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'I ‘I E:I:'J'Dﬂhi
HER FOAKDOEIZH 148 km?> T, ZDOKD 97.5%ITHAK & UTHEEL., BADN 2.5%T
D, WAKIT, WEKIZ 96.5%., H T KIZ 0.94%1FE L TV D, KD KERS 1%, B At

M2 EDKMETHY, ZNOEDN 1.74%% HO D, KAKDOEY T, #ITFKD 0.76%.,
JIL WIABZEN 0.01%%2 505 (EHEAZ@EAE,2017), WIICHAB R X ARFH LTV,
ZDOKEPIL, 0.01% (10 I km3) L2722\ (Tablel.1), TOH T, ot b I<FASH
TWAHIHE E L TOKD 0.007%, {2 H A 0.001%, #1123 0.0002%, £k E L THET D
= 0.0001%TH 5,

REEE OWMBAKEREREARTE (2006) I I hiE, MBIEZAMEHRET D ) 2 THLER
A RIQEEI RSB HE, ZOMOKEGR AR T S5 L L0 AR RER &R
T, M, BREBEOLLDORIE, TEHAKEFEOKERTHLH, 61T, BREKRIZEK
LUWAKKE OO DIaKEER., FRRADOREDOEFH RO E, AxOEEICEE R EE
ERIFEFLTWD,

— T WIEIE, W E TR KEWE T E WD R 2 A L. PSIH 22 K B R
WoDDT, MALEGEDE*EB LT, KEHBEREAZRLT WV, HHE LTV HH
T, WHEIZIE, RREOAMPDRICIVKREORAICHE D . BT K 2D Rk i N K
DB BFERNICED2WINBAZELWIBRNH Y, AWML FNICIZ, T T 7 bR
BHO—RAEE, NI2TVTORBEMOLGMRIC L 2BBNEE . REAERY OIKIED B DX
BHEBENE, 2 0848 ;of%é(ﬁ@lkuﬂ%®@ 7 BN EZR Y, KE
ZAERAELT TS, o, WEBHRICET H2HHHBICEIY S 6510, MIBEOKERERD
NDHAEERD D, WMNZEESFILT A LI TREBEREEELY TIFTHIX., X CHE
BDERT B L0 ) BB LRV, LR, T, WHEELEYICE=%1 7 L,
WEREREITOENEETHDL, LrL, HAICBTDIMBOKREICEL T, KHE

FEORKORRERELT — X OFEBEN 5T, %@%%m\ﬁk:ﬁWKﬁEnf
BOT. AN RMRERET D EREEL W,

WMBOREBGOKEEZE=X IV 7T D00, HEYIaLb—varxiTH Il LIk
ST, WMHNOMB G KERITZEBETITO> ZLNTED, Yab—varyE 7 V%
L. FHHT2Z LIk TLBRGEH CEELARWVWEMRT — 208G 5b, £7-,
BPETEHETTLI2ZERELVWRBELHICEBT2HELITY 2N TE ., BB O/ R
EHBBRFT D22 LICkoT, BANBXWAOKRIAEDITI 2N TEDH, BKEET L
BT LML, MEORES ., KEOXBLZEEL, MBOBRGEBMOE=2%1) 7%
WIEARBA, B TIT) 2L 2RETHLICELDL, SLICHBHALIFRTH HIT

CHLHERHETHD,
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Table 1.1 The amount of water on the earth (Shiklomanov I. A., 1996)
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Percentage of total

Percentage of

Volume
Types of water 3 amount of water total fresh
(1000 km?~)
(%) water (%)
Sea water
1338000 96.5
salt water
Ground water 23400 1.7
salt water 12870 0.94
fresh water 10530 0.76 30.1
Soil water
16.5 0.001 0.05
fresh water
Glacier etc.
24064 1.74 68.7
fresh water
Underground ice in the
permanent frozen layer 300 0.022 0.86
fresh water
Lake water 176.4 0.013
salt water 85.4 0.006
fresh water 91 0.007 0.26
Marsh water fresh water 11.5 0.0008 0.03
River water fresh water 2.12 0.0002 0.006
Water in living organisms
fresh 1.12 0.0001 0.003
water
Water in atmosphere
fresh 12.9 0.001 0.04
water
Total 1385984.5 100.0
Total (salt water) 1350955.4 97.47
Total (fresh water) 35029.1 2.53 100.0




Irrigation Drought (including increase
development in air temperature etc.)

!

Precipitation ‘ ‘ Drawdown ‘4— Reduction of
river inflow

Increase in water
temperature

L 4

Development of
stratification

v

Stagnation lake water ‘

W Basin ‘

‘ Pollution Load Organic substance, <_H Hypoxia ‘
Nutrient concentration | l ¢ Internal < Wind

) Solar 1 wave
Drift current -~ elution
radiation ’ Stirring up of bottom mud ‘
1 Bottom ’ Recovery of oxygen ‘
mud
wind Eutrophication ‘—} Degradation of habitats of
aquatic life

Fig.1.1 Causal relationship of various matters in lakes (Ministry of Land, Infrastructure and

Transport, 2007).
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1.1.1 #BORE

