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Phosphorus and Nitrogen Budget in Lake Kasumigaura

| @ - NEEE - BRRE

Takeshi GODA! Kohji MURAQKA!and Takehiko FUKUSHIMA!

Abstract
Total phosphorus (T-P) énd total nitrogen {T-N) budgets were examined in Lake
Kasumigaura for 1978—1980. Four boxes model was applied with regard to the non-
uniformity of water qualities in space. From monthly variations of three forms of
standing stock . dissolved and suspended nutrients, Chironomidae, fish and shrimp, and
seven types of inflow and outflow load, the budgets of nutrients were calculated.
The amounts of nutrients retained annually in the whole lake were 344ton T-P and
1975ton for T-N, and the retention rate were calculated to be 75% for T-P and 61%
for T-N. The retention speeds for one box, Takahamairi Bay, were compared to the
settling rate of freshly produced phytoplankton and suspended component of inflow,
and the release rate from bottom sediments. As the difference of them exceeded the
_ retention speeds, other mechanisms of nutrients return from sediments to lake water
were supposed. If denitrification was taken into account, the accumulation rates into
sediments were in accord with the retention speeds approximately. The difference of
retention rates of T-P and T-N was discussed with cther field data and laboratory
experiments. The comparison to other lakes, where Vollenweider type analysis were

applied, showed that lake Kasumigaura has relatively high settling velocity of T-P.
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Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Qo " TRMICL2MEBBR TH 2, I ABRHFETHY, ZOBLE Qn Goue Qunzs Qo
FENELGIENHE Qun (BRy 722 50RHERETE) THDL, Quid&Ky 7 2¥FHiE
BEIXHLELKEOBOKTE 2 2 48 L LKRISABE— K &4 TRIEFESIC LY
BONAEMEE L7, 272, QuidBERy 7 AOFEHBENEIITIRHERD L HITE YLD
LD, @B 1Ry 7203 T6HLE > THEEL LV, EFRTERETRNLIIC
U,
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Fig. 1 Measuring peints and 4 divided boxes for nutrients budget
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Fig. 2 The calculating method of nutrients budget
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7 (BB UROR T Fish & LT2eH3) 2BALSHIERL 2, #Aici3nire,
o7y, BT by, TSR, ST ITENTENL Y, 20 TOC Iz
BRI IR EF AT, ERICOWTE I BRRIzR N,

2.5 RARMHEBRROEY

WARSRE L CriBe ERA AR, BmiEoc dry fallout D&Y, 34 DWW iTdEMICHES A
PR R E L7z B AR, BEE, TALBEBHRAKICL 2 LDic L VBRI AT,
EBROBEERL Z0OEFFHL Y B e BICERADTHEENZTRAL, 205 0BERD
HEREEDWRTH 2. 20D, BREIMAB L BRHEBICL2FRUFREEAE LT3,
e AT & L TS BSERUR®S, 0, KBRS, 22) AT &£ 202, 48, kel
LTREBRAZDVWTEELY, ) B2F0KIRL I 0BHBICOWTHE LY, BRICEL T
FE-HEYOBENHEY, I TR—IONEHECRANTRNIRE OB THR 1T,
d, T OEMIIREETICERL 2, 22, R LIRS ROMEREOFEL S F0EERICH
WiF—2 #RER, AW, fofcRal TrT.

& 1 BEyWRORN, BER tofoT—s5-—%

Table 1 Table of data referred to nutrients budget in Lake Kasumigaura

TR n it % n
B b oW AT wmA™ | Kt kel it Mo R
Bom ok AT ER SR AR i we | mRy
%O AT A gyt | #wa™ B z | 4Ry
Ao A | mEE™ | ok oo maE o oen? | 2@ % | SBY
it v S B2 g% o)| med
mox okt HEY g7 oby | ER™ # R )| Ry
® W ok | s s F )T | e B % | gEY
ok moKT | EHT Fry 2 | s ERomE | g™
2z pdet | wm® -2 | wmRy, et | omom ok ® | sr™
woE W x| ERT. HEY
woEE R | A, wnl

{* 2D CHARSROWENERECHG 27 —5)

