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I #&

][]

1 BASHMEKIEDOKERIE
a FBEAfEMKIEE(E

PASHMEASS & 1%, TS - Nl - B % &, Kot A
DL VEEINKE (RE5M) ] TH Y, it
ANBEAPFAET H5—HT, fliHE % K ECHMEICHEE
THZENELY, LLIE, HALZKEITRET S
FTIZAR)OBMETETLIKEOZ L 2T, 0L
I AT, WA LZKRIIREMEE T2 L1Ch
D, ZOMIZHAL7ZZAKD—ERIZZEFE TIRbNL 20,
MAKICEIFNDHEHEIIV LT OTHLMEMIND Z
Leehb, T, MOTEVERA — ¥ — CTHRER
HAEUBEOBRES LA L, KEEEI T ET
BHEV)BROIERBENLSEITTAILER D72,
WMAKICERFBEENL L, WAL TERES
5T & o THEANOHREDSHEITL, KEISD LT
EL o TWL, ERBIAPEITTSIZONT, BEEZ
AT A RFEEE B 2 AW ofEECHAEMm L
FRFIZFEIR L TR ICIERE T 2AE S 725 2 &
b, TOEHIC, MAKIZE TGS NS WD
HERE &, KSR TR L 2oL ), Beh
Tldd 5 DSHABEMEOKIBIT E R FEILAHEIT L 2255, K
TR o TV, —f&IZ, HBREH LR EIZL > TR

S NAiDS, T o BICEMEL TREXAZ 5
IC, BAEIPOSBITFOFEAR PP LEbI TV
(Fig.1),
b ABRNEEREB(LOET

PASHMAE KIS O KN TSN 2 AMIC L > TEED
KAEBEMSHRE SN, SR ERELETIEREI LT
bo NEIEEIIC L o TEAIKAN O )| R H FH 12 HEH X
NCRFEEEIL, FEFICPE D KBBENIC X - T T i
MK E BB L, BRBILEZETSIE S, FEEH
ORI SEAELTBY, T, FEREVSLE
THICHEKT L0, BHICHEELR EOREROEMNRE
ZL T RETHD, ZD10, \NMGEBOFELZ
FAKBOEREILIZ, NEEBOEEL 2T HWw
EARFUC BT A8 & i3 5 &, REEA IR i
T35 8t%b, HRENT2EHBICKE 2 K%
HL, BERBLSETLTCVLIE  HOEERERNO
MABMEEE KRE, 1992) % Fig2llRd,. 2h
WC&BE, EFERVLOHNSNAAMNED, XK )~
DWTNOEE S EED 3E % LRl>Twa, ZoOMo
ANEESECBIE S 2 AfHEEE Y A5t 2 L, 2ol
8#EEHOTVE, HRRDPOHHR SN ERMED 5
P EosfrEsy, AMEESIER L Tt ShTtns 2
LG, WA TOANMIGEE A R BRI R &k
CLTWARERGICHFETE S,

Fﬁ |

| [

Fig.1 #EO—4 (AAKEHHHZES (1982) &b &12dk)

Conceptual diagram of lake evolution

Fig.2 &7 l~Oi ARAfEOPEHIFERIEE (1990 45)
o #@F (B 122m’-dY), Y Y (R 08lm*-dY)

Ratio of inflowing nutrient load from pollutant soureces into Lake Kasumigaura

Left : nitrogen, right : phosphorus



FAREE | RFER M2 O CIKHEEAR T ORETBEOT BB 5 % 3

90

80 e

L\ szjﬁw/
MM

S49 51 53 55 57 59 61

63 H2 4 6 8 10 12 14

[——aN —s—iz ——1g -0 24

Fig.3 BRBEELMEEREROIER (BEE (2003))

#J11i& BOD,

8 & 5L CODyy,, R (%) =

GEBKIBEL & TIdHAIEHED) % 100,

Changes in Environmental Quality Standards (EQSs) Compliance Rates of BOD (Rivers) and COD
(Sea and Lakes)

HARIZBWTIL, WIgo - FHOZ bR A RO
ZALICHES T, il o oBRR AT REEML, A%
K38 DA B R0 A AR R XN LK 5B LR AT
WE L o, BAISTEIIL, MIBOBEBLIVY VIC
%5 BRIBILHENGRE ST 5 DOKBEEEEIThI
72o SHUT KD HEAKKEEHEDE D H Tk L\ ELTDS
ER SN Tzo KEREIZIANT 2284 ZELD) M A D5
W OBRELEDZERRIZ LAENICH S (Fig3, B
¥4, 2003). LALeds, BAsEMKISIZOWTIZH
HEFLWELIIRZT SRR, 2, BsEMKET
IFERRFICAM SRR LTHRATAZ &R, WAL
EEEA b LI L ORISR CTH 72 2 WG BRI R AL
Sh, FEEFIKBNICRHIMICDI>THEEL L
B—HESZ b

c EREBE(LEFEODIEIE

BERBREOKEIL, EESHEBLLTVWERETH 5,
EEHIEWTH Y, TOEERIL Liebig DRAE [l
WokERL EFICLELRTOFT, #Eoxdd

BULDIIHRENDL I o THHAT AL ENTE D,
BHARKIBIZB W TEEOAFT ICLELRRFIX, BEOHE
AR AT AKE, FLTHRARZT) BICLEE
HAHHEEKRBETH D, FEEHEDH L, BARRTH
BMEAFELEDH B0, EF N), V> (P), 7Y (K),
A (Si) THYH, Iho0) b OR L A 7%
MEREL 255013, )y EHREXETHHI NS
WO (P - =ZHA, 1995). ZD72%, KBEHOY vk
FROBREIER LT, KEoXERENFTHIATY
% (Tablel), KEEFHOWE* BFOMEBHT %0
SEFEZEHT AL T, HEWRRZ->TWSED
OD, WFNOFERFEIZBWTH Y »i2002mg - L
%, BFI1Z05mg- L' #8255 L) ThHNTEERER
BICOHEHSND, BEXRERETIE, 204080 %#EE
HEAEEICHFEELTWA-D, HIEANHE L 24 VB
Thbhb, ZDLI) RABIZBWTIZ, HMIEIZ,I2EMm0
R TH D H L KBS T AR EMEWmTE, BED
KIGHES H W REEA S K % b o

Table 1 PASHMKIBOKEIREDHE (BAIZLTmg L)
Environmental Quality Standards (EQSs) of eutrophic state for closed water bodies
Wik | g wxE | REE L BRI
TP 0.0050.010 | 0.010-0.030 0030-0.100 | Vollenweider, 1967
| 0002-0.020 | 0.010-0.030 0010-0.090 | ik, 1966
| <020 | 0020 | #H, 1937 -
N <0010 0.010-0.020 >0.020 | USEPA, 1974 e
<002 00120024 | >0024 | Carlson, 1977
| <0012 | 001250025 | >0025 | Ahland Wiederholm, 1977
[ <0010 0.010-0.020 >0.020 Rastand Lee, 1978
| <0010 0.010-0.035 0.035-0.100 | OECD Tl a
| <0015 0.015-0.025* |  0025-0.100 | Forsberg and Ryding, 1980
TN 0.02-020 0.10-0.70 050-1.30 K, 1966
i | <040 . 0.40-0.60* © 060-150* | Forsberg and Ryding, 1980
EN | 020040 | 030-065 050-1.50 | Vollenweider, 1967

T-P 21 ¥ T-N:28% IN:
*I3EFE 6H~9H) OFHE

afE (1990) &b ok,

ImpRE SRR
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Figd4 [EERREMICTRIEE LHEE

Water bloom in irrigation reservoirs

d FEOEEICK>TEUSFKERE

KFAZ BB E LK CTERBILDETT S &, 3
HOWMEIZL > THENELLZ LHDH5B.5 L DHE,
H—OEFEDESICHEET 2R CRIESEL %,
HEASBEE\HIE T % L KOB OB LY D4 K
Do, RBlEEMAIELSE (Figd) °, £EWIC
EBRAEILEN D D720, BUKWLERBICEE L b7
59, EARFAIGHKEKE LTREATABICIE EE
o —ERidk s RWoEL5 &R $ UK, 1989),
BERKE LTHAT 25461, OWE L -EEIC Lo
TRERKDOERYIRENS LA L, KENDPADBNE
NasZlilkoTHBEORTILMMEESNEZ L, @7
Oy 7L L - BEPHROEREIIAEL T, HROBm
MEAMKT 3§52 & (BARAAENZES, 1970), G
HIlLoTREERENE 7Uy VB3R TY) ¥ 7 7—DH
EEDEFIERITILE (LUARS, 20000, &vio7-fd
EEHITOND, KIBOKEERE I CEEN 28 % R
FTHIE LT, BEONRIZLIBERZEH TN
%o HHIZEEONAWAHBT 5 2 &2 KA
T BESFELMEL Z 25200, KX
R EY R —F IR §5 2 & TKRIBNDOERE Y
HEL, AFZRLDETIKEHNOEYZIBIZES L
OLEBNDITEN L, SHIZ, FlKDETHROER
FTREGELT, BEEO Microcystis (I 70X A7 4
A) X Anabaena D—i{iE N R B IR L Tfabr i
FEBL, EGCERERIZT L) AEBEN2EL A
L% (Codd et al, 1989 ; #4 - JH, 1993 : Sivonen,
1996) o

FDIz0, FlKEHKE L 727K T OO B FE ]
X, EELBECH VBIIPEZEIN TV LIHRETH 5,
HEHOBFEIHEN AT T, KBATEZ o T 5 W HhE
2, EWEERE Vo BHROBBEVLEL 25,

2 BASEMKEICHIT2MERRBERE
a BASEMEKEICBIF RN

BREACL-EICBT 2 EEOMEE T 512
i, KBAICBI 2 REEFHOBRBREZZE I L &
WEEICR D, FEREDOHEIX Table 1 (Z/RL7-L 9
WCAKRIBOFGRBEIZ L > TEBINS Z LA—HEHT
BN, BEOKBHNCTHREEREI Y —IIoMTHI L
BATH Y, SREHME 72T FE G A —ICFEET
bo T, BHEETIIBEERORBENEHEOLY
B - AL bE LA, ABE & D ITkENER
B350 ThHb, T00, FEEHOERBERE
HOWIHBREO ST H 72> TE, KBEWNIZBTS A
T3 7 WEERERE XA T 5, KOofhzitEs
HZEDPUEIIR D,

PASHIE AR O K OTBI 25| X8 2501, |, A,
BRELERTH LD, IO HMTREIZ5] Xk
FTOTIE R SBMEICHAEDL S o129 2T, KioKE
BRKELE VSR EBEE L 20 RBI AR T L
X% 5,

BASH AR B\ THRA T Bt Ol % Fig.s |2k
T o KIBMDOKIRIZ & o TERE A OWEIGEEEH R4
LI EBHOLNTWS, Zhid, KBZEILIZE o> TKkD
FBENEATAHILICLD/EETH Y, MO
BAEBRICKIRDSKAZ T HBIIIEF IR E v,

b YERERRBEICKETUFEZNEITKE

KIBOY) ENEEREIE L KERFEZ RS 59 2T, K
RIIFEFICEEL2ERE 25, KOBEIIKRIZL->T
ZALT 57:0, £ U DEEEIKSEEOTHENI FEY
FizgT b, HO X O0THh 5 100C O T ko
K& LTHEL, BEIZ3BTCTRA Fhi)Eng
AHECEE O HFIHMAT 5 (Fig6) . KimATE T
WEEWVIZEBEINSLS A ENDL, B TEHWK
WSERG HFAET 5 L SREH DR AFEA LIZ L wik
RBLid,
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kiR 5y A

HEHE WEHED

Fig.5 PASHMOKIZIC 317 2 WEIESEMR

T RGWIRIB OKER 10m BAE), A @ &vkis OKEE 10m BUF)

Hydarulic state in closed water bodies, left: deep areas, right: shallow areas

TO0, KimkKimA ERTHEFICIE, KBOK
s E5 USRI M OXF AT U < WikEE OKIEHEE)
PR SN BGED B B IREDVRE VIBIZB T,
HFZKEE 10 ~ 15m OBFTIKEE 1m &7z 1) Kim7*5C
HI R D B2 KIRBEALA A 5 I % FHI G & I 2K
mEE TR S D (FigT), COBO LT TIIHMES
HOBIC L 2WEBBMFITL AR B5720, Kii
HERE ORI O W BIE SRR § 2 b L KBTI D
BT R & 2B e RIZT (B1E 1990). F72, KiE
22 10m BELTOERWIZBE VT, REFLIZEK
ENBHEMOKEEE (HEE) (Fig.7) 2KER¥E
WCRELEERIZT (BIIS, 1989).

AKIRFRRE AT S B DL, HEHZ & 2 #E4tia et
LB EZHNPRE S Kim EAIZORDDKEH LD
RETAVF—Z, F50KOKRETRNEH, RYO
F IR BB BRI L 20 TR L BMim S h
5 (EAR%¥R, 1999, €070, REZFNVF—DFH|
EIZLY, HHIKEOKELG RS LA LR T V. &6
12, RETIE, BT 25RAEBBIREIC & 5 BHITT

(g/cm®)

1000 gaomeas

0.999

0.998

0.997

0.996

Y

w0 O

0.995
0 10 20

Fig. 6 ki & #/E
Relationship between water temperature

and water density

bIUTHEY, KL )REDIT) BT IUTRRBITIT S
BRI NL LR D, 20720, KimdKink b
] % BRI 1L, KIBOREDSEF YIRS S, KinE
B EINEZ L b,

—7%, KBBEBIHETLDL, KBOKR L DBK
PURRET 5. SURDE TR, BEHEENC X % B
FhLICE Y RBOKREIHERINT, —RHICTE L
D KR, D F W FEEORKEZVAKHSTER I NS,
ZD7%, BEVWRBEANEET 5720, THEORNS
A USREHMOBRESBET LT LIl b, ERBDOK
BOFELFEUKBOES T THHERATLIZLICE
D, LI OKREBVHEHBLTWZEERD,

DX HI, FSMAKSE O EIEEREEE % TS A B
WBWT, KIBREIC L 2BEEEDABA ORI K
IBTRHEBIIEEICRENI EDL, K BEZEEL
LEFIVTERT LI LEIROLNS,

F 7, KBS EBRBERDIN D KEREICS 25
FEIIKEV, BlzIE, SRBFRERE, EEOMM
R KOS, KIBOEIICHEL TS (Fig8),

KA (°C)
5 15 25 35
0 160 — 60 R 00020
ng/a }// - | .. 00018
5 ’ ! |
| 00016 -
.n/c){ f 120 \ - L
& 00014 4N ft
10 NG N
e 53 100 N E\K @ 00012 3
§ 18 $ 80 e \\ : éooom e
5674 60 ) E £ 00008 |- e \\
- 00006
25 ‘ 00004
&8 00002 f-f—ref-
30 T ‘
L ; 00 ——t 00000
[—o— KZ30mD K L #) —— KRmD AL | o 10 *;o 0 10 20 30 0 10 . %0) 30
3 KR A
Fig.7 KRB O KROS5 whEERERE BRI Rt

(BHUH, &2 :200247H9H,
FREEH 0 200147 H5 H)
Vertical profile of water temperature

in summer

KIRZALAKEBRSE 2 5 2 5 HH

ko KIR L SIRATFERRIRE, T KR & BEEORKMIEERE, A KR L B
Relationship of water temperature and environmental factors

(saturated dissolved oxygen concentration, algal growth rate, and viscousity)
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BB EREREIIKRICE>TREZ S, KIZHT
55D EIREE X Henry OFERNICHES X, KiEATEW
3 ERAATERR R KT L, 10T T1092mg- L7,
20C T 884mg-L", 30C T753mg-L", &%%, £0D
720, KD TE L = A EFIIIKPOEEREIET L
BFRFIRAE & 7 2 W REMEATE

R ORI ERE L KIRDOBRIZOWTIE, BEOMIZ
SoTRBELBEIRZL2bOD, HOBBLEREICA
N-EEOAYE L KIROBFRIE Eppley (1972) 12X o
THLPIZEN TS, KiROEFIZ X ) KERE IR
BEAEAICHEIN S 5 & S, 10CKEDS LA TS L& 215
Wbl ENTWE, SO LiF, BEEEEOEYHERD
BEINEE % RO 72546, KL 10C LR/ 5 & Laio
WELERLZLEEVBLEREBLE LD EVH LD, B
DEY RTINS 5EEIX 2o TVBEI L EZRL
TWwa,

K ORGP 2 5B 720 T £, BT Ok
IO EEZRITT. FERT OB 1L Storks D
RCTILHEHEN, 202 CihEREIIMEOLE

< i
N Z,
[~ ’,

RYIRETIL(BRITETIV)

X

BRE-RTETIL

TERZRTETIL

8 47 % (2008)

ZiFho ZDD, KEVPBVWEEIZERBEE AR
<, KEDPMENIGET EREERBEI/N SV, FAailie L
TEREDOKIEDE  TEOKBRIENEGE, KBIZHA
L7z RT-R5E L 723, B CIRECHKBETS Y
OO, FHOBEKREETIIW-L ) EkETAZ LR
Bo
c HSMKEOVERRBEEBRINTZIETIL
FSE AR O BB B OMIT 2 B L L2EF NV
2, THETIBITERICE LTSS T VD
BENTEL, KETFHEFTVIZ, KELIZEHEDE
TNWEGHBETVICHET HIENTE D, EHHlE
FIViZ Vollenweider EFWVICAE SN S L 12, 4ERH
DI KERELEETED-D, BN WEHRT
HoTHEMIKEREZ FHTRETH L, —H, o
MEIETINVIE, KEREDZEH AP AB) » KB
BRI ICEDOWTHEB TR 5720, FMICREERED
TEEREEL EEHHTEARA) vy NE2AL TS, T2
T, WHEBEREELBHTE 20MEETVERNT
% (Fig.9),

SE—RTETI

XN
ANERY

\

ZERTETIL

Fig.9 KETFHEFNVOEMS>EA A -

Spacial discritization methods of water qualtiy models
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Table2 X < flibnzKETFHET IV

