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Tuj

EPE X HORMIS 2 EEREOE/E, KUK
KEEINTERROREAVEEL, SHbhidkiREsEL
REGRIZEELTVWE (87T, 1973). FOERE
HDEY, EBEHROE > TWRVWESSH oM c
BERKREZEHNICHFELTOEHTARELTVEE
ZAPEL, BHHCBWTEHAEOEBTA> D
BHKCRAKEKEE UTW 2 0EQKEEDELRIL,
MTRNCEEIX bOERICE VBRI KOBRRIEETE
THECR>TETWIRHADOFTE, CheDEicE
WTBEAAKZEEWIIHERL, TELEERRTO
DK, EHADOKERERNECEET 2 LENS 2,
LT, SHXK B3 KEROAENES2HITS
CLEEREERIC, SHIEERIC BT B KRR OR
BHZET>TW3,

ChE TR E O KT L LT, Flat
DA B LT TFEEBORE (&F - Lk, 1967)
PREESHOEKFEHEOBRSEDORR (555,
2000) Zfrbh TEEY, MEXHEAMOMEICRS
N, BETEEHMOKRAEHESPIZTh TR,
TNT, EBEESHMOSBHAKXF—y 2 BT, Si)E
HERNRL L ERFEEREEF USRI TNE (B
M5, 2002a - 2002b),

T, BESMA SARIC AT B /A TR
EBWTESBHRR LT 20 4br, BRkESOREHE

TR K SOk B R g =

R e E

TR 1441289838

F—U— K FHH - BESH - KRE - BiEH -
MEKXT—% - ¥ TEFTN

DRFERITI LB, Tho L REMOKEEIHEN
RIToRREWRET %,

ARIRER OB, RBRD»SORFAHE "HES
HERBEE BRELTED, BHRBCHE> TR,
R AMKER R BENEERS L EE AR
H=HEAT, BEBEE, KE, KEF, BRI ik
REDWAZRE. JJRLT, B#HOBERZET 5.

I BARGOBESICENGE

1 BNESOBE .
i I AL & S B e LI AR
TH5 (Figl). BRANRRHILILD & #EEHLTR,

?#yzﬂa SRARTH

g
5
#
! Emai
iec

o T
A7 A El

0 5 10 km ;

Figl EREIN g

Location of observation area
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Table 1 BRIFEHEORE
Characteristics of the observation watershed

(BERT: )| | B bk, el ohidkm®)

£ Pl A PN g B EHL
A E 3.70 2.37 2.28 1.37
FiE 3.75 3.52 1.97 0.58
A E 040 (10.7) 033 (92 027 (140)  0.07 (12.3)
A4 0.86 (22.9) 061 (17.3) 031 (156)  0.05( 8.2)

=HER | 038 (10.0) 050 (14.2) 025 (128)  0.06 (10.1)
EiTIN 211 (563)  2.09(59.3)  LI3(57.7) 040 (69.4)

W 7L, ik B OmFER®)

REEHE, ABREPICERBHLLABE2oTED, ERERICHATEY, = 5ICBHOT RIS
FOWHS PHHE LT OMMEEROLBICHEALTY BEELTV . GHESOESE om WET, G5
%, RRRE DEMBL AW THRIN, SEHLSBE  ZH 10m THo. RELELRS 25~ 4m OFHEDT—

500 1000 m

a SHHEL 500 0 500
[—

4 BB
Kashimakohoku
Ohno
® B T Pt (] %k Bl Gt

Fig2 HHENFRHEOME

Qutline of each observation basin



FAE - 38 - MR « FH CEEICEAT 3 BR OISO KR 83

LEBHEF-THEDL, ZOTREEFET, L
BHESN D (K, 1988 - 1989), HIBAHIZ DN
TEZE, EHRBRERZ 118, BEER) LBFEH
HAEEHTED, BIET S A LIEDPHRYS S A4 LB
Z<RABNB, —F, EHBCEERLEIFHFLTY
v

HHFAICE LT, AMiEathm, SitimidmasE
LioTHEDL, FRUANRIELAEBRTEDA TV 2,
B EEEREFE N EKERES > THW5, SHE
TRERHCILEI SERRT-THEY, REKOE]
FOMBTEEKOHRT, EREBITO>TVD,

