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F£1E F i

1.1 HMEOEEELEB

21 AL DO HIBKER TR D — DK EIRO R E 1N BT b, okiE, fkx
REFXOEERLKKERTHY, TOELEICHEIIMEIL ZhETELOM
THREESNTWD. TILlEB L OEOHIE TEL WA REMEOMBEIZZ O
REFITHD. 770 TIE, W X OKEHANEE ITITO oo

, W OmBILE 2 #E/h U, J8IZ RO g o T KA O T, 82 EH#IC
BUSHBEERAL COMBMNAE L TV D (PR, 1992; & IR E W 6F 28 7,
1992). FooFEFEL T, 77UV IDOF ¥ R TIE, BARKMEICEIT 5K
XOEARNHOHKE /N A OWEADERICEEZ B LT L TV EREERE
WRFZERT, 1992). S B TIE, IAF LA AT OEXRIE LB TO
AKRFNTHIZ X0 IR AR T 384T L, 3EME & OB O RE ICEEL B LT LT
U\ % (Asmar and Ergenzinger, 2002). = OMiZ & ENA DL < OWIZE T 5 KER
BLXOKEEMBEICEAL THERRINTEBY (L X, A, 1990; i,
2002), TOEZL N ANBHREEBIZILLILDOTHSL. 20 L) RMICEIT 2 ME,
FIZHDDOHSBERICECHRAREELZBRLEILTVDT IO LS 7200k
MAZKE D 72N OIT b, 5 E T 2 O KIS O fig B0 KR 36 & OVK & B 23
KA BLIETHEELZHRLZLEIMOTEETHD.

MOKINZZAONZT H7DI21E, R ET DM OKINLER %2 E &I
itz X bown. LaALeRE, ZOFMICE W TRICHE ~ 0l X Ok
HCHER DB E ST MEARERS L O TKBA - HEIC W T, £l
LHZENRNETHLTLD, TNETELOMTHEIC L 25T TE .
WH AR EICO W TIE, BIHBL & Bowen FLiEIC S < o B AT IC X -



T, BN BEHRO =D THLEAT 7 v 7 AnbHET LI HEPREISNATND
(7= & 21X, Sturrock et al., 1992; dos Reis and Dias, 1998; Winter et al., 2003; Lenters
etal.,2005). BNSZAEATICIE S WIBEEDOMIETIE, HHR LT 2 TORNZ D
R 2T 52 L CMlmAREICHAT IR ARG TS, —F,
TARDFEA - WHEIZ DWW TIE, KIZAICBT5ATHLE L THWEDOIEKE A
FEEL, WEIN XM TRBH A EICESONWTRE A OEFREERET S HIENH
HEINTWBH (72 L 21X, Krabbenhoft ef al., 1990a; Al-Weshah, 2000; Motz et al.,
2001; Chikita et al., 2004). L 2> L, {#OWEIZ O I L OVl T K813 o 5
ICHEWTIE, Z<OKRCHE - KET — B LU0 FKRKBRIAPLE L 2D,
Legesse et al.(2004)3 & Y Kebede et al.(2006)%, 7 7 U 77 @ Abiyata i 335 & OF Tana
WX LT, flifE72 Penman E HWIH A EZHEE L TV DA, OB L
DEEIZSWTIER L TWARWY. E72, Tana #lIZX 4 2 KNZHEHITIB VT, H
TADFAN « HHBIZEKB I TWS. X512, Asmar and Ergenzinger(2002)13,
FEHEICH L CHEIR K ZBE L 2 BETVEBEL, T VISV THIANM
DHEZIT>TDHDOD, TOHEMOZAMEIC DN TIEHLNIZL TR,
KIS BE SR DN IKALIZ 36 ST T B 2 3l L 72 BETE O WFJEIC B LTI, Legesse
et al.(2004), Kebede et al.(2006)¥5 L I8 Asmar and Ergenzinger(2002)i%, FE/K &N
WA LB R EDRED KNI FMH2HEL, MIAKMLDOY I 2 b—2a v 24T
IZLTEORELZNML TS, TALDOHAKMY I 2 b— a3 0F, 500 4
XRS50 FL Vo HBMENMZ R LTEBY, HEITERA DMK HEE
EFETNEHNT, & ORED KNI GEMET THMAMOFERTHZIT) DO TH
L. L LAanb, MKMORR TR ZIT O 5EI1C1E, T X TOKINCER « H#
ELRTNERLRNZ e, HEE LMK D YL, FKRKNZLEROT
MFRECKFT D, 2R LT, @EDOKI - FKERHTEK S KM D>

a2 b—va %, WEARER LU T KOG A - it 8o 22V BB 72



[ZHEDSWTEHIT T &, FERHAKN & D HEIZ X o TH b I 72 KU SR O s F
&, RO KEBGEICAH 2K B xS, £, KINZEFZ O TH
PSR 72 R TR, S REIR RS W 2 D K ST Y E L~ O AR AF B IR D
TREWVWCERE, 19900 Wb TV

ARWFZETIE, B AR RS R B - B rg 58S AL & 9 2 i i & BF 20 St &
L. WHEHB oKL, EARKRSLRERKZREELTZHEMICAHHEATEY, HHH
WOEHERBRKKERE oo TWnD. Eo, MBEMHNA D NEIEIZ L > THAKE
AT LAREANS I 1983 LI, W B TIZFRIKIC X 2K DD %4 5
2O OHEFE R ITOR TE TS, 2O X5 ICHEMIcB W TIE, WiKkoD
FABLOAREHOEENHBEHRENEEZEZSND N, £OEETMIZONT
FINETHRFTSNTELT, KINZOMHA S 4 Tk,

LLEDZ & BARMIETIE, MBI T — 212 HE-S 0 TEUN AT 217 0
WMHMOBIN L EZWALNICTHE LI, MHAREZRETHIERA T T v 7 A
WZOWTHFEZIMA D, WIS O AR X OCBENS Oyt &0 H#E €
T OWTHEF L, MEMOKMHEEET VOME LR L. £72, 1967 F»
5 1997 F D £ DKL - FKE R 2 W TRILSRENT 24TV, WKALHEE T T
NDEEBMEIZOWTHIET 2. BICHELEZET LV Z AWV T ORI ZH L

T DL e bz, BEOKI - FIKRERIZESHTEBAMLO Y I 2 b —va v

(2 &> THIAKRDOFIE & AKEB Dt B AKMICE JIETRBIZOWVW TR ZIT .

1.2 KEXDEK

A L, ZE6ETHK SN TWVD

F1ETIE, ATEICE T, MoKERE L OKEREME, B4 25 PEE OB

BEOKINZHITE, ARAFTEO XS TH 2 B o KF A - KEBEOBLRIZ SO



THERL L, ABFRO BB OV TR ATz, EARH TIE, KigXOMAIZ DT
IR

B2 E T, RO E LS LT, A OMEL X OB R I on Tl
L, MHEEIZI T D KFM - KEH, KR - KRB X OKCHE - KEORN
WZOW TR 5,

B3 ECIE, BIHETHEIN L 72 2004 45 8 A x5 2005 4 9 A OWIKIEB LUK S
BRI EDSWT, MEEERESCHEIOKRIT 00 2 M HIH OB O R gz 5

T DL e b, MEARELZRETHDEAT 7 v 7 ROV THRFAEZMNZ S,

B4 ETIE, 1967 205 1997 DKL I K OFIAKRE R & 5 3 2 CREAM L 72
V7 EIZ K DM AR EHEEIEICE DWW T, WHEARE D O A &R X O IE
MNHORMEOHEET v —F IO TG L, #H# KA OHEE T T L D5
EFDOZBMEIZOWVWTHRIET 5.

BSETIE, B 4ECHELZBMAMIBEEET VEZHWT, 1983 225 1999
FO 17 FRITB T 2 KSR 24TV, #H I8 O KIS DRI SV TG
L. F, MBI OKFA & RINAKRMEAGIZ3 LT 45D MEZEL, 1983 i
51999 FED 17T HEMOMAKNMN > I 2 b— a3 X > THEBIAKMIZE ZIFEFT K
FHB LOKEHROEBEIZ O THRFZIT .

FHOoETIE, FETHONILHEREMRFL, KinXOfme I 5.



F£28 xR I DR

2.1 HHHOBEESIUKFA - KEHE

Fig. 2. 1 (%, WHMB L OB OMEL R L TW5S. £/, Fig. 2.213,
A O K & w A O BRI B R, 2001; B, 2003)&2 ok LTV AL i I
RE S RBEBE B O M ESICALE L, 5 5,000 F51 0 K LIEENIZfE-> TER Lizh
VT TWMITCTH D ERETIE SR EEM AT, 2000). KEEE T 65 m, HAKB LY
FEKREZT 2383 mBEIV 125m TH Y, EHNTH4FHICERWH L LTRESL
TWb(ESL R H, 2005). £ 72, WmEfEI L O ok i 5 (05 i FE 2 BR < )i%, 10.62
km’ B L O 12.34km’> TH Y, LINEKOMTH 5.

ML oKX, JER I T D AN, B, KEBIOBOLHKERL LT
ZHMICAHHINTEY, Fig. 2. 1IZ7-T X212, WoOMBEICITATERS L OEE
RAOBKEHNZHFET L. BERELTOMmBIEIX, 1970 156 1984 I
ITONTZFEREMH AN WEEIZ L > T, mMpEMIEIZ R 55 6,000 ha O 4 Hi#;
T S LT S, AR VHOKEPRE L CEEREE A R
LTW5., £7, FMFEETIE, MWHHM»SOFIKEZH S DI, kst o &5 E
N, @B TN OWIIIKZH~KE KT DM AKEE S X7 5705 1982 4 7 A
WZEBAINT. VAT LAHEAKROMBETIX, FIKEBKEZHET L Z & THIK
DEMMTONTE Y, FEEITITWIREE R o f R BAT IS W T, M A2

MARRE, WIDKkfEEBL X MK O —tBBERA RIS TWND.

2.2 R[EBLUVKE

A R D oK AE L, LREIRRE TR N Z <, FEEWRIEIX 18.3 T, HFRFEK
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L 2,000 mmBETH L. MEMTIE, £AFOQJEMP KR T LERD I LIX
Wz, A ERE T KR X 11 Cav s 31 Co®PBECEEK 20 C)Hic
HY, KEI100m FiEoKEETEHR 11 CTHIC—ETHD.

R S D O KRB SV T, WAL HICKH S km OB RBRENICH
% F51E itk K GBI AT & W20 S P8ISR 25 km O LB & B REIRT R 1] H ek 4 S 8
A (IR AR R AT T, KU, WA, Ei X OVH R 72 & O KR BLHIN 72 &
NTWab. 72, Fig. 2. 1128 F 5 Ly, L, LB L O L%, BEKEE NS %2R
LTEY, L, LBEYLIZENZH 2003 47 A, 1982 4F 7 A F L O 2004 4F 2

(Z J= AR K PE A LN J2 BURNT Ko THLEI 2 B 4 S 4L 72 i 8 PN oD [ 7K 2 481 T 1 oS
ThodH. HEHHTOBMBLIHANIZ DOV TIE, 2004 025 2005 F I HEE O FE0 D
0150 m O S ICESBHIAGE R EEZFALKES KORG8 21T > TR
D, 2000 F & 2001 FITiX, R REIZIBWTH 1A E O S E CTHEERKE 100 m
FCOMEAKIESAZBEL TWD. 22k, 2004 F35 LT 2005 4 O &L o 5
IZOWTIZRET, 2000 4F & 2001 FOBLNT —Z OFAITHOWTIEE 5 TR

~ND.

2.3 XKXHEBEFIUKE

Fig. 2. 3 (%, i H #1820 o #E (B 5 I, 1975)F L OVHL T /K81l FL o {7 &
LCTW5. F£72, Fig. 2. 4%, WKL & FBRFLICE T 5 T ARAMOHEZ R
LTW5. E#E X OEBIE, KSosnkKLUEasasTEbLbL TS, WHEHHO
W ANIZIEZIAE DL < AFEL, MEANTIZRAH L WO K IIEHY Th 5

(A 2 ) TYNEL A+ 5. th B oK SCEREEIZ SV CTIiE, Fig. 2.4 @ 1999
D 2001 4 3 H OHUT KA O BLINE I X OBEAE D BFFE(BTES, 1972; %D,
1984)72 &, PRI DO MU AKALIE, FIZWHKAL LD & &, kst o T KA
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—RICHIZIEVIE EERLS o TR Y, WIREICALE T 2 M8 o K A & 13K 120
m, HACES D) EFE O KA ITAEERK 100 m(IERES, 1984) THDH Z &b, Mo
B B E I T TO B TR, MK ELV bEVWEEXLNRD.
F 72 Fig. 2. LIZRT L9, W20 @EEICH 1 km B 72 iiEks ok T, i
HIER EBZONDBEARBEZBOLNDL T &b, HH—& o T K

SO EZ T HBOOEET L IXEH~faro THREBEIL TS L&
R HIVD. MR, WRHA L TWDIE 1 mFRE O /NN K & 72 i A
JE7e <, EAROWHFIN SN LB EHSKIEKTH 5.

L O KB DT, 2000 0 BLHLELHNC K DK 0 FE B EE, #ia 5 m(E
)6 10mA&F)OHIFICH 5. BIRERIZKL 2D 1977 25 2000 4F 2 HIZE T
D82 7 HRALOBLHBIH 7 — 21 XX, KiE 0.5 m OEFEREFE DO, {LFH
R FEERE COD, BEFE INBLUOEV A TP O FEHEIL, TN L1 9.13 mg I (K
BEBRBT L E AA A, 2.45 mg 'OKE BB A A, 0.24 mg I'OKE BB
WA, 0.0075 mg IM'OKERELAETNEA)TH D, —J7, K% 200 m (i D
ERIZEBWTIX, TESKEMICKEDOEANEALTWHDCEILS, 1997). £FiZ DO
X 1986 FEEHMN BT L, 1990 I IZMEDBMFREL 2> TS, £ D%,
KN L7 DODEEIZFE O BT, 1990 F 70 5 200042 H £ TOFEHEIL 0.55 mg
I'cdhs. 2, INBIOTPIZOWTH, KGE 200 m (401281 5 R EIE 1992
EENOGHEMLTEY, WEOABBIREBIZHE I EIRND OB CGERE, 1990, A

H, 1998) N A S5 .



E£3E W ERAIICE D A0 BRI

3.1 # #

Wx, RO EERKKER CTh D & RIKRIC, ZOBISIE, J&0 kO K5
BLIOABRICERBEZBLET. RIARXERO -2 THIBERT T v I R
&, MO RKIAABEENDFERBT T v 7 XA THY, MAAEELZIRET D
HELRERTH L. £, MOBINSITME %2 OO RLH L O KR EIZ & -
THELDZ s, BBHBIHICESWTHR LT H2MOBINLEHALIZT 5 Z
EE, B Ak ORI A L ORI KIEREMRT 29X THEHETHD.

AR TG LT 2B TIE, ZHETENXERD D> Th 5B
TOHOBmFII TP TE LT, BHMBN T — X ICESSBUN oMb+ Tk
VL RIS A D T2 B A I O B I B K IF TR 13/ & v (Sturrock
et al., 1992; Winter et al., 2003; Lenters ef al., 2005) & b TW5. LL, 4
EOBLZW A EZ TGS, WXk EERAZHOER LR 570, Wimnz I
LTk SN OREKEEEBRICLEIBRADMOBIN IS LT THEL TO
P2 2 ST EETH D . FICIERE R TIE, BFEKIZ X D B2 o Bl
FICB LIFTHE L, B RKE WV EE X LIS (Brutsaert, 1982).

ARETIE, AAROMHHIRICALE S 2B OB ST 2L E/ 5720
12, 2004 8 H 1 H25H 200549 H30 HETD 14 » AIZBWT, FEHI L7
KIEB LI OKREER Z MW TREKEZIKIZKDBIRE LB E L 7 BN ST
ATV, MHEA OB OFEBIC OV THRFAEZNZ S .

10



3. 2.1 #BPJXHK

—ITTHIT I 1T 2 BN ST, RACTHR S 415 (Lenters ef al., 2005).