Characteristics of water quality models

p— R &

[Fr 7R (WA KRB 5750 LI AH 7 AT 1~10 W, 57 A THR
=7 T [ROSREER Lo, v s ANBOWEEREE Y 515,

o I | | IKRERS DK HHT K, ARAOKRREOE 5, RIAHIAE <
TFN B 5 A AT,

o P | KROBRIR I E B Ak £, ARERI I E K2 500 W CERT 55
EF IV ko

o [FIBT |, [KEAOREFRIES & U<, FEARICoVT ORI BHE, By i £ 0
=7 o A~ DA,
T Emecsor eI LT 5 ik, MR O AN EHURIC & O KRS

®|SRRETM KT | o mnzmalc i,

Table 3 JKETFHIE 7V OFE#

Features of water quality models

® . ®

i oy o e
VBT — 4 i o PAN
FHERER () NE © K&
MR HEms o S

AKIEH T ORERIRY - Z2H 2 REEE L, BRI,
Kovh, FIBEREOWERARE, BEHEOHHAELY LD
LIICEHBETLD, Lo TET VORI EL > TV
bo ZHUE, FIROE ) AN TOKRDTENE EO -
BIERBREIEEZROTHE I E00, RoN-EEH
RERO LN TETOTOL AR ERT A LIZHEgT
HY, HRETHHRICESZBVCHHAE 2 E/T
HLUBENHLEIDTHBFD720, sHEOBEHIZH 72 -
TIE, AIBNOYERERAELY T ICEET 52 LN E
Tehbo HRETHKBOKEMERHEBEL, 5HED
F—ry heed, FEHICHRZINRLA-VWEBE, #
W B A 52 2HAZHBTE L0 E) 2L, F
BRECULEND L, SHEOBEN ELO-0I121E, R
ETHEBIEIPLETVOBBRMIChEANS, —F
T, B ZIRIEFE TR KBS BT 2 8B H R OKIE %
EH— L ETAHIENTELHEAR, TOERDE
PERTELHEA IOV TRAENRP OB, 2D
EIZEY, —ACIRETFLVEEOEE2 N ESE, —F
TIIRIRIICETNVEBEERT S Z EAMEEE % 5,

Table 2 I2&FEDE TV Lo TR EEZIER &,
Table 3 |Z/KEETF NV ORMZ BT L,

WIFNDETVIZBWTS, REBEFRELEE (F
X7 uu 7 4V aiBE) OFIUAED TEEAE O RN
IZHNZ T, BEOMIEBERIHBFEL Vo 7Y 2
TR AEHETLZODOTH L, ETNVICEL-T, il
WP MERRARE EO L) I KD DL ERL -
THBY, MRETDKBOEHLBIEL /- ETET VL
itz kb,

3 EBENg(CHI1T DM KIEDKERE
a EBERARthEfcHH

RERRED L -0MiE, BHBBICHKELTEY,
BERKOMAE B E LKFRERTH A 2 Liddtil
LTWEb00, £KBEAELTWENE ) DDVERLRS
HThb, BERAFAEZLIZ EROKEDS FTHROZE
WANDREHKERENIMET LI L2 HIE LT
HEINLZPHEERTH Y, EKEEIZLALRFLTWY
TWIBENE V. —F, BHAREWIZ 21 HfEs %1 fF1E
LTWwa ol (BAE, 1989) &, XFEL B H£KE
PHDKE WHDL WTH D,

OMPEL HEHELTWAZ i, KHEBEDKF
HEBELTW5, # 130 HEOBEEISKEO A
PWORHAE L CHAER D71 2000mm %8 2 5 KA
VER O LT, EHEMBEKED 1,700 ~ 1,800mm T
BB LD BEKDINDKIFEDHE N LEE % B720
ThHbo

EKIFEZHE L TVEDLEPIZRZ>TVWELOD, 72
O s BERREMIZ, FAMPRAROMBLEIZIELRD
BHrAEL WS, KAHOFE 2B KHEBEOTE
KIS U RENHETHEZ Lhs, K&, FFLR
Bk A DS e EDBIEY OEE A T — V26 U2 BUk
AT 120, NBWZRKEBEBRIEIC X o TKM R R
BMIDZEALS 5 2 LA 7-nith & BERREMICIET 24
BLLThFoNb,

b feéithDKEERE

HARICHEETIERER-OMOS  3EHREIRRE L
o TWwWh, HERICHET A20MDH L, DAPVE
BT F& A5 42 Bha L Ty, H 28T i #hIg & OF
HEEMIRICH L 7-DMOBBLZ2HED ) B, 869
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BAEMRE LIKERE/RICLD L, T80 ERKER
RETHY, 0% HFIEIRE, Y O 2%0 & HKHEIKAE
TdHo7: (Fig10, BKE, 197). ZOKR»L, 72
D OFBEIERIRE IE <, BESKRE I HET 5 WHE
WAHDHZ EERBEL TN,

T, THOLOREREDH B, KERELILET S
oo Tt R T—IPHELELRVDDOXBRAN LA
556 1 0 7= it % xF 5 & L 72 #4745 5 % Table 4 |27
(BES, 1999), ZHICL B L, 7-oibiZ/IRBETERY
L DON% I, KEEMFEERMA 2 » A7z 2w
bOIWEHERBE TVRALI LS, —BOBBR Y 1i#
BT B L KBEREOEDY A 7 VDR ICE N
bbb,

Fig.10 £ED 7Dt oKEBRE

Trophic state of irrigation ponds in Japan

it [ T | RONME | R | R | 17k
A AR o’m’) | 945 09 26.0 } 35360 | 555
YN (ha) 66.0 05 20.7 2,270.0 556
e wm [ s e | e | me | e
R (day) 114.1 04 | 530 21112 555
CoDw, | (mglh) | ;2 | 0% | e | w078 | 553

T-N (mgL") 136 0.06 088 1831 | 552

TP I (mgl) 010 000 | o005 | 184 | 8
Table 4 ZED7/-OhDEREETC LAY, KEEFRE

Properities of irrigation ponds in Japan

Dith
%4% REHEK
16%
FH &
29% 6%

BRE 22%
19%

Fig.1l 7=~ AT A2ERAMOEERES
Ratio of inflowing nutrient load from pollutant soureces into

irrigation ponds

8 47 5 (2008)

c lcHMDOXKETHER

7ToHMICTHAT AAMELHE L/2F L LT, 5561
DHMOFTHAHT—5 % Db LI, RATALIERAN
HOSEFER OEE % RO -4EFR % Figdl 12RT (5B
5, 1999), Thick st REHKEREEETLE
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NOEDOEFIVIZEICBT 5 EEOMERBREIHB ik
GENZETFVTHDHLOD, HKKETEHEINLK
HIZ, ZOFFHEHTHZLIIRETH S,
KEHFEKFOERREZ HEMTHRATE2ET VT
VETHD, FF (1990) 1274 ¥ X —FFEERTHELN
ERAPRICAFREESZOETIVERE L. BESM
RETFIVIRERBRICH L TEVWEIREZE LTV
LDODHEMADBEHICOWTIFHFICERIN TV
Wz, 100%2BZ2 5855 A—9 OREPLEL LD
720, ERHBTH L0 E ) DOHW2%#E L v, Jeon et
al. (2003) X, R CEHWRETVERE L, 7272
L, #R% T-N& T-POBRELLTWS/ -0, ERIC
DVTIRRL, S IS & AR EOBEORE
BALICOWTIRERBIT 5 2 LR TE %V,

5 f&m

7zt R BERREMOARO HIIE, REHKOL
ERRERTHY, HRBEORKREZ 2T KHREDOT
TRy — VI L m G TH B, LA L, BEH
KEMHETBOPHEEEE TH L, BEMAREDLOK
BAaxRe L-RAEREIRBHL Loz B2 5,
KHEEELFELZEBEALTWAI DL, FKOK
BIZE A=V TIPTIELPHFELLZVWEEZOLNE T
O, FENETONZEEG S D% B L 22RO
MK TH BB T L L, ANBH R AKEERIEIC
HBE ST RO KERENAERINTVWD HTREL
BhoTwh, 20720, MBRY LML Rz o7-KE
REORBMEALTWAEEZEZLNLEI NG, ZLD
CHHAIBFOE=5 ) 72Xk o THL DI T HLEN
H5bo

KN L BHEN AT HKEETVOREIE, 2
YE2— Y DMBEEEDOMESAL LB IIHE L DETVH
BRI N TV D, RAKBOMEEKIBIIERELZERE TS
D, REOFKEZAELTWSZ D5, HEOMFE
HEGHEIC & BRSSO EALII T AREBETH L, £
D7, BEEOMEIH A RAEHE LT, KBAOY
BERAEOMHC, MRBITARLKEREN KL Vo7
ANEEBASKEBREICS- 2 2 EEORETFINCER S
T&7z, KEBRIIEENL2BRTHL7:0, BHFEOE
FVERSHICERATEETH 5, 727201, #HICHZ>T
i, HRETHLKBOBREZIEEL, BHEEMELT
WARHERE, XM, XhELT RBTELET
WEREL, WNIA—FIRAETLILEVEREL 25,
EEOBFMEOBRETHIBEEFO T V— AT,
BRELLAABTELAZTIONE I LE, BVWE
BEAELTVRI DL, BRIREHBLLTHS
COMENEMINT VS, 2, EEEHOL,TH
Microcystis \X, Anabaena & 7% b SREWLFETH D,
FEHIZE L OMENEBEN TV S, HWIICES BRI
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DWThH, AR, SEHEIND 9 DDIRFHITER
ENTWE—HT, 74 —=IVFIZBITLEEERIZOWV
T, RECTH BRI SN TWEDITTiEk v,
BEF¥ERFELOKERBEORED/-OI12I1E, KIBAD
FEEFEOBREXETIELZ L, 20X, WATS
AWETHIT 5 2 LR DIEAN LN RFETH %,
FozolliE, ERBOZNELOTHFIHICB T
B BWMEMEIT) SR TH D, BEMATE
DEKIETH 5 EZER BBV, FITETRLL
INZAKHEDB R THENIKRE L, KHOET 5 KEEHAL
BRERIGHT A 2 &R E L CTF oK ESRESE
WZD0%Dhe TD XD REBLALHKHDEFRIEEREGEIC
HH LIRS V. LA LARAS, HEKOERD
RELEBFHTEX AR ETVHARIIERBEN TV
"ol

I ERE(CUCEEARABBOKEREICOWNT

1 XEOBEH

BEHRE(L L BRI B T 5 KERESE 2T
AT ERAREOHWE T REMATELEZ SR E LT,
FEEIH A B O SR JT M D AR & RN B
B L 72RO T, KEREOFFHZLZHS 2
¥ 5%, 7, FEHECHBTIEEERZNIHES A
BYREDO LR L Vo7, BREIMOKRELELTELS
HEEHOBBEDSHIKIC K ZTHBII PP DEEEITH), &
512, HBELAEEE Z0BOBREZERIZOWT S 4T
RITHZ LT H, REILUTZ2ERE TS5, FgHMK
BAERBICO2AMEICER L TWAZ L, T/,
Al URASHMEKIRCTH 2 BEMRELD ZoflIc b,
BREBABRVPHELE 2oTWh, LELEHS, K
P TOKBRLKEIBEOBELEBICOWTIE, 5L
PIZoTWVWBEIRTZ BV 22T, RETIIHHE
A2 ~7HOMEMZSRE LT, 1AM S 2 AR
WC—EOMBTH 2EMIChZY, 70074 a il

Fig.15 xf4& L 7-mtEEREh
(el D4k X v 2004 4E 7 A 14 H#)

Studied regulating reservoir (Mimami-Sio)

% 475 (2008)

R VW IR BE D SR 1B 53 Al DT E AL B A B L 7oA SRS
DWW, KEREOFEHAB IR L, B 2EHIC
OVWTENNLE#MZ L VT LOLZ LT 5,

B, BWEcH/--oTiE, 7927 b4y MT
RSP ATRETH o7z a TS50 7 b EnkpL, &
HOWEETHLIEM TS > b rizonTid, +4%
TF— BRI T E RN o122 DIIEE 2 {To T\,

2 FHE
a NREUCERFEARAEM

& L7-iEsithiL, KIREERENT 14 2 BEfE R iR
{th (Fig.15, Fig.16) Td %, iR#&ithiL 1991 FI2EE S 1,
KTEFE £ 120,000m®, #H77K & (X 560,000m’, & AAK %
13 90m, FIHKEIX47Tm TH b, KOFHAHEIZE
4 ETd ), WAT HHAATHENC 2 @At & Uk (A
b 5 O ) HAHTEHEIC 2 EFTH S,
REOBRAMBED S b, REBMOEZKEL L5
B o 0HmAK (IEREK EFLIR) ¥t A HL A Rl
WAL L, MU ICIZEARIE D SIS A L TWb, K
BCTHLErBIIHKOFELYZITTEY, BRiEkE L
1986 4 | ZilfvA — MAER! (LEIVER) IfFEShTw b,
B D S RIS S B KIZKE I E DL EHN
BN EHEHMO—DTH b, HEHDEKIEOEKE
i 1.3km* ©, FEZHMFHIZILK, BEHKEUCRET
BB TIBMHEFEAI/NE VT LD SHAKED DV I,
KHEOFHEAB 2L, WO LT THUK & 17> T
TOKHICBAE L TB Y, b~ O AKE IO T
Vv, 2070, KGR OHAEMNOFHE FIZHER
LTwa,

PEAE R A S BUK %247 ) #h2ihs 2 fpTd 1), Ml
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Plane figure and bathymetry of the reservoir
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Hydraulic turnover rate of the reservoir calculated from the daily out-flowing water volume and the storage water volume

DORUKI L TIIERE S, BEMK, THEHKKRUOKE
HARE LTHUK S, JLPE O BUKH#E &S TIEKEER 2m 2
SE¥ERKE LTHRAKEIRTWS, BEOH#ED S DR
KEHNE L, BERKODPAPCABICHY TS 4HT
W25 8 A TOMITHRIUKEDK 80% % 5D, D
MM 2B L 9% % 50 5,

B, ABEMOKMET T2 MWHET 5 LD RKEHEER
EDEMIN TV 720, RABMOKMIZIZIZ—ETH
N, KMZEENE Im LT Th %o ALt o 4
KA %28, 2FEMORAEM %8 U Tt sz 2
Ed ol

Tl O Z@Ear OBk #bE & b BEFETRETIC L AiE
OEFEBE A 1 BB TE/BINTEY, 1ERED
HofEsREsEshTws RAM, 2001). Al
KEROEB) IS CHUKE L EKENF— & Rt
5T lnb, HUKEEREKEDLORE L 2KNE%:
Fig17 I27R . B, TITIZ—HY) ORUKE Z &
Bk TR L7 M 2 KB R L ER L T/i—k v
FERELTW5, 2001 E134 H20H»5 821 H
FT, 20024F1F4H20H8,»58H3 HETHRER
KODPAPEAM TH > 720 KBEZHREEROBEETH
BKFZRHREE 2 K05 L, PADVEAR OFSE
X27H, ZOMM %K IELAD VAT FHET 66
HTHho7o

PPN T A axRE LT, KB EEL S+
L7012, SHEDKFRY FH%kE SN TS (Fig.16
HOO~OHS) . KFAEY FiZ, 705 DEEIC X
DK OKGE % FE S, T AR Y O

BREZEIT L) ICEAMNTSATV S, AEMETO
956, 200147 H7H~9H 10 HOMM X, b#EEE
B R AFERRF % B TRPR Y 713 E L Tz, &
@R 13 6:00 B%A 18:00 # T THh o 720 2002 132 <
BB S Niehoz.
b WBESE

FAHL L, FIAERICKD R THRELTH S
S5HETHELITo7:205, O~0, F-ORUGIZEN
FNRIBEOMEB ZRL, D) b@LGIZEKRDBES
BT TWAB I Edbholz, 2070, OMEICE
JERERERY, AEMOREMEL L O THME
AEEEML 720 RAEIEZ, KEFP20CTEZEZS5H»
510 ORI 1 BMIC—E, ZIhzkk< M2
\Z—BEDHARE THEM L 720 AR, 2001 4 B 13 40 [A],
2002 4EFE1Z 41 [BITdH - 720

KRS THREE L ThLHOMMETIINY F— VK
o TREICIRAKZEM L, #EAITAT 5 H
& (Fig.16 T@T/R L7 f) TIIKIEAE < $REH 1A
DKEIEENE—TH o170, RBOATENKE E
L7zo #rE B 3% #EHE (NO,-N, NO;-N, NH,-N,
T-N, PO,~P, T-P), CODy,, 7 uu 7 4 )va (LLf&
Chl-a L ek T 2) TH Y, FHAKDOHK, ERNFIEITo 720
ST % Table 5 12”3, 72, fHEmoFR2~LIE
B 100m OXHE &EARDHAT HHET, NETF
Y7 by F v P NXX17T (Ay ya¥ 4 X 72um) %M
WTERBOY 7)) v 7 %47, 100 ~ 400 B CREMEE
R 21T o 70 RAKFAERIZ, AR, DO, EC, pH %
ImBETEY Y —ICL-oTEBML, ZoHETZENS



16

FA TAERFE TGS 48 47 5 (2008)

Fig18 75 7 by A v MIko TSNS

Condensed algae sampled by plankton net

Table 5 ZEANGATIE H O 5347 Fi:
Water quality analyzing methods

ST H

ST Tk

51 I SCHK

Chl-a

WS REVE IS X B 43 HT
RTALER © T ABHMEIERRIC L B 7 4 Vv Z—D%, 90% 7 & b
Tk AR,

SCOR-UNESCO, 1966

T-P

W BEEIT X 5 43 #r
ATALER : NV A Y 2 gAY v L &HML, A—ho L—
7 53

JIS K 0102-46.3, Japan
Industrial Standard

W BE T & D 4 bT

Murphy and Riley, 1962

AFrrua<x v 7778558
(DX-320, Dionex, USA)

#— K77 L : Ion Pac CG12A

578/ 7 2 : Ton Pac CS12A

# 7L ¥ — : CSRS-Ultra, 4 mm

Tartari et al., 1995

NO,-N,NOs3-N

AFrra< vNIT 7LD
(DX-320, Dionex, USA)

H— RK# 7 L : IonPac AGI2A

43875 2 : Ton Pac ASI2ZA

%7 ¥— : ASRS-Ultra, 4 mm

Tartari et al., 1995

T-N

BB R - LSRR £ D oW
(TN-301P, ¥ 7 =)

WOBDOZE L L,
3 FAERREEE
WHEOEYWROIBIETH % Chl-a BEDELE Z DK
B L7 R OB OB T OKER
BOZALIZER LT E4T9 - Figd9 IZFREEOKE
FERRERT. £ 5KiE Chl-a, CODy, NO,-N
+ NO;-N (LAFE NO,s-N & itak), T-N, PO-P, &

U'T-PORETH S (Hfrix, Kl : T, Chla:pg-
L7, foEE > mg- L), MR TH Y, Hidi,

ENERE, THERTH L. KEDNDORFIZH % i,
RKHEERE L 2KEEZRLTW5H, &8, NH-N
($ 2001 4£ 5 A 31 H O F /8 T 06mg - L™, 20024 5 A
1H#A55H 29 HIZA TEBMHET 02~ 08mg - L™
DR EFELE L 72 USE 2 TEE TRMED 0.1lmg - L™
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Fig.19 KEBBEOFHEZ{, KR (A, T), Chl-a (B, pg-L"), CODy, (C), NO,sN (D), T-N (E), PO,P (F), T-P (G),
C~GOH¥fx (mg LY, BFTBRERRENE (R 2»6& (8) oL,
Seasonal changes of vertical profile of water temperature (A, C), Chl-a (B, pg-L™"), CODy, (C),NO,.,-N (D), T-N (E,), PO,~P (F),
T-P (G), unit:C~G (mg-L")
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100pum
Fig.20 /K |Zf& F 1TV 72 Nitzschia sp. Fig.21 E/KHZE& TV 72 Synedra sp.