BHANSFHROETTE Table LICRT,

KRIREREZ Y OBE Y A’ RFONFEHT, RBICE
ELFERE ke’ RGENE 0, FIRE 1 ~ 4km &
ETH 5.

a A

SRS AR Fig.2-a ICRT. KRAKBELTE,
D o HEMTE 1 SHEEETAKERA LT,
B2 5, 4%, 550 3 rrOERS T LRHREIC%E
KL, SHOCIFFILHIIERET > TV, HEAR
SHENEERE 5D 5D, AHRERORIEEEL W,

FEHOBRIZ 1 A0 & Z O DBIEEFELETICES
TOWAHMEWERT, AIIRE 3.7km T, MHOBEFRE
CHATEY, EFREEAD 4m, READ ém TH
%o

b K¥

KEFRBXE Fig2-b W~ d. ARAICEALTE, 46
WL KESE | SASKEETHKEZERA LT, A1
BINEMRE T ERBIIEAKLTWB. £, TIBAICE
EmOFEFAHB1IEH D, | FIHHABRH LTS,
ho Ok & b BHOIFIFLBIZERET T
o
FEEEE 3.5’ TH D, 2 X0 TREREIh TN
3. EEIXBEED 4m, SRS Om TH B,

c K%

AEFBE%E Fig2-c AT, KAAKCEALTHE, 1
o KEHE 3 SRS CHKERALITTCED,
BHREORIFLBCHEEETo TV . REAELR
DEREZ D, MEEEOZEH LR,

FROBREFN BFREREN ZMECRR T, FER
EHE 22k TH 2. BREEEADY 483m, HESD Sm
THb, '

d BRI

BEEWLHEERE Fg2-d IR RT . KABICELTE,
Tt o EEHEISE 2 SAKEETHAKZRAL
IF, RS BRAME, 5 SMEMRE T LRSI
KLTHED, BHEOIFIFLRICEERZITo>TV 5,

A/ Bl 14km T, fBORAERGIC HTEL,
EE 0.6km’ & EDOBHAFRIZHATNhEV, ERER
EED 48m, READP Tm TH 5.

2 #WAAZ
BEHHAICRE LT B KER ARSI U
BlE$RWEE 2 AVT, KA 10482 & OBHE,
WaEiE 10 HREEEEZHALE. SREEIUNTOX
Siciy, HELRAERETTH D,

SRR « + 1995 FE 11 H~
K- 1996 £ 4 §~
REFe - - - 1996 £ 8 H~
BEdL - - - 199 FE8H~

b h B OEKDEE 1997 £ NERTH> R (B
R 1998 £RH), TAF AT —F FHHLEED
E%E RV, BHIERED 1978 24 Hh 5, BIRH 1976
#1 HDSRBER TS,

FIRF 2,500 0D 1 FHFERK &SI RE R
FLTWAARKRRRKBLIUBEICLVRELE, £
7=, SRR 2,500 40 1 HHFEREREE
ERIUBEIDHLE,

I AKXEROFESIVANT—20OMT

1 KXEROHE
a BE

FPAFABEHE 7 AV ABRBOANEEELAEE
Fig3 2R T EHICHAWEHAMEMEIEO 7 X & X H
BASEA D5 2000 F 2 AL TTH 5. MARL S, 9, 10
AR IS {, idhnoiF 12 ~2 Hek-
T3, EFEEKBIET AY ZAHEHTE 1,366mm (X
JIEARS A3 B 1978, 1990, 1994, 1995 FiZER<), 7R
Y 2B T 1.467om (REHAEHH 5 1976, 1980,
1992, 1997 FidR<) TH 5,

W7 A ¥ X ROEREEOEBEEEE Figd-a, b IIT
o EEL, BHOBRZEB LR LSRRI BT

T T T T T T T T T 1

O FAXARE
B FASAREE

ABNFEEKE (mm)
g g g

o
o

T T T T T T T T T
TR N TN WORN RN TR TN SR T N N

(=]

