA VT — X 2 ERT, AEMMER
A2 FIMLET D HERAR Y T oRbE TRR Offiz i
BELY, FHEBIBOES 80ecm F TO W HIIZIRIKE N
HBLT 203 E 02 R LTz, £ ORERICHESN T, SHkeE -
774 LOMREMSEE RREHD 1 & HRRERL] O
2OoMDHT IV —|ZXK5y LT,

(2) B

GIS Z MW, ELHFREE (2008) O REMEHIKIE®R & ¥
rva—RP—e2pb X ra— RLIEERT AY —T —
A (fize L —PHRICHES < Sm A v v OREES TS
V) ARG RA v N T — 2 E2ERT, ARG A
R DML D S ORE S E A A HR Y, &R A 55 o H i
WE AR Lz, TORRICE ST, WmEE - 274+
DAY % ThEm 0m Kl & E& O0m L E] ©2 20
BT Y =Ky Lz, 728, 0m &\ ) BIfEILE T I
E LT,

(3) HFKAL

GIS ZHWT, R HILMERE (BHOKEE R
IRELR MR OEMAR Y 25 —% (2013 43 H 31
ABUE 5 FROFEFREERICEAARPFEEZRZE L,
KB INAUIATARE) ICHABY AR A~ b7 — X 2 ER
T, MEBSGRA L FPILETDREMAY T oM THE

Table2 JEHiAR) 207 —2OEME THK) OKX5
Classification of the attribute "drainage" for farmland GIS polygon data

M BEK S A R HEAK S X533 5
Hi R 7K AL 70emEh R 1
ARET BB AN T0em A%
i KA 70embA 1 2
R KA 70emEL T 3
A PEBRFR A —— .
R KAL70embL 4
. R KA 70emEL TR 5
IKAS
R KAL70embL 6

K1 Offi (Table. 2 (23T KHEF) ZHiA D, HiidlH
LOM T HREEEZIE Lic, ZORFICESNT, Jks
B 7 T4 LOFHERE A Table 2 [ZFE STV 5 THIETF K
A 70cm LA ] & THETKAZ 70em LAE] D2 >0 A5 =Y
—lZXA LTz,

FORMR Y T — 2L, 5 4 R A R AL
ARFE CEA SN B HIAR Y I —% (2001 423 A 3 A
31 ARER) ZIIC LU TER SN b O T, [BIGFEHT T H
X FEHAN U =2 D BEEAHIRDUT BT 2 SR PEAE s i AE 5
FENTND, 5 4 Yk EHUR) R i AR A O Fd A2
H EMKERBEFERE, 2001 12, THIFAKNA 70cm L4
®) ORZE LT, IRk EE21ThR T g sy o
PGS b)) LI TS, 202 Enb
TV ) HUTRORNLLE, =B R A BLUET DRI OKH O
HEF AR CIE7R <, MPERF DK E & 2 W IEREE ok |
OHFARMZFEL TV D, SHETEND,

(4) DR f K Ve

Google Earth Pro (Google £1) Z M\ T, 2009 /=9 H 24
B (BUKEFAE D 2 F1%) (TR ST @il B i 2 i g
ICHHEBG AR A v T —ZEERT, KU 2 OEENE
R 2 TR A (BERENEZ S L— X L CHBREARY I %
Him L, TomEENE) LT, JEEBSGOMMET S X
2 30a FLFELL LIS K O R AT I T D i AR
L7z, EORERIZESNT, SBEE - 774 LoMERY
Z [30a RELDLE] & TZ2NLS O 2 SOBT Y —IT
X Lz,

(5) FHUPEAKAT

HIBEOKEE (3 FFEE) ORMICE b 72 3 \OFHH
IOV, B A OFKNOFHIME A F Lz, £ 3 K
SR TRHAEKAL) EMERRL, TATLETDHEED
2, ARG E AT AT — VIS TRHAIEEKAL 5S0mm i
L THHAREARNL S0mm LB @2 2OAh7 TV —|ZK55 L
7oo 7235, 50mm &\ O BB EEAICERE L,