I B R

3.1 HERR

R2ZIBER Y 7 20 LH LKE WO FEMEL IR v 7 AMORRFKR WQ.NEE 2
Ehd, kB, TRERBBUTOLIE2 0, Ry 721 ERy 72 3DMND WQk (1) 138
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£ 2 HERyIZALVOBLBLKE LR v 7 2Boisisig

Table 2 River flow from each box and exchange flow

LML AR HEHEE( X 10°m®/ A )
(xX10°m’/A) | Box-1 Box-2 Box-3 Box-4
Box-1 18,8+ RB.4 7.8
Box-2 21.5%£11.1
Box-3 51.8+27.7
Box-4 66.3+£33.5

KEBEONZ 6 3~ 5 m*/s DESHRLNATV29, Ky 7R 2EJDMH, Ky 723 24D
Mo £ UIEABED G220, MRIECICIEFRETE L VBoNs Ry 721 L 3Nk
WEENET N2, 4.695HT, Wek (1) %3 m¥/s & LTHEEL 2%,

3.2 HABREE

FEBFO & UE1979. 7-1980. 6 DEHEA BT A A PBHFREARBEME LTU TN LS T
Bo, 777 b1 1eC/m?, @75 v 7 b >0.3eC/m2, MR, 4gC/m?2, B
899.9¢C/m?, Bz 4 FFT 3, FHATEL5C/m?, KB 8gC/miTh B, T LT b
1) 8 259, 8gC/mEEFAET 2, ) » TidERREO Lo BEZEICEINL, #KkFoae ) > mn20~50
REE L by, FRICEBLST LY, EREERIIESEICE L, HIKPLBERN0~50%7 45
L, f, BHEAEERIIFMELE L BEEFHERN~ 1 EEETFEL T2, Zhs
DEMHEALOMTEBRICR L 2. LBOEWBFH 4 BN EH b - 12 b DILKE
(HhAKRY ¢ 88.3%, IREEREY : 3.29%, WK 8.5%)TH N, LR TIIERY LTI
Zhe, )y - EEeR S UTHAKERD Y »0.18%, BFR1.A%OLMAviud) »7.2t, X
56t &7 B, KEL R B4R X L TI21978-19804% & FHfE £ LT 1) »89.1¢ (BAKS5L.3t,
22 #2538, fUEEIZ.4t), SR (MKSIAt, 2R ) 4250t MESIL) THY, KEEH5
~10%NHEEFT S, LrL, ZREHELOET, #ik~Ohdrb) 2B Ld, 4EH
INEHEE DB, FOEBRICHTAREIMETE FSBROBHEBL20, 33128
K, 2R, B AHET - RBEOEWTO T-P, T-N AR BT+ Td., Bk
BHESIEScHENL, AFnFnidE, HRECEW, A0 AL TRERSL
3 hninitli, KE L TREZENHTRRELZENDZ NN 2~1.0EREFET L. &K
w7 A BIT A ARELD Liﬂiﬂ)%iﬁ&kﬁiﬁz“’a

3.3 BAMHAEE
£ By 7 AADRA, HHATROFIMELEEREL L DL, 22, R4icidLH
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Fig. 3 Monthly T-P and T-N variations of three forms of standing crop for whole basin

& 54

*= 3 &Ry 72~0T-P, T-N AFROFH L FkFEE (Bvt/H)
Table 3 Average and standard deviation of inflow and outflow load of T-P and T-N
in each box

Fi O Box- 1 Box- 2 Box- 3 Box- 4
{#f Aorifti) T-P T-N T-P T-N T-P T-N T-P T-N
Be E(#A)|9.7940.51 66.1+£9.6 11.3+0.57 79.6+11.2 5.39+0.28 38,9157 3.961£0.26 29.8%5.4
B W(HA)ICO0R20.08 20408 0.1640.12 4.2+42.0 0.25%0.19 §.4£3.1 0.0410.03 1.1£0.5
¥ MEA)[1.24£1.08 65+5.6 1.80+1.64 9.9+8.6 4¢.50£3.91 23.5£20.4 0.0 0.0
BT (HEM) [ 0.0620.17  0.6+1.25 0.06£0.13 0.8+1.7 0.07+0.14 0.8+1.7 0.02£0.05 0.4+0.8
@ (W4 | 0.91£0.51 3,942.0 1.4340.74 6.5+3.1 3.58+1.84 15.5%£7.7 0.13+0.07 0.6£0.3
BB () 0.0 0.0 0.15£0.07 2.7+1.4 0.0 0.0 0.0 0.0
Z7U i) [0.0420.07 05407 0.09£0.15 1.041.5 0.15£0.23 1.5%2.4 0.0240.04 0.3£0.4
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Fig.4 Monthly T-P and T-N variations of eight types of inflow and outflow load for