R, - H - IE + 4, =S (3. 1)

n

T2, Ry ENRBE T T v 7 A(Wm?), H: HEA T F v 7 A(Wm™), [: KDER
LI E(=2.45X10° T kg'"), E: WA E(kgm?s™"), 4,: ERBIRAT 7 v 7 A
(Wm?), S: BT T v 7 AWm)THY, IE:BEATT7 v 7 A(WmHThD.
B, ~RICERBIRAT T v 7 2 EE, WEHCWEREOEREN LT, KA
AREZFWMHEAKE EDICHMEINDIERDOE T Z v 7 A0 Z & %\ 9 (Sturrock et
al., 1992; Winter et al., 2003; Lenters et al., 2005).

KG DICBTLERBN T T v 27 AR, AT T v 7 2AHBILOERT T v

7 A IEE, WA TH 2 b dGEEE, 1994, 2000).

R, = (1-ref)R, + a,R, — ¢,0 T (3.2)
IE = ZpaCEu(qs - qa) (3 3>
H =c,p,Cpuu(ly —T,) (3. 4)

2T, ref: T VR K(=0.06), R, HE 7 T v 7 ZA(Wm?), a,: KDWILE(=0.97),
R,: REMWE 77 v 7 A(Wm?), &,: KDFHE=0.97), o: Stefan-Boltzmann &
(=5.67x10° Wm™? K™, T,: # M KIEK), c,: ZZXDHE(=1.005x10°J kg K,

pa i ZERDBEE(=1.19 kgm™), Cy: O SV 7 EGERE, u: BA#Ems"), T,:

11



RIR(K), Cp: BEO LT R, g, Wil O KR (kg keg''), g, KRD LR
(kg kg THD. BB EE O L 7 AR EIL, WTIE Cy = Cp & SGETHE,
1994), RN CIX TFTRMZ 1.2x107° L T2 RKALREELZBR L-EH LT
(¥ H, 2003).

WL DB A Z X HE, WHITkbEHERASTHOTR LR 5720, ¥
HET L CHEEINNDIERKBIOERBKICLOIBIRA T 7 v 7 2R 2BET H L,
KIENTIC BT DIERBIE T 7 v 7 A 4,1L, WA TRI N DK AKS, 1979; &%,

1990; Lenters et al., 2005).
An :cwpwP(Tp _TL) _cwE(Te _TL) (3 5)

T2, ey KDOHE(=4.17x10° T kg K", p, : KD FE(=9.98x10"kgm™), P:
Bk E(ms™"), T,: BEKIEEK), T,: WOMREKEBK), T,:&EKREKTHH,
FE—HB LOE ZHIL, TNENRKICEDBIRAT T v R 4, L7EFKK
WCEXDBMEA T 7 v 7 24, ThHbH. MEUANDOEROBREAT 7 v 7 A, & x
I, I AKICKD2MABIORHE T 7 v 7 X7 80%, BIREEN /S W & h
DWOBIZICB LIETEEBIT/ NSV EE LR, 72, W o B2 #IC E %R
HELARWZ EDDLARMTTIEERL TWARW., ok, MEHICIZE 1 mEEED /N
LM R E RN FE IFZREIINE 2 W, MR KIZKLD2BMET 7 v 7 X
TEH TE D EEXD.

@B HITBT DM OREAKIE 7,0, WKOEBEFEHIREE LT, RATERS
nNosb0 LT 5.

joz“ T(z,t)a(z)dz

joz" a(z)dz

T, (3. 6)

Z 2T,z KE(m), ¢ FEE(s), ze: KB ORI ZAL N 72 < 72 K% (m), T:

12



WAKREK), a: KE BT D2WOKFEHBEmM)THD.
WHAKIEORFM BN 2 I D KE 2. Z IO RIEI ETORGEE L, WHiEFE a(0) =
ap & T, WIAKIBORE SN, AT T v 7 2 Si1X, RATHExLNS.

1 d g

g di 30 T(z,t)a(z)dz (3.7)

S =cupy

7B, WMOBUNZIZEWT, MIELX BT T v XX, Mo T J v 7 X
T/ E L, FFIZKREDOHEOH CTIXEY T X % (Brutsaert, 1982; Assouline and

Mahrer, 1993).
3.2.2 BRISYIA

3. 2. 2.1 BowenltE

Bowen tbiEIZBWT, BHATZ 7 v 7 XA HIE, WATERINS.
H = BIE (3. 8)

ZZIZ, B:Bowentk ThH Y, WA TERINDGETHE, 1994).

ca(Ts — Ta)

(3.9)
(g — q,)

p =

K31, XB.5, XG.HOBLVOKXGE. s, BA T T v 7 R IEIX, RATHE
Ehs.

R, =S +c,p,P(T, - Tp)

n

IE = - (3.10)
ﬁ+1+7W(Te—TL)

3. 2. 2. 2 Penmanik

Penman {EIZHE DS EE T 7 v 7 2EEAE, WA THE L5 (Penman, 1948;

13



FLIL - =, 1999).

Y| 1 yl
IE = R -G)+ ——— - 3. 11
A N y( n ) 86400 A N yf(u2)(easat ea) < )
Fuy) = 0.26(1 + 0.537u,) (3. 12)

T 2T, AR A D K AR R E Bl AR O AL (hPa °CT), y: 8218 B E $%(=0.667 hPa °C™),
G: KPREAT T v 7 ZA(W m?), u: m/E2 miZB T 5EEm s™"), fuy): A
A% (kg m? d' hPa™), e KA D BT K 7K K E (hPa), e, : K& D K7&K%JE (hPa)
Thod. ok, MICBILKTEEAT T v 7 2 G 1, ERBHRAT T v X

A, EIFET 5 v 7 2 SITHESWTEE N S.

3. 2. 2. 3 Priestley-Taylor i&
Priestley and Taylor(1972)I%, /K ¥EFMIZ—HR2BEmEICBITAEE T 7 v 7 X

LT, AZ|RELTWND.

IE = 1.26 4
4+ y

(R, - G) (3. 13)

3.3 EmEAOHME

IS D BN S 2 B it 9 2 72 01, WIHRER O A HAY 150 m DI A IR 5 2R T
WG 2R L, 2004 225 2005 FIl2BWT, Kikks X OKRLER %217 -
. ZOFMIE, UTDL)Th.

ARBLRNIZ DWW TiE, K 0.2m 2 HIKE 50 m OFPHIZIB VT, KR O REHE 2
fEMFFICREWREAZ R LI, 1 m MBRICAERREKIEE® > —(H20-001,

Onset Computer)Z g% & L, 1 Reffl@E B 217 - 72.

14



[EBWITONTIE, BEBBEICB VT, Hm bk 2 m ONEICERE
(CS500, Campbell Scientific) & J& [A] J& & 7t (03001, Campbell Scientific) & &% & L, 7
— X 1 H — (21X, Campbell Scientific)iZ &k W BHE D& EIT 7=, F71=, WEIZ
H % & (L1200SA, LI-COR) & ¥ % 7R 4% B4t 51(MS-202, S5l FE#) 2% & L, Wi
BTS2 HRBXOKRSEHNOBHEZLZ T — % 1 7 —(L1-1400, LI-COR; CRI10X,
Campbell Scientific)iZ LV Fedk L7=. 72k, BRAKEIZOWTIL, BEWRAKES LI

BBURIZ & » TIRBA 3 A TS TWDS T =2 2R AT 5.

3. 4 WA

AETIE, BHBIC L2 KEBEIOKLER ZHNT, 20048 H 1 BN b
2005 -9 A 30 HIZE T 5l B O BN 3 %, #UN S (3. 1)F L O Bowen A
ESWTHLNZT . KRG HITESS ERBWREA T 7 v 7 X 4,0 EIZB W
T, BAKE PIZOWTIE, il OWEE 3 # A3 5 FEK & O R F 5 E 2 H
WAL BEKIE T, 12250\ TiE, #AEE T, TIL{El L(Bogan et al., 2003), il T
DREGEPNCESWTHERET 5. AFREKE T I2OWTIHE, WiEAKIR 7, TaElL
(Sturrock et al., 1992; Winter et al., 2003; Lenters et al., 2005), Z Z TIZ/AK¥E 0.2 m
DKRIEEH WS,

EWRBIRIT 7 v 7 2 4, PHHB ORI ICE JIFF 8%, 3. 3)&
K(3. HD )7 g KO KR O EAE AR AT 12 FE -5 W 72 BN SRR BT V5 OB S, 2003)
2, BTl EEBKICEDIBMET T v 7 A(4, & 4)% B LT BE/RHETIC
HESWTHHT 2. 2ok, G, 6)B X OXGE. DHIiTH T 2 HI/KIE O R 2L n
72 IR D KIE z AT DWW T, I RAKEE233m)TIERIT 5. MoRFEKIE T, %5
BI85 AOFEY H Q004 48 A 1 HYDMKIEM@I HE)IC2WTIE, K% 50m

FTIE, ENMEAFIHAETH S, 50m LLEICHOWTIE, FEiL5(1997)8 L O
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FEOKBOBRFER LY, KE80m £ TOWAKIEIL11.0°C, K% 80m 5 100
m E TOHKIEIL 10.8°C TH Y, K%E 200 m DK X 10.6 °C THRHIAIZIFIE
—EThHZ L, TNHLOBERIZESWTEX S, £, JA T, B#H uk
L OB RHIZOWTIE, Wi 2m TOERAMEEEHT 5. 2004 8 A 1 H
SFEAF 10 4 6 HOMMIZEWTIE, ANBIOCRIABHNZRE LD, f&E
H IS GBI T 35 X OVBE IR e 1) b 80 S R LI T (Fig. 2. D THR LXK RE R &
FIH LT, HEH & RKBS OHEEGTEE, 1994; WIS, 2002)%1T 5 .

3.5 fHERLEXR

3.5. 1 fKZ2FLVHMKEDOBZIE

Table 3. 1%, 2004 458 A 1 H» 5 2005 49 H 30 BIZE IS 5 H# o A HAL
DRGEF L X OMAKIRICH T 2 K/IME L R REL L OCFEFEHEELTRLTND.
F72, Fig.3. 1%, FHBEICB T IMHBEMOK[GERZ EWAKIEO B ELZRLT
VW% . Table 3. 11231 24 FHEIL, 2004 4F 10 A5 200549 HETD 14

FOFHETHL. LT T, PEMOXRRERE L OWKRORFEZ KT 5.

3.5.1.1 MHFEFISYIR

Fig. 3. 1(a)l3, WMHMICB T2 BN 77 v 7 A0 HELEZRLTWVS.
Fig. 3. 1(a)3 X O’ Table 3. 1 LV, MEICH AV TOHNTZ T v 7 2ADHF TH b
RKEWHLOX, MEkHE 77 v 27 X el THDH. £, RAHEH 7T v 7 AR,
E, —RICKRIBXRKOKAEKEREICKE S, BMRAASLEKRKBICB VLT,
R RIBO RGN R E 725 GLHE, 2000). L7=2B->T, BERNASLERHBICBW

TRIR EWmEAKEN T L ek <, K@ DR T KREAEH 7T v 7 AR, &
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Daily meteorology and lake water temperature
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MRS 7T v 7 R e, 0T DEIT/NSL RAMBEMICHY, ERKHN 7T v 7 2R,
WX L TCHRN 7T v 7 AR DEDIEENEL D, AW TIX, iz 6 At A
MNH T AHRAOMEREHIC, EWREHN 7T v 7 AR 7T v 7 ARIEFIZITWD

M ERL, FHBEN 7Ty 27 2T 75 v 27 ZOKR T ELEICHD L TWAS.

3.5.1.2 BKIZCKHIZBREATIIVIR

Fig. 3. 1(b)1%, BEKE P L B AIRIE To, BEXOMOREFAKIE T, 0B E{LZRL
THEY, Fig.3. 1(c)lF, BKICED2BIMART v 7 24, OHELEZRLTND.
BeKICE DB T 7 v 7 2%, RGB.5OFDE —HEHLY, BAIEE T,, Lo
REKRE T, DIREFHELBEAE P OBICESWTEEINS. BARERHOMNK
KAKBED BRE L (Tgen>Tr), MEBEOREZENKEWV6 HnD 9 HE TOHIRIZ
BWTIE, BAKICEZ2BMEA T 7 v 7 2ol LY b HEHRKE 4,50 T
o, LER-T, ZOMBEOBEKICEZBIREAT 7 v 7 201X, WK L TE
WREHZDH. —J, 100ANPL 5 AEToOYMIZE N TIE, &ARE &Moo RE
KIBOBEEN NS D720, BAKICEBZBHREAT T v 7 Z3/NEL R BHMHM
WZhDH., £, M1 Ao 3 HOWRBIZE W TIX, 8 ARESHOMREAKIE X
Db /NS BRD(Taen<T)BIINZ S AFEEL, 4,<0 THD. LT, ZDOHIH

DEKIZEDBIRE T T v 7 2%, Mg L THASREE X 5.

3.5.1.3 #MKESLURE

Fig. 3. 1(e)i%, MHEMIZB T 2/KE02m, 5m, 30 m B L 50 m O KR &
fE2micB 2% 7,0 A EHEOEEZ R L TWD. Fio, Wi AR 7,0k
Ho2mOKIE)EXKIR T, DIREZE AT L EIRFIZRT. KE 02 mBLOKESm
DKL, JIRB L OCEREN 7 7 v 7 2 ORFFIZEIC LS - THE R T

HiZ B I OHZEZRLTEY, 8 AHIZKR KLY 2 ATANE 3 7 LA
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I TTHI 1L °C The/h & 2% K30 m TiE, 2004 4E 12 A K225 2005 4F 1 A
IZHBWT, 3 °C RECIRE EA@AMICBIT2MAkOMBERESGICERNT S0
EEBEZDLND)RBD LD, KESOm THX, WIKEDOHE(IZTIZEALERL,
M1l °C C—ETHDH. LEER->T, 2 AFHNS 3 A EAOHM TIX, HH
W O KIITATE 2> S KIE SOm AL ETHR 11°C T—hkEZR->TWND.

W KR & KR OIREZZ AT X, 7 H A6 3 Hfa o i ik, iR EUr=-o)
Thsb. —FH, 3ATAN»L 7T AFHOMBETIX, mMEOET/NISIL, 3 AFH
5 A EROMMTE, KURAMHEKIRZ BB, WiEOENAUT0)E 72D
ANn%<725.