Nitzschia sp. included in withdrawed water Synedra sp. included in withdrawed water

Fig.22\ EF12% B8 SN/ Volvox sp. () & Fig.23 9 HIZ# 5 L 72 Microcystis sp.
Eudorena sp. (/c¥ii) Microcystis sp. dominated in September

Volvox sp. and Eudorena sp. observed in summer

Fig.24 FkZF\ZME & L 72 Melosira sp.

Melosira sp. dominated in autmun
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a KEDIMESEBHFIHEDHRE

gL LT, Wy KIREERE IR S s
Mo7ze KiEOm & 8m OB DIREIZIFIZICUT T
Hotzo mODREVIREZIZ 200147 A 5 HOF AR
B S, 63CDIMEEND > 720 $HIE I OIEER
PRI o TWENE ) POIRIEL % 5 DO BRI ES
THEL, KE6m OHEIZBNTH DO EEIL 4mg -
L'UEThote £/2, KESmMETImg - L' %2 T
[\l > 7201, 81 MO EFAERE D H H 15 BEICB X R0
720 TOTEDS, SREFMOYWEIERZHET 5 ER
LA KBEBIIEE I N TV o -2 LRI S
5o KiBEBIHR ENah o2 BERE LT, RAKE
A9m LW &, WEEMEA2~THEENZ L, B
Zribhb,

Fo, AFICH KRB VIR S NS Z L b b ol
2001 4F-F, 2002 4ERE & b, BARKIEAT4C % TR Z
Ll holz. EORCEF CESMICHE KT A L
W o72h, KFEhEBELTHEET LI LIRS, F
B D9 HIOKIZEIT TR o Tz,

KIRIGEEOWMIBEREICKE 2 HBY5 25T P
Mo TwWb (Eppley, 1972). 4FICEEMSEE ORI AE
BBV L HEOKEE LTISCTUE (LS,
1994), 20CLAE (338, 1999) 286N Tw b, KE
DOKIMIZEB T 5L, HFHKED 15C % ERIS DA 4
A, s 10 HE T, 20CTEBR5DE5 Ahsrs
10 AT, BCULEZZDIZTRIELDDS 8
HECcoliE<Tdhor,

b 20074 BEEEE

FAAT A B L 724 C @ Chl-a R O HAL 39 E
(& 26ug - LT, B/MEA lug - L7 GERTERME, 2002
10 A 29 B &880, HAMEH 120ug - L (2002 4
4H24H, KiE1lm) THo'

2 r EOFHEHOMERZ T LD EUTDOL ) ICHR
5o

WA EINS 4 A6 5 AT Tld, %
OKERFEIEKROEEL R Z1F 5, Zhud, —H
L7 ) OFAKEDVHAEMERE O 60% % B2 5 720
Thh, BROKELIE LS. HRICLZBETD,
R DKDEATHEEM AN L LA > TV DT H5ERE
SNz, BAPIZIE, BViRETHRFLEER (Fig.
20, Nitzschia sp., Fig.21, Synedra sp.) S&INTHBD,
B SR DER DB L > THEBIZE > Tz, H
Kizk o TR SN KBEDO TR T L EEEHEOBEIZS
A F TRk L 720

EARPIZERTAELETNIERIZKRDO DN E Z
bNbo DADVEKOBAEH B S AR, 2%
KEAFED AL IO 5 IR L BEUHEINT 57290,
BB OWBYOLEX LTSI oTnwbAZ E.F77,
CORHIIA»EHBEZ B E —HLTWE I 25,
KIETH 5 E 7 BOEKBICHELEST 2KHLP SHEH S h

7oEKDOHBIZ L o T, BAROTRFOREDNEL 2o
TwizkEzbhb,

6 A1, Chl-a i IHME BT 2EMICH o 720

BEZpT7THE8AHIX, WEEFHTDH 5 Volvox sp,
Eudorena sp. & Euglena sp. 7°51% B2 s v (Fig.22),
Chl-a EENXEH L7z 200047 A 19 HIZIX, RBET
45ug LT EFEHICBVIRERREFE L. ThbnY -
7 OBE, KB D Chl-a BED A EA L Tz, 2001
FEOBEFIIAKFR Y THHM L Tz, SHEHHO
TR AT VIRV THRRME LTV 2002 FEO R F
LIZIZRIBECTH o 720

9 Hi27% 5 &, BEEEIED Microcystis sp. 23 5FE & 7z -
7o (Fig23), 2%, 10l 2 LEEHOBSES
£ O Chl-a i O3 b AR AEE 128 C, 2001 4
DEFEFHOY - 71310 A 10 HIZ 126mm D FER % 512,
2002 4E13 10 Hh a2 bR FEm AR Lz, 72720, B
HOEWEDIGEL 72 5 Chl-a IBEORBIZBT %1k
1%, 2 7 ETEZ > Tz, 2001 134 50ug - L' £ T
FRLZ—FT, 20024E1% 10pg - LRI CTEB L 72
ZiFTholz,

FXZR 3B 848 O Melosira sp. D& 5 & 7 o 72 (Fig.
24), HEEOM L VHUIFERL S LT 72AS, Microcystis
sp. DI EHAD & E &ML 72,

AZFZN1H &2H X HEBEE D Nitschia sp. &
Synedra sp. = & T Chl-a #7530 ~ 50ug - L' ~&
ERLZ LA LAAS, BHHEEZTIIKkomITELL
Tedro itz BHEEEDE L 2o 7RI, BEMSECB
BINLBILBho72b DD Chl-a gED EH L7z,

PR L Lo, W R 2 H RO R KR 2iiE
BT B LBOTEL, 2, THI0BEOHEKL
SN 2l (A, 1990) = 1AM (FEk - =ZHA,
1995) # K& FREloTWizds, BEFIZIE—ENRT 4
IDT N - ADEEINT,

B, EAKICETNLEEIZ RAEMANSOEREED
WEICIIRERBEBRIG R VWEEZOND, ZORE
MWEEOCR—DEKIATLENRE LARICES
&, ¥%KEFE T Chl-a BEDBALT 5—FH CTHFED
KA L T WA 2 Lo S EE DR - D
MR ENSL ZE (HE S, 1989), 7z, EKAIET
BHEICLARBRLEBZEORIGEEIETLTBY, Ih
WFHKEEDOEIERT A Z & (Miyazaki et al., 1995)
PHRE SN TWAE, /2, BEMETOBE CIIEAKPIC
EINLBEEIVHETH o/ FD728, BIERFED 60%
WCETHA4HE AR L, OETBEINLER
L Chl-a EEIL, EKICE > THIE I N B FHEIT/NE L,
FEMHA TORBEOHIE, HRLHEL EOBRTH S
EBRA Do

c CODy.BE

CODy, IREIXERYOIBIETH 5 7-0, EEOBF

BICHERZZ D, 22T, Chl-a i L OBEIZOWN
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THMEITI o

FRAT IR T O B MEIX 70mg L7 T, HR/IMEDT 4.2
mg-L™*(20014£11 A 16 H, 1m), S AfEA 14mg-L™ (2002
E£5H29H, 1lm) THo7

4S5 25 FEDkET HMEME LT, Chla
BEOLALFE L 2BICHTzo T CODy, BRED LA
L, 2001 £ %@ T 90mg - L, 2002 4F (% 82mg - L™
Erol, Thid, BRI IR FLEBERERELYS
CEABREDOKRPHBREIN 720 EEZONS, 5 A
THDPS 6 BIl2Hh T Tid, CODy, 1R DE LDMEM X
Chl-a #EE & 12I13—F L7

EF|ZChl-a iBE LA L7720, CODy, REDE
ALDBEIIZE S 5 BEEEIC L > TREZ > Tz, HEE
I TDH 5 Volvox sp. X° Euglena sp. 73MEHIRRE & 7o
TChl-a DEENLER TS L, KB O CODy, IBE D
FAEICER L7 89mg- L7, 200147 H). LA L,
Microcystis sp. 255 L 7zB81%, 2 » F CI@E oMM I
Rod, 2001 4E1x CODy, AT L AT 9 2 fE[H
WZHol2—HT, 2002412 80mg - L' OEERE % itk
L7zs

1 A2, B:3E% o Nitzschia sp. %° Synedra sp. D3 5
KEE L 72 o T Chl-a EA LR L 72BRI21d CODy, IR
EEEL 2o 7z

d NO.;-NEE

AR b 0 AL TEISMEIX 033mg - L T, B/MEDS
002mg - L' LT (2002465 A1 HZ EHEEH), &K
fliA%084 mg - L™ (20024 10 A 22 H, 4m) TH -7z

PADCEKOBAEI B E L4 L5 B 2FEME D,
NO,.; N EEAMET L, 0lmg L' Tho7zs

7 AL EZF I NO,.o- N BED LA EMIZH > 720
2001 4E 13 KB DIEREIX, Volvox sp. DY — 27 BR|ZIEEEH
E< 03mg - LT ETHo72b DD, Microcystis sp. D
E- 2B RBOBRENIAE B LK 0lmg - L
Td 5720 2002 4 1F Chi-a D LR T 2 & NO,uy-N
BENRD L TWDLZ Ehs, BEICL > TRINE 7
mREEZOLND,

AZ5 (ZEEBESE AT TE L 7R NO, s N IREE IR IT &
AEBILL =d o7z,

e T-NEE

A b o B PI5ME13 1.1mg- L™ T, H/MEAT042
mg - LT LT (2001 48 10 A 10 H, 6m), #AMEAT32
mg - L™ (200149 A 13 H, 4m) THho7

HE OB ICAFREOREEEYRINL TEE
BREIT) o ZD72%, HENREMEME L HEICITE
HOEWIZRIN S 7288 F 50 T-N ORE L LCEHll
ENLZLER D, AEEITTo/2FMDH L, BEO
HIEICES CT-NORENER L2EBDLNRD DI,
Volvox sp. 7SHE5E L 72 2001 460 7 A (16mg - L) 721
THhHolzo BHEOMIHIZL > T Chl-a BENFER L2
Lz H oS, wIhD T-NEEOZLIZ/N S

55 47 % (2008)

ol
f PO4_P%E

FAASHA B O HAEISME I 002mg - L7 T, #/AMEA
0.00lmg - L LLF (20014E 10 A 3 H % Y £ %), &K
i 25 0.09mg - L™ (2001 4£ 7 H 27 H, 5m) T o 7
AEHE OB, EF2KBRE00lmg - L' UTFTHo
725

2001 4Ei%, 6 A2 5 10 H OMIZ PO,-P iEE D E
AL COMMPIE, TROBEIZIZIZ-ETHD
», EEIE Chl-a BEO LA ORHIKT L7zs Volvox
sp. D¥ - 7K TH A 7 AHIIEBOEE L 003mg - L™
T&H o 727A%, Microcystis sp. DY - 7D 9 Aid 001
mg- L' UTFThot

20024 X5 AERM»S 12 AFH E CIRENLER L2,

2001 4E L KRS, EF O Chl-a itED LREICEED
EEDET Lz 207280, NO,,,-N & RIRICHEHEIZ X -
TRIRSNIEREEZEZ BN,

g T-PEE

ARSI o o B35 E 13 0.09mgL ™ T, #/MiEAT0.03
mg- LT LT (2001463 H 28 H, 6m 7%= &8, &K
fliA$0.25mg - L™ (2001467 A1 H, 7Tm) THo72

2001 4E 7 H @ Volvox sp. D ¥ - 7 B2 0.16mg - L' @
%R L720 —J T, Microcystis sp. D ¥ - 7 DERIZIZ
fED LRI D o720

20024 8 HIZ, Chl-a i#ED LA L4V OHI#IEDH 5
25, T-PiEEN LR LT, 0l6mg: - L'l RLT,

2001 FEDEZ, 2002 FFEDEZFL L, Volvox sp. H3HEdH
L C Chl-a #BEA LA L 7-FIX T-PIBEDS LA L 72
3, Microcystis sp. X° Synedra sp. |2 & % ¥é5i#A21& T-P
BENFERTHI LR ED o7,

h EBEFOFREOIEEE RBEROMGREICDONT

BEOEFORIE & BB O MR EE O %
oM L7z, FEMTIE, AEZITo 72 2001 4, 2002
FEEHKBRYTOBRBICED ST, 7 HHIC Volvox
sp., 9 A2 Microcystis sp. S F N ZENEEIREEL 25 C
W7z, 2001 4F & 2002 FIIRREMPRR D 2T TR L,
AIEH OB REFRBEEOBRE LR 2> Twh, LoL
BhSs, BEIREE 2o HEMIT2 rEL ICHED
EmER L2 e, BT 2NN ERO—D & LT,
M EENORBIEHOMREE X T L7, BEO
WhEE X OB SRR REST H2ERICIE, KEEE H
5, 752 K BHA NP, FEER
M7z EBE K OBERPHON TS, HRE L%
AT TR DYEIL L, £ OfEDSIERE I FHEI T RE
THholzZ b WKRELEMTH o770, HEEMIE
BaZ T b RBEBEOMMEEISER L O 2T
720 KiIRAS 20C % L[E 2 BiMIZ 5 A5 5 10 A TH %75,
58 EAIZEKRIED, FORENIS ATHE TR L
B, 6 A5 10 A O %2 53473 %, Fig.25 [Z&H &
HDO%EB D Chl-a B & i AT 5 FEEHO M EE %
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Nutrient supply rate (g - m™ - d") and chlorophyll-a concentrations (ug - d*) , left axis: N, right axis: P and chl-a

2001 4E DBEFREE T OMAREEE X 6 A b 2 o i
LT7HTHICHRAMELISg - m?-d' #3588 L <, 9H
AT TEAL 02g - m?-d' IO ZHER L. &
R Y OEBENIIEZEOBEM L 1ZIZFA LT, NP
(EEM) 3W10THotz, Chl-ail#ELH L TAS
L, TAHDS 8 BIZhT TEH ORI L Tz,
—Fh, 9BICR %L, BREEIEVEZREODOICKL
T, Chl-a B EH L7z,

2002 fE1%, 6 A5 7 A L CEROBAEEE T
06g-m*?-d', 7THHHE»5 8 A TFTHFE TIZ08g - m*-
d' #®B2 AMEEZRL, 9 ALK 04g m?-d! THo
7oo WBAFREY) v OEBMEAIIE R OMEE L FEET, NP
W (FEEH) 3810 TH oo Chl-a EE L HRTHA
HE.6 A5 7 HHA D Synedra sp. H3EE 5 5 BRI,
ZENMEAIEFEDL L T 7z 7 B T LA Volvox sp. %%
BEE LN, EEEomWwE - 2125t LT, Chl-a
BEIIEe PR -2 %2R Lz, SHTH25 9 H LA
AT, BHRHEE L Chl-a IBEOZLOMERIIM L
TWwiz,

2AERI I L oEm e LT, 7T AR REEEO
AR FE A5 < Volvox sp. 2MELFEE 22 ), 8 )ik
Chl-a BEEN VS 72 AMKT T 5, TD1%, 9RICR AL,
Microcystis sp. 738 588 & 7 5o $§ 12 Microcystis sp. O
HEEICE B35 &, 2001 4£ 135 A DSV K O Bk
A58 H 21 HIZHT L Microcystis sp. D¥EMA9 A 6 H
LABE, 2002 X ADSVEKDOEKA 8 A 31 HIZHT
L Microcystis sp. D¥EHAY9 A 12 HUBE L, [T H
KT L CREBEEOMIGHENSKT$ 5 L, Microcystis
sp. G & R B85 — U HHERR S Nz

—H47-0) OB EEEZFHE T 5 L, Volvox sp. 3E
LB, SAEREZEFEI3 076 - m - dT (2001 4F),
090 g-m?-d* (20024E), VY YERHEE Y » IF 0.066g -
m?-d? (2001 4F), 0088g-m?*-d"’ (20024) TH-
720 —73, Microcystis sp. h3& 5 L 7z Wik, BHEESE
F#ix, 0.14g-m=d’ (2001 4F), 04lg'm™*d’ (2002 4F),
) UEREEY V122w T 0.018g'm - d (2001 4E), 0.052g
m?-d" (20024) THo7

2HEMOFTAEIZL Y, BIERRDE KR O MG EE
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IR X Volvox sp. 3ESETEE 72 1), [EHEEERAHMK <
SEFIRHH DO MARHE AR WA (X Microcystis sp. 7585
fliLole TNFETIE, AKIBRORBIERE % EMEICEHE
S5 ER3FTHol700, FEEHOUARERE & &
55 L OBRIZOWTHIBA S — VT &R {To
LHEBI LW EBbNE, 20720, BHATr—ViZ
B 2 BEAEOFF & O Hoe FIdEE L v,

