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Secular Variation of the Lake-level Evaluated by Water Budget in Lake Ikeda

By Kinshiro NAKAO
Department of Geophysics, Faculty of Science, Hokkaido ‘University
( Received November 25, 1986 )

Lake Ikeda is located at the southernmost part of Kyushu Island. Its morphometric features are :
10.75 km? in lake area, 12.16 km? in basin area around the lake, 233 m in maximum depth and lake
surface being 66 m above sea level. It had been a closed caldera lake with no outlet until 1876 in
which an outlet was artificially constructed through a caldera wall and from that time downward the
lake became a open lake. As a result of the discharge from the outlet, the water level of the 1ake fell
down by 7.5 m in height. .

Generally, it is hecessary to calculate the water budget of long years in order that we may decide
the characteristic outflow of groundwater (« value) in the closed lake. But, in Lake Ikeda, the value
of « is easily determined, 91.3 mm year~'m™, because the quantity of water discharge from the
artificial outlet is identical with the decrease of groundwater discharge following the fall of the water
level (7.5 m in height). Further, the secular variation of the lake-level has the large range of
fluctuation in Lake Ikeda. As this value is smaller than a values of the closed lakes, namely, Lake
Kuttara and Lake Hangetsu.
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1969) HEAEMTH B, KL, WEHA9E (1876), HINOEEEN A NT L » CTEICEB L 5 IHEBK
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TIEWESHIV LR LM TETL TS

BRI, MEBEONARBICL B, Bz, BIERE (RERER »8HL 2w, #ksrmlx
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1) BRZEo kI
BRKBAERT D i 3 i3 T KRB AR T, AT,

Ah=aP—bE,—QeoAt/A; (1y
=T L, a=(A;+Az) /Ay, b=(A,+fA;) /A, f=E/E,

h:#ikez, A BIKE, A, HKHE % BV REEE, P, Eo, B i3 2 ZHUBHIM At ic BT 5/
K&, HEERE, RRERHE, Qoo SAREBZ THTRRET2EKE.
22T, SAFRRKIIEERTRERBEEZ LNEDT, HARNME DBERIL,

QooAt/A; =a (htho) (2)

L5,

73, MEBE, Ai=10.75km?% A,=12.16 km? {{EIZHE (1971, 1975)4K&H 72 0.65 # B3 &,
a=2.13, b=1.74 Th 3.
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TKBHERTH CHOKE % & DBRSL - 2 FARELV T L U, FHT7.5m OBKNMETIcL > TEL S
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Table l DR WEI N T3, &8, ZOBUKEBMEAKDOAIRY, FEROMEBEIEDKE~DFR
THAKIT & BEBRAAKEIRRA L. 4 FROSTHTUKRII BRI BT, 685 mm year™ Th o 7z,
ZOfEiF 7.5 m DKGETICH T 2T KFHEORWABICHST 5.,

5T, @R

d(QeoAt/A;) /dh=a (3)

T, a=91.3mmyear" m »RKD LN B, B, a i OWTHEEKE & #iEEKAEL & DBRY & M
(1972) 12 =112 mm year? m™, k- FJH (1968) i3 a=157 mmyear’'m™ #F T\ 3,
ZNGKFRHORE 2R T « [E2MHOEER

DB BT 5. LM, L O X Table 1. Water discharge in height of lake-level

from the artificial outlet, namely, Senda Sosui,

ORAgEM CH 2EAMIE «=3,300 mm year ' m™ and annual precipitation.

T (PEAM, 1976), MHBICE~TEIFICKE W, Year Water Use Precipitation
B> T A BAMLOBREEB TIZ/NE <, WIARELO (mm/year) (mm/year)
M CROPITh 3. £ 70, WBHBEAS o oo i
DANT 7HEMTH 2ESEHIE «=330mm 1963 816 2002
year™ m X EML ) OREB MKk E (, w50 o 20

WCEMPORFLE L N5 6 m DRI
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HoHrh s (Nakao, 1974).

—fEl, BRI AN & B TR0, BIZEMIC BRI B A B ST ¢, ke
DERETIICH L, WARLIIEE CRBMMBE R TR LT b, KL, HTFARHEBEENTH - T
b, SURIEE EOWROBES I3 T AKMIEHE & > TRE N, aniisiic k & v 38 B # Tl kg IA
I2 & > THIFE N3 bED 50 cm BEDAEMIRH LML ICBET, £/, M, aEFBELAS
i FE 48 O 4 MK B BB 1 L TR BT B 720, WIKRIOZREHEDTE ¢ SURIIMIRE
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72122 m B E v, ZOEIZIEHIFAOBREKERRERRIC XN THEDSICERELETH
5,

ok &, (R,
aP—bEo=QeoAt/A, ‘ (4)
s,

ERBIRIBRERZEOKE, BE, HXEE, HBREOER%#- T, Penman ki (FE, 1971)
I NEEL, BREOBOKE L & bic Table 2155R L 72, '

ZOER, 59 EMOFHE LT, P=2,294 mmyear™, E,=1,153 mm year ¢, (aP—bE,)=2,880
mmyear™ &% b, ZOMEIE, ZOSBEEGETHEREICHS L&, BIAMTRL2FROBTARELE
ICHET 5., v .