3.5.2 BEREISVYIRADEE

Fig. 3. 2 1%, 2004 4 8 H /> 5 2005 4 9 A O HC BT 5 B ¥l AR T,
D FEPE & NV 7 BT IS < B SCIRNT R B, 2003)I2 K & 78 8K O IE R B
M7 T v A A, ZBELIBMEMITICE2HBMOLMKE RL TS,
AKIEOERE & FHEMEITHERH LIS —H LTS, £/, FAYIFCHE LZH R
MOEBEKICEDBHEAT T v 7 2 403/NE L, LW TOFEHEIZ 2 Wm?,
BRI 6Wm?RE Th -7z,

Fig. 3. 3%, BAKICED2BWMEA T 7 v 7 A 4, WFIZKE -7 20054F9 A 5
HE9H 6 REET 10 HMIZK T 2 BMMATIZHE S AHMOBIN 2R LT
W5, Fig. 3. 3(a)lE, BAKEARBKIZEOIBIRA T 7 v 7 R4, L A)EBE L7
WA, Fig.3.3(b)ix, MBI 7 v I/ A &BE LA RETHD. £,
Table 3. 2 1%, MK EHRBKICIDBIMET 7 v 7 X(4, & AN B F2 ) i Kii
TLICBLXETHELZFRL-OIC, MBIRAT T v 7 2A2ZBE LIHE GO R,

CEBLEWVWEAORREZZLSIWEAEBMEAKIEZ AT, Z/.r L TW5S., 22

20



Temperature (m)

35

30

20

15

10

1-Aug

L2 S e e B e

%Illlli
5

o Measured 1
— Calculated with 4,, (Bulk method) | 4 o]

caNNA
PAVAVE §

1-Oct 1-Dec

NN
“vuvuo

1-Feb  1-Apr 1-Jun 1-Aug

Day-month
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Comparison of measured and calculated daily mean
lake surface water temperatures
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Heat flux (W m™2)

Heat flux (W m™2)
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Numerically calculated heat budget without advected heat fluxes
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Numerically calculated heat budget with advected heat fluxes
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Fig. 3.3 20054F9H 1 H2>H9H 10 H OBUEMHTIZ L 5 B HAL O EMN L
Daily heat budget calculated by numerical analysis from Sep. 1 to Sep. 10, 2005

Table 3.2 2005559 H 1 H 25200599 H 10 B (2B AR T 7 v 7 AH H EHME/KIEICE JIET 82

Effect of advected heat fluxes on daily mean lake surface water temperature from Sep. 1 to Sep. 10, 2005

Date

(day)

9/1

9/2

9/3

9/4

9/5

9/6

9/7

9/8

9/9

9/10

AT

{®)

-0.02

-0.02

-0.02

-0.02

0.11

0.24

0.26

0.21

0.14

0.09

AT is the difference of lake surface water temperatures calculated with and without 4,,.
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TO 10 HFIZBWT, BERTH-7-9HA 1 BS99 A3 HDO 3 HMTIX, &
BARIZCEDBIMAT T v 7 X 4,08, MOBINZEFRL L OWHE KR T,128 LIF

A Al NN

—JF, 948”59 6HD3IHMTIE, ERBNTT v 7 ZAR,PIKETL,
BT 7 v 7 2 S DA LETEY, BAKICELIBIRAT 7 v 7 2 4,1F, K
ZWHTH-7=9H 5 H(44mmday)E 9 H 6 H (124 mm day NZ K& W, Z D2
A OB RRE Thwtd, WIOMREXKIR T, XV HEW(Fig. 3. 1(b))Z &5, FEK
WCEDBIME T T v 7 A 4,1, WZxt L TN R A5 %X Tuwb. Fig.3.3(a) &
MEHKT DL, BAKIZEDBIREAT 7 v 27 XA, ORE DL, AT 7 v 7 XS
ICEEBZBIIEFELTRY, oBNZBERIZBE LI TEE TNV, F1,
Table3.2 LV, EARKICEDBIMET T v 7 X 4,78 A M AKIE T, 1252 5%
B/, BESMIEAKEE AT IR R TS 026 CRETH o 72,

Fig. 3. 4 1%, WWHH DO A BALOEE T Z » 7 2% LT, K EZEIEKOIERE
BT T v I A 4, BB LESEGEERBLR2VEAONA LV 7 BEICESHEA
R X OHMBLA T — & & Bowen HiE(KG. IONICE S HEEEZ L TWND.
Fig.3.4 LV, EMRBIREA T 7 v 7 2 4, 2B/ LTHE EEELR2WEA O EEL
77 v AOFEMIL, Bowen IBIC I AR EMA—FK L TWVWD. £z, EB
BRAT 7 v I A 4, BB LTEHEGLEEEL2VWEEGOM G EMORICK &7
FE L W2 &b, ABEMOFHEICBW T, ERBRAT 7 v 7 R 4, BE

N7 T 7 RAIEICB XIETERE T/ NI,

3.5.3 BPRIZDEHZEI

Fig. 3.5 1%, BLHBH T — & & Bowen tiEIZH-3< 2004 4 8 H /25 2005 4F 9

AlZB 2B OA B OB 2R L TWD . WHEBTIE, KB X OZERE
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200 T
- --0-- Bowen ratio method with 4,,
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Fig.3.4 HHLOEET T v 7 XA DR
Comparison of monthly latent heat fluxes
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Fig. 3.5 BowenlhiEIZES W oI O A AL O BN S
Monthly heat budget of Lake Ikeda by Bowen ratio method
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KIZEDBIREAT Z v 7 2F3/NEL, MBWREAT 7 v 7 ARMOBINIITE KT

WEITNSWEBZXH. EWREH 7T v 7 AR, T, MR 10Wm? 225 150 Wm™
DFFIZH Y, 4 AD 9 HOHHEIZKRELS R, 11 Ab 2 Ao#MIZ/H &<
7% . Fig.3.6 1%, WEAKE 7, & KR T, IR E = AT B X O M o s fn Kk K &£
e, & RRADKKRIE e, DKAEKIEFE de DA ELEZRLTWS., AT T v 7 R
HBIXWERT 7 v 7 ZIEX, TNENAT B IO de DEE L — 2 L fia—
FHLTWD. Fig. 3.5 L VEE T T v 7 XA IEDFGHELITESLHT, 8§ ANnD 1
AIZCRELS 2APL 7T HICHKEBRA/NESLS 2D, MEFIZRESEFEZFIT/PHS WA
ARKOAFHIIZ B 1T 2 KED N O — 72 FEH LA (N H B, 1992; T,
1994) & b 4L, MHEHOEE Y 7 v 7 20 FHEIE, RN 1 » A
BERWEMIZHD. £/, AT Z7 v 7 A H LW T F v 7 X IE DN, IE
W 77 v 7 ZA R, L0 b/ISL< 253 Anb 9 HAOMMTIX, BT Z v
Z SIFXIEBS>0)E 2D, RANPLM~OZBEZ/RT. WICHAT T v 7 2 H L
7Ty AIEOMMP, ERBHTZT7 v 27 AR, XV HERELRD 10 AN 2
Ao TIE, IFA T 7 v 7 X2 SIFAS<0)ERY, #MHD R ~DOREE RT.

Table 3.3 1%, AARIZHIT D 3 DOMNKRMZRM(ETHEB, %RM, & #H)0E
WAL DB T F v 7 A2 & Bowen (TR, 1994)F X VAT I & 2 M | T o f R
oL TWah. £72, Fig. 3.7 1%, MHEM D Bowen tbk D HAZE{LZ /R L TWD. i
HHIZ 3517 % Bowen Fid, #4204 20 5-0.1 OFPHIZH 0, - FEIE 1At 0 X
Dbh/hE W SRR - A9 L, KESHiERm ToO= XX — i, Xk
WKL T, MR L EBER L LTHHINIFEGNRRELL D7D, ARICE
7% Bowen Hld, AR -THAART/HhESL, ZNUNADKARKTRENVEARIZH 5.
TR BE 72 M3k AL B A M T, BBV T vV ARNNESKBE T T v 7 ANE
BT 5 mIZH Y, Bowen X EZAY /N V). dos Reis and Dias(1998)1C L 4L1Z,

7 7 VL ® Serra Azul I (CEY¥IKIE 10 m)IZ 1T 5 H BALD Bowen ik, #42 0.2
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Fig. 3.6 i & KK DM DR ZE LKA KIEZD A 2k
Monthly changes in temperature and vapor pressure differences
between lake surface and atmosphere
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Fig. 3.7 Bowenkt® A Z{t
Monthly changes in Bowen ratio

Table 3.3 HARIZE T H3-0>OW] (A0, B L, 85 /) & AFIEIC L 5B OFHALO
BT J v 7 23 L UBowenbt 0 HLES

Comparison of annual heat fluxes and Bowen ratio among three lakes (Lake Towada, Lake Nojiri, and Lake

Kasumigaura) and Lake Ikeda in Japan

Latitude Mean water depth H IE Mean Absolute Value of S 8
Lake ) 2 ;
(Deg.) (m) Wm?)  (Wm?) (W m™)
Towada 40°25' 80 31 53 111 0.58
Nojiri 36°50' 21 23 51 61 0.45
Kasumigaura  36°00' 3 18 66 21 0.27
Tkeda 31°14' 125 14 75 70 0.19

¢ Annual Bowen ratio is calculated by annual mean sensible and latent heat fluxes.
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HBOFMIAICH Y, wEE & RSV, BURF RIS T 95 Serra Azul i T
b, R T v 7 APNSKBERAT T v 7 APREBTOIRREPELNL TN D.
BFEN T 5 v 7 2 S 1%, KIENEWIHIE L Z Ot il o 2l (Mean Absolute
Value: MAV) b K& < 72 5 (L%, 1994). L7=728-> T, Table3.3 LV, +FEHe
BRI X OB O T 7 v 7 A0 MAV [T K E V. 72720, i H
DUFENT T v 7 2D MAV 1%, FEKEPRRENIT 20D HLT, HMEH LY
LN WL Tk, WEKIEESKEOREZE AT OFEEES, B TIEAE
(1I2AMPBH 2 A)NTS53°CBIOEZEG6HMNS 8 H)IZ-1.5°C (Yamamoto and Kondo,
196)TH D Z LIZxf LT, WHEETIX, £ 3.5°CEB LV 1.3 °C (Fig. 3. 6
ZEYTHY, MEMOBEAT 7 v 7 AL DELFETORMB L VEFETOZH
BN, FREMEY DN LICERLTWS EEX bR D, £z, MEORT
T Ty 7 AD MAV /NS DR E LT, Bowen 2/ S Wit Hil Tl

HEZBITOBRT 7 v 7 ZACXDMEADPLBIRE NI ENETOND.

3.5. 4 BBIOIvYvIR

Fig. 3. 8 I%, Bowen b5 (3 (3. 10)), Penman £ (= (3. 11))F X O Priestley-Taylor
EERG. DBYICESLSEA T T v 7 R IED A E¥E %7 LTV 5. Penman 1412 X
LW T T v A0E, BB T — & & (3. 10)I2HE SV THE L 7= Bowen ik
CEBEET T v 7 AL FHERITELS —K L TWEA, B/ F T Bowen ik
DAE %K) 18 % KMl L TWb. Zhlcxt LT, Priestley-Taylor #1C2 K 5 # 7
7 v 7 A%, Bowen HIEIZ L AR E LS —HLTWnD. R ETHMICL-T
%, Priestley and Taylor(1972) B3 #2 R L 7= KB, 13)DOFEE 1.26 i E+ 5 Z & T,
Bowen ILiEDOFE R & K < — 2§ %3 & (dos Reis and Dias, 1998) % & 5 2%, i H i

TIEXRG. 1B 1263 FOFFHATRETHD VR D.
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200

—_
W
o

—_
(=3
[}

50

Bowen ratio method

Penman method

Priestley-Taylor method

Aug Oct Dec Feb
2004 2005

Month

Fig.3.8 3 ODREEEIZESWEET 7 v 7 ADHIR
Comparison of latent heat fluxes by three method
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3.6 # ®

ARETIE, HHMBAICE2WKERSLOREERZHAVT, BAKEEREKICE
DB T T v 7 A B OB 3 KT T 8 & B AE AT IS B S v CEE
fliL, MBIREAT T v 7 A &BfE L BRI L Bowen HIEIZED X, 2004
A1 HNG 200549 H 30 HIZHIT 2 OB ST DWW TRETZ & 7.
BONTRRIE, UTD4R[8ICENIND.

D) BBEXOABMOARREKIZEILIBRANT 7 v 7 23/ &< HOBINE &
R AKRICE JIETEEIT/NEW. —F, BEMNOBKICEDIBHRAT T v 7
2%, ZHARRBVWTIEREL, ZOZX VX —0ZL X, IFAT T v 7 XL
Brabz 50, MEAKRICHLTE, K03°COREZEIMELEZDETTHS.
HEMOBINZEFFIZBWTIE, BERAEAZENDI D, BAKIZKDIBIREA T
Ty 7 ANRMOBIL L B L O HEAKIEICEZ DB I/NE N, LER-T, HHE
DTN T, BARKEEABKICEDIBIREAT 7 v 7 AN HEHIHO BB
FIETEETEbIT/HE .

2) NV TIEICESS ARMOEAT Z v 7 ZOHEEMIT, BKEAEKITED
BRAAT 7 v 7 A 2ZR LTELRALER L2V ERICBWVWTRERMETRS,
WEE BB T — %2 AV THEE L7 Bowen WIEICLDEBE T T v 7 2 L
W —%% L 7.

3) IREE e Mk IS AL E S AW T, FETEHOBEA T T v AT 14 W m” &
INEL, BT Ty 7 AT 75 Wm? ERELSRDMBEMICHD. F7-, Bowen i
0.19 TH Y BH/NE W, BT T v 7 ADOFEMHEITESLHT, S AN 1A
CKRELS2APD 7T HICHEKN/NESLS 2D, MAFIZKRELSEFEFITHISVWAER
DAL HIR AT I 5 KD IR NIH O — ) 22 FFEi AL & Fel 3 v, i o 7

7z
T Ty 7 ADOFEHENT, FHOICKH 1 » ARERWNVEMIZH 5.
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4) Penman EIZ L2 A BN OEET T v 7 2%, BLHMBLHT — 2 2 W THE
L 72 Bowen HIEIC KD T T v 7 AL FHEMITLLS =K LA, 14 » AR
D - 15T Bowen Fb ik Dl % 18 %F2 FE i RFEAN L 72. Z 1 ITkF L T, Priestley-Taylor

BICEDABRMNOBE T Z v 7 2%, Bowen IIEIZ X DMK & KL< —FH Lz,
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FA4E HMEMAKEOHEETIL

4.1 #¥ H

M DOKIN 2B 50T DB, HFKIEAZEGREM T 26 o A®E)B LT
HTEABHEGIE ORI E)TIHEERER TH LH 0, £ OEZHFEAMIX
WHETHLHANEL, RICHETICE > CRIfliansd. BT KOBARE LW
M EEZHEETIHAOKRS KA T Fa—F1%, T AKOHEAEN LK HE
HALGIWEIERM T KEZ KN ZHECB T2 ERLLTHMT 20T
& % (Lee and Swancar, 1997). Chikita ef al.(2004)1%, & EEIIC I 1T 2 1E M T oK
BIZXL, WENXZEETH LT, HFKOMARBLEHIHELZHEL T 5.
F 72, Motz et al.(2001)1X, 72 U Z® Lowry lICF 1T 2 IEWH FARKEIZK L, H
TARBHEX LV —HIZEHAT 22 LT, #fiTKOWARLIRBEALHEE L TV
L. ED XS T7 e —FiF, MTKRAEBS L T ARREEZ LV EMIZ
T O5FELLTAHDTHLS. LL, 2O FRBIHALSLKCHIE B X O
KET— 2N EET5H.

L I D K SR FE (B - TR, 1968; BTER, 1972) T, Jidlii A & (i s T
LHERNSDRAR)S X OCWERHEG@IE2 S O )0 B BALTOE &L
AR IERE AT DAL T W AR W, 2ok, B BEALTHLE I o KIS &2 E &8I R
L7eifgeidZe <, BEICB W T O KO B 2 & BITINE 2RI H 5. ERRIZ
I T, 1997 4 D W8 KIS BUKHIBRIZ & - T, J8IZHlEk T oRIK BT 2 7
VORI N A U T2

bz bnb, KETE, #HIROEERLKRKER Ch 2 BEMICX LT, it
WMEAERBLOWEREEOH ET 7o —FIZOWTHHF L, WikZEHT 5 E
BIAAKA )T 2 HEEET VORMEELRAD. £z, 1967 F00 5 1997 FFE TO
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31 AER] O KR X OFIAKEBHEAMAKFES UM EZER, 1998, 2002)I12 %3 < KUY
KFEATIZE 0, WKRMHEEET VO ZYBEERFTT 5.

4. 2 HKGEDHETESZE

4. 2.1 HKEHEEETIL

HHEBIZB T 2KLE LK XOME % Fig. 4. 1 [Z/R77. 72, #HHH DK
W%, wTcREN 5.

B w541, -0 -0, -0, (4. 1)
dt
Z 2T, S WAKAL(mm), ¢ FEf(day), 1, : BEAKE(mm day), [, : iR A &
(mm day'l), I 2 K 4G & (mm day'l), O, : K Jw H & (mm day'l), O, : Hm 7

% & (mm day’'), O, : Fl/K&E(mmday ) Th 0, A0 1%Z 2 duith B o KGR
BTHD., RETNVICEHHTO2HEKNIERERIILUTOLI> THD.
MIMBEARE LI, MBEHMTBLOMEE»DM~OWAEDEH THY,
Fig. 4. 2 [Z/R T 22X V7T VOMMEQ, 0, O:0EiHELTHET S.
2T, EEF I DLELI PN DR ARBE ET X, #H# A (Fig. 2. 1
DIRET LRI OREERZ ANEE LT, Ry~ rRT XD AIEAEHE
(TR - BLEP ) 1993) & L H i ek 12 38 W CTREAM & A7z ZR B Z8 R B HL (R - L, 1978)
DENPOREET D, MBABREOIRY P NIZTH>NWT, EEY 7 OKAENER
Elo GBI, TR 700205 X5ICT 508N, 1972). EIiE L 72 ik
ARBEBEETIZOWT, 1967415 19974 F TO I FEMICB T 2 FEAEHED
B RAEIEL 1,115 mm, fH/MMEX 882 mm TH Y, 31 FER O FHFEIX 1,011 mm TH

ST, B, LI LNE, BREHICEWTHEKREZEE LG A OF
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Out of
catchment area

Catchment area

1<

Fig. 4.1 b 8 0D 7K SCKIN S OB 22
Generalized hydrologic setting and budget on Lake Ikeda

', ET
- T | ay: Infiltration coefficient (day~!)
- y/ — La __, O @, az, ay: Discharge coefficient (day™!)
Si Zl.——E a _ O Z1, Z»: Opening height (mm)

| |a:l i Si, S: Initial storage depth (mm)
- | 01, 0a, O3: Discharge (mm day™!)
- 1,: Precipitation (mm day™!)
S ET: Evapotranspiration (mm day~!)

ay __ O3

Fig. 4.2 Wik 7 &7
Tank model for the catchment area
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AREWEITI9mm TH 5.