LaL, BHICE > TEEOBEIELT 2HEH & L
TY LM TORBIC L ZKELEBEEREDHITHZ LHMT
&b, L7 L= a il ) AL RMERFELES T
&, BHEIRA UGEELR CICESEIELT A L
PHISN TS (Toetz, 1981 ; /NG5, 1988 ; Visser et
al, 1996), #EEHEOZELICOWTIE, HICEEFEOR
SHAT WS OE A SRk 4 RS ERSNTBY, %
BOMGmIIRR I N TWDS (Hyenstrand ef al., 1998)
P A EME L R TIE, KRR Y TR DS
T, BEET2EEOFHEIFKOMER TH o722 L
25, FEbEE~OFREEBEOMNEE OB, S5
WEiT-o72

4 fE R

AR A2 ~ 7 HO® W RFEARERZ R E L
T, BRBICOD B KEBRBEOMAEZ FFMICEME L 72
KR, UTOZENHELNII ko7,

1) »ADVHKOHA 2E IR L B A 15% -
d' & % 59 H &, Microcystis sp. 35 L 726
Microcystis sp. @ & &5 K7 I |12 Chl-a # £ (3,
2001 i EH L7225, 2002 3 LA LAavro7,

2) [HEERHA30% - d' #8257 HiX, Volvox sp. 7°
BEEME L o CChl-a BE2S LA L, R
CODy, IBED LR L7 T, KPR TH
PR L C\7z 2001 4E, B L 72 Ao 72 2002 4F- &
LE L THo7o

3) 4AH»B5RHIIZ,ITT, #EM D Chl-a B,
CODy, L b LR L7ze SHIZWERAEEIZ L
55D TR L, BRNERED KT L HEH
D Synedra sp. * & ATV TH 5,

4) 8 ¥4I, Chl-a BEAMET L7,

5 1H»5 2 B2} T Synedra sp. DEHEIZ & -
TChl-alE D ER L#50ug LT & o7,
2002 4\ Nitzschia sp. & Synedra sp. 7%, 2003 4
\X Synedra sp. WEEETH o7z, 7272L, T
1Ld CODy, IBEDEALIZ/NE Do 720

6) Volvox sp. 7ME L L 7-HRi X, SEEE O AL
FEASHE IR L2, Microcystis sp. 758 5 L 72 B¢
FRFEEOMBEEABE VI, Fhzh—
Bl ToZLiE, HHEEIESEREBLL
7oA CEBEESH LR T E v ) BEREOMA
E—HTHHERTH o7

5 475 (2008)

V BEHEICKDVEERBEDOENT

1 AEOEH

PASEME KB OWNERTHE Z o TV 2 O MEIEIC 2 H 5
BRxBMEFHEICL > THB, BT L 2AKEDH
MES 5, BEOMIIBERREHCTELLBRD—D
ThbHN, FkE BB E L2KBIC B CHEED KR
ThHERAGRKEOMENELLZ L LD, BiEE
BICL2BLRoBHICLY, EHOMBIC A, LHHERD
HEIRE A LI NS, T2, BEFEORK
OFFIIBRBENIZL L 2 BA O TR EIERTE S S
ETH 5B, KIBROBRENEA L 26O BEHE )T
EBTEns, KESEZHOE LKA ERT 25
A mOMEN LN RFELERETLIHEDOY - Ve LT
DFHAGF SN B RETHIE L7287 VI RRIC
RO KERENKFEORERIEH INE Y — )L
LLTCORMBAEZIFETA20DTH 5,

2 BFUBIC—FEFIUNEICHE>T—

EHOMBEEMR L L-BEIEETVORREICH
oo T, DUTORHREZET Z 00 FEML /2. EHEHIT
HERICE o T ANF -2 [{EI-KEEETHY, *
DOWIHIZEWMHLRBRTH LI s, WMIEICEERS
ZAENMBRBEEERICOWVT LT T 5 2 LA
B INb, BRI, BEEEICHEY 5 2 5K,
EHOBBCEEY 5 2 5 KENOWE, FREHRD
PRSI L SNDEFBRBEORE, ThoOREEERIC
DWTHERE X ERT 5. KOBEIIKRIZE > TE
b4 52 &hn (Figs), KEBNDOTHNIEELILE %
R L 720N 24T 9 BN D Do ZD720KIE L N
N L7 L 5 A OFE & KR, FFAET
LEBICE > THITHHBIIEBTE S, KBAON¥
FIBFOWBE X, KIBNICHFET 2B L 2B E
BTE RV, KIBNOFKEERIRE L, BRICX %%
BHE OB L EEDOTLH - WIS KB ORI
0, K&ELENT S, 2D, FKEHEFEOERE DM
WX OWRE DR & H# L2 L § 5,

BAEETE O RE M M B R AL THEM L 720 BEOBE
RICIRODHEFE 2 Y 4] ) W, W BIRR I H HAZTHUY
Wb BED% v (B 21X Eppley, 1972), —75,
BOWIZ B 5 2 2 BRBER T 5 s LK
HALCELT 50 Z0720, MAORKMAr —Lizk&
KB >TWA, BUEFTEOFERICH /2o Tk, FEEEIC
FAETAZEIROONDZ L0, Vi & KD
MIRRICH— L THEATIT) 2L & § 5,

A MOSE (HEEL) R=WTHICERL. &
NECHESINLTEEHEDET )V (Fig8) OFrbd
ZSRIEETNVERELLDIZ, ROBHDZDTH 5,
HEOBIINERIZ L o TITThbNTWa 720, HEDS
JEVWTH L WERRE & HED R 72  THREWERE TR
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FUHNKECRRY, ZOKRELTChl-a it (E
HOROIREE) (ZSEHIICIZE—TLWIBEIRE N
Lo FHAMOBEEOBREELIZ BTN E LD
D, PBLEETFNVICE > TREOKEREN KT R
Bt 20 THiuE, FHRAMOBITSLEL SNE T
Lo BIZIE, RALDOERBIZL > THNEELSA
12, EOBATT, EDL SV EERT LUV
WP UK EEAT B2, EOEFTTHRASIELDH
BRI % OO0 ? BUKH SR RUKIRE 2 EE T 2546, K
HRBEICEDL ) B EGRD00? Lol BAT
Hbo TOLHI, EFNORRMZISHBIZEZE LT,
Al 2 22 B A AT 9 R ZRITHS 22 M T O BEEUL
T 5,
BaDI2HIzoT, Wb IERIEORMS
THHZ NS, BITWRBEIITE RV, 2070
HERL L THERTE Tz kO e % b, ThET
2, fEAOMRILFESRESNTETVEA, T2T
BEAR—RERICE 2ERERECEBROBRLE
To720

3 FHE
a ETFILOERAER
KEAERTHRL THON MM AKEL1/20 L0 b
NS % &) e REOHE, KALT OEB)IKED 5
T % T, (ZIZ—FRDOKFES) & % % (Fig.26), ¥ A4
W EoEAKIRIZB VLTI, SREHmOERIEHRT S
ZEDRE & 72 B 72 DOFKERPAMRETE 5,

Fig.26 &AIRIZ BT % KK T 0EH)

Conceptual diagram of long wave flow

Y IVF LOVET VORI, FEEMETEER TR AR O
AR E5E L AEEORB (LXL) 2oV THE
KREAPZEAT LI ETHLNLEBRERIIRT

(Leendertse et al., 1973).
ou ou ou 1 s ! 1 oP
—+u—+ v—+—<(uw) - (uw)) +——
a ox oy h b o
du du !
- A, <ﬁ+g> —p—h(ru—fu) =0

(4-1)

ov ov ov ! 1 oP
—+u—tor—+— ((vw) (vw)) Fem—
ot "o oy h P
v v l ., .1
— 4, <¥+¥> —p—h(rﬂ—ryz) =0
(4-2)
oP
— =P8 (4-3)
0z
Ju Jv
Wy -1/~ Wr+1/, I:+Z<ax 3y>dz=0 (4-4)
& (a(hu) o (hv)
U2 T S o + % (4-5)
o ¢ *a 0
24 Y A—(hu)—(hv)} =0 4-6
| ax(”)ay( v) (4-6)

2T, ok LRNLVOFEE, uy  B-THOL)IZB)
5, FNFhx Hm, y HEO LX)V OFEGHE (m-

") t:EEE (s), ¢: %’EE@NP’“& (m), h: L~
B TERBLIMI—E, EKREIIGET L RERIC X ) £8)

Té(m%p~&§(m m®), 4, LNVEOFHL
KRR, T KR (C), RAFDs ki
BLRXVDOELEOLX)VEETFTOLN)V % ZNFNEK
T 5

W 24T 12> T, X 4-1) ~xX (4-3) 2
HEENLFEEIZIIZTNENOLAICBITAEEZRATS
VBN D Do RAKOHASEMAKIBZ N RIZT 256, BE
FREOMBTEBETESL I L2 s, KR Z2HET
EWET 2UEND 5. BiiLih R &2 KIERICER L,
TEARAT & FAEIC & L OV O 851 5 17 D K IRZEAL 25
INEWEDIGERBEH L TEW R ZEFEHEA LT
5

T T oT
a—+ua—+v W((T ) = (Tw )>
ot ox oy
ST T\ K ((oT aT
(B (D, (D).
oy h 02/ k-1/y 02/ k+1/2
Q
= 4-7
C (4-7)

ZCT, Q,: bt H#E (kcal -m?-sT), A4, L
ANOVH DO L 72K AR, K, SRE LR, A
EoX (4-1) ~3 @-7) Ho - KIEMFHTIAR S 2
wHEXTH S,

B, RBIZOWTIIKEELET SRR L OMTHK
WHRELLZ L ZOREYRITLHER 4-7)
DOAEBIAAINT 5. FE OB ZIK % Fig.27 II7R
FTEEHI, FBINFTERIGER L-FHER (EAFS
1985 ; #A%L, 1993) %#iB1F %,
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Fig.27 RBIIBIT 5B

Heat transportaion in water surface

Q,=0-(@,+0,+Q,) (4-8)
Q,= (1.32x (273.0+ T,)" % (0.49—0.066 X (¢ Ea)"")
X (1-0.65X #°) +5.27 % (273.0+ T,,)°

x (T, - T,)) +1,000,000,000,000x10  (4-9)
Q,+ Q.= (0.000308+0.000185 X wind) X p
X (Ew— ¢ Ea) x (590+ Cv x T, + (269.1
X (T,~T,)) + (Ew—pEa))) + 86400 (4-10)
E(T) =6.11348x 10 ' x T°+4.52104 x 10" x T* +
5.3221 x 10" X T+5.94691 (4-11)

ZZT, Q i E, Q EKICLIZRINHSE (£
RHE®E), Q : FREMEKI =, Q@ AREEH Q.
KE & KROESMGER, Bidv$hd (keal - m™-
dNe ¢ : HXEE, Ea, Ew: W ZhRE, Kik
BT ARMAELSE (hPa), n: Z8 0~1), T,
T, : &g, &g (C), wind : /K E 15cm O JFEE (m -
s'), Cv:Ko#h,

F72, KOBEEIIKEBROARIZLI-THRESNSLE L,
TRROTAVXZEHT %,

p=0.0000401855561-7f-—0.00783012447-7f
+0.0582782226- T,, + 999.8546 (4-12)

NS DOKIBFRNBHE TV L - TKRD b7z R
2, ROKEBREY 7EFVOANT—% & LTHBIC
b s,

HEE ORI FREHE T A KERITE T VICIE, #EH
T 5K, HEIIG U THRA 28 4 TOETIVFHE S
NTwb, 2T, klRojh - KRBT L > TK
WA OFE L KIROBIAERIROND 2 Lh b, K
NTOWMEOREIZZERLI-ETVEBEHT 5,

KB & AR, BEOBRER ¢ LT 5 L BIILE
HFRERXBEKRO LI I2EENS,

ac 8c+ ac ac e e azc_

v—+w——b—s—k—s— k=
ot ox Iy oz a o o
(4-13)

%8, LEROATIIEEZ c L LTRRLTRALT

8 47 %5 (2008)

WBEH, EREZITOORANBOMBERDDLZ L LR D,
BARMIZIE, Chl-a E CEHT2OREOAEYE, H
FHICBIRT AME L L TREIROERL ) V2 EhEh
BARE, BB CORFREOERIEE, OBEBE
DERIRE, OBHFED) VIRE, OBEBED) ViEE,
FoEBEOBBIC L > CTEBWREN AT A 0D
OEFFRED CODyy, iR FE, DIEERED CODy, IBETH 5
WTFNOEE S, WHOBRILEHIIN (4-13) okl
TRRE DS, WHBEHETH 2600 r \IZHEES I
ZWENERERAL CEERTHIIDOTH S,
HEHOBIEIZ 20 2 WEIGERITEE (1994) 12X -
THEINEFNVZRICWEZER L2, WEINED
MaR % Fig28 12, X (4-14) ~ 4-17) 2&#hZ
NOYBEIERERT, BEOMIEICHEEL S 2 25
REENE LCIE, EVEERT) KERERE/ZTT
%<, Hit®E (BEMEZRA) AR (GRh - KIERFT
ETWICLBEEZHBICRAN) 2EZEBLTW5, B,
I TCTEEEOENOET VLR, BT bR
L) EROWEZEDET IMLITER L T, 21,
COETNVBMEETIVCHDLIENL, ETIVEBEM
t322LiF, RHAOKELXEDLI LICIEIOLHF DD
DD, FETRENRGA—FERENEELI LT
ERS, LT LAFBREOM LEIZORDS DI Tid v,
ZD7®, N A—FOHERRLT I LIS, BiEL
EFIMLE LTV,

11K

v

Fig.28 WENEN (EERETIV) OM&EXN

Conceptual diagram of water quality sub model

/ I DN DP
(wn=@, -Mm[ :
K+1 K, +DN' K,+DP
w
K, _TC} - Onl (4-142)
/ w.
(SC) = —f - SC (4-14Db)
’ EDC
(DC) = —Kpe DC+T (4—14c¢)
AC=R. - Chl (4-144)
' w.
(SN) = ——hsﬂ - SN (4-14e)
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/ DP DN

(DN) = — G, : Min{ :
K+I K,+DP K, +DN.
%NXM

'AN+K4'AN+T—T'DN (4-141)
AN=Ry - Chl (4-14g)

/ w.
(SP) = __hS.Ii - SP (4-14h)

DP DN

' I y
(DP)= -G, - * Min

K+1 K.,+DP’' K,+DN.
E
-AP+K, - AP+% (4-14i)
AP=R, - Chl (4-14j)
I=1, exp(—(0.02- Chl"' +1.1) - k) (4-15)
G»=0.59 - exp(0.0633 - T),/86400 (4-16)
W=2.19- 1072 exp(0.0882 - 7)/86400  (4-17)

ZZC, Chl:Chl-a D (ug- L"), DN: 1k
DEEFEE (mg- L"), DP: BEEDY) Vil (mg -
L"), SC: #®HED COD, ik¥ (mg-L™"), DC: i&fF
HED CODy, i (mg- L"), W: ibBE#EE (m-d"),
HEEEIIA M= 20X %D L2, BEHONELE
EAREL, KEOBHE LTHEELTWD, Gp: #
HORAILHEMEE dY. K, Ky, Kp: ZNENHE

B4 2RI E (kcal-m? - hrl), AFREEFEOD
WWK##5$@ﬂ%ﬁ(mgLﬂ,@ﬁ%U>®w
Pz 2 % 2 EHM (mg- LY. K, : Chl-a DI, -

SIRLEE (dY), Kpe: BFRED CODMn D5y 1 Y
dh), Xon: 27592 2 (mg-dYo Re, Ry, Rp:
N ZFN, Chl-a ¥ & CODy, E DL, Chl-a iEE
CEFREDOE Chl-a BEL ) VIBED (Hfiidse
Tmg-ug). Epe Epw Epp: BEVHEOBH T 5 2
A (gem?-dY, I' %L~V FTOFEHSRE (keal -
mZ-hr?), I KE~OFEEHSE (kcal'm?-hr?), k
FREE 1L L2V ONEE,

X (4-16) TEEIND L H I, BEEORKMEIEHEE
FimEOBBICL o TRES NS E LTS, HFD
S B L OREBIERRE D, EEOBMEEE I KITT

DB OWTIIEMFEOFTTE LS BEBHINTWVS
—EU EDH

Monod R THH L 7z HHIZOWTIT,

WEROL & TS ICHEEAINEL 256 GEEHE) b
MESINTWVDLA, ZITIH@EHAL TRV, F72,
FREEFCOWTIIHIREA L VBV DT 2 EET
559 RBE L
b #&EIZEERE U ez
BZE LB TV, KIREEREAT|CAZE L T\ 5 Rk
A (s 36° 14', BRAE 140° 4) @A L CTHGE
EM L7z, MHEEREMOME, FEFEK O 2001
R L 2002 FEEOBBMBIAIKERICOWVWTIE, HIMEIC
TEHMICERTWE 2 ENLEET S,
c EEXZREUICHIE
BHEtEZITOCH2), Kk - BELZELCRN
RITZATH & & DI, BEOBREEILEZEIET L0
WA - T & o RIS A B BERSE, Si-
HEtE - H# L Vo AR 0 5 BREM, TAKD
FEMRERE & Vo ZKERHBEICLE L 2 25 R &M %
K#JTZ:JZ%%)%% & f‘oc’jtﬁ?rﬁd)ﬁ*%@’fﬁﬁ z

i =, ("E’?{Eﬂkﬁﬁ* &7@ R RGN ORI 138
DEZBANIHE LT, 2001 % FHERREL Lz
ZomTy, 6 H1H2S10HA3IHETH 153 H%
FHEMIME L7,

B2 153 H M % stEx SMIM & LB HIX, 2ol
oK EOAKIREBMEA 20C % LH > T2 56 TH
5o WEOWH (74 a0%4E) OHRZLE L THER
HIRE T &L L OFRIENDH LD O0, HHEOBEEEE

LB EE 2 HA0EKIETHY (Eppley, 1972),
B OMIESTESRIC 2 VIR 5 BZEoKiEE LT 15C
PLE, 20CULERI SN TS (JEA S, 1994 §#30,
1999), Z T Tid, B TEIM S M7z Chl-a 2 R %
FHEA2Z\2 L 255 20C U EoKiROIM % &HEx
S & L7z Fig29 |ZHMERMELOILMAITIZHRICE
\F BE £ ~ ¥ — (StowAway TidbiT Temperature
logger, Onset. Co.) 2 & A fGEHEKERZ R, 1B,
5 IZ2oWTIE, T=VTFrog -2 E, Hi#
ZWEREEDONLEHREOHEKOTA» DY, 5 A
FFRAEBOKEIZEBEREL TV Z L HH CHERS
NI 72 ORI R B BRI L 720