whole basin




B o BOEBRESWENE Iz oW T

LRy Z72& L2 anRA, RHATTRDASNELE TR, BATIREE LA - #925%,
SERNIBIHLTAMFEATHTFALAL T, Bz 4 ~10HIZKE W, H40FEETIIHL D
T B EKICHL L RRAR ST EA T 50, Zis 2 2Ma L TLHRARMBCNL T
VTN, BRTEHY/IBEC L2 T L2 BRIEBNICEEENTVWBI2i2% ) Qo
RBEEZD, BREATOR TEEED HESEC ) > TE <, EAHEZ LEAITEFFEL Tw»
5.

3.4 PMEWX

FAICER Y 72 BT HHA, MESBEOBENFHE SRREL E LHD, REATR
ZOETHE QuilZRENTVSo Quue, HERELOTHIZ N E v, Ry 72 3 THERIKICL S
MADKELE, WXRETHLRMBENEIR Q. L L TLIHALSKEVI L by 5, K5
e 1Ry 72 Lz SORIBREDANELERT, Vi TRERILLEL, 3~5H
iCAFTRmL, 6, 7THIETEASL, 8, 9AIKE—~ZIET L, BRLIZITEB LGNS
ALTwD, FMICLT) »Tik#344t, BFRTIEM75t KNI ENRT 5, BImEH, H{0
W& 7z Do uE, ) 5.5, EHE3L.6meg/mid X B, ZOEWLERE 2 RIKBE L OBET—
KEEDRFEREE L TRALLZLDERG IR, TOMEEILRNZRENOELE S0l - T
WA, FFICLMFHEHT NELLLVREREEFFL T3 2 2 EE I NG, HERE
ORI LB ) > T0.018 (1/d), EFRT0.0066 (1/d) &7 h, BEHNZ ) > 7398, &%
TI58 &% 3, ZOREMEICFEARKRE LITIEHRBERE CF—nBus BT REMIBLNE,
ROIIRER Yy 72, IRy FAE L LEDFOEELE DD, Z0n#ER Settling velocity
% & Vollenweider fOBHTRIFHIN TS5, RENICIKKBRLADBHSEOMB LA, $72
TRICEIBD LRGSR & DB 4179 0T, FRE TN RBE L 1P £Hy 7 Z0HEIZI: Q.=

# 4 BKy A~ T-P, T-N RARMEN LS L F8EE (BAt/A)

Table 4 Average and standard deviation of inflow and outflow of T-N and T-P in each

box
Box -1 Box -2 Box- 3 Box-4
FA, T FRE
T-P T-N T-P T-N T-P T-N T-P T-N
Qin 11.1+1.2 75.7+£11.3 13.4+1.8 94.2+15.8 10.3£3.7 69.9+22.3 4.0£0.2 31.0%4.7
Qnul 1.0+0.4 5.0x2.1 1.82£0.7 11.1£4.0 3.8+1.5 19.1+7.3 0.2£0.1 1.2+0.7
Q. A 0.0 0.0 0.0 0.0 4.4+2.5 67.6+40.7 3.8£2.6 58.0+37.4

ng

@
Qch. -0.5£0.4 -4.3%2.7 -1.2%1.3 -29.2423.8 1.1%£1.6 26.1x31.0 0.6%0.8 7.4114.0

e i 2.4+£1.3 32.4+19.4 2.0£1.3 35.3122.8 3.8%2.6 58.0k37.4 3.612.1 61.8140.5

BHELEL| 0.0t4.8 1.24£37.5 -0.2%7.6 2.0+147 -0.1+8.5 4.9+153 -0.1x1.0 -0.2111.0

INERR(Q )| 7.3£4.5 32.9+37.2 8.5+7.4 16.6+145 8.3110.1 81.6+162.¢ 4.6£2.3 33.6+30.3
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fHICIE Q=0 LABEOMELTRT BHRIZ) 0PI BRENEE L5, Ky 72 4 DIEDHHY
Ry 7 AL B - T3, K3 LVEIL Qu QultA, RUNRIKL ) ORE A icRIEE
PHEBOTAL W EEZ LIS, 32, BEOR Y 7 A 2~DEHFNECDH, Qu=02LTH