Fig3 FAXZHH - BIROHANEHEKE

Averaged monthly precipitation
at AMeDAS-Hokota and AMeDAS-Kashima
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Probability distribution of annual precipitation
at AMeDAS-Hokota

ZBRUEBIVTOED 7 AY X BT BT 28 RE=
ERLULTVWD, RRAETOBRAMIM S, 1998 £ g
MWLM T, NHER, BETE, 199, 1997 £, &
M5id 1997, 2000 £ TH 2 (FRA Y ZHED 1997 Fid 7
H,8 BickBHH 20, Bt ONETHER). 1998
FRIEBEETERT L, FHEADSE, BB 6 FEED
BWRETH B T, ED 1997 £ 5 4, BIBD 1997,
2000 FEZRZH 8 ERLV 6 E-EEDEKETH S
Pt 1T
b FERK
BRETE, X4 Bd5 9 BlchirTidtEz AAR
ELT, AHEICEESTOR TV, ERKROF—
FRERED MM B R PERE LTV 2108 H %
DF—FERWE (271, 1998 EOHEOFERE O

90.99

80 858 125

& 50 ] [ 199¢ 2

8 30 1997 g
u ¢ ¥ uw
p=

BIRME &)

]

1 100

500 1000 1500 2000 2500

FEKE fam

TAFZABRIBE 2 EBKACHEERG

Probability distribution of annual precipitation
at AMeDAS-Kashima

Fig.4-b

BOIFTHREN),
THbo

BB ORE T Table 3DB OV TH D, RBOE 3
ARSI SNV 7OREC L VEKERHEELTND
W, ZOREFHETHOREELRES, I 2 CEBEMIC
NIVTORELHAKEREAERE LT, ZOBREE
L 7= (Table 4),

BRBEC BT 505 KE2RBAKHEECE -~
H% Figs IZmd. REBUANOFRE 6 B LEE O
TR BN THED, BERLSVOKEREYL LT
WAZEPahd. ThUBOEKEIES LOEMLY
KEVWI LS, GREFHC L TEREETNTNEZ L
Bahd, —H, KBE6 A TAZCOHEXENIESD

BHiRD EEEE L Table 2 DED

Table2 FEDFRHICKT2EHHRE GAHE~%TAH)
Irigation period of observation years (Starting - Ending, month - Day)

&2 A FE A KE KE JEe BTt
1997  422~93  421~98  415~826  4.10~9.2
1998 421~824 422~827 4.15~92
1999 423~95  419~8.18 4.10~824  49~9.1
2000  420~9.5  418~824 47 ~830  4.9~9.2

Table 3 FHEAIMR B EHEBEERET

Characteristics of irrigation systems in each basin

I 35k 4 Mgk 4 FERETTE (ha) Bk E (m’/s) 2B (m)

- E1IRHEREE 84.0 0.322 24.0
F2MIEHE 48.6 0.162 17.2

REESE s 0.102 243
55 500 A 4 0.033 22.8
F1HYEAEE 74.2 0.276 21.0

KE BEIME#HE 4.8 0.173 40.0
15HF 2.0 0.009 27.9

K EXiEE 66.6 0.141 37.0
EEHI S5—1UMEEE 66.3 0.230 21.8




FAF - #s - ZURH « EH - EHEICRAT 3 B E SR oKL 85

200

{mm)

=
=1

150

100

50

ik BEEH= Y DEK

200

{mm)

=
=

150

100

50

BHoKEEF ST Y OEK

200 r
£ b K% |
2 150) o
gl oy f
Eg i /: ..'- \ At \ E
S ol B
2T 1 AR ]
2 [ LR VATEAN
[‘E : L A ':'. ‘

% ! N AR W
24 [ VARRY ]
# . A .
4 5 & 7 8 9
H
_. 200 r T . T T
£ ¢ EEmL |
IE 150} A\ -
% b
5 ]
e
oy P B
o100 -
18 | ]
c ol
m S0/ T
%
g
E*‘ 0 L L L 1 L
4 5 g T 8 9
B
——————— 1998 — —— 2000