AHE(C)

WA ORI S L7

%rllq_:Aprw May 27 Jun24 Jul22 Augl9 Sep 16 Oct14 Novll Dec920d§nq6__

H
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4.0m—--—-6.0m’

Fig.29 mERFEMOKRBNER (EFoM, FEEIKI?H DR,

—HR )

Observed water temperature in the reservoir
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Finite element mesh of the studied reservoir

Table 6 F%sith D FF 5

Properties of discritized layers

AREm)-mHxLALE | AR 33
BILA)L 111,190 [ s 777
BRI 96,000 s | ens
LA | 786 | w8 | 513
BRI 59,886 ) 233 | 4
HESLAL 52,901 ) 205 358
CHELAL 0 ags . 1ss T
EILA)L 40,167 152 261
LA 27,105 T 102 L 169
&t 509,290 ‘

d ERAEXORMBEFE

HBEHBRROMRL T, ZHOFH IO WT
BEAR—KRERICL2ERERELHA L. =A
HEFIZ L o THREMOMHILZ 1T\, 428 HoH L
T EOERIHE L 720 BHROFHYHEM I 141m* T
Hoto WHLEZEFTUEILFLRLVEFTLVTHS
ERS, EENDELANVDEFVED R EEbLEL T
EW Lo TEREOYHEBRAR LB T LI L LS
Bo 12721, WTFROLNNWIZBWTHEEEOME I
T BRLENRHLZ D, BT S E— RPN %
EESENCRZ 2500, REIHANCHERIERED
BoRETHEL TV, BERGENL, HESE 7O
77 LAEIMEDTIC, AEMOBIKRE RN EZER L 278
57 =Y FTERML,

EpEHRER L ZE AT 5 L JICuER, &

% 47 5 (2008)

A B L BRI — ORI % Fv 72 (Galerkin #:) o

BERI A I, — R ORI @ L7z, Bl
R EH T A5HAE, ERIZERLITH 2 1ER L
THTHN O BT 52 L %505, Z0FFTik
EPLDOED TR R D 12D ADIZIZREAITH 2 ERK L
TALH L BERYEEY 5 2 5 FEILEL &SRS, 22
TlE, KDL HITREFTHIZH) o 720

Mog=eMyg+ (1= )M g (4-18)

ST, MARATTHI, M gh b L2475, M:
BETH, e NTHME5 255 V785 X—%,

72720, ZOFERR 4-6) »oKRMERD ZED
AAHEA L, EE AR D SKF i E % Ko 5B
121X, RETHNIEHEE L Twiv, i, KEHIN
WEERDLEIZ, TV TICEoTATHMERS
ATLED &, WICRTWBHERBICL>TEZON
LHtEL, RAEL CHEOBER &R IOHELS 2
TLEHIDTHbB, ThH—EHDOBFALIZOWTIZ,
Kawahara et al. (1978) #Z#12FEM 72,

e EtExRH

A - KIRFENT ORI 0.2 L L7ze AR
2BV TIRGA—=51F, 095 & L7z KFEH
Mo mEHTERREL (4,) LILEURE A4) BUFr—F
VD 4/3FRNHES T, 0.0147 &£ L TETHOEFEIZ
BWTH—& L7z, SREHMOILHAE (K) 122nT
1%, Munk-Anderson @ B£R3 % 2129 E L 72 (Munk
and Anderson, 1948).

A,=10.0(1+10 - R)™*® (cm?-s™) (4-19)

RIIBHVFx—FV Y ETHY, koOR (420) T

EFS NS,

(4-20)

R--£2 (20

p' oz 0z

ZZT, pKOFEE (grem™d), g EHINEE (cm?’
s ), U: LNV TEIAL L PG D% (cm-s ™),
z SRE MO (cm).

BIILEET IC B W TIE, BRBRI 0SB E L,
ANTHHEAE 2B 7T A - #1F,095 & L7z,
KFEFT I & SE ST DOIEHARBUL, KR AIRAT & [k
WZHRE L7,

f IRFRRG

T - KRBT IC BT, KNI B8RS
UTOXIITHEELZE T, MAKEHHADAIZL 5
TARIGEAFEH EN S & LT, HEE,SOHA LK
HNDOREKB L OERIC L b %) KBERIZOWTIZER
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THILLELA, CNIE, HHBARBRPLRLLEET
20000m* B TdH ), ZhEKMEET S & 16cm (2HY
TAHIENS, K, SOEERE L OKENDREKE
EEAIR (1.3km?) 205 DR AKEIZEHR T X B & HIWF

L.7%s

T ATKEIZDOWTIE, KSR RE L7z FAK
wHiE, HHMHZERT LKEPBHEMEEEL RS L
I LM oRAEEE (Fig30 2HR) ICBIF5KM%E
T a7z, THREIOFHIEIZOWTIE, Koz > b
O—)UIATHT, KALid—EL LTEH—/N\—7 0=
W5 L) L Lize 20729, FMELOFR%
DKM, I FITWAMEE LV THIE, MRE LR
HEMOKMEB IR IS L, WAMEFAEE LTD
ELIZABVWEHW L2720 TH b,

KRG & DB RFEHFHREICOWTIE, FEih
A5 20km HEN 7 RFERBEEANIIZEAT O KRB > A 7
LA T—F % AFL, BRAEHFLELTAN L, BfF
MR HtE, iR HXHEE, B#EThb, h
LOT7F—% 131 BEERCBll S Twa 0, RS

HORT G 1 BRI RIRE CIT - 720 KIROMI S 128
EER—IC% AL HICATIL, HAKOERSGMIIEE
DB BHIFE R A AT L7z
KEEFWIZOWTIE Table 7 IZRTMEEZ 8T A — %
ELTHEALZZ.INSDINT A — 7 (ZEEED SCHkME (5
£, 1994) OFEE AT LTz 8T A—=F T4 v T4
YT, EMTAI L LD EBREFTHEEMSLEL
BHZEDPOLRELERTE Do, 72721, BETP
& TN A HEESE E Chl-a IREOHRILIZOWVW TR+
SR BT — & HFEAE L 72728, Fig.31 OUr i #R o 16
ENLRDIZ KEEFNVIIHDEINT XA —FIZDONT
X, BUEFTE M, F—ofEx @ L7k,
KEETIVIZHH 5 Chl-a, CODy, & NHEIE DR
BEiX, Table 8 M X 9 27k L7zo WIS M, HHA&EMH
ELHMBIKE RS Z I LD OWRE L, MREL
7o T AKE & RIAKEAS  ANED ) SR
EMD, PMGHOBEEEIEERICIILALEE L.
Vo

Table7 EHEIEA L7285 X —%

List of parameters used for numerical simulation

NG A—H T # HAL it
K; AefafnEde (A 5HR) keal-m?hr! 85
Ky fafnE s (EREEHR) mg-L! 0.12
Kp FRFER (V) R mg-L! 0.018
K FEBRGREL d! 0.0182
Kpe SHER AR B d! 0.006
Xon lbd 42 ok M:-d! . 0.012
Rc CODy, & Chl-a tt mg-ug’ 0.097
Ry %% & Chl-a bt mg-ug’ 0.011
Rp YL Chlalt mg-pg’ 0.0008
Epc JEEE D> B 0> CODygy ¥ H S gm?d?! 0.05
Epy JEEJR D> 6 0 %8 R HY R gm>d’ 0.027
Epp JEEJEA D D Y ¥ gm>d’ 0.0011
1.8 -
[
1.6

;\\ 14 J _y=0.011x+0.587

# B R?=0.157

mo 12 n

&

—
o
!

B EE(mgL™)
=)

BB E R,
o
o)}

y = 0.0008 x+ 0.0546

0.4

‘ .
e R=0.3179 Al aa
0.0 maraun : za) "X
0 10 20 30 40 50 60

Chl-a ¥ (ug'L™")

| X My R

Fig.31 /KZEOm & 1lm 2351F % Chl-a i &
B RE SRR E O g

Correlations between observed concentrations at Om depth of chlorophyll-a and suspended nutrients
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Table8 JKEEFIVIZDD 5 FHE LM

Initial and boundary conditions for the water quality sub model

, - WIS B S AF
o o e (3 0. 00 P ) (AR D)
Chl Chl-a J# pgL? 8.0 10.0
sc IRV HE CODyy, TS mgL?! 222 4.69
DC TATEHE CODyy, T JE mg-L! 42 2.35
SN RmRE R E mg-L? 0.424 0.870
DN ATIE SRR mg-L? 0.350 0.234
SP TRERE ) R mg-L! 0.058 0.071
DP IR ) IR mg-L"! 0.003 0.024

ooccanl

0 50 100 150 200 250 300 350 400
0.001 m/s - 0.122 m/s —>
Fig.32 EEON & Chl-a 1 OHAEFHEEH
(2001 457 A 18 H 12 : 00)
Calculated results of horizontal water flow and chlorophyll-a

concentration in surface layer at 12:00 on 18 July 2001

4 RBREER
a RNERITER

FAROFESEME N5 A—F ZEAL T, BEFE
7o 70 HMAEDKREDO—F % Fig32 1IR T, Zhid
2001 4 7 A 18 H 12:00 Difi# 54 & Chl-a #EDF
WA 2 RS o BHHOTEIIB B EE RS V20,
EOBFEZIT) T ENTE RV, —#ICHSBEMAIB DT
HIIMITHTH 57280, B L7EHIH A TOFHIAE
F LWDSERIEM LR#ETCH B, 2070, HERIED
R, EREROBERELEOLEEITI A, b LI,
BECKERE Vo Z-WEOMEHBME L #EE L T
£ D, N OFERIKBZEI T HE T 2089
Vo HPOBEEES NG Z L L b,

FHEEROFEICOWTIE, AU X ARERE ZE L
Tz, A6 OEARHHA T 5 Hi & BUKH#
D JE B LIAHIHR D THEATE

b KEBITER

AR R L B R oL % Fig33 12”3 BB
W AL (Fig.d6 v oD, Fig.30) TFEMilL 722
LB, BBEOZ) v FICB AHER SRR TR L
Teo WT—Da Yy —HAPKEHBEOREREELRL, FA
PBUA S - Hig L BEM 2 7R L AL o258l Sz
KinERL TV,

KIROBE S HaoZEsEm, > ), 7HO EHIcE
J& & RRBERIAKIRAEDE U T b b ORI TR
5T, Lo BRI FROKBEIZOW T HER
BIZEhFoEHINTW 5,

7, KEOFEMASR L BHMEINEO L % Fig.34
RS BIHBIIESEIE, Fig29 IoRL7-L 91, KL
=12 & % 30cm % S 0 10 53 B o 15 f 8 0 Al R
Po/ONT 1 BEEBEOFEHETH Y, BiEEHEICL S
FHEAE R L BRI SR CH B, WEE
W5 &, &2 MEn s LCEHEMED 1T 29En
fEEZRL TS (FHTO8CHIEE), Zhik, Kkt
Y —DfEIZ 30cm BRI DMETH Y, BEFHHE O IIE
3KB 1m OFHKIRTH 5720, FEFEE R L
HAHDIILHROZ L LB bNS, T2, KROFHERIC
&, AHBADI &ML L TERFLETH 575, EHIED
BONTHEEO—EM (03) LE S22/ Lo,
FHEEOBESECZLDEEZ LN,

CNLOBREEZERLTY, HEOET ML > TK
WIS EBITRETH LT L 2R LTV A,



K (C)

HART A ¢ RS 2 & VK HEK o O K HBRSE O TR B § 2 W78

Jun Jul Aug Sep Oct
H
Fig.33 /KiROBHE (FAKT) LHEFEER (305 —-K) Ot
FHAOGHTIEN B L KEZ, BFITEEN R R 26K (8) oZlbixET,
Comparison of calculated and observed water temperature
35
30 —f——
25
|1 N1 )

20
15 | |

Jun 1 Jun 29 Jul 27 Aug 24 Sep 21 Oct 19

H
— BRI —— SR Gl

Fig.34 /KiR O BIIME & B FHR R o ik

Comparison between observed water temperature and calculated values at water surface

29
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c Chl- ¢ BEDRITESR Chl-a B OFMEE R, BHME LMo Ic—3 L
FHERE R L B R o B % Fig.35 12837, KD TWwic, BEMEIC L 2 L 2HOKRE R -7 DHFLEL
RO EREMIC, StaAEEDT ) v FIZBIT 5% THBY, Volvox sp. (Fig.36 /£) 12X 57 H THDEE
HETERERE TR LI A T7—Dar 7 -l & LA (Fig35 0FmMCTHAZ Y —2) & Microcystis
DFERERL, RAVBB S N/-HEEEFREMAZRL, A sp. (Fig36747) I2X%9HDRELATHS (Fig3s5s D
O FHBIE & N7z Chl-a BEE /R LTV, REMTHALE=7),

Om
2m
4m
6m
8 m — . =
Jun Jul Aug Sep Oct

Fig.35 Chl-a BEOEBMIE (FALKT) LHMEFEER (v —X) ok
FRALDIGFT (BN H e & BHIKEZ, BFITRENE GR) »oE () oZbzEd,

Comparison of calculated and observed chlorophyll-a concentrations

Fig.36 Chl-a B bR RIE L LTk
7c. : Volvox sp., %5 : Microcystis sp.

Volvox sp dominated in July and Microcystis sp dominated in September
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TAHOE—=27122onTik, —E0FHBEBEEL TV
2500, 9ADE—=ZIZonTIZHAICEBTETY
BEREARV. THOE— 7B, KESEL, S0
WAKEIZPE - TREBEEHOMR D T odo/2720,
BUCLoTHIE LR TWERBETH o 720 Z ORI IZER
KBV THEMEEIZBWTS Chl-a BES ER LA &
BIEZHICHBTE %,

9 Ho ¥ — 7 BidKiRAs 25C R TR T ¢ 2 @2
n, F7z, FAEMA~OTWAKEDI WD L, THUfE-T
FEEHOMBELBL L TV BB TH B, Z DO
2 Microcystis sp. DIEFEABIM S TV 555, W%l 128
LTWARBELIEVEEC, BEFE LoR b s
nTwiv,

BUERH R OFE R OA—3, ¥\ Microcystis sp. D
FERF ICEAUSE Lo ik, —oDHE B L LTH
BOEHICH T TETMEE LTV RWZ L EEZDL
Noo AW ZHEORE, F 2 (THEHERE, FLHEHE
FE, REHEFEOWINGERE, FHEICKERELoTWY
LT EDPMOENTWS (Jorgensen et al., 1991), 4FiZ,
Microcystis sp. D& LTIV — LA DERICES T Ot A
PEEIHEMETH ), TRIUHHSATVWE LIRS
\» (Hyenstrand et al., 1998) . $fETEICL 59 HDOE —
7 % TICHBTE o 2 EKIE, Microcystis sp. H°
358 7O ADKRTHL LEDLNS,

72720, S TIREML L 27 IV oRE L L5 72,
EV) DX, BEOMERIET IV M L THEMILT 2
i, LTLFHEOMEICIEORAS WD T
Hbo EFNVEBEMILT S LICX o TEBRENIZAL
THH, RAETRENNTA-—FoBIEMLTLE ),
INT A=Y L ERE R LES ICRETETHN
&, ETVEBMALT A LIXEREOR EIZORDS
A, TITHELTVIZEFVIZENHLRBRO—E%
HHLZMEETIVTHY, T XA —F 2T H1EE
PUEE LD -OBRAEEOR EICIZo% D5 ER3E LR
Ve ZD728, 8T A= O ERS T HTHELZE
ThMEE LTwh,

BA%E L 727 WV TlL, Microcystis sp. D ¥ — 7 B DF
BHEEH5TRedro72b 00, WEOBTRILER
DHEFERIEI &\ o 728 4 O 710 1 2 Rl EEZ L DA
WBHBETE TV, 2070, KEBRENEZERL /2
Yt PIZIXRABRMDIZAL L - GERREORE, K
EHBEC L VEERRIEIL LA LoBRED
BB, dRFER O AT LD REL S X
Bo

5 &R

BASEME IR DR CHRE 2 o TV 2 EBEOBEIZ 2 H 5
B2 BHEFREICL->-THEATAZILZHWELT, =
RICH) 7% AKIRTE AT B & OB O HEFE L 2> B K
METFTNEHE L2 ZOFTIV % 3% H M8

LT, BIMORIEEZITo/z. BoNIHRETTLDD
EUTOEBY TH S,

1) VFLRVETINVOERHER & EHROR &
MR L L CHEZRITORNIFNT % £ L 7.2 B,
KIEZEAIC & 2 EEECEBHT 57012, K
AR e L-BiikihE L o fgEke L
Tes

2) BRI MNE—RKEE O, SFEFmIE=AE
—REFROFREFRECTHEBILL TET IV 2R
L7z %8, MEEKEEABRBIIR—E L
(Galerkin i) o

3) ML KIRDOBHTHERZ B & L COKEMRITET IV
AN L, EEOHMIZ, A B IZOWTEIHR
PWHHRRIC L o TRDI1zo ZOHRTHEOWE
TEER A A ZRE L7,

4) FSLZET VR RERTEIEE L CHRIER
To720

5) 200014E5 H1HA»5 1031 HE T 153 Hl %,
SHEHIM & Lz THE, EEKIEA20C 2
Alo7-HAZ#EE LTHREL

6) KimOFHMEIIFERICH , 1 KT

RERBELALZS, BEOFHMHEIZ08CT
Hotzo

7) Chl-a BEIHAHICBERERE - L T,
Volvox sp. MEL L TW2E I IZEE L Tz )
DD, Microcystis sp. H3EE L L TV 7R 0¥ E
P > 720

V  Microcystish'85E L> I VLRIBERICDWLT

1 FEOBHN

KEL, Microcystis sp. VWS ICE L BREEE R % 5
PICTHIELEHWET S, REAFAELEZNRE L
T, BEORGIZ A5 KEIHE 7 KM e L
TohES % b L2, Microcystis sp. HME L L ¢ W EREEE
HWEGHT 5. MHE LRFEAREMRZ, BREILN
AT LM ZKEE LTS, 20720, I bK
DKREREIIBEAVNE V. T2, KIEDFRIFELBTHH
Im &<, HBCEVWERELTVWEZ RS, E
HIENZ S KFAMZHEHEE LIS Ve 20720, S
7oKz, FEBAICHFITIE) R TVRBEAEL
TWwb, COL) LEHMEAETLIRAELEZNRE LT,
Microcystis sp. 3E ST AREZEROGH &247H) 2 L &
5,