T-N T-P ten/g
2004 20+

0:“ 0:
-200: -20:
-400: -40:
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B 5 T-P, T-N 5o AL
. /
Fig. 5 Monthly variations of the amounts of retained T-P and T-N

(114} {17Mentt)
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X 6 MEFRESAFIEL
Fig. 6 Monthly variations of decreace rate of T-P and T-N
*= 5 HRoZ72Ec B0l kg (B em/d)
Table 5 Retention speeds for 4 boxes and for whole basin {em/d)
T-p T-N
v v (Qup=0) v v(QCh=0)
Box- 1 8.0 2.5 2.8 3.2
Box- 2 6.0 7.0 0.67 1.9
Box-~ 3 5.0 4.3 3.1 2.1
Box- 4 21.7 18.9 9.5 7.4
&M 7.1 7.1 2.6 2.6
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B HOFEEOWHNE Iz 2T

FrAEL, VTRBOKR Y 2 A SFTFABREE T > TWEEREETIUL, Ry 722D
BRBMABOEECAPHBEEH»H 52 285345, —~RIZIOWREEIF A b DR
WA, BHEESIC L VBT B, TASE-OKRBTEELERT L ERFLIC N, ID
BB HAL TS B 2T 2 BOEREEZRETLZ L0 LY, WolEN e s % b
Mo kilkEETazl LT ETLILNS,

£# 1Ry 7 ATOXRBEEOMENE L EFH AR R L EFHHFKRFRL VERSS L, Y
1.3 H, BHR T304 H L KOBERBRT. 24 B I ~REAEIC/E v, RARBEERICIE S
BOBETEHEELCOAWERL D OBER, BHREEFr&INLL0H, TOFRTER Lo
BL DRGSR FEEER S 5, FEEOMBHERN L R F i Volleweider (2 kLT
nr UGEBI N2 LO T, BRAOTFEBE L RAT TN UHFEEREERAKETHRL TS
LN TFHHNRABEN L ERT Y,

4 # =

4.1 WEEKER

F6IZIIERY 72, @MTHONIBENOKEE %, 1F% 430Ky L CEAME, B4
L D oBEE L TR, MR TE~ L ) MMz TUTFo LI &2 &ibh
By By 7R L, 27E, VrTHEHFTIRELFEMEMIRLAT, &MicBT55F], F-
HEROfmzER Ky 723, 4 TOEMELORBEL I T Twb, BRTERy 721, 2
BV TE~GFICEAL TS, SARMLRy 723 TR1~6Bicd%(, 9~12AK%
VW, I LeAdfic BT aEEmR -, W, BURBRROZELL, BSEb ERERy 727X

= 6 HRy 7R, EHTORIBRENKRE S (Bimg/m? 4}
Table 6 Retetion speeds for 4 boxes and whole basin (mg/m? d)

1~3H 4~6H T~9AR 10~12H

Box - 1 9.1 11.5 8.9 10.5
Box- 2 4.6 7.3 5.3 5.7

T-P Box - 3 0.4 5.1 5.9 2.3
Box - 4 10.3 13.8 14.1 3.5
| 3.5 7.0 6.4 4.9
Box - 1 53.0 30.5 45.0 59.2
Box - 2 15.9 6.9 9.7 14.9

T-N Box - 2 1.6 25.7 49.3 47.6
Box - 4 76.5 121 136 31.6
& M 22.6 26.1 40.8 34.5
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denjtrification nitrogen fixtation inflow load outflow load
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| Lake water
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bt , excretion I
photosynthesis respiraticn Pe— TP It T
viver flow decomposition ish Lhironomi I
exchange flow | e .
Farticulate nutrients assimilation Grazing
(Phytoplankton,detritus,etc.) I
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liberation resuspension uptake] | dead dead uptake
deposition
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Sediments Echironomidj,