Figs #HEHIC BT 28MKAERSE L ORINBEKS
Pump irrigation depth during 10 days for unit paddy area

Table 4 KREFFEIAHAMBO N7 HEICH T BEKE
Pumpage to valve angles of the 3rd Ohno pump station

BE  HEKE (n'hs)

42 0.141
80 0.123
70 0.119
60 0.070

WTWBZ s, SV TOBEICHT ABKEDOHSE
LiERENSLETH B, '

BHEETESH, BSR4 ATAL 8 H L
CE—28H5. ChERES - BEIRD X THEE
DOREMEZEZT TV 3RETH 2. 2001 £EDaTE
K1) OHEEE X BILEAEETT 427 w2000 i 5R),
SRHEETT 57 B (2000 EEIE SN1) TH B Z L5, 2001
i 2000 ELDROEMIS R o (AR RE
WEERE&#—, 2001a-2001b)., 7=, BEaidh
BOBER HEEHicht 1 #HE,s 10 BEL, 2
NICEDLETKERORHLEL RT3,

c P

018 HN2E(BE1NSE) LEEANH (&

H 15 58) teigichyv titkiso—XRESEE %=
TV, CHIZ I WBEOED o BRSO KA FRE
BEWUEL, KNF—FYORHEERE#RZT . 2O
B, RUFHRZEZHREHEREIHEBESRD 0019
(m’/s/km’, UFRICB4T), RED 0.008, KEH0.025,

BEEHIEY 0018 THok, RAWHEELEATNS
M, REOKEERDPRIENZ EHGD S, 2B, &
MOM 2CHERToRHEERE, 2RO ERLRER
HERED 0.015, RED 0009, KREH 0.024, EEH
628 0017 &7 D, JERFHARO &I HEAATREIZ N
ELl ok, Th T REOLERIMOFIRIZ H~
ThihhEn, £k, HEBORKMELIREDE
E0ENAEOEHEXEHERD 0.24(mmid, LLTFHE
B7), REED 020, KEBH 108, BEEHILD 060 T,

ABOBEKBPHOFERICHEATRENIELSGD B,

HOUHHPOEERY—F7HEBRFICLHVEHIH 3
W, SBHEmEEL 2.0 ~ 78 (m'/s, LATFREIFAL), KEH09
~ 20, KB 20 ~ 57, BRI 10 ~37 Lizo
Tnd,
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Dec.1,1995-Dec.31,2000
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Correlation of daily precipitation
between AMeDAS-Hokota and Hokotananbu
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Fig6-b 7 A F AFIR BB B REOMHE

Correlation of daily precipitation
between AMeDAS-Kashima and Kashimakohoku
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- 0.001 L 0.002
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¢ KEF d BT

Fig7 REIF— ¥ BRIEBOEY VI BT VORI A
Identified parameters of 4 tank model for the generation of missing data (unit : mm/d)

2 KXT—HOHT

HEEE AV TERBAOEFKNZEZRKDLI 52T 3
Y, BHEEE Y 20 ~ 40 BUEEORB B ITCEFRTHE
EBHBEDHIE, KNZHFEETERY, £IT, WE
LRk E B L OHE RO HE R M URRAECAAT
BILEHAE, CITR, MRBEEHEOFZAFARE
MEXVHABEORESZDEL THEL, ERKEREEER
ONRY—2BAVDFBEIBY LV IEFNVEROVT,
HEEPEABEES XIS A-FERAZEL, Rl
HAMOIEZ T T %0