2.4 EAKITOvyEOHRIBKEDELN

FE R L RKENOREKR T 7y 7 (KRS - K
D30 O FKOKED Y HiPH) OFD, mfEL R &
<, o, WEHE - 7T A LOSHEERE L OE 12 H
R L7z, Fig. 512, R L7zfidk7 e v 7 (A~L) %
JIl, FRE%E & & BITRT,
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Fig.5 FKk7m >
Irrigation water distribution blocks

FP, TOKEKT Oy ZINET LHIE - 77 A &=
OFAEREG A2 U=, Wiz, WBEKkET —% 2T,
U 7 S A B4 0 B R & i K 7 1 & 2
L, £FAT—VEICEOEHE R Lz, T72bb,
HBBUK IR ZBIK 7 1 v 7 IC4EH CFY) L2854, B
K7 vy 7 W CEEEICEDOREDENBAE T DD EH

~7z,

Table 3 aKHE -

3 fEREEE

31 HBBKEDERHIE L DLEERH

TRE - 7T A LOMRERE O WBIEUKEICEE T 2 5
At R L O R A S, % Table 3 (IR T, K AEFAT—Y
& B EEREUE 70.6~79.4 L REL, AL - TH
BIBAGRIZKE b2 E N bz,

HWIREOKEE O SEMEIE, &AW 11.0mm/d, 517 DA
11.8mmv/d, 1T LAY 14.1mm/d, SHEETEREAZS 16.0mm/d,
HFEHIAY 17.4mm/d, BRI 17.5mm/d TH Y, KFGOLE
BNETIZONTRE REE R LT,

B, BB TR RS T 2007 FICBR SN - B E, K
T, AR EE 35 L OVEE o> A P8 2 VTR O 288 1
BAEHEE L, BAKOR -T2 HOHEEEZ A B Lz,
TOHEENE, ITHE - 1R (1997) BNEZFELIZFRT Vv v LK
FEEOFEMIC, YE (1998) OSCHRDIE 12 1278 &3 TV
%, EHIROKHE TKREO BRI 0~5.4 OIS
LRI O FHE (0.78) ZF L TITo 712, 7RI
BOHEEMO AL, 5 A2 5.6mm/d, 6 A% 5.0mm/d,
7 A 45mm/d, 8 A 6.1mm/d TH -7z, F DR KNIE &
IMEDZET 1.6 mm/d E/NS W2 & D, HIBEEIKGED )
EOHIRIZE (FBKRE & F/MEDZET 6.5 mm/d) 12, 78
FHEOEAL D BEREOEMNPRKRESEBEL WL E
FACY (N

HIBIIOK R O e /ML 0~1.0mm/d, & KL 66.7~
99.3mm/d TdH -7z, 0~1.0mm/d &5 FEFIT/IHNSUVED
ORI TIX, FHAIRRCBEEEK A L 0 KE O m S
(HE7m) DMED - 72 2 S ATHEIR LT, B U C ek |
MB L < OKNBBALTWEAREER S 5, F72,
66.7~99.3mm/d & FEHIT K 23 S T A Y C
X, U =50/ NI X 2 HIRET R O B CRERE D K
PERIERIZE D 272 Z LTI LT, EREZ @ U Tk E
12 < OKRNRH L TWEEAREER S D,

WK 7T A L OMBIB/KEOREY 2 £ 2mm O
P C K RIHEE 9~ 2 7o OIS LB AR UE, TEE 13 46 {#,
ST OHIAY 50 i, s LEAAS 69 {8, ShEH A 2Y 111 {#,
RIS 113 fl, BRI 113 [ TH -7z, KRDOEBTN
HETZ DI CTREEREABN L 722 TV DD, iU,

7T A L ORI HIBIEOKRIZ BT 2 BRI K OWA B AR

Basic statistic and necessary sampling number on water requirement rate in fields where subsoil is strongly clayey and soil type is gray soil

BAY  BoME ROKME ¥ REUERZE AR | BEEA KGR
() (mm/d)  (mm/d) (mn/d) (mnv/d) (%) ()

