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EPE X HORMIS 2 EEREOE I, KUK
KEEINTERROREANEEL, SibidkiEmsEL
REGREIZEELTVWE (87T, 1973). FOERE
HDEY, EBREHROE > TWRVWESSH Lot c
BERKREZEHNICHFELTOEHTARE LTS E
ZAPEL, BHHCBWTSHAECEET Ar oD
BHKCRAKEKEE UTW 2 LEQKEEDELRIL,
MTNCEEIX bOERICE VBRI KOBRREETE
THELR>TETWIRIADOFT, CheDEIZE
WTBEAKZEEWIIHERL, TELEERZITO
DK, EHANDOKERERNECEETZHENS .,
BT, HHKICBT2kEROSENE 2T S
e ERRRERIC, BRI BT 3R THEHEEOR
BHET> TS,

Ih E CRMWEEHOACET S LT, BlAk
DAMWZZ B LT TFEE BORE (&F - Lk, 1967)
PREESHOEKFEHEOBREEDORN (S55,
2000) Zfrbh TE LY, MEXHEAEMOMSHIRS
N, BETEERHMOKRAEHESPIZTh TR,
TNT, EEESHMOSBHAKXF—y 2 BT, SlhE
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M5, 2002a - 2002b),
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Table 1 FBHRORE
Characteristics of the observation watershed

(BERT: )| | B bk, el ohidkm®)

% P ER 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 (107) 033 (92) 027 (140)  0.07 (12.3)
A4 0.86 (22.9) 061 (17.3) 031 (156)  0.05( 8.2)

=H-ER | 038 (10) 050 (14.2) 025 (128)  0.06 (10.1)
EiTIN 211 (563)  2.09(593)  LI3(57.7) 040 (69.4)

W 7L, OikH B OmEE®)

REFRE, KBREBLCEESHILHERZLTZ-oTED, ERIBRICHATED, &5KAHOT R IKE
CORRS ML LT OBEEROEBIHRALTY  DPBELTVS, AHESOERR On FET, &8
2, BBEHE DEME L BHCHRI D, BEHSEHE 30 10m TH . RELERRS 25 ~ 4n OFERD—

500 1000 m

a SMEEL 560 [ 500

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

Fig2 EHE/NREOME

Outline of each observation basin
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LBHERE-THED, ZOTRUOEEYET, L
BARsND (KR, 1988 - 1989), HEAHIC DN
TERE, GHEXERZ T8, REERY BN EE
HEEHTED, BETS A LIBEBDPHRY 5 1 TI1EH
Z<RABNB, —F, EHBCEERLEIF4HLTY
v

HHFAICE LT, AMiEathm, SitifidmsE
LRoTHED, FNUARIELAEBRTEDR T 5.
B EEEEFE N EKERES > TS, SHE
TRERHCILEI SERRT-THEY, REACE]
FOMBTEEKOHRT, EREBITO>TVD,

BHANSFHROETTE Table LICRT,

HIREER Y OBX Y 4km’ RFO/NFET, RICE
BEHALFEEE 1k’ RGENAI 0 FIEE 1~ 4km B
BTHb.

a SZMEFEER

BB FERE Fig.2e o md. KRNAKELTE,
e o R HEEE 1 SHEEKEETRK2ZERA LT,
B 25, 4%, 550 3 yFrOiNE#SS T LRI
KL, SHOCITFILFICERET > TV, BEAR
SHENEERE 5D 5D, AEBEREOFIEIE W,

FEHOBRIZ 1 A0 & Z O DBIEEFELETICES
TWAHBVWERT, ANNER 3.7km T, MMOFEFRE
CHATEY, EFREEAD 4m, RIKAY ém TH
%o

b K¥

KEFRBXE Fig2-b W d. ARMICALTE, 46
WL KESE | SASKEETHKEZEA LT, AE1
BIEMET EFRBIZEAXL TV B, £, RBAICE
EmOFEFAHB1IEH D, | FIHHABRH L THE, &
ho Ok & b BHOIFIFLBIZERET T
Bo

P ERE 3.5km’ TH D, 2 ROF)IITHERIR T
3. BEXSEED 4m, SHEAY M TH B,

¢ K%

ABFHHESE Fig2-c Z7d. KMAICELTHE, 4
o KEHE 3 SRS CHKERALTTED,
BHHDZIFLBICHEEETo Tn5d. FUBMIERE
DEREZ D, MEEEOZEH LR,

FROBREFN BFRERENZMEVRE T, FHE
EHE 22km TH 2. BREEEAD 43m, HERD Sm
THb, '

d BRI

BEWLHERE Fg2-d IZRT . KABEICELTE,
Tl o BRSNS 2 SHAKRECHKERAL
I, RS SRAME, 5 SMEME T LRI
KLTHED, BHEOIFIFLRICEERZIToT VS,

ARl 14km T, fBORAERGIC HATEL, #HE
EE 0.6km’ & EDOBHAFIRIZHATNhEV, FRER
B 48m, FERD Tm TH 3.