BEK & 1, 13, MR LR T OE Rk EER L TRBY, AETIX
Fig. 2. 1 [C/R IR 3 #05(L,, L, Ly) TOREKEP, P,, P)DREIM FEH(Z Z
TEPETHHERHWD. BN FEHEKE PIX, ZOBNHIMQ044 2 A 1H
2B 2005 £ 2 28 )Y, AKETHRE T DKM OHHNTH D720
EHZFMHAT 222 LT TERY. XoT, bEHMUICBHIS, NoTF —Z DI
B LOEHNES RTES O BEKEBIH A L 2B T 5 BKE P SAiH %

N

T95. Fig. 4.3 1%, 2004 2 A5 200542 HD 13 » AICE T 2 H BALO R
BRI BEK R P oL AN KR Py OB Z R L TW DL ARRKEIE, HHAL
DR TR IRLTCHDH. Fig. 4.3 000, TRENOBRAKREOEKIE, L TFToME

mAATREIND.

P =082 x P, (4. 2)

2T P RN 3 S O BB K B (mm day™), P, RIS FE K E (mm day) T
bD. AKEN TIIAKRERG. DB X Fig. 4. 20 EBEX V7 I AT 5BKE
LELT, XA D)DOWMBNTFELFEKREPZHNS. of, Fig.4.3 2B\ T,
Pk EORMREZ AR OT — & & TRl L 72 Bl X, ik E K & &
WAEAKBEOREBRAE BRMOT — 22 HWTHHE L7256, L HBANORKR A
DT —LZENRDVRNTEDICEZRNAOEKEOEENKRELS LHEMITH Y, ik
KEOBABRAZBEDICHFMTERVWARENEL 22D TH D.

WERHE 0,1%, #vy—Alci -3 < kA (Motz, 1998) 7 L HEET 5.

O, = a, x 4h (4. 3)

ZTAT, ac SR RIS EEIL S 72 SR B K E (day ), Akt WIKAL & A He
FANL D KEE(mm) T d 5. SR A a, 1%, L HF 0 Ak ST HUEE s 28 4
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Averaged precipitation at catchment area P

(mm day™!)

20 i f f
- | Regression equation and
I coefficient of determination
15 7T o T
L P=0.82xPy
[ R’=088
10 T 4 T
I o
5 T+ e o -+
J O
[ o9
0 1 1 1 1 { 1 1 1 1 I 1 1 1 1 } 1 1 1 1
0 5 10 15 20

Precipitation outside catchment area P,

(mm dav-1)
y )

A G

Fig. 4.3 ik D H Bk & D AHBS
Relation between monthly precipitation at the catchment area
and outside the catchment area
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fELZ2WERY, BEfJIC L CT—ETH D EE 2 BN D (Motz, 1998). Li=n-> T,
ARIEHTICIB T DMEEKE a (T—EERETD. £/, 4h 2R T 556 O
KA, RET VK DM EMEEZEA T 5. WREA M FARAMICOWNTE, HH
S FEPE IS AT 1 km 2 72 75 K HUBE (Fig. 2. DO #E FKAZ2S, 1FIEFEE 50.0m ©— &
T DRI, 1972) 2 LD, —EOH TAKME L TEE 50.0m 2@ 5.

W AR 0,1%, HhmH & (Fig. 2.1 OfEE M & IF T O KSR E R %2 Al
E LT, WAKIBDOEAEMNT & N 7 B ES S HEBIEH I, 2003)I2 k> CTHET
5. WHEHAREE 0, DEEMDZYMEICHOWTIE, BIEICBWNT, REIC L E
BT Ty AOHEME MBI T — % %A\ Bowen WIEICLDHER L DO
BIZE o CTHRBRIEES N TWD. £, METOBIRAT 7 v 7 20BN
MM CIZA MM OBKERBEKICEDIBIRAT T v 7 ARBAT T v R
BLETEBINISEBETE 20, RETO/NLZIEIC X 2 W AR EH T
BIZX, T ooRBEEK LEBERGEEZRATS.

WAL S, WHAKBERR&E [ 3B X OFIKE 0,101%, KLE X OFIKE R K
FEA U B, 1998, 2002)IC K2 EHEAL H WS, 72720, Z ZTOMKA S
X, WIKMHEEDOBEOWHIMEL LToLFET 5.

4. 2.2 EFETILINNSA—ADRTE

RETIVCTORED/NT A —XL, Fig. 4.2 DY v 7 €T VBT 5R %
LERE a, WHALRE a2, a5, as, WHILE Z), Z,, FENEICE T Y 7N
AKAL S, S, BLOKG. DICTBTHHEFEKE a. DFFIDTH 5.

RIEHT TIX, 9 DDET N NRT A= DORIEEEENT A — 2O RIBORRD
F] HE 72 SCE-UA(Shuffled Complex Evolution)i% (Duan et al., 1992)% F\TAT 5. &

o, FERBWTHER LEET AT A —2 OFlE, kA DR =B %%
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RMSE(Root Mean Square Error)IiZ 325\ TAT 9 .

1 N
\/F D (Sy=S,) < ¢ (4. 4)
i=l

TS, N RICSCRREMT O B, S o W KAL 00 HEE M (mm), S, @ 35K A 0> 52 E
(mm), &: @t ZHEEEmMmM)TH D, KT CTIE, SEIERBEEHTHEYE 12
X LT, BATSHRRMICHAEEZIT o7& 2 A, RMSE TibAli L 721 /KAL O H#E & 75 2
K100 mm BRJE TH - B AT, TEFT AT A —F OB R(FEFH BT D
% ) F K OV FER KA 3 T 2 HEEME O BB DO R G &2 WL 56 RN HE S
Nie., LT o T, KREEHT CIEERZHE LY ¢ 12 100 mm 26 M4 5.

T NANRT A= HOREIZB VL, FRHAKMIZ3 T 2 FEMEOK WA A
REEREWHERTAIZEEZAMNE LT, KRITEVET AT XA —F I —E Dl
K&tz mmd 5.

a + a, + a; <1 (4. 5)

Z, < Z, (4. 6)

T2, a1 BERE I ORBHARK(day), a1 BB X 27 O T ALAR
¥(day"), a;: 1 BeH ¥ v 7 o B LR ¥ (day"), Z,: 1 BEH ¥ v 7 O THR
M@ (mm), Z,: 1 BB Z 70 EEREARSmm)TH LS. EEOREFTHEIZE
WL, EFHRA99YE S EIC, RME. HOEMEEmMIZTHAICIZ0, Mz S8
% a1 (aitarta;)x10°, (4. 6)D Gk Z 7= TH G 121X 0, iz S 2 WIEE I
(Z\+Z)x10° Z 2NN XA D LEDIZMET 5.

F72, SCE-UAEDOHEMAIZBWTIX, TN NRT A =X ORKRHHZ 7O E

THULEND DO, BEEOMFFE(HF H, 1995; 5, 2003a, b; £ H 5, 2005)
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BILOTMBREICESNT, ZO®MBEZRE L. HEREHO L TR % Table 4. 1
IZ/k9 . SCE-UA HEODOBIENRT A —2 1%, TFEMEEOKRKNT7 A4 7] %
99,999, [HEM %] % 25 &£ E W= LA E T < T Duan ef al.(1994)1C L % #E 531 %

WIS, 220, RRAOMBERZREESELELOMICIE, EEITHREL
%

BT L0, SLEOBIZIS CEEEBIOREFHREZIT> TWD . KEH TIE,
RIS (20032) E FEED B CEE DO Z L 272 20 MO R EFH 24T 9 .

723, 20 BOREFEDORKEE, EF AT A — 2 BNEREM KK T 20 f)FEE
ENDHAITIE, RELERBMDET AT A —F & v THEEE O KIS
ATV, BB R MREEMIM £ 721337 A —Z M MIcx LT, RMSE O

NEB/NESL D 1HERBRETALNRNT A =X L L TCEETS.
4. 2.3 KINEZBHOYPE

AR TIE, 1967 F 5 1997 HFI2B W T 3 DOKWZMEN 7 — A
(Case 1, 2, NEHEL, TETANTA—FZOREEL L OMIEEZIT 5. Table 4. 2
CARI KRBT O E %2 -9, 72, &2 QKMo ArIE, LFD XD
Thd.

Case 1: 1967 FE 4 HF DIk D N B W2 KR HIL, BIEIEEERETII Ao T2 1
O, HREOMBABPIIILBEHIBAROKBERRAOTICH L EZD. £, MHEM
T 3 KOV 0 K SCHVE M E N RFRRTAYIC R & < 2 b LTV 2RI T, 1967 424
KEDOFUENORELTEET NN T A =22 HNT, B GBIEE TOMEWO
KIXEBELOKINZIIHBEARETHDL EEZXD. L > T, Case 1 ITEBIT DHKIL
XRAMT O HEIX, 1967 UK ORMENORIET DETNANT A —ZDOREHEE

1997 4 £ TORNKMHTICT L > THREET 2 2L TH 5.

38



Tabled.1 ET/N/T X=X D ETRIE
Upper and lower parameter bounds

Parameter ~ Unit  Lower bound Upper bound

S mm 0.0 200.0
S> mm 0.0 2,000.0
a day™ 0.0 0.65
as day” 0.0 0.65
as day” 0.0 0.65
as day™ 0.0 0.01
Z mm 0.0 50.0
Z, mm 0.0 100.0
a. day” 0.0 0.1

Table 4.2 7K SZARATHH]
Hydrologic budget analysis periods

Calibration Verification
Case 1 1967-1969 1970-1997
Case 2 — 1983-1997
Case 3 1983-1985 1986-1997

39



Case 2: Case 1 [Z38V T, 1967 42 5 1997 4 £ T O KAL O HE & 25 K #E 70 35 4
WA OHETREZEN RKREL o oW (Case | OFE RS 1981 F L) CHEET T
WRT A —H2DIEEZIT 9. Case2 TlE, Casel THIELZ 9 DDET NI/VT R
— X DOHRT, XV OBKN S, S, DHZHEURZEICHRET DI LE2EZD
(2O EXDITERT-DIE, Case 1 DFEHFERITIH VT, 1988 4 LLE DA KAL D FE
PE L HEBMOEB Y — U BNEPM L TCWEldTHD). LN -> T, Case 2
(23T 2 KIS RN O B #JIE, 1983 4FE 225 1997 D 15 Tk L T BE KL 3Z
fRHT 2 ATV, X7 OHMAKNL S, S, DHEFBHRET D LI X DWAKNA OB
ML Case | CRIELZ T ODET NIRRT A —H ay, ar, as, as, Zi, Z», a.Di#
RAMEZRIET A2 THD. ek, v 7 OMBIKNMIE, 1983 F DO H OEICEH
ET D0, 1983 5 1985 4F (2B W T KM 21T\, Table4.1 TR L
TERENTRE. YO LD N RN ETRDEIICRET S.

Case 3: Case 1 [Z8 VT, 1967 42 5 1997 4 £ T O KAL O HE & 25 K #E 70 35 4
WK DOHETEREZEN RKREL I o oW (Case | OFE RS 1981 F L) CHEET T
JWRT A — 2 DIEEZIT 9. Case3 TlE, Case2 LIIXIRMIZ I DDET LT
A—=BZRTIZOWCTHEHEEZITS. T72bb, Case3 2B DK fEH O H
I, 1983 FLIRICHE W T, A O KLEKMHICEE T DET AV ANT A =X %[

EL, TOZIMEZRIETHZETHD.

4.3 MBREEE

4. 3.1 Case1IZHITHHMKLAETE

Fig. 4. 4 [X, Case 1 IZB T D2 WKRMOERE & ET NVIC L DHEEM, HEKE

PE0.82x P B I OMIAKMOHER ZZ R L TWD. Case 1 IZFEBWT, 20 HDE

40



FNANRTGA—ZDRIEHEEZTEMEE, 2TORITICB O THEEHERLE®E =
100 mm) R e Lz, L2L, RELZ20OET /8T 2 —X20O—E %X
K<, FFTANT A —ZEEHMLEDO 12 F (1970 4525 1981 4F ; Case 11
BWTIEMGESE & X LT, LR [T A—=2F MBI & v o)ZET 5
KOALDOFHAFER S 20 HORITTEAENR L > TV, 20 lOET L/NT A —
ZOHFT, RTA— XA O ERBAKMIZK T 5 FEER KD @ WEAE O
RMSE 1% 561 mm TH v, K HIE WA D RMSE 13 1,418 mm T - 7-. 20 # D E
TNRTG A =2 O =B P o T2 B H 1L, [FE I OKINZHERERICE EN
2 ER B I OHEEREAHARMOBRFRAZL LOK[ET — % REIKIC BT 5 5
RT—2ORHICL D), SHOICHEEHEEE % 100mm & L2 LI2XD
FIEFHHE COTUVREN -BHEORWET ANRT A —FOREZREEIC LT
O ThDEEZD. Ik, NTA—FFMBHMAE 12 FRICRE L2 B i,
Case 3 DRRFEHM D 12 FM & OXIEE B 2, NT XA —Z OFAMi &A% Case 3 &
—HFTHEH5C LD THS.

Fig. 4. 4 IZ R TR OHEEMEIL, 20 HDET NV NRT A —=HDHF T, /NT X —
SR O FERB KM IS T 2H/BBAERN K@/ REZ R L TWVD.
Table 4.3 I21%, TDOEXDET NN T A —F %7 . Fig. 4.4 LV, KA DE
B & HEE ML, RERICIZIERROLE# NZ — 2R L TEY, BARKIIXHT D
JIGENRBD OND. £72, 1980 4 F TOWKM O HEE M 1T, ERMHEE R %L
TWD. LU s, 1981 4 LU O KA O HEE R E IR, o ERZEX
RARKTL760mm Th o7z, 728, 1970 6 1997 F O MM FIZ 31T 5 RMSE
1% 852 mm TH - 7=,

LEDFER NS, 1967 FLREOFUHENORELIZET VAT A =X EHNT,

1967 FE72 5 1997 £ TD 31 FEMOM AN EZHE T 2 Z LITRETH 5.
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4. 3.2 Case2|2BITHHKEEHTE

Fig. 4. 5%, Case 2 IZBIT 2 MKAM DO ERE &£ T VI K oHEEM, HEKE
P(=0.82 x P)B XK OHEERZZ R L TWD. WIAKNOHEEMIL, Case l
CBWTHEEHICEALZ THOEFT AT A —21970 FE0 5 1981 FED /35 A
— X G TR O BN R b @ ol TIOET AV RT A= YyDH D T
DDET NG A= ay, ay, as, as, Zi, Zy, a. BELOFHZICHRELX 7
DHKAL Sy, SIS FEREZ/RL TS, Table 4. 3121%, TDOLEDET
JVRT A —Z Z R . Fig. 4. 5 1273 X 912, Case 2 128 F 5 KA O HE & K EE
ITAE S BEIC 1987 45 4 A DL O MK OHEE T 500 mm LA L LAY, F Dk
2,000 mm # x5 H HfF7E L72. 1983 400 5 1997 4 O MR Ak H1 [ & RMSE 1% 1,343
mm ChHo7. 728, Case | CRIELEZEV D I9MDET NV RT A= EH W
BAEIWZBN TS, WKAL O HEE 8 13 5 HE 2 08 R FEN 3 2 I d - 7.