REFZLUTEZERLET S, BEEFD Microcystis sp. 7%
BEERREL 2o TR T 5 L, BRBIRRVOBKY
REERXHELD ) 2, ARRBUUAELHEYERL
(Codd et al., 1989 ; Sivonen, 1996), Ik H B % iiff 7=
ERWEADH B0, ELHMEIFEFICKEV, F
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72, BHEALL 2KICB W T, EZIZ Microcystis
sp. M HIKRE & 72 ) % 3\, Microcystis sp. 315 5
REE & 2 ZEEIZOWTIRES { OFFZENEM < 1,
Hyenstrand et al. (1998) ® L ¥ a2 — |2 & % &, 9ff
DHHPREINTVWDE LA TH LS, Microcystis
sp. DELREZFHHT 2 I2EE > Twiv, 20O ET,
HE5E D FE K 1 Microcystis sp. [EAH OFCHAT 2 LD
b, KBRS SN2 RER EOBRBEERIZL > T
AT HEVBRVERE L T3,

2 BHiE
a IRiEE

BIMECHRE L-AEMOBRMPFAEEREL L L 12,
Microcystis sp. DMEEICE - 2ERIZOWTHT 21T ) o
Z07®, 7= ORHEHEFIIFENETHERZ DL
f—Td»5b,

2 EORERREDH L, BLHEOHR L Chl-a BE
DOEALDTHME I FERR T & 72 2001 D 7" — & XFRI55
Wi %479 o KA 20C % LR 2 #MZ5 A4 5 10 AT
HHH, 5 HEBRIL 6 H2 S 10 H O % 549 %,
Ewyni, 5 AFIZEKROTAENEFIZEL L, FHE
MOKERBEITEKOEEZHBLZIT TSI L, T2,
ZOHEKIZFBVRECIHFSEIA TV E, ©
“ODHMEIZE S,

b FHOOWICKDIERSH

T ¢ 9 B LI (2B 548 & 7 o 72 Microcystis sp. O
W ICHE 2525 L EDNAZHOERDH B, K
DOFT =¥ %I BEHE}OGH 21T 9o 7B, Microcystis
sp. WL IKEE & % o - 1&, & Z T Microcystis
sp. D AU =Z—DD, EEROEFHOED 10% %2 72
W & e & L7z,

BMFHEIC L > THL N BEFREREERHOBRE
(PO&P, NO,,5-N), KAHDTFT—¥ HatE Ik
HEEWEERER, B X O 20km B 7z BRIFOBNIC L

LRET—4 (HE&E, H¥HEGHE) 55, Microcystis
sp. DEFEIC R o - EHA MM T2 L &35,

HHEOAMBEDIRIETH 5 Chl-a N T 5, 4t
B2 BRBEER % ERG oI L - THBZMBT 5, #
M3 57—%1%, ChlaiBEIZOWTIELHOMER, 4t
B2 BRIZ DWW T B ORFEERE R AR 2 Z5E L
THAEHOH 3 HMOFHE L Lize 2hid, FERO
Chl-a BEIIEHEOAMEDIRECTH 575, BIOBRE
SRR SN HS O 385 & a0 IR L 7223
DREBIZESTWVDLEEZOND, 20720, RAERED
Chl-a EEICHE Y52 TWAMIE, YHOBEEERT
E7% <, #@E (ZZTIR3 HE) OREERTHS &
IR5E L7z

B, MEREART—FIIHEMTT -7 EEL
TWa7ew, ZOF FH13 HHOFEIHEEIER L 720 K
BT7F—451l20wTid, BHEOMBOMITZHNE LT
WAL ZEDLES 0m 25 2m F TOEHIME D FIHME %
HRFEMEE L, BMRT—F2#EHT— 72T 572012—
KRN & B PHERITEE 1T > CHHEMOME T — & & 1ERk
L7zo MRETHESE 2m & L2DIX, ERBOES
RER LD THD, BEFIFHIIL 2 15 MoXET
WEERREICLAE, 2miEE, SmEI BT L EE
T, ZR2FH139umol - m?-s? (&AN05 HmKA
336), 24umol - m™” - s (F/h004, K 74) THY
RE 2m OEIZRBOMED 15% 1KY L7z, BB
KBOKD 1 BEHERS L —8T 5 (A, 1990) & &
25, 2m FTEENE EIRE LB RE L.

3 BREER
a IRMAEAERZR
AAER D 9 B, Microcystis sp. DYAFHIZHE % KT
TEEZOSNZHEBIZOWTHMIZEHURY,
Tk & i KREED HFHME L2 H 47 ) KBS
BlHEER % Fig37 ISR §o AN VEIMICHYL T 24 A

-;P 40%
<
H
it
B o
0% T
May 1 May 29 Jun 26

Jul 24 Aug 21 Sep 18 Oct 16

H

Fig.37 FstbolmliznaR (Hi & 2 Rk E Th L THaEL)

Daily hydarulic turnover rate
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20 HA5 8 A 26 HORMNIE, With AKENRLS N &5,
KEEMREERIIE P72, T2, ZOYMIZEERK
DOFZEIIL L CTHEREPRKE B LZ. ZOHEOF
¥ ElERIF 37% - d THo7zo 8 H 26 HUEIZ A
ERAKOMEIELT B RS, FEKIZ15% - 47
VIR L7ze 9 HAy & 10 A d g (K B2 1) [ iR 38 A3
N2V DiE, KE%FEM (9H 10 H & 11 H T 100mm,
10 H10 HIZ 125mm) 2% 0, BEWEI»5H 51 LD
HHRAKEZ R EETVI220TH 5,

Microcystis sp. 1¥ 9 B 19 H*5 10 A 26 H O, #
L oz, KFOBEBEOAYEZRIIBIETH S
Chl-a & D%At % Fig.38a |Z7/R 9o Microcystis sp. H¥H
MICHERR SN0 X8 H2HTH Y, 8 A 23 HLRIC
HEVHEZMEDT. Tk, 9AI9HE2H10H 11 H
FCOMME, 7NV—2%HEHLTOm & Im DESIIE
\7% Chl-a A 30ug - L' 2 B2 72, 512, 9H 19
H& 10 A 3 HORARICIE, KiElOERE ISR 5%
L TWBDONEBTBE SNz, Microcystis sp. D7
V— 2%, RBIEEFEAMET L7z 3EMBICEE S iz,

I 72 KRB R (2R S e 22 - 72 (Fig.38b) » $RIE
FOKEOm & 8m DI ICLU T TH o 72,

Om

Im
2m
3m
4m
Sm |
6m |
7m

8m

May Jun Jul Aug  Sep Oct

WO KBENELZDIZTHSHTHY, ZD#136.3C
THotzo KiE6mM & )ENHEIZBITS DO BEIXHE
\Z4mg - L' LLETH -7 (Fig38c)o F7-, pH DR
HIDZES 1 LT Tdh o 72 (Fig.38d) o T 5 DFFHERD S
SRE A OWEMER L SR &R vwE 9127 5 KinE
IR SN TESHT, SMEHAICSWEIEERL T
LI LERRBTEERTHo T,

Microcystis sp. D 7 )V — ADFE L TWAHH, BFERE
DFFEIEH (POP, NO,,;-N) DX, oA ic
KRB L&D o720 POAPIZEEDO Om & Im 1I2BWT
1Z,00lmg L' LT TH Y, NO,,5-N iZ 01lmg L' TH o
7oo SO LI, FEEESMRSINIHEEL D, EH
RN EN L EED LRl > TWBEZ EERLTWA,

TEATKDORFEERE L, AELM %8 L CTiiz—
ETHolze ThiE, KEFBERIIITIEZLHMTH
LBErHTHLIDTH D, MAKOKERE L T-N
A Lllmg- L' THY, T-PA0lmg-L" TIEIZ—ET
Hotze Tz, BMERICTHA L TWBI)ID 6 ONFEEHH
DIMARITDTHTH Y, FEMLICTHAT 2 KEEHD
98%IXE A 6 S Tz,

May Jun Jul Aug  Sep Oct

Fig.38 KEEHOZAL (Bl H, #dh: KR, BAISRKES LHKH2RT)
a: Chlra (ug-L"), b: Kk (C) G#HIGRELREIE () 25K (8) 0BrET,

Time series of the vertical profile of observed water quality item (a :

chlorophyll-a, b : water temperature)
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May Jun Jul Aug  Sep Oct May  Jun Jul Aug  Sep Oct

$m | | | | | 8m | | | | |

May Jun Jul Aug Sep Oct May Jun  Jul  Aug Sep  Oct

Fig.38 JKEIHHOZAL (B - H, #edh - KSR, BARIRKES LKH 2R T)
c:DO, d:pH, e:POP, f:T-P, g:NO,5-N, h: T-N, pH ZB\WTHAIZ (mg- LY.
iR OF) ok (#) oZfbx RS,
Time series of the vertical profile of observed water quality item (c : DO, d:pH, e:PO,P, f: T-P, g:NO,.,~N, h: T-N)
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b FMoOH

Table 9 |2, fRMTISEH LR EZRT. ZDF—
y R LRI, ERS O EITo 2. BONR
FHME L, ZORKOREFGHE% Table 10 (2775,

DI, ERGOBREITHIZLET S,

H 1 FERGE, BREAKE VOGRS AR
HEETHL I LhOWHENLREREERG 2 RT LHBRT
&b, HiEEL HFROAMREIRKEIVWI L2 6, &1
D77 AMNAT T ETHAKIZ L KD ANED Y
WREL, HEP TS ICHIRELETH S LBRTE
B

52 R, MEREARE V2 OOEENRS Vi
WTENROKREEETH LI 05, WHENLZERES)
L0 KB DK FEIRFREDOIREE L R T X 5,

BONTAERPS, FRSHEEHBAKELTTOY

ML, ZOHOD Chl-a BEZXMOKE S THHALZON
Fig.39 TH 5, HEAEDLH Y T WX )2, Microcystis
Sp. WL BTN =L INHHIEI L - LTA
BMTHATWS, THIZX B E, Microcystis sp. 758 5
KL Zo70iF, ElEOEIEI~AFATHLZ LM
5, BEFEHI/NSC (HEERERIEL), HEPFTHVWER
Bkt ch b, /2, FE2EHIIOVWTIETTIATAF R
WAL 7Oy PEELTWAE I ERD, KRB
EOFRBEEFOBEICSIIEHEEZ TRV EMRRT 5
ZEMNTE 5,

B, HiHZOWTIX, 6 A2 5 10 A £ Tx @it
RELTWBRILEDL, (EFEOHTIX) HELF S
WCWIRET BLE T2 LBRTE5%, ZhIZDOWTIE,
BRO LIIWRPRSI KR, FA3BEH 2R
RE, AL bWREMEE LTH DS,

Table9 ERG T IC#EH L727— %
Applied data for principal component analysis

No | mat | Qe | 202 | NowN | EEX | aem |
ng'L™) (mg'L™) (mg'L™) (%rd”) MJm™) (m's™)
1 6/1 24 0.004 0.034 32.5 14.7 1.40
2 6/7 17 0.005 0.071 31.1 16.5 1.34
3 6/14 5 0.019 0.152 14.9 16.1 1.48
4 6/22 23 0.008 0.169 21.8 6.9 1.84
5 6/29 11 0.001 0.144 378 20.8 1.21
6 /5 18 0.014 0.124 46.8 24.8 1.50
1 716 21 0.017 0.121 45.0 25.0 1.57
8 7719 36 0.040 0.396 37.8 24.1 2.38
9 7127 23 0.055 0.414 415 16.6 1.54
10 8/2 22 0.044 0.309 36.8 17.2 1.19
11 8/8 15 0.059 0.266 33.4 10.9 1.42
12 8/9 13 0.064 0.268 33.5 8.0 1.23
13 8/16 y: 0.050 0.257 41.1 17.0 1.26
14 8/23 4 0.042 0.246 19.6 9.7 2.08
15 8/28 8 0.049 0.242 17.9 13.6 1.28
16 9/6 16 0.036 0.308 15.6 11.6 1.41

21

10/17

0.023

0.293

14.6

15:9

1.14

22

10/26

10 0.027

0.390

14.8

14.5

1.01

—ﬁ§ Microcystis O 7 )v— LFRFHICHH Y,
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Table 10  FEM OB 4R 2 BIEE RN $ 2 BRI ORR (RFAME L Bl 5H)

Summary of PCA for chlorophyll-a concentrarions

1 ERY %2 £
B[ 0.85 -0.28
A5 & 0.76 -0.45
PO,-P 0.55 0.74
NO,.3-N 0.32 0.87
JEGE -0.38 0.30
RHEFE 53R 37.1% 70.4%
552 il

Z

HTR

O

@)

Fig.39 B OMIIAR 2 BFERIIN 3 2 R0 o R (ML Chl-a % £T)

PCA ordination of five inditator environmental variables

WD : wind speed, SR : solar radiation, PO : PO,~P, NO : NO, , ;-N and HTR : hydraulic turnover rate. Area of circle represents the

concentration of chlorophyll-a. Gray circles represent Microcystis dominance.

ZEFTIC, NEHZERER LD, TATH
2T W—u %R L7z Volvox sp. D ERAHBE TH 5o
Fig.39 w5 LICET 5 32oKk& R 7oy bsZEhI
FML, F1ERT, E2ERTOVTND ITEHVIREE
THY, “FEEFEIEC, BHHEFLEL, REEHOBRE
DWFIRH D R L RS WEANICH B Z &
2R LTWd,

c W ECh- o BEDRER

FERTTIIN L o TH S 724 R 1, Microcystis
sp. DFEIZHR LC, KEZWEIENIEE L2 ERNTDH
HBIEERBTDLDTHole TOTLNE, KHEE
B[ & YR OIRIECTdH 5 Chl-a 1B O LB %
1T-72

TAKE RN X B & Microcystis sp. HMHE5E L 72 BRI 1 [A]
BERAVNE WE & —F LT b, [EESER)T15% - 4!
(27 o 72 8C,  Microcystis sp. 258 HIRRE & 72 o THY
L, Chl-a /&3 30ug - L7 #8272,

FAHE R AR T, KEREEAY R R S IR o fit
MEEERBLTWD EBRTE 2, LWwHnig, &
DREEMIZIZIRD 3 OOHHER L TV EDTH S,
1 REEHOIBLALPERKIZLI>THBEEINS Z
L, ZOEKROKBIEFREI—ETHLI L, 2.
H A OYEIESR % BES 2 KRR O 2 o 72
Z & (Fig.38b, Fig.38c), Z ILIZKIEINEVFTHEMTH
5 EEDBIT, MAKELTEEKENSVOKDE) X
BTl o T L HPERTH A ). 3. EBROKERE
EHERE L ZBOME & KEHDOTH 5 shoreline
development %% 1.3 & KIE DR AHI 2T W S &
5, FHEAFIHEEBIER SN 7228, 215
DT Lh, BRD O MR S N REEREIKIEOF I
BWHEIIHREINLEEZ DI LN TES, HEXRIZSH
DL WO LR, FRUT L) FEEFOAEE E
EHETLAEEZONS, BERIVNSWHIFHIZ,
FEEHOMUBEE BV Z L I2D VT, Fig.38e &
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Fig.38g T/RL7: & 912, K@ CTHEFBOREEERE
B L TW B R > S S EMN T SO S,

SEFEHHH O BEFR 5B W5 Microcystis DL # 5] &
T EAHME SN TV S, HRIROFBEEIW -
<0 EER S D H5121E Microcystis DREFEASHE = 1) %
4 (Fogg, 1969 ; Pearl, 1988), F7:, U v Ofit#s
HIEWVEREE T T, Microcystis DSE8$ 25 & & ASEa %
BIZEDBS 22 SN TWD (Olsen, 1989), Kuwata
and Miyazaki (2000) (X#k#E$H Td % Scenedesmus &
BEMEFH T d D Microcystis D S BARIZ DO W T, S
DUEFEHE & 2 2 CRUERTE 2 M L 7-45 2%, S8R
D PR B BE AN E B 1L Microcystis 73 53 A 4R %
BTwb, HIZ, ZOE% Takeya et al. (2004) ¢
FENERTHR L 72, BIBNICL>TBo 7, B
ZEORERFR DN S WEFHC Microcystis sp. H3HE5HE L 724
Feld, RAEHI O HAG A%E VW BRBE IZ B\ T Microcystis
MEBTLEVIFEREFA—DLDTH - 72

B, HBREEHET L, BKIZLoTHRATSE
B, FEMANTOREBEOBRICIVELS 2 aho
oo BIUIRERICE AL, BRPIZETHTWAEE
ORIV THY, T, BEMEIFE—-TE R 2o
oo BB, F—DOKF Y AT L5204 RE L0
&5k, EKRKBEICBVWTHETTAZE (HH
5, 1989), #HAKEEORY FEICERT L EEZ SN
LRI L) EEOREEFEWIIGEE SR TS5 2 L
(Miyazaki et al, 1995) 25 & hTwb, TNLHD
e, HEBNOERIIEKICI s THIEEINS
BRI EEZZTTTBL T, AL L REE CHEEIH
JELTWAEEZOLND,

FRELT, MR LARERICBVLTIE, HiEE
BN E WEREE L Microcystis sp. HMHEHH L ¢ W& TH
BERERDOTHIENTE S,

CITHONIHERIL ROL) EHMEET LA
Bith 2R & L2HBBIICE S TWw b, ORI
ALEHMECERICT—7REShTWwS, @%%
BE OB EESHRAKREICKE SN TWS, GH
BRPRKE LSBT 50 BEEEIV/NES B o 72
\Z Microcystis sp. D3 5 L CH4%E 4 2 Bl BRI RS 5 %
BLIENTELDbOO, FEEHOMAHE DM
Microcystis sp. DYESHICE - 72 BEEKDE 2 5N WiRT
Ehv, FIZIE, BTS2 PP ICE AHMAEDE
Vv (Haney, 1987) %°, Microcystis \%i% 7)1 % Hl#4 5 =
& CEERBEI D REZ = & (Reynolds et al, 1987) 7%
HIFoh b, ZD728, Microcystis DIEHE % #IH 3 %
oW, BWICEL AN A LDFWHZ N E LE
% BB RS LETH 5,