HER B2, W@, Ba o8, KRB 500 km? UL EORKWMEIX 253 H0 . £ D5
BRI 188, Ml 65 TH D, WX, LAKAEMMPER L2WETORES (i 5m)
IR WP RERICFF DKL TR AKREMED A E R L TWAUIEWE &S (FH, 1937), KM
ELTRMMMEN RS KE WS O Superior 1 T, £ O ML 82367 km? (EEEW OK 122
), KENRRHZ L, KENEWODIL Baikal ] GEEWOKEDOK 8361%) TH D (LA
WL EE B WA JE AT, 2001),

ZOETIE., MBOKBEESCEBMERICOVWTEZD ETYXERMBOLBIERIC K
D0 TEZOWVWTHAT 5, B O THKREDERNH Z FICZET D, KEDER NN,
AFICEZL2EEMBEOAR, BICXDMERGOXRMICEDZKEHRENIEZ > TWD D
bTh o,

MEOKEIZ, TOWMBEOME (BESCHEERSES) PXE. KR TELT S
(Halbfass, 1923; Thienemann, 1925), v %, i (2009) I X250 F LR L, £L 95
&L Table 1.2 D X DI SN D, KIFKIEAK 4°CORFIC —FIHLED R E < KIEA 4°CL
T2 EHEITNEL 2D, 20D, KL 4°CEHEITHMAKEREIEE, KB £ TBH
PITEREWMENLLEF > TV LI AEYORBERELOES LT LN D T, 4°C8—2 D5
BEhoTWd,

RERFEBAFICBNT, FHZzEL TCRENSIREZRD ., KIED &K KEEZ /R T4°CLUT
RO WHERBRME IS, JiEEKBOFEREN/ NI WD, RENPLIEEF
TKRKIBEN /NS D, 20D, MOFTIH, KENOEREE TIRAS T 2 2BHEENFE
WEZEEITON D ZHEEMC, RELZLATEABRE NEZ T, WMAREEZRL, 24
RIS DRWHIERB G H 5, BHEsoMBEosc, 7700, 2o =712dhH D
Tanganyikalffl Ti¥., & KAKHE1470 m T, —FEFKIREREXZFET 5, BEITERE £ TIT &
a3, MR CTH DL, 77UV IR~ T VA1 H D Malawill b #5018 B 1 0 By
MTH 5,

WMAOBREIZK > T, BAHERICH > TH, BFHNT R 218 b & 5, Genevailfl . Tahoe
1. Constanceifl. FEEM . MEAME TINS5, 77 AL AL ZADEBEICNMNET D
K310 m?D Genevalfl (T 1FIFEBRA T 5, 7 A U I DOKES05 mD Tahoel 13 171 78 B il T
HDHND, BEMERIIFICHEANDKR S FIZRSILD (Coatsetal., 2006), A A A, KAV %
— A MU 7 EBEIZALE T D Constancel# 12 W T, KE 252 mO1IEFEEH CTH - 7223,
960D A FEDORIE EAICL Y, EEMEIEZ 522 MoMmERICBIT LoD
& 5, Constancelfl (539 km?) (%, FEEM (674 km?) L IFIFR U KE ST, HBELZHICHE
WEMBZEERVEIMALOHRY SLoTWNWHZ b, BEEMELBEBLRANZ V., HATIE,
PR R EBEMOBE RS R B ERNHNCTH 5, MHEM TIX. & RAKE233mT, fEEN
PREUEICRONDESEEOFEN A O (FH, 1937), BUETIEHMAOEERINE 2> T
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BEEHHFICBWT, EFTMHEORE® 5 W IXa2fE 0 KIEN4°CLL BT, 4 ZFF4°CLL
TR WEEZRFEMEN S, EFRICKERBEPEZEL, AFCERKEDHEA S NACLTIZ
R0, ZOLEHRBLUEREBENRKEVACOKTH Y, £IEOEENR/NEW0~4°CO KR
KIZED  AFORBEBIELND, 2O L5 B TIEIRENACITRIAFTOND &b
DICHEM2EIOMBENAE L S, flE L ik, Baikallfl g F R KK 1642 m, Fe ol @ % Kb
T 2B DEBRW CTH L5, KIENDELS . EFOMICERBICAR I ICELZLNL TS & X
X, AFO0MHAZELBRIWICEY FTHFHEFIL, KB H4°CLL FIZiEe 5722, Erie
Wb ERRKENR64MmDY , BHEW T D, EFIIRBAKIEN2SCREICRYD | AFDMIE
HIZIZHET 20T, £F0PO KDLV IZ2EEERT 5,

ORI CTIX, M A28 U CTAKIED 4°CE 8 % 720l 2 25 & PSS, 8F 5K
THMITEBRHE TS, MBTHLKEMOKENERTICERE L, KRBT, Rick-T
PRE BRI DI & I — BRI & MRS,

Table 1.2 Classification of lakes

Maximum
Name of lake Latitude Type of overturning Type
depth(m)
Ikeda 31N 233 Meromictic Tropical lake
Kinneret 32.5N 43 Holomictic Temperate lake
Biwa 35.5N 104 Holomictic Tropical lake
Tahoe 39N 505 Holomictic Tropical lake
Erie 42N 64 Dimictic Temperate lake
Geneva 46N 310 Holomictic Tropical lake
Zurich 47.2 N 136 Holomictic Tropical lake
Constance 47.5N 252 Holomictic Tropical lake
Superior 47.7TN 406 Dimictic Tropical lake
Baikal 52-56N 1642 Meromictic(twice) Temperate lake
Tanganyika 3-9S 1471 Meromictic Tropical lake
Malawi 9-15S 706 Meromictic Tropical lake