Case 2 (28 F 2 MIKALHEERRZE D IR O —->1%, 1983 4F LI D KU S HE Bl 2 37
ICEEND EMUB L OHEAEMKMOBHRER LKL T — % XAFICE
J AR AT — X ORAICEDBEE)DREN, 1967 FUFEOL D LR D Z L
WCERLTWS 2 EE2ZbN5. T7h0bb, 1983 4 LI O W AL 83 (HF J & BT
BT DA MEEELS EOFIKEE O — LBl 1967 F4FE@ER/NRICE
TJLKRAMBLHNORDL L R0 D T &, FEEHICIR T 5 1983 F 4 K D G BLMI(1983
FN D 1985 FORMMBEE 1 H)YD 1967 FF Y FE(1967 F-20 5 1969 4F 0 K H %4 -
114 BYORIWER D ZLICLDEENEZOND. F12, BHIOKKE L TIT,
T8 O Jak 0 K SCRR PR (MUE OAE AR e Uy, RFRE O & L b Itk LT 2 2T
X ENEZOND. ERBRQ001)IZE D 1980 55 1998 4 o b [ 1] i 1%
DRICFFVEICBE T 2 7 — 21 X, i i i ds oo Ak B A XA i i & 5 2
ERHEINTND.
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Estimation error (mm)

Estimation error (mm)

o0 Measured

= Calculated — P(=0.82xP,)

66

64 TJ

Lake water level (m)
()}
[\®)

58 7

56

3,000
2,000 T
1,000 7

-1,000 7
-2,000 7

T T

-3,000 ' l
1983 1985

1987 1989 1991 1993 1995 1997
Year

Fig. 4.5 Case 2IZ81T DKM OHEE
Estimation of lake water level for Case 2

0 Measured

= (Calculated — P(=0.82xPy)

66 7

| ELILL I L

64 T3

T

62 7

Lake water level (m)

N

(]

|
LB B

58

(9]
(@)}

Calibration|period

~ 300

T 200

T 100

3,000
2,000 7

1,000 7
0

-1,000 T
-2,000 T

L

-3,000 : =
1983 1985

1987 1989 1991 1993 1995 1997
Year

Fig. 4.6 Case 31Z8) DKM OHEE
Estimation of lake water level for Case 3
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Table4.3 3204 (Case 1,2, ) ICBWCRELIZET A NRT A —F —
Calibrated model parameters in three cases (Case 1, 2, and 3)

Parameter Unit Case 1 Case 2 Case 3
S, mm 69.8 0.0 60.1
B mm 73.9 0.0 154.5
ai day” 2.370x10" 2.370x10" 2.107x10"
as day” 3.812x10"" 3.812x10"" 1.775%10”"
as day 2211x10" 2.211x10™ 2.142x10™"
as day’ 0.910x107 0.910x107 0.790x107
Z mm 28.2 28.2 325
74 mm 44.9 44.9 43.0
ac day’ 0.225x10™ 0.225x10” 0.268x10”
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UEDZ ENB, 1967 FXREORMFICE SV TRIELEZ T DDETILI/NT A —
Zoay, ay as, as, Zi, Zp, a. & 1983 FEHIH ODMEICHRIE LIz ¥ 7 OYIHKAL
S, SEMVWELGIZE N TS, 1983 FLUEOWI KM OHE 21T 5 Z L ITWEET
» 5.

4. 3.3 Case3I2BITHHKEEHT

Fig. 4. 6 (X, Case 3128 T DMK OERE & T M2 X DHEEM, HEKE
P(=0.82 x P B L IKMOHEER EZELZ R L TWD. Case3 IZBWT, 20 FDE
TNANTGA—=ZDOREFAEEZT TR, RTORITICBWVWTIRENHELKE(E =
100 mm) R A E L2 AELEZ200DFFT 8T XA =20 —EMiTE <, 1986

6 1997 F O RRFEM I BT 2 KA O FEFER S 20 [ ORITTIRIF—HL

(\\IF

20O T VRN T A —FZ O, FRAaE M o SE R KA k9D BB N &

HbEWEA O RMSE 1285 mm Th VD, HHIEWIGEAE D RMSE 13 388 mm Th -

(\\IF

ST bbb, 20 EOMSE LEREFFEEZAT O LISk o T, WKALOHEE RS B
28N RMSE THc R 103mm A EL7=Z 2272 5. Case3 I2B W T, HJE 5 (2003a)
WL TWD Koo, BREFMBEE RMSE % AW I E I (R @HT Ti% 20 [A])
DREHEICE T, —BMHEOEVWETALATA—ZREESH, BERLTT L
WNRIA—BDREREATHI ZENTE, £72, 20/ lOET VT XA =4O —EHHE
2, Case l OHA XD b @A o ML, KR ERICE N5 EMB LY
WHEBREERBERORMAREICERNT 2)OEEN, TNV RT XA —2DORFEIC
BOWTHEBH/NES ozl ThdrEEZLND.

Fig. 4. 6 [ /R T AN OHEEME X, 20 lOET AT XA =X OH T, ik
OFEPHKMAZ KT T2 HEMERN R @ P o7 b D& LT 5. Table 4.3 121,

ZDOEEDETINNT A =X &R T . Fig. 4. 6 ([Z3F K 912, WK O HEEE
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FEREE LS —FHLTEBY, AELEET VNI A= % HWTIEFEDMAKLD
ZALIZHEBEAETH D, 7o, 1988 v D 1990 T35 1T 2 M KN O HE E 7R 22 1%
FHEREDD, ZHEBRKOZERPREXEORMBER L, KKK ERICE F
NHEWEZTHEEREZDOAERERENGALLERERETHDLHEEZD.

4. 4 #

RETIHE, HIKOBEREREKEER TH 2 AMICE T, WAMEEET VE
HEEE L, 196725 1997 F £ T 31 EMIT O 2 FEMH KA & D HiiZ X - T,
ZOFEMEEBF L. KET X, MEBIZE T 595 AK E KD KIS
ESWTHAMO BZ{bZHET 2D THD. KNERICTHBITHHEEHZIZHON
T, BAKBEICITRBONEKEN S OMBMELEH L, MEABEIBRHAT 7 v
JADZBE B Lo N7 ECHH, 20032 SWTHEE L2, £ 72, )ikt
fHEB X OFIKEICIE, KICE X OFIKE B AR E S JUM R BUR, 1998, 2002)
ICE B ERMEE AV, HEmARR X OWERH R, fifEr 2By 25
NBXRZALVY—ANCZESWTHEL, 9 2OFTNANRT XA —X1E, BT X
— X ORISR D Al RE 72 SCE-UA V£ (Duan et al., 1992)% H\WCHE L 7Z.

1967 4D EENSRELIEZET AT A — X % HWT, 1997 £ F THK
I S AEAT 2 AT o 72 4 F:(Case 1 3 L WY Case 2), 1980 4= F T DO AKAL O H#E: &1L,
EHME MR —F L7z, LavL, 1981 FELLRRIC IV Tid, WIKNAL O HEE # B IR
T Lz, Zhid, KIHERERICE 2 FERE X OHEE 7 2 A9 KN o BRI
RAEBIOKLRT —#RUHFIZBITL2HMET -2 ORBIZEI2BE)DOEES
L FE A dEk 0 K SCHRE IR (MR SR A 7 E) A%, 1967 AEMEE L 1981 EMEE TR D
ZEIERLTWL EZSZLND. LB o T, 1967 FEYIFOFKIFIZE S W TH

ELEET ARG A= %, WEOWARMLOMEIEN T2 2 LIFRETH L &

47



Zx, 1983 FLUEOHMICK L THEET VL ART A =X ZHE LKRIEEZIT > -
(Case 3). = OFER, WIAMOHEEMIL, ERME L —F,L 1986 F205 1997
FEORFEHM O RMSE 13 285 mm & 72 o 72, Ko T, 1983 EYUREOLHKMFITHE SN
TRIELEETANRT A—=FZH WD Z LT, 1983 4 LLFE O #h [ 0 KA HEE
AIEETH D .

UboZ b, HELZAKRAMHEE T T V0%, i H o KIS O g <0 K F

MBLIOKEBRIZOWTHHAT 25X TARRET VL THDL LEERD.
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Padas

E5E HKAEFEETIVICEDCHBABOKIRES LU
KFA - KEEDEZE

5.1 # #

A, KEJRELTOMTIE, £2< OKERL X OKEBREMENBEE/LL T
5. FOELNANBHREECLLILOTHY, HADOAHEGZ2 KR AP LK
BHIIMNAEATHD. £oT, LT HMWMOKINIZH NI L, KD KFHH
BLOKEEPBIKMICB RETEELZFMT D 2 &1L, FRICHR D KF MG
B & E D) R MK E RIS L T TEHETH 5.

RETIE, HIkOBEREREKER TH 2 M AWK LT, Al CHE LK
NHEETET V2 VT 1983 5 1999 4ED 17 FM D KIN KL N 217\, WD
KL DORFEIZO>WTREZIMZ 5. £z, WO AR &K IR L
TA4D2DOFMERE L, 17T FEMOMAKMD Y I 2 L —3 3 08 X o Tl Bl Kz

B IEFT KL LOKEROZEICZOWVWTHRANTS.

5.2 f@fAE

KREDOMHARMHAEE T T VI ED S KINMRHT TIE, AiEICBWVWTET LD EY
PE 2 fERD U2 KU SCREAT IR L 0 b 2 FE R 1983 500D 1999 £ 17 4] & %t
BT 5. LER-T, AMIICE O TE, £ 1983 FE0 5 1999 4F D K I L fi#
Hri R st 2 KA HEE £ 7 0 0 %Y P A2 ERIIKAL & O HEIC L > THE
WRT 5. 72k, WAMOFEIZRRAMATITY, ZOHERZICOWTIX, B
KL D FHFEAE & FERE D 7% 72 O IR AR 22 RMSE(R (4. H)Z ) W& DM k-

TR 5

49



AIENTIZ B W TIE, FIKEO R L OWIKRAIC I KIF T8 %2 55 H N H
RAHEDIT, FAEFEZ EA, KEAPABOHAKE XM ADWHAKD 3 %
BT THRFEIT D). LER-T, R ETDHKINCERIL, BAKE, MR
A&, KRG &, WERHE, MimA¥E, AR E, KB I OMH)»
ABOWHKEDOR 8ERTH L. FHEFEOENME 2 1XHEEMICH LTIX, FH
AR — W KA & OB AW G NICT 572012, T— X ZHEMALOLFEE
KOVH HALICHEIE U 22 do 9. diedlopi A &, SR &3 KOS L 7 kIc 5 S <l
MR R BEOHEEM I3 L Cid, BEEDOHIIEIC & 2 HEEM -t o #EE Tk & ot %z
TV, MEM CORMIZOVWTEREMAD. UTICETORKGEZERS

TR A BAZ DWW TR, B AR EIZ 36 1T 2 Bk & & i m o B AR A2 A
DSWTHRET 21T 9. B H(2004)12 L 0 2R S A7 F AL O FFE KR & i H & o B4R

%, RATREND.

D = 0.0048 (P'—500)"¢ (5. 1)

Z 22, D: FEWHE (mm year"), P FEREKE(mmyear ) TH 5.
WERHEICOVWTIE, 70U X0 11 OB LVARMAIBICRAD 2 2O H v
FTIWICEB T 2MEBEKELMERDEEOLBEEZITY, —BOICEDORE DR
HMBAHENOAEL TWDE, ELZOEEFMERICONVWTEREST 5. £z, HHIMH
D X DT PRI T O H K R YR T X S TIE, RO A & & WETR H =T
WO DM T KRAREEMIE TCOM T KR ESE LTFHMTE L2 06, i
IZHBITDH T ARDWA & FEH OB RFEHEIZONWTHEREEZMZ 5.
AR IOV TR, SEKIR DM O ERE N FET D 2000 48, 2001 4,
2004 45 KUY 2005 FE &2 RIS, MEMICE T 5KE KRG EFROFENMHE, K
Hh Jk S G 8 B BT & B IR AR B b Ik S S LI T (Fig. 2. DICB T 2K B kB L O

Bowen thiBEICE S HEM L T 5. RFETO Bowen HiEIC L A2 H AR E
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&, RATREND.

R,-S
E—Tﬁjﬂ- (5.2)

WS, E:MmAREREKkem?s), R, EWREH T T v 7 A(Wm?), S: HFR T
F w7 A(Wm?), [: KOG E(=2.45%10°T kg"), f: Bowen tt TH 5.

WK OFIH & AKE B M HWIKAL IS 3 KT T 803, Rk 3 B3 &)l K ks
BICOWT 4 20% M2 EL, K2 OKIKSEMITH LT 17 FE/MOBIAKAD
VIialb—va YN E T 2L TR TS . IRE DK S ML, UTFD XD
Thb.

Case A: Fll/K 3 ZHE LKA EDB 2 WG A (NLNEED 2V ERDO KK
& 1F)

Case B: WiIAKDNREMKE LTHHIATIZ EAKE LTORFMZH, WK
iR ic LB KEBREITDR VWS

Case C : /K2 EAK EAKBENADWHAKE UTHH S UK AERS 1T K 2 KE
BAT LR VGAIINA DB WEENE R SN2 o s

Case D : /K 23 F2ER D KFIH S & RARIC ok, K H 38 K OVEH A A A3 v K
ELTHRIAH SRR IC K DK EH AT WG S

B, WIAMOHFEIZEBWNT, TXTOAKNIXEEZLZBELHEORNEEAR

BT TERBEOKNEKMN] &35,

5.3 fERLEXR

5.3. 1 RBEOKIRIZEFHIZE T DEKA & KINZ

5.3. 1.1 MKEDOHEELEZANEDLLER
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Fig. 5. 1 1%, HiH M O EEEDOKINZEMHEITE T 2 BIHKA O FHEAE & 321 i 3
FOHE AR Z R L TS, FRRNKERIL, B OKEICHBRE LZETH .
Fig. 5. 2 (21%, HKNA OFHHE & FRE O M Z =3, f B oKL, #ha
W62 m A D 66 m OFPH(LLT [EEOKMESR ] LWI)TEHL TR,
—MKIZ8 HM B 9 AICEHEmERY IAIIHRIKERD. 2, MAKMOA B LOHF
AL, RTL163mBELR212m TH-7. Fig. 5.1 B LN Fig. 5.2 kv,
AN OFH M & FRMEIZT LS —HL TR, RERE RPBIOEEDEYE
@72 RMSE 13X 095 8 X0 0.27m Tholo. LEN->T, KET /L, 1983
5 1999 D 17 I F 1T 2 B 0 KIS I K AR O FEAl I A A 722 €& 7 L
Thd. ok, —MRITHWERE A4, 1%, WARMOBE(Fig.2.2 )L LTI ND
N, WMmfEEZ b E G Ee L —E L Lo E Ok A &R K& O KFEHE
EIZRKERHER VAT EIEFHECHEREZ —EL LESED 3 %R

Thol)Z &b, R CTIE—EMUA,=10.62km)Z HW5.

5.3.1.2 KIRX

Table 5. 1 |2, AMATHIMO 17 FEMICE T 2 H B L OERN ORI ESR DR
FHE(R K, &/, BEERE, FHE)ZRT. SDIIEMERATH 5. Table 5. 1
L0, KINTZEZOELET, BAKE(S.D. =435 mm), Hi1i A & (S.D. = 461 mm),
BEOWINAKMEK & (S.D. = 731 mm)D i A 3 EHHE THIC K& <, Fig.5.1 L1,
INOOEZENEMLULEFEOWAMD EFIZHBEHRE W, £, MHERICE
WCE, MY A S WD K EE(S.D. =290 mm) D AE L E A A K& <, KA D
RTFEAKREW 1994 05 1996 F121E, ZEROTKRRENA TS, ZbDZ
Enn, b4 ERENMBMKMOFEEEBNCE XITTEEITIRE V. 2, M
JEUR &, WmARE, FAKRKFAHELS XOKBPADWHKEDOFEZEE L/ I 0.