2 #@AAZ
ZEHHAICHRE L T A KERBIOAKMEE S UE
Bl E TR E AWV T, AL 10498 & OBERE,
WaEiE 10 HEEEEZHALE. SRERIUTOX
Siciy, HELRAERETTH D,

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

biEh B OEKREE 1997 £ NERTo 2 (B
FHEEERIE 1998 R PRAYRAF—F Z#EH L EIED
EE W=, SIS 1978 5E 4 Ah 5, BIEH 1976
F1RAPLBABEINT NS,

FIRAE 2,500 20 1 FHAERNE S THBTERHE
BFLTWBARKARNBLIUEEICLVRELE. X
¥, BEHOLMAEE 2,500 40 1 HHFERLREE
EBIUBEL DL,

I AKXERORESIVANT—20OHT

1 KXEROHE

a BE

PAFZBEHLE T AT ABIBO AR EYEKESR
Fig3 2R T EWICHAW MM 7 X & X EHill
BASEA D5 2000 F 2 AL TTH 5. MARL S, 9, 10
AR IS {, bl 12 ~2 Hek-o
T3, EFEEKBIETAY ZABHTE 1,366mm (X
JIEARS A S B 1978, 1990, 1994, 1995 FiZFR<), 7R
¥ 2B T 1467mm (REBEHS 5 1976, 1980,
1992, 1997 FidkR<) TH 4,

W7 A ¥ A EOFEEEOIERBBHEREE Figda, b I
o BFL, HFORFEBIUCBEARSHHAMAT S

7T T T T T T T T 1
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Fig3 FAYZAHH - BROANEHEKE

Averaged monthly precipitation
at AMeDAS-Hokota and AMeDAS-Kashima
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BELEHEmREM H201% (2008
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Probability distribution of annual precipitation
at AMeDAS-Hokota

LBEHEL I ZOEO P AT A FEIC BT 28 BEE
2RLUTVWS. RFETOBRAWE, 1998 £t
MLM4T, MEER, #ETE, 199, 1997 £, &
M5id 1997, 2000 £ TH 2 (FRA Y ZHED 1997 Fid 7
H,8 BickBHH 2D, Bt ONETHSE). 1998
FRIEBEETERT L, FHADSE, BB 6 FEED
ZWRETH B Tz, ED 1997 £ 5 4, BIBD 1997,
2000 FEZRZH 8 ERLV 6 E-EEDEKETH S
Pt 1T
b FERK
BRETE, X4 Bd5 9 BlchiF Ttz AAR
LT, AHEICEESTOR TV, ERKEROF—
FRERED MM B R PMERE LTV 21088 H %
DF—FERWE (7L, 1998 E0#HERIEHE

99.99

80 858 125

& 50 ] [ 199¢ 2

8 30 1997 g
u ¢ ¥ uw
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Fig4b 7AFIABERIIBT2ERKBOMENIN

Probability distribution of annual precipitation
at AMeDAS-Kashima

EOT0RN)., FHREBOEMEME Table 2 DD
TH b,

EHKEIBOETIL Table 3 DR D TH 2. KBOE 3
ARSI SNV 7OREC L VEKERZHEBELTH D
W, ZORFHUETHOREELRES, Z 2 TREMIC
BIVTORELHAKEREAERE LT, FOREHEE
L 7= (Table 4),

BRBEC BT 205 KEE2RBAKHEE CE - -
H% Figs ICmd. REBUANOFERE 6 HLOE TR
EXHBELTED, SFERALIBVWOKEBEL LT
WAZEPahd. ThUBOEKEIES L DELD
KEVWI L, GREFHC L TEREEINTNEZ L
Babd, —H, kﬁ&iéﬁ?ﬁif@%ﬂ%#ﬂi%o

Table2 FERBERICE T SEEHE GIBRA~%TH)
Imrigation period of observation years (Starting - Ending, month - Day)

2 K KEF JE 5 Tl
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  4.20~9.5  4.18~824 47 ~830  4.9~9.2

Table 3 FEAIMRICBEHEBERET

Characteristics of irrigation systems in each basin

ik 3% 4 FERETTE (ha) Bk E (m’/s) 2B (m)

- EBIRHEKEEE 84.0 0.322 24.0
F2MIEHE 48.6 0.162 17.2

REEHE s 0.102 243
55 50 A 8 0.033 22.8

1A E 74,2 0.276 21.0

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

K& 53 M B A5 66.6 0.141 37.0
BEEMI Es5—1ME#EE 66.3 0.230 21.8
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Figs HEHI BT 2EMKAERSE L ORINBEKSE
Pump irrigation depth during 10 days for unit paddy area