Ric, RICHEB T BB BEST, HERBICH 25E5NDMANNRELSH*BERT L. @r b
DT RFHEIEARLIC & - TP 7%, FEHNOFIROM T AEBENEL2EER TS &, Table2
EHENELY, (aP—bEo) —2,880=Ah{mm), THAMEEE RS Z LA HRS, #o 5 0 TARH
D—SED & EDKNLEE) (Ah D EM) % SHCFig 21m ULz, RU, BigicBlbbic Lzmd, HEr
LKA ETICHE U T KRB BIR L, ZOREBEIL « E(e=91.3mmm™ year™) TRI AL

5, WKNDZREEEOWHEIL, ROFIETH T RRHENEHZEETLZ bic L, 7, HWTKE
HEH—E LAE L 2 BE&DMIAMEEELIC DWW, Fig 2 oS8 TR L 2 ERKEICFH T AR
22,880 mm year™ ZHHET 5 EE R B, KT, FERAM HNEIZDOWT o DETHT/KRBE S ¥
Bdee, 2k REEENE, LIERITY, FEEAOFRPFHETIEH D55, KAREEEI B 7125
BDBKBLDREEEE %KD, Fig. 21cFERTRL 2. Z0BAIKR, 59 EHOBKMEERETH 8 mich
125, ZOEEMRIFRMOELFHETSH), L d, BBOMTKEREER L0, KEHIZRME
NAHTREMEIL S 5. BESREMOES, FROFEIC L 5 45 FHENOZEEEBIRIL 2 m T, ZIUCENRT, i
B B 2IckE v, MEBIESEMICENT, o @Y LS, BT RREEENZR DR
EHERE (LTS, HEOKE LKUESHIE» LR T, BKREBCI VAR L -722 & Tk
TR BT 2@k Lid, BBHERICE » TRET Z oKL WIIHEANEE L RD—
DTH 5.
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Table 2. Annual precipitation and annual evaporation calculated using

Penman’s method from meteorological data by Kagoshima meteoro- -

logical observatory.

E Eo
Year (mm})year) (mm/gear) Year (mm})year) (mm/year)
1899 1956 1169 1929 1876 1122
1900 1923 1175 1930 2039 1163
01 2736 1118 31 2446 1097
02 2790 1102 32 2072 1075
03. 2167 1071 33 1721 1185
04 1479 1181 34 1741 1260
05 3551 1053 35 2139 1202
06 2834 1150 36 2809 1147
07 2204 1140 37 1730 1183
08 2281 1093 38 2302 1181
09 2315 1133 39 1637 1171
1910 2050 1130 1940 1862 1192
11 2491 1198 41 2403 1143
12 2843 1191 42 2057 1192
13 1604 1174 43 2581 1130
14 2390 1230 44 1698 1190
15 2754 1112 45 2768 1177
16 1816 1135 46 2301 1114
17 1913 1115 47 1721 1158
18 2234 1060 48 2248 1152
19 2330 1055 49 3425 1121
1920 2353 1088 1950 2872 1214
21 2521 1051 51 2438 1242
22 1887 1179 52 2956 1239
23 2694 1100 53 2624 1252
24 1876 1054 54 3304 1223
25 1705 1136 55 2946 1251
26 1541 1176 56 2550 1281
27 2106 1095 57 2416 1197
28 2311 1134 Mean 2294 1153
Mean Deviation 381 47

calculated lake-level

\ ¢ ! 7 !
- F - A
v 7 N L3 7 ¥
v or VS &\J V\A YV OV 2000
~
1 | | 1 I 1000
1900 1910 1920 v 1930 1940 1950 1960
ear
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Fig. 2 Secular variations of lake-level in Lake Ikeda, solid line in case of varied leakage and dotted line

in case of constant leakage.
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BT E B LA VT 7 BRI AR OWm <, MomEElE, KEIGEL 290 EL EORET,
=) EEFNC & A 8lE CHMKE E 38.5m ALE TH -7z, KW, #ndtl, BYIEE AEMsTZ
NEHNRREL, 9.0moEERLE.

—%, WWBBEXBEHOAITIEKIL Y, HT.5mEMICH -7 L MM N2, T, BREOF
HIKAL & ARSI THORBEIZ 31 m TH B,

AL, BIETCRA 20 BRI OEELBIIFHAMICH L T 4 m Th B4, FRMUAMELFHED
72, BEIVCRKREDICRELNGZL#EEL, T THE3~24mET 5,

% 2T, TAREER O 3 ~ 4 m AL SEHORALAHERE R LT B RAIRSM Tl BRI IZ RIS 3
ZENTFRENDE, ZOKMIIFAEROKEE BT, Ah=+28~+2Tm TH 5.