a WMEOHEST

FHEERE 7 AY AEHAOHFEDHRE Figs-a i,
BEHLE 7 A ABEEOIWEOBEZRE Figé-b (IR
3. BEENE PAVABHBLTESHILL 7AFX

RS E R T2 h 2 h 2.3km & 2.2km BERTHEY,
WMPAY ARyt bicdd. AKLD, ERhEFREZ
iF 1:1 OMBRERPESNEZDT, HHESETAY
XEH, BEHILETAYABEDT ¥ EZDEEM
NWTHEE L, AL ABRFAYAHBETASAE
BoHRREEAMTE LTHELE. SERVWEER
Mok, BHEAPSZhFROFAFARITO
EEEEOIIEE L. Thbb, RRADLIKERD.
Ruws = 0.58Rsomiza + 0.42Rucsms s (1)
Rewo = 0.33Rutos + 0.6TRissimes (2)
2 2T, RuwRow: R, ARBOHEHNWEE(mm),
Rucoiss Roeewmes 3 7 A Y A58, HEBOHMRE(mm).
b BEIHKEOHT
BHEMEI BITS 1998 EDEFKBEERNDE>T
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WRNESD,fi5T 2 H8ENH B MEA R, 1997,1999
~ 2001 EDOEFHHTKEE 1958 EOFHEKE L
L, TheZaoR8TRUEERZHBKE: L,

¢ MEBOHTE

FHERORBTICEEKSY 2 3 DEREAMICESI

Eat 3 BEFIRY > 7EFN (BE, 192) 2RV,
BEL, AAMECRERLENES L CERKEZAN
. RERRHBCIRRIKBEEOHBRARI 07
ELEER2RAG, LBy 2OKERSELIVED,
EZ L3I RnEFERERY LI, SSRETERY
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Table 5 &FHIC I HEHANL S (BT : mm)

Annual water balance (mrm)

i MR KEF
FORR FHE  BKE X FOWE S BKE X
1996 1,250 400 177 1,027
1997 1,105 455 186 835 1997 1,112 472 198 838
1998 1,572 726 177 1,023 1998 1,605 839 199 965
1999 1,148 375 172 945 1999 1420 783 129 766
2000 1,239 406 174 1,006 2000 1,251 876 147 522
K B St
T WE flE  BkE XX FHE  FuhE ks R
1997 1,130 217 158 1,072 1997 1,077 361 176 892
1998 1,587 284 103 1,407 1998 1,538 575 156 1,118
1999 1,369 341 110 1,138 1999 1437 643 176 970
2000 1261 241 117 1,137 2000 1,056 571 193 679

Table 6 B4 5L H 2 (BT : %)
Annnal runoff ratio (%)

&F SEEAMEE RE AEF B
1996 32.0

1997 389 19.2 42.5 335
1998 38.0 179 52.3 374
1999 31.7 249 55.1 44.6
2000 32.6 19.1 70.1 54.0
EHy 34.6 203 55.0 424

ThoELIVWE. BROOEREEZ O LB, &R
BRECZEDE LTEHERTo 2. TRIPLORLT
L BHBANDORARILERKEEZ FBAR THRLE
R Y 7 ORBIZMZ =, REEBERRE 2 #&
THOHERHESEZAZHAE S L UCBEHOERAREH
BIIEDL LB, pond FOFS 72EBEE5 85
WHRHIL, BBILOE T A -V EFTHEATRE L =,
SRBICHHE LU EBRNRY VP EFLDNS A—V %
Fig7 lod, BE#HD LEY 70 FHRREAEM
OFHIC LT, AOTIHENI LD, #HkBOR
HEEMAEEOFOASIVREP GBI THWEZ
DPahb, BEAESLCRTALT—FEAWENSF
D72 7RIUNA T2 T Fig8icmd,

IV KinI4EiE

1 FEKRTHICKDEM KR TZIFE

RBpANFZEPSCEE L ZERBOERKEZ %
Table 510773 . WXEMEBRBKSZ2MNA, AES2
ELBWEMETHD, RBRBICHEY TS BT
2itE s d, SO T E RS M
1.000mm, AP 1200mm, KEH 800mm, FEEHILH
900mm r%of., TheRFHREICLVEEINE
BEHoOARMEL 700mm (KBS, 1984b) Kb &KX
V. AR T T AR EHEZREISKFELFHE |

ELEDT, BEERAAIS DT KBS 2ZE LT
WY, TOHR, RBRAORHEDRIERRIIZD
TLEW, BEREFBACFHHLZEEZ SN S,

Wiz, FEOKREZIZRANOIFEKkEHSIISZEAROH
BERTERTEACTHILESHBD, HIAE 1997 £
FDREE, 1998 FREMETH LI P66, TORE
PFENTORNAEEED H 5., EE, Fegs KT L
3, BFEO1E 1 HOREBRECLIDRE<EDI
&, BHAFZEROEIAE L, IhNRHEEERED
BrREEDER: ELHNE, 22T, 1 A1 HOR