Table 4 KIFE3RHAERO VLT BREICH 58K E
Pumpage to valve angles of the 3rd Ohno pump station

BAEE  EKE (m'fs)

B 0.141
80 0.123
70 0.119
60 0.070

WTWBZ s, SOV TOBEICHNT ABKRDHRSE
LiERENSLETH B, '
BHEETESH, BSR4 ATAL 8 H LM
CE—28H5. CHhERES - BEIRD XS
OEMEZEZT TV 3RETH 2. 2001 EDITE
H)OHEEE X BILEAEETT 427 wrg (2000 £ 52),
FRHEET 57 §i% (2000 EEIE SN1) THB 2 L6, 2001
i 2000 ELDROBEMIS R (EAMERE
WEEREY&#—, 2001a-2001b). 7=, BESii
BOBEZ HEEHicht 1 #HE,s 10 HEL, 2
NICEDLETKERORHLEL RT3,
c P

01 ERHNH(BENERE) LAEANIE (B

H 15 58) teiRichyv tibkiso—XREEE %
T, SIS XD EEDED - =Bk AL D AR FiE
BEUEL, KETF—YORNBERZToR. O
B, RUGEHzRTHERZBIHEET S 0019
(m’/shan’, UFRICBAL), KEED 0.008, RKEFH 0.025,
BEEHIEY 0018 THok, RAWHES ATV S
M, REOKEERIDPRIENZ EHGDE, 2B, &
MOM 2C@EERToRHEERE, 2PEROERERER
HERED 0.015, RED 0009, KREH 0.024, EEH
628 0017 &7 b, JERFHARO &I HEAATEER N
ELl ok, ThT REOLERIMOFTIRIC L~
ThihhEn, £k, HEBORKMELIKREZE
E0ENAEOEHEXEHERD 0.24(mmd, TFHE
B7), REED 020, KEBH 108, BEEHILD 0.60 T,
ABOBEKBPHOFERIC HEATARENI EMGD S,
HOUHHPOEERY— V7 HEBRFICLHVEFHEH 3
0, SBHEmEEL 2.0 ~ 78 (m'/s, ATFREIFAL), KED 09
~ 20, KB 20 ~ 57, BRI 10~37 o
Tnd,
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Dec.1,1995-Dec.31,2000
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Cortrelation of daily precipitation
between AMeDAS-Hokota and Hokotananbu
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Fig6-b 7 A 5 AEIE & B AL A RiOEEE

Correlation of daily precipitation
_ between AMeDAS-Kashima and Kashimakohoku
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Fig7 REF— Y BRIEBOEY VI BF VORI A
Identified parameters of 4 tank model for the generation of missing data (unit : mm/d)

2 KXT—HOHT

HEEE AV TERAOEFKNZEZRKDLS5 LT3
Y, BHEEHBE Y 20 ~ 40 BUEEORA B I TEETAE
EBHBEOHIE, KNZHFEETERY, £IT, WNE
ROk EB L UOHERORHERZ M URRABEBCAAT
BLEHAE, CITR, MBEEHEOFZAYARE
MEXVHABEORESZDEL THEL, ERKEREER
ONRY—2BAVDFBEIBY LV IEFNVERVT,
HEEPEABEES LI A-FERAZEL, Rl
HAMOIEZ T T %0

a WMEOHEST

FHEERE 7 AV AEHOHFEDOMER%E Fig6-a i,
BEHL: PAY ABEEOOWROEGKRE Figé-b IIm
3. BEENE PAVABHBLTESHILL 7AFX

RS E SR T2 h 2R 2.3km & 22km BERTHED,
WMPAY ARyt bicdd. ARLD, 2hERIE
iF 1:1 OMBRERPESNZODT, HFHESBETAY
XEH, BEHILETAYABEDT—-¥EZOEEN
NWTHEE L, AL ABRFASAHBETAY AR
BoHRREEAMTE LTHELE. SERVEER
Mok, BHEAPSZhFROFATARETO
EEEROZIEE L. Thbb, RRADLSERD.
Rues = 0.58Rsototea + 0.42R0cimas (1)
Rewo = 0.33Rutos + 0.6TRissimes (2)
2 2T, RawRow: R, ABOHEHNHESE(mm),
Ricoiss Rousimes 2 7 A Y A, HEHOHMRE(mm).
b BIAKEOMT
SEHEBEIRICBIFS 1998 FOEBKBEEMDPEST