1.1.2 #HBOREME

E R E R Z B4 (ILEC) & EH#E RS G\ (UNEP) 284k [ T it 5 o i 8 o Bk & 3
L, ATL TS, Zo/MRICIE, IEROMEBERBEIZSONT, 6 DO EERRE (B
b, KO T, ExEL, BAREBROKE, WO A, BEHELFEHEIC K D15
BHEf S T 5 (Rl REBE B FRAT, 2001), T O H T, B & ix,. K& H O Sk

5



=i

i

5

1

b EHEMIbY, HALKFESFICLVBALLEBRESC, WMikHb 0 T, B¥E. AIEHEK
FIL-oTMBO pHPIRTT52&THD, THNICEVMBICHFEET SEAE O EEBRN
iEsns, KMLOKTIZ, #, K, TEAKOBBEOZDICHEHELVEAENS
K Zppz T, glegzand, £, KELHICEY, JE LA, FIEOBEEOBNZR
ENEZY ., WMBANWATOIKELVHKOABE L RHBESEIN L., WEOKMPET
T5, BREMT. BEER) UCFEOMTFWE G DAEK. THHEK, BEHEKR SN
WHEIZKREIZHRAL, MBEOREBERBRRENEZELIHMT 228k T, BT T 7 |
VRKENBREBEH L, KEOHABMEEVE L, TONMICEGTRENLEEIND Z &
WX o Tl mmAEERkE (CODME : KT ICHEMWEDER &L . B~y A UBA Y v L%
MbFOWMEEZMEMERBICHBEAE L Crand) BERY, RAENICKEGE N ET B4
Thod, UFTTIHEBWMICRBT2REMELFRAUMEZFWMOREMBEZ RS,

1.1.2.1 LEMELEICKIKEFEEE

Baikal #1123 TiX, 1964 4F LI T3 BEK I AR AR~ D # m A B o 81T L 5K
BHRPBEEICBENL TE Y . Bakal OBEAEOAEMIZITMHBEIZEL TWVWDI DL H D
(B W, 2001), A TIZARE300m UK THELSEZ > TWLHDO T, ~EEBXAERIND
L EBTOKEBEREEREET S ENEL W,

1970 4E LLBE 2> & pE SEFEFEW) O HL D ST C AL oy H7s 5 Yo W B 23 it & 4 T 72 Erie W Tl
BEREITHEDLDN TV OO W RAl BRERSORIEE, &M, A, B 72
CH A DBMEME N RKPICHEREIEE L-ob, W), #HFKkZEL, MEBICHEE L, A
TEPICARIRE TR S, REEARBEEMEDO S b, 2, ¥4 4 *x 2 PCB
(Mafz i, BVIR 22 &8, xRV 72 (BARAD, T RFU » FRA), KER DT
WEITAEBRICEZELZRITL TV,

EEMICEWNTH., 1960 FLLKE, MEOBIICE-> T, LHHEK, EiGHEKIC L 2KE
HRnitEL, BEEWMOBEAE ChOI =T rn 7 FEDREELHH- TS, £/, RO T

icX23a VRO BRI, BEHOABRRICEZELZRITL TN D,
1.1.2.2 EREILHEE

Constance 1B VT, AL X 912 1960 FAUTH)I 2 H O A&TE, T3, B¥EPEKOFA
WCE, BRBELAZRETSZ —RERD8 Y CEEN 1950 FR12K 10 pg/l 205 1970 4
RICHK 8O pg/l FREE E TN L . KEE/NEMINT, TOXIERE LT, h/E3EHICE
O ALBRG A EE SRR S AL Tz, 1980 AR LA (TR 2 IS KE XA L. 2000 R LLRE 1L 1950
FEROE) VREEETICE-2,TWD,

Geneva {§] TIiE. 1960 £ LIRRICEAF 2 REMNEST LCRR, &Y CRED 1970 H£4K
2 50pg/l Z# B 272, 1972 FF AR IC E R BB LR 21TV, U > O BEH B 21T o 72 /5 3.

6



KEIFRAIZHEBE L, 1982 BRI Y VIREN, 20 ng/l (EREBW & REBEWMZ 08T
5%@(%%J%W%TE5£DK&OK(%E%Jm%

EEHIZEB N TH, 1960 £ 5 1970 £ T T, THFEKICLL2EHR, UV ok
M, VoraBoaREAlofHIiciy, £F, VoORENREML, BREMANETLT
Wio, ZTOREE, 1977 4 5 AICIZ KRB R BOKBRW A HA L, 1978 4, 1979 4. 1981 4
THIEBARE R NAE T, 1982 FUBRITKRFBICH A L Tnole, T4 31X 1993
EFEFTHEEMOMIM TOREIZRON TN, 1994 FELBFIZIEBM LB IND L9
W7 ofe, 7AHAaORBAEIT, HARKBRICEWT, AEELE I L, KEKIZEBWTH,
OCRZEEZELCIED, BifE, 2EFELE T SR ITE L E L Table 1.3 23 7R
#iﬁm\awmyWHioon%nqu%éﬁ\%ﬁk%ﬁ@é%% U UREILR
R T AWM. EmMEbichRBEMERo TS, L L LEHEEZTRE (COD)