EOREETHAPERRE LR A, FEHER
BT ER SRR 980mm (RZHIR 1999 ~ 2000
Y, REED 1,200mm ([ 1997 ~ 1999 £}, KEPD 640mm
([E] 1999 ~ 2000 ££), B B# L5 820mm (1] 1999 ~ 2000
Y Lizok, 2FHE Y Table 5 DFERIZHEARTHE
PHEIVTNI <o kD, FRTOHEHRESE XER
FOEFRE W,

HHEREBRECERE L, DPENER ATV,
FEHFHE (=ERER/FEWNRE) & Table 6 IRT LD
CERZICEDLS Y, FEF-TBETH o (BHERE
35%, AP 20%, KRB 55%, BEEWHLE 40%). K
EREREEMENZED S, FEANOREEHFKE
WEHERTE 3,

I 1Ttidi~EE3E, KECHRBRMORTEICE
R HAEIVDS, HTKORBENAOEHIEE
Zh3, B AFOBEAKEHMELORRIILATREND
i, BEEADPLOHRTHKEADEL SN D,

2 BRECLIFEZRBBEOHE

- EPME R W TR E R LA REREREDEZ
Wi BIRET S B 8D, ASDOFETHE L EREEE
MELHEBITZoILEELD, JCTEEARMELE
MNP EBRTE LI A LEERECRES,
1984a) ZAVWTREARNEEHEE LE. T2D5,
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E=2E,-Ey
T, E: EEABHE (mmd"), Ep: BIEE
Priestley-Taylor R4Z & % Al fE& R E (mm d"), Epp :
{&1E Penman A OFEE (mm-d').

1000 4
E;=1.26 ——{( Ryt M
» ol Aty ( Yo (4)
1000 A
Epp= . R.+M #)(esata)
pm S Rl L)) (5)
E<E,

ZIT, A BHKEIEHBOAE (WP °CY), ¥
EatES (hPa °C'), Ru: M (M m® d"), M: 5
FHMI m*d"), o.: KOBE, ¢ BEERT ¢, f

(u) @ EERE(mm hPa' d"), e. : BIMIKFRSKIE (hPa), e
1 IKESUE (hPa),
2=25008-23668T  « + « « + o ¢ 00 (7
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Water Balance Characteristics of the
Kashima Plateau Watersheds Joining to Plain Lakes

MATSUDA Shuh, MASUMOTO Takao, KUBOTA Tomijiro and YOSHIMURA. Akiko

Summary

It is important to c¢valuate the water cycle mechanisms on arable plateaus near plain lakes in order to establish a
stable supply of water for imigated upland fields. At the first step, water balance character of 4 small watcrsheds
(Hokotananbu, Taiyou, Ohno, Kashimakohoku from the north) in the Kashima Plateau area was explained in this
report. It was analyzed by using hydrological data with the missing part of the observation data fulfilled. The
generation of the default of precipitation used the daily precipitation of the neighborhood AMeDAS points. The
fulfillment of runoff was carried out by a tank model.

Annual precipitation in the Kashima Plateau is about 1,400mm, and annual runoff ratio is 35%, 20%, 55%, 40%
from the north to the south watersheds. Depth of pumping irrigation is 100 - 160mm ( Taiyou), 150 - 200mm (other
basins), and these values account for about 10% of annual precipitation. Average anmual evapotranspiration from
1997 (1996 for Hokotananbu) to 2000, which is estimated by each basin’s water balance, is 1,000mm, 1,200mm,
800mm, 900mm from the north to the south basins, respectively. These values are overestimated in comparison with
those by complementary relationship method, and the groundwater movement into/out of the watershed is thought as
a cause of it. In addition, it is assumed, that the control area of the groundwater in each basin differs from its surface
watershed area. '

keywords: plain lakes, Kashima platcau, water balance, complementary rclationship method,
generation of missing hydrological data, tank runoff model