4 =R
Microcystis sp. DIEFEIZ R & < 5285 B0 7 BB e
i (H 5 i KBRS A [l dn R - A fF eSS 3 - IR AR ) )

THT LI HRE LT, BB MBI R %
ST LR, ROZEFHLDICR o7,

1) ERDHH I X 2HETH 20 O R
Microcystis sp. 258 5 L 3 WERBIS&LMA X, HEw»
MR LGV HE TH D Z L hbro7z,

2) D ADCHKOBAE L L R AT 15% - 4
L 75729 B2, Microcystis sp. 5 L, Chla
MEANKE LMLz, SO ERS, HEEER)S
INE VB DK B BRI 1 Microcystis sp. DHEFHIZ
WU CH D L HER L7,

3) MIEERAIVNSOEEIE, FEEEOMEAE VIR
BThb, T, AT LKEREDOEED /N
7z, TEAKEDENDTEARE % e LT
WnbZl, /2, SMEANOWEIEREZHET 5
S\ KRR 2STER S S, SRS O TR A IS
WL, EEEIEATER LI Wo, SRIEHIMICD
AEH IS S I RBERESBAE E N E R
HIENTELIDTHA,

4) FRELHE O BLAE AN W EEEE T Microcystis sp. %
B LR WwEnor, ThITEmEINL, B
flEFEBR, SENEER T 72 (BB R OB DM
RE—HT2bDTHo7,

BONTAERIZ, FFEOKBICEBIT S 1 EH OB
BTAERNIEDO VT WD, ZD78, Microcystis DHEFEIZ
LB R — LT 5121k, B ARAENIELS Y
BETHH9,

VI KEEBKPRICHITDERBERBIECDONT

1 XEOBH

PADCHIE R OKEEKPOBREONEREREZ ET
MET B L REOHME TS, EFMLIZH72oT
i, BB XY SROMWERBFEALBM L, Tk
DWTEFIVOEERIT)
ARETIIUTEERLT 5, BITHISOAMERZIT
) BT, AKHICBY 2 REOBERAIENG 2 5 HEBITK
EV, ZhUE, KEADADW E5S EIERAKIIFIKRT
REZ K BRED 6 Eig% b 2 Lh b, BAHBON
AN ORI RERKE EHIHERT LI L L
%hho T, RIBOFS%EEHDLKHIIBWTX, HE
FOBIC & Y ARFPIZEEFN L ERIPRMENEEL, Rt
NOBRENRAD L, D20, KHOAET S ERKRE
PREOHMR 2 R, ZOWIELXIEHT 2 2 & TR Huk
OAREESEYIITbI, ZOREL LTI
B3 % it 2 & OPASEMKIRO K E BT R e IR S
NHEZATHAD,
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2 Bk
a HEWREUKHA

& E L7-KEIE, Ab#E36° 8, B 140° 0 LB T 5,
O IEHHEBHME O—FS TH 5 (Figd0, Figdl), /K
MG 486a (76 x 64m) T, JAHEOZEET, #£
A S — BT Cd 5o KHIZ/NBEZ DA DS T
Oy 7O EMMELTEY, bflds L OdeERmz 2
BTHAH0, BHAKIZEZKENORATERTE S
LEbLNDL, B, MENIHEKETH Y, FEEIOKEHIZ
WHRKHLY, PRENLODIT L 7)) — METHITS
nCTwz Bz, IZIZREBRCKEENEBIN TN/ L
POMTRICEATHHIBO T Ebh s, 11
FHEELTH D, KIROHRERBTHY, 2 LEDS
ERNIFRUANDIEIER T ST v,

KEAND DA CAKIIKEOREEIIALET 5K Y T
PHERMHEEN TV S, Ry THIFHEKEOK % Bk
LTWwaZEHRL, FAEKEICIE EFIED D ADVHK
DFIKE BHRRED S OFKRDA D IR S o 7oK
ENTW5,

KERB L OHMEA Y, Y 2 — L% Table 11 |Z7R 7,
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e Mﬂw‘%ﬁi@f»ﬁ iz

€“— 64m —>

IR A DX Toom

Fig.40 FAA/KHRBELEOBEER (£X) LFAEKHOFER (GX)
Map of the investigated paddy field

Figdl X5 & L7-/KH (200245 A 29 H#E),
FeRB R AR B
Observed paddy field

FRNIEEL

HHEENE, 2002 FEDO AR CHIRFEZRNRE LT
A5t 26 BIEM L 720 FAEBEEIZBEIC 1 REERE LT,
KREBREVEAMTRESEAT LI LB FHIALNA
7 &, HIAE 2R O HE AR X S AR R LSRR A S L
7oo FAAMIUIITRAK, HEIER I Lz hdeiris X
CHEKOD=7fre L7ze F72, MAKOHEFALL L
TKIETH 5 FHBERmOBZAKE » THIZBWTH, B
BRI 24T o 720 BIHEBA IIEREE (NO,-N, NO,-N
NH,-N, T-N) T ), ®KO%, EHNTHEITo72
AT i % Table 12 (7R . BRAKIRAREIC, JKiE, DO,
EC, pH % ¥ — (U-20, Horiba) 2 & o CTHIlIL
ZDEREZENGHTOBOSE L L7z, KRIZEE Y
#— (StowAway TidbiT Temperature logger, Onset.
Co.) 12X D HEKOEEEIZT 10 43 bR TR = 17>
720 DADKEIT 2 EFTOT AR I B W THEEN
=iF (DX25, &MBIERT) (CXEHI L, BHir
EWTABIRBEMEYFGAL o720 ERT—FI220T
&, FAFEZKHE &L Y 10km BRIZH 5 BEEBRBEHAMITFTAT
WCBWTEHIIL Th 2 HREKE, HPFEOXIR, £KHS
2, HRMOBRELYEH L. BKhoEREEICD
WTid, 5 H20 HA5 6 A 20 H DI DK % RS H
BIDIZC VI ICEHFEREL, @85 ToIBEY
YTNESH LI

Table 11 FEKHOKEHB L WNERATF V2 -
Schedule of cultivation and water, and fertilizer application for

the investigated paddy field

A AEEE LU R %

200244 H 16 A e BAR FEF AL 333 kgrha!
47190 M AB OIS HIBE N 2T DR L 7 A5 HED i
4A26 0 | &

47280 | i1} ¢4 B
6A3H~I10H MABVORIE L
6HA19A, 26, 7A3 A, 10A PABIDEEIL [ 2 A 25 R
7H148 REAHE A F# BT 30 kg-ha'!
8A22A HABOREIE KN 2 TOR L 725 -
9AsA A9 1Y

Table 12 A5 OIEH O 54T Fi2
Water quality analyzing methods

STEE | ST Fik ElliiBaN
NH,-N A4 ra< 77712k B0H. Tartari et al., 1995
‘ (DX-320, Dionex, USA) |
| #— K# 7 2 : Ion Pac CG12A
| 5yWEH 7 L : lon Pac CS12A
#7 L w4 — : CSRS-Ultra, 4 mm
AAvra< b ST 7L B0
(DX-320, Dionex, USA)
| #—K#F A : lonPac AGI2A
57BE# 7 A : lon Pac AS12A
| 7L »H— : ASRS-Ultra, 4 mm
N | EERRIASTAR - (LR EOITRHNT X B 1T,
| (IN-301P, 7F+7 v 2 ¥+ =)

NO,-N & NO3-N Tartari et al., 1995

b BEFEEERTTIL
HEAK DBHFREZE (NH-N & NO,.,-N) Dk
PHBETACLAEMNE LTAHFEEZETVEREL
720 ETIWVOREIZH 7o T, TTHEAFTDOZEMA
ZRESAIIERET, HEAPEEIGEELTWA L
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R5E L 720 WICHEAR TEZ o T B AEWLFE S D
I K UK BB 120 S 1§58 F2 % Figd2 o X 9 IZRE
LCHEMTEFTIMELL 7,

B L7z ET VT, KBBICHE) BEBEIZEZE L
7o b T, EYALERN R USDETFIMELEITo72. £\
DI, HY472 ) O AKE L EFRRBLIUBRTRERZ,
HEKLTWEEERETLEFSREVI EDS, HE
KPDERIBREOHBIIH2> TIEET S EHLE
L% THb, B, KBEIIHE) HREBOEI
BV, ZhFhORKIRZ ARG 21T
KPGZRHEIC L > THEOMLERLOEHVT, Fh
ZFNOEROEBEICEAZ DT TRENEZ KD/,

TERICEINAERICOVTIE, EFVTIREREL
TV, THEHEFICE TN EROL  (THSH
HOERTHY, kHPRNTELDIEHEFOEFED
5% b7z & (Z4F, 1978), #EE L7720 T

H5bo
G
DADI
\\\ ik
NN N
avd ]

Il NHt-N ) =)[NO.-N ]=77Nz

B TRE
Figd2 MHEAHOBEFEERET IV OBREX

Schematic diagram of the dissolved nitrogen model

ENZENOEWILFR % S &, Streeter-Phelps 7\
(Streeter and Phelps, 1925) &6 LU —k G CTF
L 7z Streeter-Phelps :Ni%, b & b L BEHFHREDIE
BEHBROLEDICHEEINZDDOTH LY, BEWEDOK
ISREOHBMEICERTEY, K<EHSATEBY, +
GREEDVD D,

NH,-N i#&ixX (6-1) [ORT &9, EWibsni
IFEZAL L KB D TEBR B 2 pF e THBITE A &
ICERCE T o 720 BEWMLFEN R OB IE, THBEER
NOTLRIS L, BEICLDT VE=TORNDOZDOD
POt % P31 L 720 AEAL RO BE (X KR IS B35 &
RE L7z 2, ARSI I HIERE CHETT 5
ZEPHOENTWE 2D THA (Hasebe et al, 1985),
F 70, HMLEEEE, EEIC X AWRILEEX, wWTThbKE
DB %57 % (Hasebe et al, 1985 : Eppley, 1972)
ZEns, EYRUEORTE LTL L b Tw 2%
7 (Chen and Orlob, 1975) I & o TKIRDEE % H

BL7 R 62 BXUR (6-3) D% 2H),

T UVESTEEFIZIZAOOMEIEI D B EIREL
720 BIHDOORE L, BHICHBE SN DA VKD
TEANRE S HERS, BERICAE S itkR, 2 L TR S 0%
RCThb, TNHD4DOMFIRDH B, FIHD LD
Byt YHICHEENEHTIE, HEMTEREXFIEL
TWbZ N, EBORGHMHEE RS I EPTFRI
hb, 0720, YHIIEEINL5IIoWTIX, KIS
RIS H 205 OREFICHRD L5 TH S EIREL
T, At ZEFITHRE LT

Hi =¢ Hli X e (a-y) At + (¢ Hzi +¢ H; +d) H4i)>< & (~a-y) At/y
(6-1)
y=Fx g™ = (6-3)

ZZC, H:iHBOMEASO NH-NIBRE, ¢y
B HDSORES, ¢ w' HADPCKOTEAIZLE D) B4,
s ¢ BEAKICEE D B4R, o w0 IR OB ICHE S HHE,
HATZWFR D (mg- Lo a LIS OREE (D),
y - BEUC LB NH-N OBRIGREES (d), 61K
BEK, WD EAEX (m), WT : HEEAR (T),
AT LR (m-d?Y), I EEOBIURE d). &8
BWAFOiXiHHOMETH S Z LR,

REEENAE D IEBRAR Y BT 272012, KEBREIE
WEBBIORBINGTEZERL, SEOKBENIITT
HIEHWDLZ L THEBOBFHRMTZA L)L (R
(6-4) 0% 21H, X (6-5) D& 1H, X (6-6) DFE1IH),
F72, KEICHAKSNAKPERET S LI L 2 RS
BiIX (6-4) OFE1ETHHRL. B, BTREK
FOBREZEIZOWTIIFEHRFEOMRE LT,
i, KHOEKFOERBELLxBERTLI L%
BE L-ETFNVTHAHEDTHbD,

i wD"™ WD-P-I' .

dwm = WD -E x WD’ H" (6-4)
e I i

b = WD’ X Cy (6-5)
i P i

O = WD X Cys (6-6)

¢ H4i =4 X CFHi (6-7)

ZoT, EERHE (m), P BAR (m), I
DADBVKE (m), Cp' i DA DSVAKD NH,-N i (mg-
L"), Cu : BA®D NH-N#E (mg-L"), Cu : itk
EEREEL, RS S OWE L7554 0 NH-N i#E
(mg LY, F724 ALFEHE»SBEH L -EEZl T
5 S N B EE,

NO,.-N IR, (6-8) 1R¥ & 512, NH,-N ilefs
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DA L R AP LER 2 AL & KRS B IRk 1
BB e CHIATEL L) ICERLEfT o720 W
b2 72 SUS IR U O A % — RS THB L 72,
BOGBEEEAUTHBE & (2001) IS &k o TRESI AKX ZE
1E UGl L7z i SUs i HIERmEE T T+ % (F
H - B, 1977) 226, RUSHEEE KGRI IEES
HEIICEREL. T2, BMERSIZOWT L KIRDE
A2\ 5728 (Stanford et al, 1975), NH,~N i&E o0
EFNERBRICERELZ (R (6-9) OFE2H). &b,
HHFICEIDT VEZTOWNBISIEEBE L Thwiw, Z
i, HEAKFOERIIEFEOFKEEITINO,,N LD
NH-N D13 9 & EIFICWRINST 2720 Th 5 (i -
HE, 1984).

NOy3~N 121E 5 D OGRS D 5 EAKE L 720 HiH A
LOBEE, BHIHHAIND, PADVKDOTAIZEE
) fitkG, BERICEE S B, IEE» S 0BE, ZLTT v
EoTREEDISOWMLTH S, KIGKHMOEHIZOW
TIXNH-NgEEDOHEA LM TH 5,

N‘ =d)mi><e(-ﬂ>4f+<¢N2i+¢mi+d)N4i+¢N5i>><e(-¢;)At/2
(6-8)
A= (wfp" ) <0 " (6-9)

2T, N iEAH O NO,,-N il (mg-LY, B:
B2 RS OEBEE R (dY), &' BIH 25 ORE 5,
G et PABVKOTAIKED B, o © FAKICHED
BHE, by IEEOBHICHES 48, by TV EZT
REREDRACIC & DB L5, HEVvFhd (mg-
LYs B:NO,;-N D2 (m-dhs

AP EEBROBER TG, 7 Eo ThES
Fogma LIk ERHVTEHELTWS (R (6-10)
oE2E, R (6-11) O 1HE, & (6-12) D% 1H).

i wD'"" WD'-P-I' &

= i - -N 6-10
d) N1 vVDt'l_Ec Wl)t ( )
¢ NZi =Wx CNzi (6-11)
b =W B (6-12)
¢ N4l =4 X% CFNl (6-13)

é Nsi _ [l-e -a) At] » (bmi " [l—e (-a) At/Z]
X <d)H2i + (b}{; + d)H4i> (6-14)

ZC ’C‘, CNZi AN ‘/)7,'( D N02+3_N 7%’;5 (mg i
L'l>' CN3i : [;éj( 0) N02+3_N ?‘%E (mg B Lil), CFNi . ‘2&
KEE ZR L 7ALFIEE 2 5 OEBIC X 5 NOys-N i

55 47 % (2008)

B (mg-LYo & (6-14) TIR7 ¥ E= 7HREEEIM
LRSI & 5T NOys N ICZBL L -8 2 EEL T
5o

ERoEHE L, LA oMK EHEKRODE |
TEE%E LEAS ZWBEORIANTH S, KEDOKK
BhoEEn L, REPKIA L 51T EMBKEYD 5
BEIE, ShooXTIEEBATLIZLENTER Y, £
D7z, Y%A ORAEKESHK OO FFE X % L\
LI, BT H 25 OERA I ETANED S LIGE
LT, ROIHIWCETVREER L GERT AL LT
5o

#=(¢J+¢g+¢M?Xe“”A” (6-15)

® JAEE ol £ (6-16)
H2 Ii+Pi H2

¢ = I+P X Cys (6-17)

N= (o o0 +ou+ow) xe ™" (618)
i I i

b = I+P X Cy (6-19)
i P’ i

b g = I+P X Cyo (6-20)

b =[1-e (0w +ow ron) G2

c KINZEEGE

WK OBFRERREOFHICH /2o TE, HHEAM
DKNEANERLZERE 5D0, EFNVEEETH &
Bhdb, ZZTix, K (6-22) TRIND &I KN
XETNVEEL, HEMOKPERZTEEIC L7,
HEALOKRINZZ, HADCIKE, FEKE, ZAFEHGE,
ETRER, REPKEICLoTRESINL, BHNI7:
HARFESPKODE LTRSS % LS X ) Thhi, #
I REPKEE A% L, HKRIIELTS S LFH—
EERBIENTE S,

WD =WwD" +1'+P —K.xE - Pe,
7:75L WD > DH O¥p&
wD' = DH, SD' = WD' — DH
WD' < DH 04, WD'
= WD', SD'=0

(6-22)

CZTP: Hb7)OBETRER (m), DH: #
KOO EITE S (m), SD: LHHAKE (m), E:
Makkink %12 & o TEMAE L 7228580k hr, K@ ZAZHoR
DHEEZ BT HIEWER. 7B, Makkink #I2 &> T
ARSI NZZERTULE, RO~ VETRE S N5
& /8 FERITE Gk, 1993)0 KHTIX, A
AR IR TER IR Z b, 2N
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AFER DV EAERSE G L Bbih s 728, Makkink
HBIC L B AFREBOTFHEHE LT .