CEHEEERELNT, MMl TOKEDOREE R, ERBEOWA R EARBROLENIETE L
TWn5,

Table 1.3 Criteria for oligotrophication and eutrophication

Limit value of Limit value of Limit value of

oligotrophic mesotrophic eutrophic lake
lake lake
Total phosphorus concentration <0.01 0.01~0.02 >0.02
(mg/l)
Total nitrogen concentration (mg/1) 0.02~0.2 0.1~0.7 0.5~1.3
Chlorophyll a concentration (mg/m?) <4 4~10 >10
Transparency (m) >3.7 2.0~3.7 <2.0
1.1.2.3 EEREBRAZICHSREBE

HERIEBAE, ARCEFER, BEREORFTXEZOBMEN RS L->TWVDHR, 20K
IMERMBEEIMIT L > T, KR, A, Bm, B, BKE, EEXFHRELLT 5 (IPCC
2013), TOEEHN, BHESLHOMHEABELZZ(LSEDL Z LI T, EENEI 22D K
BrarEld®, AERICEREZ KIFL TWS (Brooks and Zastrow, 2002; Livingstone,
2008).

Tanganyika {1 TI&, KEEM 200 m T TIEHAKIENEEGL WL O THBERETHLI N, £

NUROKIZRBRKERAEETICERAZRETHDL, ZORMEEORERBEDNIEHIC
/)\fﬁb\d)f“iﬁﬁﬁrv%‘(ﬁﬂ&b\bﬂfwéﬁi 200 m LATR O B 3R E I i*%iﬁ*ﬁ%ib&bft
BERZ<EBEINLTWD, BRIZEBECIT ST, BRI TCH LD, EE

MO INLIREEHPARTLHIZIENH D, I HIT, 2003 FEF ToilEE 100 F I
fbick s KkiE LR LEBHESEOMILICE > THEB T T 7 P OAENMET T 2HAICH

7
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HZELHEINTVS (O'Reillyetal., 2003; Verburg et al., 2003), A &2 DWW T 1956
END 192 FETOMWME 3T FHOT —Z 2T+ 5 & 1.6%/year DEIG TR T Lfitld T
VW% (Van et al., 2002),

Tahoell TiX. 19734 LI, fEER 25400 mE TE L7 ORXTEIO A T, b O 98B E X
BILZI100mTH D, 1970F 25 R 0.015°C/year L H- L7z, slEN | 720 NS 72 A
AOMMT T v, BOHWERNAENFAETCHIMM T T 7 N UBNER LD,
TR XY —RAEEPEAT D, SHIT, REBOWMANOHER & SRR EEWE O EENE
Do AHEMENFE R S ALz (Winder et al., 2009),

AR I, # B Cid, 20042 % 2B TIE, 1976-774, 1986-87THEX I 2EMHER L 72
TERHREINTVWDN, ZNLUBRITHMIEEREL2EZ 5T, J& D Vs A7 Wk 58 3 D & e
J. O EETITERIFIREBICES LoTWD, £/, BEREPLDEHR, VU OEH & EHIZ
LXDEBKEOEANBEEIZIZR>TETND

EEMIIBOWTHHRATERAERBREOARITAOA TV VWS, XAFOREIIZLY 2
J& 75 R O AL 20064 IS B S AL, RFRE M ICE Z DA REES DD, REBERENAES
b A& FomBEMEEN+o TR 2, KBORBRE/ICORN S, LM
EIZBWTA PR EHEHMNIET L TWVDHEN2000FERICA-> THHERINTEY ., AW

EHEAREELH TS

i

1.2 EEHMORERE
1.2.1 BEEHOWBE

HEEMITIB AR KOKAKM TH S, BERICAE L (Fig.1.2 a), ITEN14005 A D KE
BWEoTWD, WMEHMEITH674 km? (AL 616 km?2, 58 km?), A K/AKIEIX103.6 m, &
(T#4963.5 km, fix KW IR &1 SRR 2 & B B BT 2852 & T 022.8 km, fe/bEIXEE M K
B CT135kmTdH 25 (Fig.1.2b), EEWIZZOBRLSILW LM &Ky T S, FHK
FIXAEH CT43m, MM T4mTH D, EFBITN275E m?> T, LWIZ2736E m®, #HiH C2E
m*TH 5, MAKEZERASOE m>TH V| WHE R IZILW CFHS5.54, Ml c158 M
BETHD (25,2000), £, BEIMICWAT 2 —FE)NII90)II T, £ 0 5 5 i ¥ it
FP5km Kiili O /MBI Z2 W)L AW ORI 7E 2 D T\ D, Ji IR |72 o
Th o,

Fig.1.31%, FEE WAL 4 deyb b Je® 58 (Fig.1.2b) I28 1) 5200744 H 2> 5200843 H £ T
DAKRBOEDSMOFHEAAZ R L TVDL EENLEFINT TRIELS EFT 52204,
KEKPDIEO LIV, RAICKENTEHO 5, REBKENEFIZHN2TCET LA T2 —FH
TEBICIEAFTCHASNIZMANE L2, ShEFMICHEE R KEENTE, KE20m
&K*m%%ﬁ%ﬁéﬁé@%%#%%ﬁzﬂﬁf?%Eﬁ%ﬂéh%@%ﬁﬁ?ﬁék\
KB IR AICTRELEML T, BEHMITEB THERGDAEAL, KRITEET