Fig. 5.3 1%, KN X EFZ DA ZELE/RL TW5. Fig.5.3 5 L Table 5.1 L 1,
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Water depth (mm year™!)
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II1ITOW 110111 CALCIUIICIIL dICd k] INIVEDT WALCT SUPPLY

Lake evaporation 1 Tap water use

EZE] Paddy field irrigation M Upland irrigation —— Calculated o Measured

Fig. 5.1 HIAKALOFHREME & FRIE O Helkds J O KIS
Comparison of calculated and measured daily lake water levels and annual water budget

Measured lake water level (m)
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61.0
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Calculated lake water level (m)

Fig. 5.2 W/KAZOFHHEE & ERIfEDOF RS

Relation between calculated and measured lake water levels
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Water depth (mm month™!)
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Table 5. 1

17ERNC R8T 2 A 3 KOO KNSR OFLFHE

Statistical values of water budget components on a monthly and an annual bases for 17-year period

Monthly (mm month’l)

Annual (mm year'l)

Component - -
Max. Min. S.D. Mean Max. Min. S.D. Mean
Precipitation 797 7 133 164 2,982 1,415 435 1,962
Inflow from catchment area 506 1 86 97 2,113 570 461 1,165
River water supply 620 0 107 51 2,193 0 731 607
Leakage 134 92 10 115 1,490 1,183 91 1,380
Lake evaporation 168 14 41 77 1,083 786 90 923
Tap water use 67 33 7 54 707 567 38 649
Paddy field irrigation 115 0 36 26 387 64 79 312
Upland irrigation 244 0 35 29 1,141 36 290 347

S. D. is standard deviation.

*E .1 Precipitation

T T T T
% Inflow from catchment area
1

|

River water supply

|
TTTTTTTTT 17T

]

' |.|||_ ‘I|IIII|||I‘ II.II ' -I '
L L T

T
'

1l
T
|| |. ||||||I| -

. T T

|

wmmmmmmmmmMmmmmmW

Leakage

% | | | !

% Lake evaporation %

F f f } t t f t } t f f f f t f } ?.
i: Il L L 1 1 L Il L L 1 Il Il L Il Il 1 jl
% Tap water use %
N | S S . SN e e L Sei e
g Paddy {ieid irrigaiion g
. ! ! ! T — ---T'---.....---'r--------:-,-..I.“r'-...-.I..-+-.,,.....--L-..- ol e
+ Upland irrigation 3
1983 1985 1987 1989 1991 1993 1995 1997 1999
Year

Fig. 5.3 MLTWIO) ALY 0> A Y

Monthly changs in water budget of Lake Ikeda
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KIS B F O A2 bIEIA 3 R THRICK E <, FHAL O ZEIT B~ 403 i 28
FE, KEMADWHKED A ZALIZHE R E W, KN SEFE & KA O Z=Hi
AL OB X WA OIREZ A 52T 572912, Fig. 5.4 (2 1983 4E7> 5 1999
DK H ONYEKINI &SRS Z 77 . Fig. 5. 4 IZ L4uiE, WA 3 ERITR
KB Z WHEREEI O 6 AvD 7 AIcZ< 720, 2RO 11 Ars 2 Aich
R, E, BMHEFEFOE MM E LT Fig. 5.3 8 X O Fig. 5.4 12 X, HE
RHEX, FHEACPARBOONTHFERZEL T —ERE WM T 5. WmAR
BHiX, 2APG T ARSI 8ANPDL 1 AICHEBEMNRELS 2D, KEOHER O HLH
MEAOFEHEZ T, HEABREOFEH LI, 5 3 = CELMBIH & 2N
Bowen JWIEIZE S W CHE LB Y 7 v 7/ 20 FHE (L E MR —%T 5. KH
AWK EE, KEOPARWHICHY TS 4 A5 9 ACHMLTWS.
—J7, WAKALIE, MBI OF AR KO Z RO FH M R KIS L > T
fbL, MABERIHMTLO5MEREHICRES EFLIANLIACEKmERD.
ZDBKAIL, WI~DORMAELY bIRHENZ 2D 10 Ab 3 Alzng T

BTFL3AICKIEKE RS,

5.3. 1.3 MERAESIVHERLEZEDFTM

A A BB X O E R & ICBEE T 5 BEE oM & L T, Krabbenhoft er
al.(1990a, b)lx, LERM AL 3 R FT/KRWEIE 7 V% H W TALk @ Sparkling
MIZB T O T KOMAELBHELHEL, T RKBAZEDOFHEMITIKRE
<, HIFAKMMHEIZFFRIICH L TSIZEE LW I 2Bl L VWD, £,
Motz(1998)i%, 7 1 U X dD 11 ® J1 )b A MMHIZ 3T 5 B 3% K JE & R H =12
WTHEHL, —RICTXToOWNIZE T 2WEREEORME(IT/IhIVnE LT
L. IO OREIE, MMETHRZHBEMICE T oMkt AR S MERL =D A
BLOFEZORHEE —&8T 5. WEFEE LY bR A &R’ 228 K&
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Water depth (mm month™)

V272 Precipitation [ Inflow from catchment area EESy River water supply
Leakage Lake evaporation 1 Tap water use
B Paddy fieid irrigation mmm Upiand irrigation —O— Lake water fevel
800 T T 64.5
B e Q’/“O\ :
600 t N g/ \ T 643
400 T D I - ]
L AN . . . :_ 64.1
200 T 2w U U 7 ]
r b b7 % / / y . - 1+ g2 0
[ ¥ Z Z 7 7 4, vz 2 ; A 4 97
0 T a n ! ]
£ A @ U + 637
200 ¢ - g ]
400 —+——+—+——+——+——+—+—+—+—+—+635
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Month

Fig. 5.4 198302 D 19991 D6 H O F /KIS ds & UHFE5il R
Monthly averaged water budget and lake water level from 1983 to 1999

0 Lake Ikeda model --v- Arai model

2,500 7
2,000 7

1,500

1,000

Run-off (mm year™!)

500

-+ \ / \ T

1983 1985 1987 1989 1991 1993 1995 1997 1999
Year
Fig.5.5 % v 77 MZES S MBHET Vv EFHET VG, 2004)
(2 &0 BE L7 s I o 3t HH i oD ELi
Comparison of run-off in catchment area of Lake Ikeda calculated by Lake
Ikeda model based on tank model and Arai model (Arai, 2004)
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WEEH & L T, Krabbenhoft e al.(1990b)i%, A F/AKDH FAKBEKEREIZHT D
RN, MHHTAKOZNIV LRIV EEZEHLTCVS., FKBEEREDE
FPEIZBI L C Asmar and Ergenzinger(2002)i%, JE¥#EIC X4 5 500 4E [ o & B Kk
ALy F U A MREHTIC BN T, FRlii A &2 @S35 72012k, H T KEE R
DOHEBEBNEETHLZ EEZBEHL VWD, MEMICE W TIL, KD EN B
KO FARIEERBIZ ODNTOMFHEI 0 Tidke <, 2 b OFliiE4 % ORE
THDd.

. I 0 4 B 0 SR AN BT 2T, B IRE L2 TV (HTHE, 2004) &
B9 5. H QNI I NIE, BADO X H 72wl TR - dAVE AL ik 2 ks 1
Lo FEwREEIERG. HTERITE S, Fig. 5.5, o7 ®T71Iic&ES< M
e L EXG DoFHET VICEVHEE L BEREkoER e 2R L
TWS. MHEMET VICK2FREEOHEEIL, HATET IS L0 ML 2FE
Fm &Ml — 8T 5 (R*=0.88). —J7, WIEKIKHEICO W TIX, thoil & otk
D7=®IZ, Table5.2 1272 U Z® 11 ® AV A Mif(Motz, 1998), HAD 2 52D 7
)7 7 #l(Chikita et al., 2004; FJE 5, 1967)F X OV H I o § 1E 1% K FE & i IR
MELZ AT, SEEKECHERHEIX, —B&RICHR LT 20T TCOKRIIHE
FetE X - TR L2, MHEB TOHREEREIL, o 13 OWMIZH T 28 E R KE &
WERHEOFHMENICH D BTV EZ R . bk, MEW & RKOKRKZ b
2 i B I (Chikita et al., 2004)F X OMEZ B (FE &, 1967)D M K W H & 1%,

% 22 O W FE 79.48 km? & 4.68 km? IZ%f T 5 KIERFETH 5.

5.3.1. 4 HEZEXEDFE
Fig. 5. 6 |X, 2000 4, 2001 4, 2004 £ 3 LN 2005 4F D 4 F ] D 3L 7 B
SWMHEMET L E Bowen WIEIC XD ABMOME A EELZRL TS, F7,

Fig. 5.7 1%, METIHECI2WE AR EOHE THS. ZZ TORMYMITE W
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Table5.2 71 U X DDAV A Ml (Motz, 1998), B AR D220 # /L7 Zi#fl (Chikita ef al., 2004 ;
T2 5, 1967) 36 X O O SRIEE K BE & IR IR Hi B oD Lo

Comparison of vertical conductance values and leakage among 11 karst lakes in Florida (Motz, 1998),

2 caldera lakes in Japan(Chikita et al., 2004 ; Nakao et al., 1967), and Lake Ikeda

Lak Period Head difference Vertical conductance Leakage
ake erio (m) ( day'l) o day-l)

Jackson Oct. 1954 to Jun. 1957 3.0 0.108 x 10 0.3
Placid Jan. 1955 to Jul 1956 9.3~10.1 0.193 x 10 1.9
Orienta Jan.—May 1971 3.29 0.304 x 10 1.0
Lucerne Oct. 1985 to Sep. 1986 2.33 0.523 x 10~ 1.2
Johio Apr. 13, 1967 to Oct. 2, 1968 13.7~15.3 0.660 x 10~ 9.5
Grace Jan.—May 1971 6.10 0.822 x 10” 5.0
Kerr 1962 —1969 1.22 0.822 x 107 1.0
Barco May 1989 to Dec. 1990 1.55~1.83 1.058 x 10~ 1.7
Brooklyn Mar. —Oct., 1960 8.69 1.345 % 10 11.7
Roy Nov. 26 to Dec. 26, 1978 4.9 1.874 x 107 9.2
Sherwood Jan. 16 to Dec. 31, 1967 1.05~2.92 2.740 x 10~ 5.5
Kussharo ¢ Jun. 2 to Oct. 11, 2000 - - 42
Kuttara ® 1964—1968 — — 8.1
Tkeda 19831985 12.5~15.7 0.268 x 10° 3.8

4 Leakage is calculated by using the lake surface area of 79.48 km?. Head difference and vertical conductance
values are not obtained.

b Leakage is calculated by using the lake surface area of 4.68 km2. Head difference and vertical conductance
values are not obtained.

58



Month
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

i e ——T———— —
-o— Lake Ikeda model T 150
5.0 [ Bowen ratio method 1
40 F (a)2000 1 100
3.0 |
2.0 + 50
1.0 ]
0.0 - 0
60 +—+——+——+—+—+—+—+—+—+—+—+—
T 150
5.0 F (p) 2001 ]
4.0 !
T 100
2030 ]
g ] &
-; 2.0 T 50 =
E 10 y z
N2 1 ¥
& 00 0 2
*g 60 T—F—F—+——+—+—+—+—+—+—+——+— g
153 5.0 T 150 =
SO (c) 2004 1 5
2 40 ! s
E T 100 -
3.0 ]
2.0 + 50
1.0 ]
60 F—FH—F—F+—F+—F—+—F—F—F—+—+—
E T 150
50 F (d)2005 ]
40 T ]
E T 100
30 F ]
20 T + 50
1.0 £ ]

Fig. 5.6 44 ((a) 20004, (b) 20014F, (c) 20044F, (d)20054F) D/ S/b 7 {EIZ IS <
W HEHE TV & BowenLiAIZ X 2 W78 5E & O g
(4 :BowentbiEDT — X 72 L)
Comparison of lake evaporation estimated by Lake Ikeda model based on bulk method and
Bowen ratio method for 4 years ((a)2000, (b)2001, (¢)2004, and (d)2005)
( 4 : No data for Bowen ratio method)
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Fig. 5.7 7V 7R3 MEHIE 7L & BowenbbiEIZ K 228 % &0 H R
Relation between lake evaporation estimated by Lake Ikeda model based on bulk method
and Bowen ratio method
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Fig.5.8 RIUHFENT T v 7 A% F\WIGA O/ IV 7 EICES BT T v

Relation between lake evaporation estimated by Lake Ikeda model based on bulk method
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L BowentiEIZ K A IAEZAFE & OFHEE

and Bowen ratio method using equivalent Lake heat flux

60

6.0



T2001 FFD 4 AN 6H, 10 A5 120, BEU20054FED 10 AD 12 AIC
BWTIHE, $hEAKEDMAOT —Z BN KHP L Tz 72 ® Bowen FikIZ X 5 Wi 7K %
BEOEENMTA R o7, Fig. 5.6 B LV Fig. 5.7 L v, WHEEEIC X 5 HmE*A
REOLEEH NNY — 3R —F L TV B R*=0.85). W< DD W To & D
EIX, ETNVICLDHEER 2 L Bowen IEDON(S. 2) 0K ERICE TN D AiEFHE
HICERT 26D THD.

Bowen FLIEIZR T D ARMEEMEORMBEIZ O TR, /R L0 KNG 2D T T v
7 A SITEEND ARHEFEVENIEHR S LTV % (Crow and Hottman, 1973; Rosenberry
et al., 1993; Winter et al., 2003). HEHABEOHEICB LT TR T 7 v 7 X S
DEBIZONWTIE, AU T T v 7 22 W T, iHME 7 /L & Bowen HiEIC
L HOMmARELIKT L TCEOFMMAAETH D, Fig. 5. 81X, 4 FRH O
N7 EICHES LS EH T T v L Bowen FhiE O RFEVE ICH € T L O IFEL T
Tl A A WCTHELEZWEHAREOMBEEZ/RL T\5. Fig.5.8 L0, [f
EBRICFH U7 7 v 7 22 WD 2 LT, WMmEAREO —HEIIREmEL
72(R*=0.99). ZOFERMD, IFBANT 7 v 7 A S OHEE 2 IXFERREZEN, @
7 /L L Bowen HIEIC X2 WHAFKEOHEMICEGE 2 DEBIIRE V. Lo
T, MAMOMEAEREOHERELR LSEL-0IITIE, 7, BT I v
ZOFEAMBEELSFMT 2 ENEETH D, ShE KM DA O EREIZEES N
HFENT 5w 7 ZDFFAEIZ SV T, Rosenberry ef al.(1993)1%, DAL IRIC
Ko THFHMICEZEOKIBBMNBNMLETH S Z &%, Crowand Hottman(1973)(1,
Hefner i (% @ F5 10.12 km*)IZ 4 B2 KRB S5 1 206 S8 THY, K 2.1
km* 12 1 S OEA CRKEBBUALETHD LEMLTNS.

B, AROFEOHMEKIE OB, WIRHICKTL 1 ABRHTHLZ LD,
Ak, SRIELKIR o 2 LN R0 A 1 KR 3 AT D BN I K OMHEE 72 2o T o R Et

MBLETHD.
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5.3.2 REDKIREZEHIZCEITHAMKEZIa2L—Pa Y

5.3.2.1 Case AlTBIFHHMAKEZYZTalL—Pa Yy

Fig. 5. 913, #HEICIH W CTHIAK & WJIAKARE D 72 WA O Case A (NATIFE
BORVEKRO KRG K T 2 AR X OFEKINZEZ R L TWD.
DT HIZ, FEOKINIXGHEIZB T 2HEMOFEMAKMNEZ RS, £0,
Table 5. 3 |2 17 M O FEEIWAKAL, FERO KNS EMIT BT 2 FHHEMIKNAL & DK
fir 72 & RMSE, ¥ KX OVJEJE & %2 75 9. Table 5.3 (28 1F 2 KA 2%, FEEOK
WS & ARGE DRI SR IC BT D3RR O BB O EE RS, 7k, F#
B D KL ST BT D RFEIIAKAL O 17 4R O F¥IE X 64.08 m T - 7=,
Case A IZB T 2 M HIOKILZIZONT, Dl TH -7 1984 4005 1986 4,
1994 4, 1996 8 L OV 1997 £ 6 FM ZFRITIE, &V O 11 F£MICB T D~
DWABEROBRBEITIRHBEROBELY bEZ 0o/, LN -T, Case AlZHET
DMARNNT 2RI ERBEM Z R L, FFIZ 1987 400 5 1993 4 DKL I, [
m U7 < DEE(0.96 m year) T EH L7-. Table 5.3 (2 X iE, Case AITBIT 5
SR KAL X, EEEO KN EMHIZB T 2 KA LV H 4.09 m (RMSE = 4.84
m)E o To. Fio, Case AZHIT DKM DOEBEMEMIZDOVNT, 1994 F LD 6
FEMICB W TE, WIAMO EFEmIXIEEALERD LT, ZHO TR T
[1(0.10 m year )% /R L72. 1994 4ELIFE O KAL DK Fi2xh L CiX, 1994 45, 1996
FB LV 1997 FOLRNICE 2 b0 T TlEA <, WARMD EFIZHE S 5
BEOHEMNEEL CWD., KRETVICE T 2WIERE EIX, X@. 30K & itk
SHE T K O KIAFE AR IZ XV IR O EFICHE- THMF 5. L7zd - T, Case A
(BT DI E N BIXWIKAL O BRI THIN L, 17 4 H 0 ¥ {E (Table 5. 3)
1L, EEOKIEMEIT I IT 2 MK H & O %) fE(Table 5. 1)L D $ 29 % (401

mm year ¥ N L 7=
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Water depth (mm year™!)
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Fig. 5.9 Cace AIZKIT A HUll/RAT 35 TNMEKINEFDY S 2 L—2 3
Simulation of daily lake water level and annual water budget for Case A

Table5.3 420DV I o L— 3 V47— R TR 2 WKL, FEEOKIEMHIZE TS
FHELIAKAL & DIRNLZE & RMSE, 35 X OGS Sk H &
Mean lake water level water level difference and RAMCSFE from calculated lake water level under the real

water budget condition, and leakage for 4 simulation cases

. . Mean lake water level  Water level difference ¢ RMSE Leakage
Simulation case (m) (m) (m) (mm year'])
Case A 68.17 4.09 4.84 1,781
Case B 64.84 0.76 1.52 1,454
Case C 6215 -0.03 1.50 1,280
Case D 61.65 -2.43 2.85 1,142

@ Water level difference is difference of mean values between calculated daily lake water levels under the
hypothetical (Case A, B, C, and D) and the real water budget conditions. Mean value of calculated daily
lake water level under the real condition is 64.08 m.
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LB XD, FIKERIKEER O 7220 BIRO KIS SR B T 2 it Bl o KAL
3, BAKEEHIKFEHEODEICK > TZOEBHHEMITERLI DD, —KIZ L

A AR L, EEROKNIFMICBTIDWMAMLEIY bE .