HHAL THAKRE RO AR, #ARED~ A F A%
DHERIRD LI IIHEFITEITH. T, BTEER
ERECABMO VT EDHEDVH LT N L, THBIE
Tho TNTY, WKEPAFTALELRDIGEIX, Hrv
THREMET THBIET %2, COFMICLZBIEX, A
FEREDIE) PRETRER L) FHURES RV EGE L
TWwa, ZiUd, BTRERIZKRHEME 2I32EMMRE
BAREL, BTRERE, —KICEKEDSARTE
ZELFIVIRD E LTROLND 720 (BFELAESR,

3 RBREER
a IRMEAKER

R E L7KHD DA D VKE L BEKE % Figd3 (2
TR o MADVEIR H 2K H IS S i E 1 1,388
mm THY, ZDHH 44mm B0 ADPVEHKE LT,
¥ D o 544mm 13K BHE AN O BEKIZ L o THHR S iz,
KEBIIERETo TVLRRIZL ) DPANCKEEH
Hid a2 HETEBSN, WHAKDPE &) EKRKHOTIELHE
I EIHICEFHINT,

MADNK E HIEKDBEFESERIREOMER RO
L, TUEZTRERBEEOMEEY Figdda 12, HANEE

1989), ZEZEHE DI ) DHEERELS B\ LR L 727 RS L HMRE S RIRE O AFHE % Figddb (2777, »
HTH%o ADSCKDIEIZ DWW TIE, BAEREKENORHEA
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Figd3 AR WHIRF 0 AV AKE & FEKE
Observed precipitation and irrigation water flux in the field during the irrigation period
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Fig.44a

PADCHE R O AHVHK & HIEKD NH,-N #EOZA{L

NH,-N concentrations in irrigation water and ponded water on the field during the irrigation period

50 4 =
£ 40 :
-
24
£, Y, S S S N (N SN ~ |
% 20 /A
S 10 o
~ | O P X/

0.0 & é / * * ef ¢ 4 —¢ 'L

Apr19 May 3 May 17 May 31 Jun 14 Jun 28 Jul 12 Jul 26 Aug9 Aug23

[—o—nanu ik —e— misik ]

Fig44b 70 AD M H D 20 Ah3 K & HIAK D NO,.,~N DAL
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NH,-N BEICDOWTIX, RO E % Ok 1 H T K
DREEDPADCKOBEE L D EV, Ziu, BROHE
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PADCIKOBEIZRIETH D, RIS HEEE & IR D
BIREDSTFHIREBICH L L e ENEZOND,

NO,,s~N IOV T, HHAKDERIEEDIT ) 2%,
WADVKOERREE L) DL A2ITE Y, T, B
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Ph, T YEZTREZOMILUCAEEICHEITL TV
LT LERETIDHERTH D,
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b KINETEHER

A (6-22) (2& o TRD7-HEMOBKIER Figds |2
AT stEICH 2o TE, BB TR S kO
Z@AH L7 HEKOIZBIT 28 EFE S E e Ar Vi
A UC50mm Tho7zo F72, 2003 4125 & i &
FEh L 2B EORKE, BRTRERIRKT—HH:
D 5 mm T o 72, Makkink R % ffi > THEIEHAL %
EYT DBERICH ISR R 2 ERSLEL Y, FAEKE
WK ILOEE B L 72. ZARHEOHEE OB
B BEMARRIZ 10 & Lz 2, KFEEOEWR
BUTHHEAB R ICEB L, 06 & 120M TEH L Tw
% (FAO, 1998) 7= Tdh %,

X (622) ##H L CHHEMATHKEEZREET S &,
HAKREVRD LN 2T TR, ZNEhOFHHBREES
EDORERDDIENTE D, FBOMHHKE D BT
BHL-D D% Figd6 |IR T ARV F DS
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Comparison of observed data with calculated NH,~N concentration values in the ponded water
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Comparison of observed data with calculated NO,,;~N concentration values in the ponded water

Table 13 f&HTIZEH L 72755 X — ¥ Ofili & BEAE O SCHkME

List of parameters used in the analysis

RZ A —58 (BAL) Fi i fiE il D 1 SR i B
A NH,-N O {btf % (m-d™") 0.014 0.002-0.05
B NO23-N D i ZE %5 (m d™") 0.025 0.002-0.05
r B O SRR RR () 0.01 0.01-2.0
A NEEFDEE A (-) 0.10 0.0-1.0
6 KIREH (-) 1.13 1.06-1.16
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Table 14 EIZH 7NV T) ALK 5785 A — ¥ it st

Optimization conditions for external parameters using the genetic algorithm (GA)
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COEHITHRELZHBEADOHPT, NTA—-F 2 EHS
HCRAITRIEEERL, DB LoTIT X%
DIGEE % RE L7z WERIT- 2013, HEALTHA
ENBFHEAE & A A IR T 2 RS L 2 BRE
Thb, REMOWRICBVTIX, BIZWT7TILVITY X4
(Genetic Algorithm) FFEZHWTEY, WIEREIZMHS
aREtE IR o L B bILS (Table 14),

Bl ERHAE R0 D B 4 A 26 H OB XA R 2 6 B
ML7z0 Chud, RERICR2EAERSNATEY, K
PEOTO LR EFNIAED EEOBE] 70t X3S
LTWhWwedThb, B, KhEOWHESCME
FHEAURRREMHIC Lo TREL B oTWwA T E
Ao — bk Ly,

B LAET VAo FHHICL D, KBS 2
FUEL72FT% <, KHEEARPIZBIT 54 O RS ERE
FUEIHRET A LD EEL 2% (Figd8), NH-N (2
DWVTIE, BHOBRL &L E, PANCEIRFIZIE
102 kg - ha' Z"HEARPIZHE SN TE Y, FH5D52
kg - ha ZSWALRUSIC & D EMRRESE R L o 72 FRo 72
7 yESTREERIIEREMMB EBETEREICLD, (33
SFOHEATASBE L2 72, NOy,y-NIZDWT
i, DADVKIZE TG om E, 1ZIZFEEHDH
BILLDRAANEBEELL, SO, EFIVEEE
EWTHIEICL), HEMOBHFREESREE*HHT
ELH7ZFTRL, ZhFhoRn 70X A 2 HET 52
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FEdek
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Calculated results of dissolved nitrogen balance during irrigation

period
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KHE O#EAKF 2B 5 HEN O NH-N & &
NO, ,NBEOHRLHNE LTETNVERFE L. B
B2 7o TUE, 2002 4EBEICFE M L - B O R
EBEII L, BELLEETVONME T OB EUT
DEBYTH b,

1) BELEEFTVMEL IR EZ->TEY,
fifl 2 @ FUSEE T —RBUSRIC L > TERBL, FH
ENLERINT A= OHIT5 DL %,

2) ANT—5LLTERT—%, AP VKET—
7B LODA KPP OEFEE L EIEEALE
Db,

3) NH,-NERE & NO,, NgEOBm ERELE L
THH, BHBHEREBRCEEG L2, BIEHO
KELRBEEALZT TR, BEEROREZSEIC
DWTOLHHDITRETH - 72,

4) ETNEIROMHER, KBHIHE S BROWERERE
TR, HERRE L Vo 72l 4 DREEILD
WREIZOWTHHFT LT LA REE &b,

Fi%E L7z E7VIE, HEKTOBEFRREFRIREO 5
LEBMAAEL b0, HENSOEROFEHMA
BRI Pro0EFEEE, FoHERTRETIED
BEZIZOVWTIRZEEL TRV, ThH0B %% &
DCARELRLETIVEENS S Z LX) KEIZBY
LEFROEHLRERAEZHFT LI LWL 2D TH
59

VI #&

[l

FEERMEEMIX, HAREL XX 5 EE L BEKFIE
HThHbDH, KHOALR ST, MMM F 72 (3RO MM,
R, FELZESEOREIBITLKFELMW -T2
DIZLBEART R 2 EF B D—D2TH b,

WA AETERBEOm E & & 12, BRI+ 5 E#o
BEDICLD, BEICHL TOEREERCAREE L
Vo LEICHTAHBEO=— X EV. £D%NT,
BEEIHDNTVEKDOEIZOWTHAEESE, HEGL
bBEHT DL BRI EL>TV S,
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AL TIiE, BREHARAEDLIIBILHEHD—ERTD
b, BEOMBICL2ERBE®HIEELTEV T LD %
fiolzo FAEMOABNHOBRIZ, KIBZILIZEES ®
JERN, FKEEEOMERARE, £ L CHMIC L 555
BOWILE MGz &, WHEE, Aplteagrzne
N D FUGHEE THMEICFRSEIT L T 5o b O
RBROMAE B & Lz—EOMERREO L ) T Lo
#7725 DTH 5B,

FLOIZ, HIEICBVWTHRIZBIT 2 HHMEAEO
BARBLBRIZOWTREN 2 ERRLFEICOVWTED
F L, RSB 2RSS ORR & KRS
FRFHEIZOWTEH L2, FIFETIE, L hFEHICH
FEMHT L7201, BEOIL €2 —%1To72,

BMETIE, BERRAERTEI > TV LHROMH
'S B, KHEFEWTHFERMA 2 ~ 7 HOEWRE
Hi#Em AR e LT, BRI 5 KEBRESEOM
T 2 rEICHED FRICER L 724R, DTl &5
LR oTze ADHKOUAEHME IR L KBRS [A]
EEA15%-d " & 7% 5 9 A&, Microcystis sp. h3E &5 L7
Microcystis sp. D& 582 Chl-a # 8 1%, 2001 41X L5F
L724% 2002 4E 13 LR Lo 7ze MEEEAT30% - 4
Bz A T7THIE, Volvox sp. H3E 5ffi & 72 - C Chl-a i
B LA L, FEICCODy, BED LA LA, Zhid,
KR Y THHME L Tz 2001 4, BB L &b o7
20024E L BR L THo720 4 HDH 5 Fid, HAKIC
RO TR T L EEEFE TH 5 Synedra sp. e ENT
W7z7:%, Chl-a iFE, CODy, imEEE b EH L7, &
| IIEEBEE D Synedra DHEFEIZ X - T Chl-a AL
7 L 720 2002 4E (& Nitzschia sp. & Synedra sp. 7%, 2003
413 Synedra sp. WEEHETH o720 72771, TR
CODyy, I FEDZEALIZ/NE D5 720 Volvox sp. H3EEE L7z
BRI, RIEEOMREEE DS B, Microcystis
sp. HME G L 72 RE I SR ISR O AR S BE A58 R IS,
FNTh—FH L7 Tz i, HEBERIELEHE
L L 72K CREE B L TV & v ) BEFEO MR L
—HTIHETH o7,

BENVETIE, BEOMMIC»»5BR % BEFEIC
Lo THBTAZERZHMNE LT, ZRENZFTEN - K
RT3 & OB O HEFE I 57 % KB SRATE 7 )L % W4
L7z UV F LARVEFVOEEHRER L #EfEoR % %
MR & L7oingigr &, K& bz B33 2 Bitdigor
B 0@ MBIV EERN BT VE
Bi%E L7zo BESULTEE, WEMHH IS — KA O B Y
EEREHAL, FEAMI=AL - KREZOFRERE®
WH L7z i EKIRDOMNTHRER Z By & L COKERITE
TIWIZAT L, EHEOBEIZ 2 ATEB 2D\ TRHEL
HAHRRIC & o> TRD 720 2O THEOYWEIEER B
REB LI, BB LEEFVEM-oTESRD 153 HE %
MRELT BEEEZERML-E S, KEOFH
HILFFICHEL, REOFHMHIZ08CTHo72, T2,

Chl-a BB R E —B L Tz, BEO
HEYEIT—2DFET NV THI L2/, Volvox sp. 73
B LT BIZES L Twizb DD, Microcystis
sp. B L CW R o B A KD - 72,

ZD7%, VI T Microcystis D WG 2 HE % 5-
AAKBEBRBEG BT 572012, BHFHAER/RO
FEHT 2 AT o 720 ERD IS & BAETHY 2 534 DFE R,
Microcystis sp. D SIKEEZ 5| E#2 & T BRBE&RM1E, K
HEMEEESE S, HEFHVI L THDE I Lvb
Mo tze B A VEKDOBARHEIE L BIHEEER A5 15% -
dMZHE T L7229 B, Microcystis sp. 75 &5 L, Chl-a
EENKE WMLz SO RS, REERIMEREE
WK RS, OB L OBIA 2B\ T Microcystis
sp. VG % 9 2 CHEM 2 BRBENCTHh 5 LHEW L 72,
[l AV VS, RO MG AR VIREETH 5.
IhE, MATAKERENIZIZ—ETHLI0, WE
AT T 5 RBEBE ORI AKE I HBIBERICH
bk, F/, SHEFMOWEIEER% HEY %MV KR
BRAEHE SN, AEBOFKRSHIEL, HEEH
R LIC Wiz, SRIE A S AKFEHMIC b HEFITHE
BIEHIPHR SN BEZ LI LD TEDLLOTH 5,
AR O MEAE AR VBRI TUE,  Microcystis sp. H3hod
HEHE OB ICHL -0 LTV E o 22BEFEOR
SRR, ENEBRE 72 I 3B BIAE RIS X A MR & —3
THLDTHo7,

EVIETIX, KEHOEAKPIZBIT A HELLO NH-N
ML NO,y NIREOHBR*HWE LTET VRS
L7e BAZICH 2o Tid, 2002 4ERE(CFEME L 723
BORRESEII Lo RELILZETVIEY ¥ TV
BeoTBY, lADORISEEIZ—KIULKIZE - T
RKHL, RESLELRNNTA—=FOHIE52EL7% 0,
ABTF=FLLT, GERT—%, PABVKET—%
BIUDPAPCKPOBERRE L HEESLEE %50
NH,-N i & NO, - N BEOBVEIHE A/ L THBD,
BB R L BEA Lz MoK E RigEEL
TR, BEROBREEEHIICZOVWTH BB TRET
Hotzo ETNEIRHOMER, KBBIIHE) EROMEERMA
B2 TR, WMILRBRE L v o oMl £+ DRRE Lo ERE
COWTHHEBT L ENUREL 72572,

—HOMFRIC LY, RERRERONTICEIT 2WE
TEBLEAE R Z NI PE ) B ORNE & v o 2R 72 B
WZOWT LN o7z, REHMAERIE, ToOEH
B9, KiIEE 22 KERESCKEROFMHFIZLDY
R SN B KERBIIKEC BRI LB TFRINST:
W, AFETHOLNMRAEZ —RILTA2Z LIdELVE
Bbhd, LPrLeds, KENDDADHKDOMAS
ZITH) OTHIUE, KEHIZ X 2L REEROEE
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Studies on hydraulic and biochemical phonomena of
an irrigation reservoir and ponded water in a paddy field

YOSHINAGA Ikuo

Summary

Water environment conservation in rural area is an important issue. In Japan seventy-eight percent of
irrigation reservoirs are in a eutrophicated state, where the bloom of phytoplankton may occur. Massive
growth of phytoplankton produces unsightly bad-smelling scum, preventing the use of water for agricultural
and recreational purposes. Especially, excessive growth of cyanobacterium Microcystis on freshwater systems
is a serious problem nowadays. Some Microcystis species produce toxins that cause fatal poisoning of livestock
and humans. To predict and prevent nuisance Microcystis blooms in freshwater systems, it is necessary to
understand the conditions that lead to Microcystis dominance. One of the specific characteristics of regulating
reservoirs for irrigation is artificial exchange of water (hydraulic turnover rate) due to paddy irrigation demand.
Artificial exchange of water will affect hydrodynamic conditions, which will change environmental conditions
for phytoplankton growth. To our knowledge, few studies have examined both the physical and the biochemical
phenomena in irrigation reservoirs, especially focusing on the relationship between the hydraulic turnover rate
and Microcystis dominance.

The objective of this study was to understand the both the physical and the biochemical phenomena in
irrigation reservoir using the data of field measurement and numerical simulation. In addition, this study also
aimed to understand nitrogen discharging phenomena from paddy field, which may have impacts on water
environment of closed water bodies in all downstream watersheds.

First of all, seasonal changes of vertical profile of chlorophyll a, CODy, and nutrient concentrations of an
irrigation reservoir were examined from the results of 2 years field measurement. The reservoir had the
maximum depth of 9 m, surface area of 1.2 x 10° m®, maximum storage volume of 5.6 x 10° m®. Hydraulic
retention time was about 3 days from April to August, and was 7 days from September to March. In July, Volvox
sp. became dominant when the turnover rate and nutrient supply rate was high. On the other hand, Microcystis
sp. became dominant when the turnover rate and nutrient supply rate was low in September. These results was
coincide with in part the occurrence of blooms of cyanobacteria in nutrient-rich and slow-flowing waters.

Based on these results, a numerical model was developed to simulate changes in biomass of phytoplankton
along with flow, water temperature and nutrient concentrations. The concentration of chlorophyll a was used
as an index of phytoplankton biomass, and considered nitrogen and phosphorus as nutrients that affect growth
of phytoplankton. The model is composed of the three-dimensional hydrodynamic model coupled with the
water-quality sub-model. The three-dimensional hydrodynamic sub-model is multi-leveled, accounting for water
density variations due to changes in water temperature. The water-quality sub-model calculates concentrations
of nitrogen, phosphorus and chlorophyll a. Meteorological forcing parameters for the model are introduced as
hour-averaged values. The calculated temperature agreed with the observed one. The calculated chlorophyll a
agreed partly with the observed ones. This study demonstrates that the three-dimensional hydrodynamic model
coupled with the water-quality sub-model can deal with complex changes in phytoplankton biomass in lakes and
reservoirs.

Furthermore, the effect of the hydraulic turnover rate on dominance of the cyanobacterium Microcystis was
examined. A Microcystis bloom occurred in late summer when the daily hydraulic turnover rate decreased to
15% . From the result of principal component analysis, it could be interpreted that Microcystis bloomed during
low hydraulic turnover rates and for a short duration of time, and that dissolved nutrients in the surface of the
reservoir were not a critical factor for Microcystis dominance. The hydraulic turnover rate provided an index
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of nutrient supply rate, because the nutrient load was input mostly in the inflowing water and because the
water body was well mixed. Field measurement results indicate that the low hydraulic turnover rate led to the
Microcystis bloom.

Finally, dissolved nitrogen concentrations in a paddy field were discussed, which have significant effects on all
downstream watershed environments. Based on an experimental field study, a model was developed to simulate
dissolved nitrogen in water ponded in a paddy field. As input data, the model uses meteorological data, water
balance in the field, nitrogen concentration in inlet water, and the nitrogen contribution of applied fertilizer. Five
model parameters need calibration. A practical application of the model is the simulation of NH,~N and NO,,;~N
concentrations in water ponded in a paddy field. The model improves our understanding of the interactions
between forms of dissolved nitrogen in ponded water and can explain the complex changes in dissolved nitrogen
concentrations in water ponded on a paddy field.

Keywords: water bloom, Microcystis, hydraulic turnover rate, numerical simulation, diffused pollutions
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