8



—RRICR D, RIS FALCBMATOR UHBORGHRBEREDOFHLE(LE 2D L (Fig.1.4),
BENPOEFIIHT T, b OMBUAG L KE20 m ROKIBEREBICLI->T#ELND
LT, OKIRBEEBTOBBIMEINLDG - HERD, 20D, AFORBIEEREANICE D
BEEIRKE LD, 2BERSAELZZ2 L, MEE TCORBREIIERET S,

EEWILWMOKEB TCORAMBAANBHELE IR > TEZDIXI60FERTATHD . TDOERK
T, BREBHICHEIRKETCOREMIBREEKRKB~DODULBETHDL Z ERERHINLTEZ
(1, 1973) (Fig.1.5), EE OB FITIEE O LR RICELEZ MIFT -0, ZANEEW

BHGERICBERLDZERBESNTND, BREMSEEZDOI9BOELIEIZ S, S HMH
ROEE (90m) TIXAEGFEMBREN 2mg/L L FTIZR2ENBH SN TWD (Fig.1.6),
FEFRREN2 mg/lad TR EAMOEFBERBLRT T2 2B R7INTWD MG,
2010), 19804 LLAT & 1980F A O BB O ERITZR R D LEXZ LA TED, ZHITHOW
TR EOH TR~ 2,

1.2.2 BREWE
AARICBT2MBOERBMELLC, AWM TEEBEREORAHENKTFTLEZ
T BAKBOWERBENED 2R, TETITEBREBICITLS > TWD (HK, 1937 ; #

H, 2009), EEMOLALABROMEBIZOWVWTHEENLE TH S (Kumagai et al., 2003;
Goldman et al., 2012), JEJE DIEFEEFZEE O FHEEIC >V T, 1970F 0 & FELIC
WTHERBUEDNEFRRN THL EEZLNT WD, LnL, BENSOAEKYE., X&EE
A f B2 BLH S AL 72 19804FE AR LLFE I & & e R K D K @?%62mM%T@6%%ﬁ%%h
THEY, ZOFRKE L CESOEEENELO KL IC WENMMERINL WD (BES
5, 2005; JbiE# 5, 2010), FEA %(m%)%%&%(NM)ﬁﬁﬁﬁﬁ_iémE%m®ﬁ
fERERB~DODEBFEMCRELSEZEL TV EHRELTWD, 72, 19804 7 520004 O
W E20E M OKRBEAEB OB ITIIREAKEORA (100 mm), KR O EFH (K1~2°C), JE#H
DU (A e KEGE O FFEHERRIS%IAD) 72 Enb Y FFlio, [EO EF RO R D
KO EIRGZHD., BEBIBRENMETTILI2RERKEERL2EEZ26ND,

R EFRRBEBEECRETRERBIIONTEZXD, ENBILT 2Lk T, WO
PEERB N LT D ATEEME 2 /R L T\ 5 (Danis et al., 2004; Matzinger et al., 2007), 4 &
DEVEICIE, RKOEEBLEES T 2 RKE TIIHEKRBIZHESNTKEDO EFIZRELA2
D, EEMBEAELS b @EENDH DS GER 5,2010), A A A D Zurich{#l TiX. 19504F K 7
519904 TICHEE DO KR EFFE (~0.024 K/year) 28, EKE D EFHFE (~0.013 K/year)
KXW REDLoloD, B YH 2N 2~3 Mt K S #v7z (Livingstone, 2003 ; #rH, 2009), =
oy I EL ERBHEERSEZ DR MERRICHE S T, BRAEEICK
X7 W EBRIA~BAIT L2 b H 5, il 21X, Peetersetal. (2002) 1X. 1K TET V%2 H
W REAAERN D W E1948FE N B 1957TH £ TOSOERICE W T, KA Y O Zurichilf] 23 42

9
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FEIE BRI S FEIEFBRM~EE{L LoD a2 mB Lz, £/, ML KAV O
Constancelfl IZ, FIZ —EIREMWENE Z 2W TH 520, 1960F 5 5 19908 R I 1F TA
FOR/MD EHFENE Y (0.06°C/year) 720, RREFEEN/IEZ ORI Rol 2 EHRES
TV 5 (Straile et al., 2003 ; ik 5,2010), k5 (2010) (X, EEMICB WV TH 19804
2520084 F TORBOEM TRBEHIMANA0.5 HiyeartE x TWAH I L &H R LTz, &6, %4
FORWEAICL T, 2EBEIENL, BBHLPBRAEARZICRDEVWIEMLH L (K
JK o« BRI, 1999; = B, 1999; Yoshimizu et al., 2010), £/, 7 AU DO KHF /T XTOHA
R G 27O MW VT, Butcheretal. (2015) (X, IR tET L EHWT, [ELEIC K D
MO EERH~D L, KEKEO LA T, ShERES 2. BEOBEME, &L ) o
ko THBOBILZG T 2 FMICE< Z&z®ELTWD,