5.83.2.2 CaseBIZHEITFH MK IaL—Yay

Fig. 5. 10 /%, WK EEMKE LTHB IR TIZ EAKE LTORFIH S, 1]
JIAKEEAGIZ X2 KEHEZIT DR WIS D Case B 1Tk T 5 HIAKN I L O KIL
X&ARLTWD. Case BIZE T DWIKAIEL, 1993 15 1996 0 —FH D HfE T
mE66m LD bE< oz, LrL, Case A O /KAL(Table 5. 3) & g
AL, Case B O FEJWIKALIE EAKFI A EIZ KL > T3.33 miKF L7z, BB
BWTIE, FIZORO 1984 05 1986 40 3 FEMICEB T DMK OIK T
(Case A @ 0.43 m year' {Z%f L T 0.92 myear ) IZ K& <, &5 1994 £ 5 1999
AT BT D KN T £R(0.29 m year)ix, FRHIM D Case A IZH T HIE FHE0.1 m
yearYE W b K& o, ZoZ s, WANEKE L TORFIHESRZSE
B O ML EH O KALIZ, Case A DKAAR T LD & 1984 05 1986 4 TILA 2.1 £F,
1994 4E 52 5 1999 4 TIEA 2.9 (5D FA TR T L7z, —F, 1987 025 1993 4F |
BT DMIKALIL, Case A L RERIC BRI Z T2, ZOKA EFHFE0.62 m
year )%, FHIM D Case A D EH L0996 myear YLV /&L ooz, ZhbHD
Z L n, Case BIZH T AMAKNMIL, EAFIHAEIZEL > T Case A DKM LD
HEREMIETL, MRk LTEOEEHEIL, FEEDOKNIEMEITIT T DKM
DEEICIEL o, AV I alb—va VETFOREICENIE, Case BIZB T
L EBWIKRALIE, EERO KIS SEIFIZB T 2 FHMAKM LY B 0.76 m (RMSE =
1.52 m, Table 5. 3)&E />~ 7. 7238, Table 5.3 (Z/-~x3 X 912, Case BIZEIT DM
JER H &1L, FEBERO KN EMFIZ T 5 KR & (Table 5. 1) X U & 5% (74 mm

year )N L 7.
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722z Precipitation | Inflow from catchment area Leakage Lake evaporation

[ Tap water use
— Calculated under real condition === Simulated (Case B)

N
N
Eﬁ:
N
N
LN

1983 1985 1987 1989 1991 1993 1995 1997
Year
Fig 5 10 Cage RIZH31F 2 FlAA 33 KINEAINZ DS & —ra

Simulation of daily lake water level and annual water budget for Case B

1999

W7z Precipitation [ Inflow from catchment area Leakage Lake evaporation

[ ITap water use Paddy field irrigation
— Calculated under real condition === Simulated (Case C)

L

1983 1985 1987 1989 1991 1993 1995 1997
Year
Fig 5 11 Cace CIZE1F 2 HMIALI B K OMEAIN DS = r—3ra
Simulation of daily lake water level and annual water budget for Case C
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EXY, mEMoOKkEZRENLE L THAEST EKE LTORFHT 25EIC
L, WK E D KEH 2T T, ZEOKMEBHRAR S 62~66 m)

W WELPH C KN ZHERF T2 Z LD A[RETH 5.

5.3.2.3 CaseCITHIFHHMAKELYZTaL—PaY

Fig. 5. 11 %, /A2 EKEAKBNABWHKE U THFIA SRR 2 X 5K
B ZATDR WA D Case C (MDA N WEENE SN ho 2H)Icx+ 5
HIKM B X ORI L Z R L TS, M2 A D WEENER I N>
B OWKAANZ DN TR, KEB S X7 LAEALIATO 1967 47526 1981 4F o F2 i
KALE DB K - T, HEHRYOWMAMLDOEBNEAIZOWTFHMTE 5.
1967 75 1981 F= D 15 F M B 1T 2 F R KAL(Fig. 4. 4 )OO FHEIX
64.59m Thoto. —J, 198345 1999 D 17 R I 1T 5 T KA 1E
63.15m (Table 5.3) TH o 7=. T2 bH, 1983 FE1 5 1999 4281 5 FH W KhL
X, 1967 E0 5 1981 EFDZN LV H 1.44m K<< o> TWVDH. ZORMEND, Hl
H M 2y A DS WIS EM S AR o A OWIKALIE, 1967 405 1999
FO 33 FRICEWNT, BRI RERAKMETZRT. 2k, Mo 080535
P FENE SR o le G OWKAMAR FICE L TiE, ZOEKO 2Bl To
KRR AEAL LI Z EBET ON D, BARKES LM E B (2002) D Fil K &
BHZ LHiE, 1967 F0 6 1972 4F 0 EAK KB A D W HKIZ X D FIK &%, 740
~785m’ year!, -¥J 756 m’ year' TH o722 LIkt LT, 1973 £ D 1999 4 T
%, 881~1,204 m® year', ¥ 1,054 m® year' TH VY, 1973 FELIKE D Lk & K H
AV HIAKIZ K DHKEIE, TAUATLY K 14 [F8EMNMLTWD.

Case CIZHB VT, 1984 4EN D 1986 F4 L OV 1994 420> 5 1999 4F D K7 AK T %
(1984-1986: 1.20 m year' 35 X 0" 1994-1999: 0.34 m year™')iX, Case B D# 1.3 %%

O 12 BREETH-7. L2rL, FHMEICEBIT S Case B OKAMAK T HEDS,
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Case AIZXK L TENETN2IHBEBLP29ETHY, I HIZKENMNAUNWHKE
DEEEBDR/NISNZ EnDT 5L, KEHMNADWHKE L TOKFHNEEAD
KA DR T2 3 JIE T BT i)/ S v, £72 Fig. 5. 11ICBWT, #
ELWIAKNMIE, — WO CER 62 m 2 FE Y EEO K EZEEICE T 5 F
BIKAL L0 I 2o 72, & DKM 71T 0.93 m(RMSE = 1.50 m, Table 5. 3)f
JETdHh o7z, 72%, Table 5.3 12”4 X 512, Case CIZHIT 2 ENRH &I, L
AKFAEBL L VCKBEPANROHKEIZE DKM OE FITE > T, EEDOKIK
SKEIC R T D IER H & (Table 5. 1) X 0 % 7 % (91 mm year )jE 4 L 7-.
LEXD, hEMICE W T AN WEENER I T, WK EKEKH
MABVHAKE L TORFH SN IEHEITIE, 1983 F20 5 1999 4 O KA IE
1981 FELLRTICHE R TR T T 2012 H DA, FEEDO KM EBIKAEE R 62~66 m)

(T WEIPH TEE T 5.

5.3.2.4 CaseDITHEITFHHMKELYZTaL—PaYy

Fig. 5. 12 (%, /K28 Bk, dKEB LMWK E L TR S 4, #)
KEEFZIC L D KEBHZITDR WSSO Cade D ITxFT 25 HIHAKALE L ORI
R L TW5d. Case DICEIT DHKINIIZHONT, HEAREKEDZ U 1983 4,
1987 45, 1990 4, 1993 4F, 1998 4E I L T8 1999 4E D 6 £ & BT 1, %9 © 11
FEHBIF LML DOMHEZRORBIIMAEZZTORELY bEZoTc. 2D XD
PRKMZ DR BB, Case D IZE T DKM IT BRI THEHmZ R L, &0
PIMAKRALIE, FEE ORI L EMHIT BT 2 MK LV b 2.43 m (RMSE =2.85 m,
Table 5. 3){K < 72 o 7= . fEAT AR PN T, FRICHH D AU 3 WK E SN L 72 1994
D35 1999 4E DK AL DK T R (0.63 m year )T K& <, FHIM D Case CIZBIT
LHRMIETERORN 199G ThHoTz. 2L, MM ARNNHKEDOFELEEIL, il
DFIKEFEROELEE LV L RENZ LD, IREICL - TE, MH»AN WA
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W22 Precipitation [ Inflow from catchment area Leakage Lake evaporation
[ 1Tap water use E&Z] Paddy field irrigation I Upland irrigation
— Calculated under real condition === Simulated (Case D)
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Fig. 5.12 Case DIZB I 5 BN L LCHEKIZDO Y I 2 b—a >
Simulation of daily lake water level and annual water budget for Case D
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KBPEAKNMNMOBETFTICBLIETHEBIIIIFLERELS AW E X 1984 4FE 5 1986
FEOKRMKTEHRIL 1.28 myear TH Y, [FHM D Case C DK FHE 1T 1.20 m year™
TdH-oT).

¥ 72, Table 5.3 @ Case C & Case D O EEJWKAL D Ll &, B S D K AL 1
AN AR VHIKICE 2T ISmIEF$ 5. —F, Case D & EFD KKK
B D EKAL & D e~ &, B O KAL) K O 4512 K - T 2.43 m ¥
M3 5. Lo T, WJIZKOMEAEIEL, M A2V HIKIZ K 5K 0D 2 4
BL, LELLEMAKMOMEFICEZE QKR 2R LTS, 2%, Table 5. 312
<9 Case D O H &1, L/AKRME, KHBIOMHA AN WHKEIZ X
DKM DR TIZ K o T, FEEOKINEMAEITI T DK & (Table 5. 1) X ¥
t 17 % (234 mm year ) L 7-.

UEXy, B OKEZ LK, KEHBIXOM#2ARNNHKE LTHHT L5
BATIE, EBE O KN ZE BRI T W EEPH TN 2 HERE T D 2 L IXINEETH DY,
HNAKORAEEAITH) LIk o T, @ 62m»H 66 m DKNMESIK CLE LT

KA DOMEFFEBES WRE L 72 5 .

5.4 & &

ARETIL, MEHMAKMOHEEET L2 HWT 1983 005 1999 D 17 F[H D
KIS T 24TV, f I O KIS DRI SOV T &z L., £72, KA
ETTIKBEAG TR LT 4 DDOKINKEKMEZEL, 17T FEMOWAKMLD Y I 2 L —
va il ko THHEAAMIZEIIET KRB L OKEROEEICHSO W TR
L7z, BonlRiE, UToXSCEIIND.

1) #HE# T, BEKE, wikgi A&, WK RS LR 2 A 23 W K&

DELBNPRE <, T DL OESRN M HHKAOFELEEICE JIF 978 13 ik
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REW., F72, MEAEEEKENPADWHAKEIZIEL, HABRREHZENRD L
n, MERLEICOWVWTIE, RERFHEMIRSFIEF-EETHLELTWDS.
2) WKAZIE, W O 5 S KON H B2 3R oD FR A 22 KU SRR PE LIS Koo T,
NIANL 10 HICKRmERDY 3 AICRIERERD.

3) Wil A BB L OWERE E&OHEEMEIL, kL7 e U X oiflick i 5 H#E
EoZEMR L —H Lz, £/, WmEAREOHEMEIT, WAKRDENME L B
BLXOEBOKEERITIE S Bowen HIEIC K 2 MHIAREOFHELH) ¥
—r e —%%L 7.

4) FIZK &I AE 0 22 Wy B 8K 0D KIS S/ (Case A)IZ I 2 Ml BT oD K A7 1%,
WA~OMABRDHEHELY b REL 2510, EEOKIKZSEMIICTE T 5 KN
IV bm<< s,

5) ikzEZEKELTOAFIHAT 584G (Case BYB L O EAKEKB AW
Ke& L THAT D5 A (Case OITIE, HEE L72WIKA B & & 62m 2> 5 66 m
D FEEEOMARMEBIL E OMICKE RMEIT RV, 2B, BINKIZIT > 2RI
EHiE, 1967 LD EAKEKENABOHKIZE KPR IZEHLL TS
D, 1967 Fn 5 1999 FIZH T DWW AKMOIKTFO—RK &> TS,

6) WiAkzZ EKEKBBIOCMMMNANVHKE L THIAT DS (Case D)IZ
X, M O KA & RO KA E BRI VHIPA CHERF T A Z L IR CTH B
W, KOS ZAT 5 Z LI K o T, M A AW HIKIZ K 5K DD % 4

VLR 62 m v D 66 m D KALAE B TLIE LI WIKM OHERFEBLN W RE & 72 D .
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Padas

FO60E W

AT CTIE, HilOEE R KER TH 2 MHEM I LT, TEMEH T —
FAZFED W BN SR 24T, OB 2 60T 5 & &b ICMlimARE
ERETHDEET 7 v 7 ZAZOWTHRA ZIMA T, RICHB D O AR LW
WK D O H & OHEE T 7 /VIZ DWW TR L, # B O KAHEE €T VO
EEDRYBMEDRIEEIT o7, RBRICHEELLEZET LV Z AW TIHO KNI 28 5
P L, AR Y I ab—ra itk o T, KFA & KEHEN M BEHAKNMIZE X
FETRBIZOVWTRFZITo 2.

CIIEHETHONLEREZRIEL, KigXOHwms 5.

1]

F1ETIE, AR OE R EBEE T 5 BEE ORI LUK T IZ 20 THER

L, ABFZE O H 3 OB %R Ik DR IC 0 Tl < 7.

H2ETIE, SHRMBOMEL LT, MEMONMEL X O EIcon T
AL, MmEEcB T A KR - KEH, K& - KR, BXOUKTHE - KE DR

WA DUV Tk 7=,

53 TIE, BN X 2WKIER X OREERZ HWT, BFKEABKIZEK
DB T T v 7 AN OB B LIE TR A BUE AT I E S CRE
fliL, MBWHRT T v 7 ZaBERE LB AE LU Bowen liEIZEE S &, 2004
F-QA 1T AN 200549 H 30 RIZHIT MBI OBUL ST S\ THRF Z I Z 7.
BONTHRIE, UTo48ICE NSRS,

1) BHEAMAOBKICEDZBHAT T v 27 2%, ZRABCBVTIEAREL, o=

FNFXF =D, AT T v 7 AR EEL G250, WiE/KEOZMIZE KT
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WEL, 003 CRECTHD. £, ABRMOBRFITE VT, AL E

BAKICLDBHRAT 7 v 7 AR MEBMOBIZICB LIETERTLE LIT/hE 0.
2) WA TZIEICESS AR OB T T v 7 ZOHEEMIL, K EZFBKIZED
BWRAT 7 v 7 2A2BELEGAELERLRVGGICBWTRE MEITR,
WEELEMBNT — X 2HWTHELZ Bowen ILIZL DB T Z v 7 X &
WMh—% L7z,

3) JRIE 7R MU AL E T DM T, RSO T T v 7 AT E L, B
7Ty 7 AFERELRDMMICH Y, Bowen i 0.19 & IR/ S W, HEE T T
v ADFEHEIZ, 8 AND 1 AICKES 2ANL 7THICHEBH/NSLS 2D,
Tbb, MAFIZRELEFEFITNS W ARO IR 1T D KED G
O —fRE) 7R FEH A L T, MEWM OB T 7 v 7 2AOFEHEIL, K
K 1 ARRERWERAICH 5

4) Penman {EIZ K2 A L O T 7 v 7 2%, BB T —2Z2ZHWTHEE
L7z Bowen LIEIC K DWEN T 7 v 7 A L FHEIZE W TIE L —FH L2, 14
s AM O T Bowen HIEDHAZ 18 %M KM L7Z. Zhicxt L T,
Priestley-Taylor {£IZ & 2 H AL DEE T Z » 7 21X, Bowen liEIZ X HHER & &

<—% L.