AR - B - AR - B THEIIREA T S ER SN oINS

= RHEERR

Jan.1.1987-Dec.31.2000

: - LR L 118 LTI DS
: 30 e 2
—~ 2 T
g 10" gans 100 [ g
£ E R AR — 150
E 10" - } ,
i g | . #ﬂ B
H m ‘l\ Lo k||I "I“Il'“l’.lf‘h\ J‘:
B0t A TP RS ITRRS L AT N fIN
A O B gty L
107 7IIII\IIIIIWIII\IIIIILIIIIIII\IIII\I S
1997 1998 1999 2000
b KE Jan.1.1997-Dec.31.2000
2L M A L L A ] AR AL L T T ) _
, ¥ l —{ 100 WE
g 107 gl 0B E
£ - RIS |
= ot ,1
{E = \ . :
Y P 1
E 10° [ ) H\ﬁﬂ%& v ﬂm
= QAL J“""ﬂ h L.J“\‘.l:: Y v -L!‘ ¥ L‘
g N “"“ 1 d‘ g | ‘w)l w1 ._
10-1 Iﬁ'tll\IT%IIIII\II\]IIIIII[[III]IIIIiIIlIIII\III
1997 1998 1999 2000
¢ KB Jan.1.1997-Dec.31.2000
T ||”[|II'| T \‘[”I”\ t]“l |]V'\'1"‘||‘|l\|l"‘\"1" L) T[r]HI ﬂ[ ] rﬂ N LI U"P ‘“ Tr qll l' N .
2 — 100 miﬂig
g e —— e "0 E £
é ''''''' ﬂ}ﬂ“ﬁﬁ:fﬁ ‘L —] 300
£ 3 i
33: A '? el e
P g I A T S
1897 1988 1999 2000
d BEREL Jan1 1997-Dec.31.2000
T (RS A T i e U R I R B I AL I I 100
10t —1200 IR 2
T | —— = —30 1 g
E 10 - "R | 7
o’ e |
@10 i o
H E iy I |\: !
1= 100 H:;": }M ~E\~J\,{_ﬂ'-ﬁ:n{,\l§
107 :IIIIIIHIIIIiiIIHIIIII\L\IIII\IIJII!II!IIII\IH

1997 1998

1989 2000

Fig8 SRBII B 3WREONA FRIZIBIUNA IS 7
Complemented hydrographs and hyetographs with missing data generated and fulfilled

WRNWESD,Fi5 T 2 HBENH B MEA R, 1997,1999
~ 2001 EDOEFHFTKEE 1958 FEOFFHKEE
L, TheZaoRBTRUEERZHBKEL L,
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AEICERIC

iz 3 BEFRY > 7EFN (BE, 1972) 2BV,
EEL, AFMECEETLERES JTERKEZAV
2o MBHRAUBIRIRRIZEBOFBAARIL 07

ELEEZRV,

EBE P DKEPSELSWED,
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Table 5 &HEiEICISITAEBIAULE (BT mm)

Annual water balance (mm}

B HI KEF
FORRE FHE  BKE WX 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 XK FHE  FuhE ks R
1997 1,130 217 158 1,072 1997 1,077 361 176 892
1998 1,587 234 103 1,407 1998 1,538 575 156 1,118
1999 1,369 341 110 1,138 1999 1,437 643 176 970
2000 1261 241 117 1,137 2000 1,056 571 193 679

Table 6 AHLROEFIH T (BAL: %)
Annnal roneff ratio (%)

F SEAEE KE AEF EEEHd
1996 32.0

1997 389 19.2 42.5 33.5

1998 38.0 179 52.3 37.4

1999 31.7 249 55.1 44.6

2000 32.6 19.1 70.1 54.0

EHy 34.6 203 55.0 42,4

TRBELEVWE. BREOOERRERZ O &8, AR
BRECZEDE LTEHERTo 2. TRIPLODRL T
L HFBAANDHEARTER KR Z FIREE TR L=
HEE EEY 7 OKBIZIE =, REMABRAKBE L&
THOHERHESEZAZHAE S L UCBEHOHRIREHY
BIZIEDL L5, Dong FO¥s 72ENES XD
CHHAL, BBILOE T A -y FETERATRE L.
BRI U EBRERY VI EFILDNRIA—F %
Fig.7 23, BEEHILD LEBS 7O FEREHFLIEEA
OFHIC LT, AOTIHENI LD, HKBOR
HEEMA EEOFONASIVREI GBI 2 TVWEZ L
Pahb, REESLCRTALT—FEAVENSF
D72 7RIUNA 27 Fig8icmd,

IV KinI4EiE

1 FEKRTHICKDEM KR TZIFE

RBpARFZEPSCEE L EERBEDOEFRKEZ %
Table 510773 . WXEMEBRBKSZ2MA, AbE%2
ELBWEMETHD, RBRBICHEY TS BHRFD
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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 evaluate 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 watersheds
(Hokotananbu, Taiyou, Ohno, Kashimakohoku from the north) in the Kashima Platcau 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
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