JAIC X2 EBIZONWTEX DL, AARS ERER, SAEIEGICEDMEOMER L,
Kk 2 7 Bl N U5 (Boehrer and Schultze,2008, Read et al., 2012), & 52, EIXANHEB I &
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10



Z 20044 2~3 A IZAT W I ZKIZ B 2 5 B BIZIA A o TW 28, il 12> 54800 mD Hi i
TIEWRAZEN TH D Z L 2 M L. BUEMEN T 6 a0 5K HEET3~4 kmll £ ot
ME TN BET 20, REMIEZWRATIE O WEICH > TR I M2 5 %5 R
MDFEAT DA REEIFERNE LTS, HJI5 (2007) $2004F2~3 4 O BRIz T, &fi)ll
D OFEKRBWIEICH > THEHMFRIEFEICHAT DX 2BLITALNAT, @S HK
DRNMNCEDEHFMFFREMEOBRBREZRSTHRELNRVWLEHREL TS,
JEJE~DOEFHBBREOMGZER L TV E2ERNIT, KERETH 5, &JE®REN
b SN IESN21FE, BERNXETFTBRIENMTE R 2D, Z0D, BEWOK
fEHEOFHELB A HHEIT LT, WEBDHOLTHLMETEZ L, LirL, EEWMOKES
Ok, 2KEICDE> T, KBEEICL > THRBHEEN L BT 50T+ 0 fit
I Twnin,

(a)

Asian "
continent ’ L . : Lake Biwa
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Fig.1.2 (a) The location of Lake Biwa and (b) Topography of the bottom of Lake Biwa (Lake

Biwa Environmental Research Institute, 2007) (added the point of Imazu-oki)
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Fig.1.3 Seasonal change of vertical distribution of water temperature at Imazu-oki
(April,2007~March,2008 (twice a month)) (data from Lake Biwa Environmental Research

Institute)
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Fig.1.4 Seasonal change of vertical distribution of dissolved oxygen at Imazu-oki
(April,2007~March,2008 (twice a month)) (data from Lake Biwa Environmental Research

Institute)

7
L]
§ 6 @® Observed data
(-1 _ .
£ s Approximate curve
£
o
3
=z 4 .
2
@ 5 i
|,
2
1930 1940 1950 1960 1970  Year

Fig.1.5 Times series of dissolved oxygen (cc/l) before the overturning in the deep layer (60 -

80m) (Naka, 1973)
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; . ‘ Rate of decrease: -0.0009 (mg/|/year)
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Fig.1.6 Seasonal change of dissolved oxygen at a depth of about 90m in Imazu-oki for 30 years

(o; Annual minimum value under 2mg/1)
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Fig. 2.1 Calculation domain with the topography of Lake Biwa: (a) horizontal domain, (b)

south-north and (c) west-east vertical cross sections through Imazu-oki.
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Fig. 2.2 Time series of (a) Air temperature; (b) Wind speed; and (c¢) Short-wave radiation for
boundary conditions from JFY 2007 to 2011 (JFY: Japanese fiscal year).
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Fig. 2.2 (continued)
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Fig.2.3 The location and the flow rate of main rivers (added the black point; outflow point).
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Table 3.1 Statistical indicators between the observed and simulated data (mean values for 5

years). MAE: mean absolute error; MB: mean bias.

Seasonal Index

Annual Index

Spring Summer Autumn Winter
r 0.95 0.98 0.96 0.88 0.97
All layers MAE (°C) 0.9 1.1 1.2 1.3 1.1
MB (°C) 0.5 0.0 1.1 1.3 0.7
r 0.97 0.92 0.99 0.91 0.99
0.5m MAE (°C) 1.1 1.7 0.6 0.9 1.1
MB (°C) 0.6 -1.7 0.1 0.9 0.0
r 0.81 0.62 0.61 0.62 0.87
20m MAE (°C) 0.8 1.5 1.9 1.4 1.4
MB (°C) —0.3 0.6 1.9 1.4 0.9
r —0.04 0.06 0.20 0.70 0.27
90m MAE (°C) 0.6 0.4 0.5 1.1 0.7
MB (°C) 0.4 0.3 0.5 1.1 0.6

(a)

Depth (m)

90

Tem |I3eraturel (°C)

Spring (April to June)

(b)

Depth (m)

80
90

1

B Observation

Temlperatu re (°C)

Summer (July to September)

Fig. 3.1 Vertical distribution of the mean value and standard deviation of the water temperature
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from JFY 2007 to 2011 at the monitoring point in Imazu-oki in (a) April to June; (b) July to
September; (c¢) October to December; and (d) January to March.
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Fig. 3.2 Time series of short-wave radiation flux, net long-wave radiation flux, latent heat flux,

and sensible heat flux from JFY 2007 to 2011.
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Fig. 3.3 Time series of observed and simulated water temperature at depths of 0.5 m, 20 m, and

90 m at the monitoring point in Imazu-oki from JFY 2007 to 2011.