E L, BRSSO KEICHD ) E L EWE B SRMOREE & U, Ah=+28~+27m TKI
FHEHER > T2 kich b, OB EHE L DERKBNZE AP I3HRR1975)I2 L N, AR TRMS Z
EHHEKD,

AP={bAE,+ (AA,/A,) (1 —1) (Eo+AE,) +aAh}/a ' (5)

Z Z 7, Table 227 Lf:ﬁbl, BN 2B L T, FEKEN PRI 381 mm T, FERREE 47 mm
KBTI SPIERTHS. E-T, AEo=0 LMY 3.

AP={AA/A,(1 —f)Eot+aAh}/a {6)

A2 RE O & T 580, Fig. Lic s TR L HER 2L, Ai=13.80km*: 4 5. BlEN A=
10.75 kmAiz ¢ 5T, AA/AI=0.29 TEELBLHEENELTH 5,

Z 2T, Ah=+28~+27m T, (OR» L EHKEEEZ KD 2 &, AP=1,254~1,212mm year™ & % 5,
1899~1957 £ B R B O FEHEME K &IT 2,250 mm/year T, &L, BB L8 e LT, #RT 5 £/
BH B ETIE, ZOEMUHFHEREKEIL 3,500~3,460mm year *fBEL % 2. ZNHEII L Y DEM
BEITIZH 555, ERL LW EMET AROMETIR v, KB OKERIE, BFICBTEL 2 THHE
EREICTETH LTI,

V. & =

BBGRIC B TN EBI DR E WHAEBOR TH, HFic, MEIIIKUESHIKE (, BTKRELED
BN & B KAARERRNERWE E &2 5,

hEBIADTERIC & » T, R E - 2B, BERKOSESHBMEBORBZ K122 T,
BIKMED K & e RELED b BT, WBMEREROKES EOMEDL 72, BkT I & HkL v,

FHH (1930) i, WMBMORECKOBENLBKEERL, AEALELEIRIBOMEKE TS H#
ANDOWABRZERL2HE T, “RREPEELLREN L LT, SEOTERR M- o ATEOREREH
BEINT3, .

KL, BREELEIHBICLTH, BAERICED, 7.5m O@PKGET IS, BTREHRENRSE
HIZFEEICE ML AKEIR & L THIETERIC & » 2B, TH D, BOKBED 65 2 THLARBEY o5t
ETH -7z, BHERECTHE, ZoKEIZBBEHSKEANDERH T KNELICEERT HICBEL W, 7277,
HHEBOBE TR, ZOMEIZ 1 mOKETEY, £/, 98,000 m*(¢=91.3mmm™ year™) o § &7,
MOBAEBMICENTEL PR, Thbb, MEBIZERE L L CoRAERIE N & ZAICHAD
b3, #-T, BANKEBOBKRE L bz, BARBONETIFVEEICHL > TiTbh, BifE, KA
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ETFEIX7.5micE L7,

—F, U (1967) ic LU, 1948 ENESTBEMICHE R, 194946 Hic 77 /M, 7 AWAIciIm
HOEWIHRE, KT, SAPARRY 274 AHRL &K EPEMOBERT, hBHOKMEL
FIREANLD 3 m Bl Eic b R, HMBOMOTEKR, REOBKE ENOFErE L, 201k EEEER
DFEESE L, 1953 £EE T, IOFBKMERINRE 2, 22T, EBBROREFEMWBMCNL T, &
KDI2HDFKERDIH, KDBHNHF - T b UBRATRAEU EOBUKE AT, MEBORK
DT, MEDRANLHFITH % ) OREBEIC KA,

brby, AXKCELT MERFEKET2B&T25E), MEMSRERE LV 2bLALEY
Bici3, BUKEIRAEEL 2 RS 6§, #AMY LR LT ELSEOBUKHT 2MBENO THEHEN T
HHRETH - 2 A MEROEETH -7, 40652 5L, MEMIIKEOBREEEIEDTRE N
ZERRHELTWR I L RT, HREKREHICNTIWM)EOHFBLETH -2,

B MEHELOMERER 2EICbI-o TERL Y, 2ok, ERBRMFOIURITEMEE
OHEFE—KICHBERAL T ziini, $7, REBAY, BEINREEREROBILERRRICE
WO IBTHRFARICEITL T e bic, MABOMFICHET 2 RBEEORLERE TV A L,
E AT 2 £ BB 2 vzl vwi, FRICECEHEKL ST,

%8, WABRHN—IIIRIFNRE (BEA 1974 F) (BIBHEMEYD & & 72K B OERENF, 5
REHE, PRENUE) ko7,

BbhNIZ, ER%FH-> TVt n i BEHETF S A ISRl 7.
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