T 75 640 0.7 66.7 11.0 8.1 733 46
53 o # 667 0.7 76.7 11.8 8.4 71.0 50
T L 195 1.0 70.0 14.1 9.9 70.6 69

SHBETF Ak 14 432 0.0 95.0 16.0 12.7 79.4 111

H b 24 470 0.0 99.3 17.4 12.8 73.4 113

B 396 0.0 87.7 17.5 12.8 73.0 113
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R (SAREERZE) PKROLER R ELIZ ST

KERMEZRLIZZ & (Table 3) I26IS L TW5, 72¥,

SEREAS 11.0~17.5mm/d THH 7D T, £ D 10~20%% H

222+ 2mm & W FEHERRE L,
3.2 HEILERIBICKIZEZRAN

3.21 R7ATLOATI)—EDQHH

Fig. 6 |2, il HHIdt RIXEWNIZIR T 5, BEHER |

i A I BT

0 2km
(a) B i

H B 100 30 30 e e
EdfiAe o 10mwd

o 30aFREELL |- 100 mm/d
= st

(d) 30a=ETRAE =

SIT D HAD BRI TR S FRTEZRL H O BRI O

HCTHWEST AT L2OHT 3V —ED5A %759, Fig. 6
D (a), b), (©, @, (&) BENENT AT L [RIRE],
MRy, THUNORAZ), TIPS AHE), TE-EARAL ) (k)
JELTW5, 728, Fig. 6 D (a), (b), (c), (d), (e) I
I, ENEIEEN, 0o, BRI, R, &%
BN IR A B S8 - 77 A Lo
LoMrE LA R TO) TRLTE, 204X (CF
£) 1L, whHST 2 M o MBSO RO EIZ AT LT\ B,
Fig. 6 ® (a) TIE, BWHE - 774 1055, JemED

HFAfy L l0mmd
0 70cm LI 100 mm/d J
B 70em LA E

AR oD BB

RIS 0> * 10mm/d
AT

(o) HHREAL ="

Fig.6 X7 A7 007 3V —(ELHBIEKEE GRIFE - 7714 1) o5

Distribution maps of the category value for each item and the water requirement rate
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bDHLOEHER, RBRBORNLDEHERKETER LT,
R - 774 LN Y TIChED D, BIREDH DT

U7 OHFEEIA L 20% Th o 7.

Fig. 6 ® (b) TiX, @2 0m KO i 2 ko THRoR
L7z, PR B RN O EAagIc 5o 5, BEEs
Om Aiii D T HIDRIFFIA 1L 15% Th - 72,

Fig. 6 ® (c) TiX, HHENHTH o fo M IR AL
FAEORHMA Y 0 H B, MITFHEAKRSMED THEFKAL
70cm L&) Thoizb OafEta, TH KN 70em LI
TholtbDEFHETERR L, BB TH -7
AU ITATE® B, THURAKN 70cm L% Tho7oR D =
Y OHEBEIEIL 47% TH > 7,

Fig. 6 ® (d) Ti, 2009 412 30a FLEELL_E 12 X MR 73
RENTWEZ U T EREFEOTERRL, HEBXEH TH- -
BRI OB Y 2 05 b, 2o T
EEHERWESEIREATER R Lz, HBPRHTH -7
RY TTED D, 30a BRELLEICKEEH R 72 ST
7= )7 OmEEREIE, 2% Th o7z,

Fig. 6 ® (e) TiL, BFAIADFHREAN DS 50mm LL T
BHoTIRIE « 7T A L OFRE RS ONE & IREAO R TR
Lo, BRI IABIEOK RS B S o sdkh e - 774 +
OFEESD 5 5, FHUEAKNA A 50mm L ETH-T2H D
DOREEEIANE, 52% ThHh o7,