3.3 HEBEDOFHZEES

Fig.3.4 1%, AEMPRELZBIEAKEICBIT 2 KEHEDMEZRL VD, aX
—XE 2007 4 H2 5 2008 E3 A ETO2MABOEFORAF vy Fay b Thb, &
FEOKBIRESMIENIZTER LSRN D, 2007 FE2RREL L TRAL, BHMERLE
FFICHARBRE L, RBKAEXEZLPOEFICEF I 220, kESMILEN D
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Fig.3.4 Seasonal change in vertical distribution of simulated water temperature (Color contour:
Temperature (°C)) (a) 3rd April; (b) 4th June; (c) 6th August; (d) Ist October; (e) 3rd December;
and (f) 4th February.
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Fig.3.5 Inter-annual change of (a) the vertical water distribution and (b) the thickness of the
thermocline at the monitoring point in Imazu-oki in the observation; and (c) the vertical water

distribution and (d) the thickness of the thermocline at the same point in the simulation.
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(Endoh and Okumura, 1993), Z N L DO XRBORBIIMO K& M T T8Nz
(Emercy and Csanady, 1973), Superior {#l. Erie {1, Constance {5 T & K IKF 51 [E] D @ & ¥t 2%
BN TR, MAEOEIR, KEOEN, MORKREIICL- TRIRICEELD D,
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G OAF v T v a vy ME Fig3.6 (a)-(d) 2R3N TW5D, & 1 BRiiE., KiEEREO LM/
BRI, S ANDL 11 HE THEEL TWD (Fig.3.6 (a)-(d)). #iE T 10-30 cm/s T, H &
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3.6(a)-(e)). mAE (1981) (X, HFHMP T, 19814 5 AN D 12 A E THRFBEMIZE 1 B8
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()

6:00, July 17th

Fig.3.6 Flow field in each layer from May of 2007 to January of 2008 (a) 20th May; (b) 17th July; (c) 8th
September; (d) 25th November; (¢) 22nd January.
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Table 4.1 Annual mean values of observed air temperature, wind speed, and precipitation at

Hikone local meteorological observatory. (JFY: Japanese fiscal year)

JFY 2007 2008 2009 2010 2011

Air temperature (K) 288.15 288.35 288.15 288.25 288.35

Wind speed (m/s)
2.75 2.64 2.74 2.55 2.82

Precipitation
1560 1460 1450 1770 1900
(mm/year)

Table 4.2 Seasonal mean values of observed air temperature, wind speed, and precipitation for 5

years at Hikone local meteorological observatory.

Spring Summer Autumn Winter
Air temperature (K) 290.19 299.13 285.3 278.07
Wind speed (m/s)
2.44 2.44 2.82 3.11
Precipitation (mm/year
P ( year) 468 475 328 356
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Fig. 4.1 Time series of (a) Air temperature; (b) Wind speed; and (¢) Precipitation for

meteorological conditions from 1981 to 2010 at Hikone local meteorological observatory.
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Fig.4.2 Time series of the depth estimation of mixed layer and thermocline at Imazu-oki from

JFY 2007 to 2011 in the observation and simulation (BASE).

Table 4.3 Statistical indicators of annual mean thicknesses of mixed layer and thermocline.

2007 2008 2009 2010 2011 Mean
value

Annual mean observed value (m) 24.05 25.10 29.17 24.82 29.48 26.53
Annual mean simulated value (m) 29.26 28.84 29.78 33.52 30.41 30.36

Mixed layer ) 0.82 0.87 099 0.76 0.99 0.89
MAE (m) 8.50 5.57 2.66 10.16 2.34 5.85

MB (m) 521 3.74 0.61 870 0093 3.84

Annual mean observed value (m) 15.13 13.66 14.59 10.94 13.56 13.58

' Annual mean simulated value (m) 12.09 10.43 11.26 10.02 11.99 11.16
Thermocline r 0.84 0.80 0093 0.68 0.87 0.82
MAE (m) 595 4.67 458 4.06 426 4.70

MB (m) 3.03 -3.23 -3.33 -0.92 -1.57 -2.42
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Fig. 4.3 Time series of 3-month average of heat flux (positive: downward) on the water surface

at Imazu-oki from JFY 2007 to 2011 in BASE.
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Fig. 4.4 Average depth of mixed layer and thermocline in spring, summer, autumn, and the

entire simulation period for the sensitivity analyses on (a) air temperature, (b) wind speed and

(c) precipitation
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Fig. 4.5 Difference of seasonal mean heat fluxes on the water surface at Imazu-oki from
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Fig. 4.7 Difference of seasonal mean vertical distribution of square of Brunt-Vaisala frequency from BASE
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Table 4.4 The start and end date, and period of thermocline in BASE, AT+, AT-, WS+, and WS-.

Start End Start End Start End Start End Start End
date date date date date date date date date date
JFY 2007 2008 2009 2010 2011
BASE 4/8 12/15 4/12 12/10 4/7 12/5 4/19 12/6 4/6 12/17
Period of 251 242 242 231 255
thez‘g; (}),csl)lne 244.2 (5-year mean value)
AT+ 4/9 12/16 4/12 12/12 4/7 12/5 4/19 12/8 4/6 12/18
Difference 0 +2 0 +2 1
from BASE
-year mean value
(days) +1(5 lue)
AT- 4/9 12/14 4/14 12/10 4/7 12/2 4/19 12/8 4/6 12/18
Difference -2 -2 -3 +2 1
fi BASE
ro?cliays) -0.8 (5-year mean value)
WS+ 4/10 12/15 4/15 12/7 4/7 11/28 4/19 12/3 4/6 12/15
Difference -2 -6 -7 -3 -2
fi BASE
rom BAS -4 (5-year mean value)
(days)
WS- 4/6 12/21 4/8 12/14 4/7 12/6 4/19 12/9 4/6 12/22
Difference +8 +8 1 +3 5
from BASE +5 (5-year mean value)
(days)
Pre+ 4/9 12/14  4/13 12/8 4/7 12/4 4/19 12/7 4/6 12/15
Difference -2 -3 -1 +1 -2
frozgglsx)SE -1.4 (5-year mean value)
Pre- 4/9 12/15 4/13 12/12 4/7 11/30 4/19 12/7 4/6 12/17
Difference -1 1 -5 1 0
from BASE