B4 ETIE, 1967 4FE0 5 1997 FE DK I K OFIKE R & 55 3 = CREA L 72 N
VBT K DA BEHEEIEICE DWW T, MR 5 DA E B L OIE
DO EOHEE FEICHONTHF L, MHEBKMOHEEET LVOMEL Z D
ZUMEDRAEZ AT o 2.

ML -t KA O HEE £ 7 i, SBT3 A K & K DRI ST 5
SWTIHMAKMNOBABEREZHET DI LOTHS. KIRELXXIZBTFH2FEERIZHON

T, BKBICITMEAEKEPLOMMMELZEN L, MHAREIBKRAT T v
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JADEELEW LI ALV ITIHEIZESWTHE L., 70, Ak EL LW
FIAKEIZIE, KXBLOFAKERIC LD FERELZH W, R ARL X OWIE
&L, SER2EY L 7ETABLOFA AL —HIZESHTHEL, 95D
BT NRT A—2E, EEART A= OREOERNAEE7 SCE-UA #EE W T
[FE L7

1967 4D EENSRELIEZET AT A —X % HWT, 1997 £ F TDK
I SEAT 24T o T2 F5 5, 1980 4 F T OWIKAL O HEE B IL, FERE & —B L.
LorL, 1981 FELIBEICEB W T, WMAMOMEEREXK T LE., Zhid, KLk
BWHRICHEEN D EN B X OHEER ZAA KM OBRFAZL X R ST — & Kl
BT DRI R T — & OMHIT K 2R 2) 0 52 800 H A It $8 00 7K SRR ME (T <0
FEAE 72 E)A%, 1967 FEYIKE & 1981 FEURF TR Z LICER LTS EEZ 2 b
L. LR oT, 1967 FHIFEOFMHFICESWTRHELEET VR T A —X %, i
FOMAKMOHEEICHA T 22 LIXNETHD &B 2, 1983 FL ORI M I L
THEET VNI A =X EEE LRIEEZIToT2. £ ORE, WKL OHEEMIX,
FRE L X< —F L, 1986 5 1997 F ORI FIZI1F 5 RMSE 1% 285 mm
Eleol. LoT, 1983 FEUEOLRMICE SV CTRIELLEET LT XA =X %A
W5 ZET, 1983 FELIBEO M I O KA ITHEE FTRE T H 5 .

LLED Z &0 b, fEE LMK HEE £ 7 v, i B o KIS o fig B R0 K F
HABLIOKEHRIZOWTHRFANT22XATHEHARET AV THD EEZXD.

5 BT, AR TS 7m0 & I T, 1983 4270 B 1999
HE 0> 17 4R T O KIS IRAT 2 4TV, L B 10D AU 00 B IS SV T B A is LT
E 72, KR & IABAR TR LT 4 5 0 KIS Gk % (08 L, 17 4 1 0k fr
DY al—va IS E o Tl BRI KIET AR M S L Ok ERO RS

IZOWTHRA L., BoNnlRiE, UToLIICE NSNS,
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1) WL E# T, BoKE, WEBGRA R, PR &3 X OB A28 WK &
DEEHNRRE L, 20 OERNMEBIKNOFEZEITI XITTRE T LB
REW., F72, MEHABRELKEPAROCHAKEIZE, AR2FBHZLNZD L
h, MERHECOWTE, RELFEHE IR FIF-EETHELTWS.

2) WKAZIE, W Bt A S KON HE 2258 0 FEi ) 2 K SRR PE LIS Ko T, Al
BIORAML 10 AICkmERY 3 HITHRIRLEZRD.

3) I A BB L OWEREEOHEEET, k70 U X oWlick T 5 H#E
ORI & —B Lz, 7o, WA EOHEMIL, WIAKIEOFZHE & 3
BRLOEEOKGERN ISV Bowen BT K 2 W &A% & O FHAB) ¥
— el

4y F7K &N AKRAEAG 0 Z2 vy B SR O KIL SZ AR T 2 I o K AL, 1~ 0k
ABPRHELY b RERDL720, EEROKINZFMEICBIT 2MKMEED b
<72 %.

5) WikE EAKRKELTOAFHTHIELEL IO LEKEKBLANDWHKE LT
MM 25E10%, #EE LMK ZB R & ZERO WKL # & DM I k&2
FHE X 22 0.

6) WikzLEKEKBBEIOMHMMDANNHKE LTHHAT ZHE X, th i
DIKNL 2 RES O KN RN T WEPH THERF 325 Z L IXWEETH 5 2%, #JIIKkD
AR AT 9 2 & THHA AR VHKIZE 2HAKDOBAD MV, ZE LK

MEFFEBLSATRE T H 5 .

74



Bt

I

KR EDDHICHTY, BB OFAIZTHRE, ZThE, THAhznicils
F L.

FU®IC, THEHEZ2BIEZITVWELEE, KR XOREOKSZ 5 2 T
EESWELZBRERFEFMBEW MM L AEICLIVBILBAL EFET. K
MNP HLDObOEAICKEDRYUTELRIREYE, ZHROBLEERHBNTZLE
T.oFE, BREBRFREPWMB BRI LAIIE, MIESEEE L LT, HFE~
DY AL RO EMR D FiER ETHRE, TS 2wz s &bz, AFh
Wbl TCIXE, TROVWEE W Z LICHELSEHHWZLET. EERFES
MARW N EERAECEILEL T, RAAIBEBFELEZ B EZ T VWEEE,
HELAIER, THEsZ2B0ELE. ZZICESHELZRF LBENET.

VB KRB AR EOR I, RO EBN LMEICE S £ T IHR
2BV ELRL. ZZESEHoOBELZRLET. BERERFEFH ARG RN
WoEAICE, — Y ORBEEAT LB EXITWVWEEWEZ LIZESBILHBE L L
FToELbls, PMNAMBESRLETORERERRIBERZB £ LI LICEL K
W LET. £, ZZCof, FMNARFAESICEBELWELEE, EERD
B, THE20WE & LB KRR FHBRMBIE A, iR K77
B EREILE AT, RO0LVEHOEEZRLET. UM KF KT T2
PL A Bl Ak, IRk P CEERIER, THEEBVELE.
IS E#H# W LET.

JEB LIRS R SR S R M T SR S 0 Bk B, AR K R AR SR S 0 R AR D B RIS
X, W2V ELETREZWEEEE L., ZZRRLDEVBLBL ETFET.
Fe i RK Lo ahge S8 504, REER B, SRV, &WmaE, WERTo# KIZE,
A OFERICEE L, BLHKIEOME, 7 — 2 ONESLEE R Y, LR h%
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Studies on Hydrologic Budget of Lake
as Water Resources

Summary

INTRODUCTION

Shortage of available freshwater is one of the most important environmental issues in
the world. Although lake water is a valuable freshwater resource for various industries,
inappropriate lake water management has caused deterioration of many lake
environments. Water management that does not enhance sustainability leads to severe
crises for many lakes; e.g. the Aral Sea and Lake Chad are in danger of disappearing. To
avoid such crises, hydrological assessment of the influence of water utilization on a lake
water budget is indispensable for rational water allocation and proper water management.

The objectives of this study were to develop and verify a water level estimation
model of Lake Ikeda as a freshwater resource for municipal and agricultural water uses,
and to investigate the lake’s water budget based on hydrometeorological data from 1983
to 1999. We also used the model to examine the effect of agricultural water

management on the lake water level for a 17-year period.

STUDY SITE

Lake lkeda is located in the southern part of Kagoshima prefecture, Japan (lat.
31°14'N, lon. 130°35'E), where mean air temperature is 18.3°C and average annual
precipitation (1983—1999) is 1962 mm. It is a caldera lake formed by volcanic activity

about 5000 years ago and has no large inlet or outlet streams. The lake surface area is
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10.62 km? and the catchment area is 12.34 km?*; its mean and maximum water depths are
125 and 233 m, respectively.

Freshwater from the lake is used as municipal and agricultural water in the
surrounding area. Lake water has long been used as irrigation water, particularly since
1983, when the agricultural water management system was introduced by the
Large-scale Upland Irrigation Project for a 6000-ha upland field. In the water
management system, river water from the three river basins outside the lake catchment
area has been transferred into the lake to compensate for the water loss; that is, the lake
water level has been artificially regulated with river water. Therefore, the lake’s
hydrological environment has changed considerably since 1983. However, the effects of
agricultural water use and artificial water level regulation on the lake’s hydrological
environment had never before been assessed and the lake water budget had not been

properly evaluated.

METHODS
Water level estimation model

The lake water budget can be expressed by a difference of water fluxes between
inflow to the lake as precipitation, inflow from the lake catchment area, and river water
supply and outflow from the lake as leakage from the lake bottom, lake evaporation, tap
water use, paddy field irrigation, and upland irrigation.

In this study, the model to calculate the daily water level of the lake was based on the
water budget equation. Lake evaporation is estimated by the one-dimensional model in
which thermal conduction of the lake water temperature and the lake heat budget are
numerically computed. The model can give the vertical water temperature profile,

which satisfies with the heat budget at the lake surface and the heat transfer into the
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lake water. The model parameters for a heat diffusion coefficient and a mass transfer
coefficient including atmospheric stability parameters were calibrated by fitting with
lake water temperatures measured in 2000. The model without advected heat fluxes was
validated by the Bowen ratio method with in situ data observed from August 2004 to
September 2005. In the heat budget analysis, shortwave and longwave radiation are
estimated using meteorological data (air temperature, relative humidity, sunshine
duration, and atmospheric pressure) obtained by the local meteorological observatory.
Inflow from the lake catchment area is estimated by the tank model. Leakage from
the lake bottom is estimated based on Darcy’s law, in which the vertically averaged
vertical conductance and the head difference (44) between the lake water surface and a
groundwater table outside the lake catchment area are considered. The model
parameters for inflow and leakage calculations were optimized by the Shuffled
Complex Evolution (SCE-UA) method with observed lake water levels for 1983—1985.
For precipitation, river water supply, tap water use, paddy field irrigation, and upland
irrigation, we used observed data from the local meteorological observatory and the

land improvement district that manages the lake water level.

Water level simulations

To examine the effect of water use and water management on the lake water level, we
analyzed four simulation cases (Cases A to D) with the model under hypothetical
hydrological conditions for 1983-1999. Case A simulates natural conditions without
human activity, i.e. no tap or agricultural water uses and no river water supply. Case B
simulates conditions where lake water is used for tap water but not for agricultural
water and where river water is not supplied. Case C simulates conditions where lake

water is used for tap water and paddy field irrigation but not for upland irrigation and

84



where river water is not supplied. Case D simulates conditions of tap and agricultural

water uses and no river water supply.

RESULTS AND DISCUSSION
Model verification

The calculated and measured lake water levels of Lake lkeda under real conditions
for 1983-1999 fluctuated in the range of approximately 62—-66 m above mean sea level.
The calculated lake water levels under the real conditions agreed well with the
measured levels: R* and RMSE between calculated and measured lake water levels were
0.95 and 0.27 m, respectively. The monthly estimated evaporation rate also agreed well
with the result obtained by the Bowen ratio method (R*=0.85). Thus, the model is useful

for evaluating the lake water budget.

Water budget of Lake Ikeda

In water budget components of the lake, annual variations in precipitation, inflow
from the lake catchment area, river water supply, and upland irrigation are relatively
large, while the other four components (leakage, evaporation, tap water use, and paddy
field irrigation) are roughly constant. To illustrate the seasonal changes in the water
budget components and the lake water level, we analyzed their monthly averaged values
for 1983-1999. The three components of precipitation, inflow from the catchment area,
and river water supply are principally large from June to July, corresponding to the
rainy season in southern Japan. Evaporation from the lake surface is greatest in October
and smallest in April; Lake Ikeda, a deep lake in a warm-temperate area, differs in this
attribute from a deep lake in northern Japan. Lake water is frequently used as paddy

field irrigation from April to September. There are no marked seasonal changes in
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leakage or tap water use. The lake water level is generally highest from August to
September, after the rainy season, and lowest in March, after the period when the
amount of outflow exceeds inflow.

Inflow from Lake Ikeda’s catchment area and leakage are mainly dominated by
groundwater because the lake has no large inlet or outlet streams. Temporal variation in
inflow was generally larger than that of leakage. Similar result was also reported by
Krabbenhoft et al. (1990a,b) in analyses of groundwater exchange at Sparkling Lake,
Wisconsin, USA. The estimated annual mean leakage in Lake Ikeda of 1.38 m year™

was in the range of 0.12—4.27 m year™ obtained at 11 karst lakes in Florida.

Water level variation under hypothetical conditions

The simulated lake water level under the natural conditions of Case A gradually rose
from 1983 to 1993 because there were no tap or agricultural water uses. After 1994,
lake water level became constant due to lower precipitation in 1994, 1996, and 1997. In
the model, leakage is calculated based on the head difference (44) between the lake
water surface and the groundwater table. Therefore, a large amount of leakage is
evident for 1994-1999 when the lake water level was relatively high.

In Case B, the lake water use as tap water resulted in a decline of 3.3 m in the
simulated mean water level compared to Case A. However, the simulated water level,
which fluctuated in the range of 62.3-67.5 m, was never lower than 62 m. This result
indicates that there is no large decrease in the lake water when the only lake water use
is as tap water, even if the lake water level is not artificially regulated with river water.

In Case C, the lake water uses as tap water and paddy field irrigation caused a decline
of 1.7 m in the simulated mean water level compared to Case B. Although the simulated

water level declined up to 61.2 m in 1987, it roughly kept water level more than 62 m
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after 1988. Therefore, there is no large decrease in the lake water when it is used as tap
water and paddy field irrigation, unless a relatively little rainfall such as that from
1982-1984 occurs.

The results of Case D indicated that the simulated lake water level gradually declined
due to tap and agricultural water uses. The change in the simulated water level was not
consistent with that calculated under the real conditions in 1986, 1987, 1998, and 1999,
when river water supply was relatively large. Upland irrigation led to a decline of 1.5 m
in the mean water level relative to Case C. In contrast, river water supply produced a
rise of 2.4 m in the mean water level relative to the real conditions. The results
demonstrate that river water supply could compensate for the decrease in lake water
levels caused by upland irrigation and especially had a large effect on recovery of the

lake water level in 1986, 1987, 1998, and 1999.

CONCLUSIONS

A model to estimate lake water level was developed and tested for Lake Ikeda based
on hydrometeorological data for 1983—-1999. The model was applied to investigate the
lake water budget and to examine the effect of agricultural water management on the
lake water level.

In the model, lake evaporation was estimated through numerical analyses of the lake
water temperature and the lake heat budget. Inflow from the lake catchment area and
leakage from the lake bottom were estimated based on the tank model and Darcy’s law,
and the model parameters were optimized by the SCE-UA method. The calculated lake
water levels agreed well with the measured levels for the 17-year period. Thus, the
model is useful for evaluating the lake water budget.

Of the water budget components, annual variations in precipitation, inflow from the
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lake catchment area, river water supply, and upland irrigation were relatively large,
while annual leakage, evaporation, tap water use, and paddy irrigation were roughly
constant for 1983-1999. The 17-year result showed that the lake water level is
generally highest from August to September and lowest in March.

Four simulations by the model revealed that river water supply in the agricultural
water management system effectively compensates for the decrease in lake water levels
caused by upland irrigation, and is effective in maintaining a stable lake water level.
Therefore, river water supply plays an important role in water management of Lake

Ikeda as a freshwater resource.
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