3.22 HELEBHRIBICKE/MER

AL 1 B K 2 9 HT#E S % Table 4 [ 27~ 9, BAHES
fR351E 032 (o) ~045 Gy /s, 4
RN 1T b hnotz, L, BT AT DL
Y (T AV = R2AaT ORKE L RNMEDZE) IR
a3 52 & ¢, AREEICHRICTR < AL T
HDTATLHEET LI ENTED,
ZORBOFR, T _XTOEFTAT—IVIZBWTT AT
L TRHAREAKRNL) ALy, HEBESREE biES R bR E
<, BAEEAT—T &b AN S BRIHOK R I R b R
LB L W, £7, LUTVOENR 2 FZFRICKE -
727 AT BE, AWM LT oW TIERFKEE, £
NHLUNDEBEAT =V TIET AT 5 THFKAM Tho
oo TRIRE] OL Y OEITT N TOEBTAT =280
T2 ks, FEBFAT =YL LRRBOA RSB
WARIZE 2 % B IIER /NS o Tz,

3.2.3 EHEGEKGIMHRBIHKRICEZ HEE

WKER D FHAIRFZ G S B KA, AP FT 727
STONEEIAEL LK TH D, TOF O & iR &
DOERBEIL, WK 7 A TIERRER STV 223, Fig. 4
R DOFHAFER B 10~20mm F2JE THh 5 L HELT 5,
Thpbh, FHAEKALZY 50mm THIUE, HEEEES L
7oA 60~70mm FEAEE & 2 Hiv D, WIBIEOKEEIC )
WAENR B RE Do T2 ZOFHIEAALIZ DN TERES 5,
H15 =AY — TFHEEKAZAS 50mm B L] o0 & = 7 AEEE
TH Y (Table 4), FHHEARMLANK & VT E IR EEIT K

0, EWHBEAR NI, BRI K E < 2RI
DI THIBIBARENA K E L 25K E LT, OLETO#)
KABLOHRIZFE S B MREEOM R, @BEEEKE XV Kk
HOFES (BEm) NE< 25 2 LTk D B ~omErE
REDIAE, @MEREOHKEFE ORI L D HEAKRE ~ DM
BERB RO RNE 2 bhd,

FHAEARNL O R Z WFRAIS 2 5 BeE & E o> TR LT
b LHIKIZHONWT, BT 7 A4 L& AW TZEILD OF A
LORKEOFHREZRTZE 25, WPRBREIUEFET
Hotm, FHANEARMRRE o722 LI2iE, ALHIZREH
MR LTNE B2 LD, BlxIX, TORFEITWLED
DK TKEEL TV, HDWVIE, BokEOFHAIRZ
K TAKEB L7 AlEtEN & 5, BRBEK H 235K T/RE BE
EN TR WA, JBUKEEOFHIIIZ SR TSRS
DL, RPN - CREEMG~OMERERE 813 L < 72 Y
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Spatial Variation in the Water Requirement Rate for Paddy Fields in Flat and Lower Areas

FUKUMOTO Masato* and SHINDO Soji**

* Agricultural Land Management Unit, Division of Agricultural Environment Engineering

** Water Management Unit, Division of Agricultural Environment Engineering

Abstract

We examined the characteristics of spatial variation in the water requirement rate, which consists of
evapotranspiration and percolation, with data from a water requirement rate survey conducted in 2007 in the
Nishikanbara Region of Niigata Prefecture. Data used for the analysis were the averages of three water requirement
rate measurements obtained from each of six growth stages of rice plants (hereafter, the averages are called WRR)
from 851 survey fields where the subsoil is strongly clayey and the soil type is grey soil. The results obtained were as
follows. (1) The variation coefficient of the WRR obtained for all survey fields was 70.6 to 79.4 for each growth
stage. (2) The average of the WRR obtained in all survey fields was 11.0 to 17.5 mm/d for each growth stage. (3) The
necessary sampling number for interval estimation of the population mean of the WRR within a range of + 2 mm/d
and confidence coefficient of 90% was 46 to 113 for each growth stage. (4) Among the five items (presence of peat
layer, elevation of a paddy field, groundwater level, lot area of a paddy field and flooded water level), the item most
affecting the WRR was flooded water level for all growth stages. (5) The averages of the WRR obtained in the survey

fields located in each of the 12 irrigation water distribution blocks varied largely by block for all growth stages.

Key words : Paddy field, Water requirement rate, Percolation, GIS, Necessary sampling number, Quantification
Theory Type I, Levee management
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