(days)

-0.8 (5-year mean value)
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5.1 FHEEH#

ARETIE, BASZMHTOFHE (Baselinecase) IZ/M X T, EHMOKRT — % O A< A
M. MM A EXEFGETCORFEELT, KEOKBLEE <7,

Baseline case [T ASFHOFHHE 21TV, 2006 4F 4 A 1 B2 5 2007 % 3 A 31 HE CTx%
spin-up M1, 20074 4 H 1 B2 5 2008 4 3 A 31 HE CHFMx WM E L, Z0f
Raeb iz, REHHPICBT2BEAOKREBE~ORBELZFHDL2D, EHHKPTH
D, MAES, MEAOKRWEZRAZMRIZ, B, RMELEARFETHREEREZITo 72, &
JEOMW WA E LT, EAEZHE GEABR LM (7H 15 Baitg) oF T, BEHE
HEAROREN->TLTH IS Az@ER L, ERITKAEBITE T 5 2007 4 7 H O RGE,
JE A % Fig. 5.1 1CR"3, 7H 15 8D 1 Kl KEGEE X 10m/s 28 2 72, BE, &\ &2 2
AT TIE, BhEHAEEITOT, SHARBEHIZ7A TR L L, MIHEIZ. ZhETO
HIfi] @ Baseline case D FFHRAEZ H W7o, MEAM B OB B IX 7 A 15 B T, 3l % 5 1) #
T, 20074 7 H 15 H)5 20084 3 H 31 HETLE LT,

BEEBRICHENTIZ, MEE L T10m/s, 20m/s D 2 3% — 2 2FE L7, EE 10 m/s
DNF = Tix, BIAE, KEmMAED 4y — 2 BEGEFRHRIET 1, 3. 5. THDO 47—
Db 16 r— A% ZBE LIz, JBAH 20 m/s D% — 2 T, BmidmEEiddo 27— %,
sREGER I 1 B & Lc, £, X VBFENZRSEMEL LT, EMIL Baseline case & [A] U
T, Jil# % Baseline case D 2 fFIC L2k THEHE AT 72, £ — A DA FRiZ, Table 5.1
WoRTIEY THY ., mEOEE, B A, MRS CEAHE ST TV D,

Table 5.1 Wind conditions in numerical experiments

Case Wind speed Wind direction Strong wind duration
name (m/s) (day)
s10dS_day 10 Southerly 1,3,5,7
s10dN day 10 Northerly 1,3,5,7
s10dW _day 10 Westerly 1,3,5,7
s10dE day 10 Easterly 1,3,5,7
s20dS day 20 Southerly 1
s20dN day 20 Northerly 1
sX2dO day twice Original 1,3,5,7
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Fig. 5.1 Hourly (a) wind speed and (b) wind direction used in the baseline simulation at Hikone

local meteorological observatory from July 1st to July 31st, 2007.
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Fig. 5.2 Time-vertical cross sections of water temperature at Imazu-oki from July 9th to August

8th, 2007, (a) Baseline case, (b) s10dS_1 (c¢) s20dS_1, and (d) sX2dO 1.
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Fig. 5.2(continued)
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Fig. 5.3 Time series of water temperature at a depth of about 90 m from July 2007 to March
2008, (a) s10dS,N,W,E 1, (b) s10dS,N,W,E 3, (¢) s10dS,N,W,E 5, and (d) s10dS,N,W,E 7.
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Fig. 5.3 (continued)
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Fig. 5.4 South-north vertical cross sections through Imazu-oki for (a) Water temperature and

(b) Vertical velocity from July 15th to 26th in 2007 in the s10dS_3 case.
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Fig. 5.4 (continued)
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Fig. 5.5 North-south vertical cross sections through Imazu-oki for (a) Water temperature and

(b) Vertical velocity from July 15th to 26th in 2007 in the s10dN_3 case.
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Fig. 5.5 (continued)
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Fig. 5.6 West-east vertical cross sections through Imazu-oki for (a) Water temperature and

(b) Vertical flow speed from July 15th to 26th in 2007 in the s10dW _3 case.
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Fig. 5.6 (continued)
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Fig. 5.7 East-west vertical cross sections through Imazu-oki for (a) Water temperature

and (b) Vertical flow speed from July 15th to 26th in 2007 in the s10dE_3 case.
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Fig. 5.7 (continued)

Table 5.2 Inclination of slope from each coast to the point of Imazu-oki

Direction Inclination of slope
Northward -0.0083
Southward 0.0043
Eastward -0.0116
Westward 0.0092
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