M 7 WA TORFERDER

Fig. 7 Schematic figure of phosphorus and nitrogen cycle in Lake Kasumigaura

PLEOMARS B WIEMARATIC EHIBELATN 7 o 4 FFICEBEAL TWwa EEL L5,
2o 2N EDNHBEEE52 8LV, 2ok, FTHRIXBRBONE*F L5, MTICE]
TS 2L LI L TBLAARBEENHNBROBR 27T, ZoRL ) REARRICIEEIK
IR O hEE, EIRE DOBE, A AHYT I, 22 A SOREWEORY AL, b5
WIZFETTIC & B TLEE, K - PRETA B WIZKEBIC L Z2ERAEE BT - (B L AR,
Mz, FERAELEHYHEL T b L, Z2THUENERBOAV 2HICDWTH
HENH BEHEAT L bER Y 72 1 TRNEBREOAFT LR 2.

FHLRBr HOBMAKNBRAER, MIBEEIFELLVWHPERLBZELNEWI L2
EL T 55, MHE S 3RO ERHEE £ 20~ 2Tmg/mbd & HEE L Tv 5579, ZHHEEEILE
ROMEMIEENIC L N EL TW T, 227w ) IR S EENTBEE LT v kic, 8
ELiZBUAI L ABEARME TONBBRAOEREY 77 - 7 F v OFERHMA L L
THELTWAEY, 372, HIRLIBBOKREZHLRE BE, HA&#T oY >, BEROEH
BASEL TV, ELICHEATL~BATOT— 2T 54, BILOFRIT EnR L
LELLTWIEEEBLTSLIICEIT2ELRTICNEREL DL TTRT, QuOEREY»L
HERIIE, BHBIEADELLTIRT. Y7727 F oo bR - 8L 1~6
Blode ¢, T~12B#MmTas, 24, Vor0EHRIZ7T~9 AlinaicEEL, EXROBHE
It1~6Bicd%d, T~12RIERKEVWI #bdd, J2TLERDTBREZBREBL L TRA
32 HE AR TEE TR L TLE I RGEFAT A, L L, BERARRT
St 4 THIBEI EHAEMT T 2 b BEIC8~0.9E BN L LRADE FEETICHE
By 7 ANBBT 00 P T w I L, RAMNOHAKRTHREHREDRIIFRE (, I

' |
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Hr #OKBEOWERIIZOWT

FORSFEIBETERCBEMLAZELEBLORT W EED L, IRLOEFIDPEIKENT E
HFBEINBD, I TREIOFKMEE, RAT 2 BEBEEFOTXTHMOELL ST Fic ity
LEHEBELTERTIRIOELRT., o, BRESOEAILE, EEHICLZSEAITITO
9% Lz LT RALFHAERBE T LORAT —F & L2) o #166%, B%E#H31%+ A
W/, BRTREW T 7 7 b OFEHERBIC DR (G VY TIIRBEFET 5. R TIC
HITFRHEUNCNERBICFST L0 L LTI, KEEHOERR AL & £0POHD
i, BROSBE LRI EAERT ) S A0RBEFHT N, RTOERELER
FIUE, 1~3AAIEInLORBDELIEFHENFEL LI L, 4 ~12A8IICI3EY
EBOERbICEWANEHMNEROM D AARERNSE 2 LT (LIt L 2BBIKECLD
ZEMFEENRG, Lirl, PEOHEOKEIZELIIEELTHESNLINTH»T, £
EEBMOERESICL N EREIEH TREWTEY LA S, Flz 1, AT i35, 6 HEDK
BERICE D BBICHAT L%, FOEEIR) i LTS8 mg/mdBEICL b, R4kt
R, AT I OB 2 I 2 R RICE KR OSEREAEIML Tvyd, 2 LERRUER
it ERINEBRICEA L WY, O ZEREFELCHREETIHEIMEL TWD 2
FEMGES D, 272, BRELUEESCBILENMEL L TREKR (Ry 72 1 RE) To)
» RIMGRIE & 36mg/m*d L BREL T3, BT 2 2 Xic X A KRORMELD H 2 5% BIR &
N OFFEENERESBHTRECE VI BELIHETIHMEL V25, BRDBE LITREIHE
M7 T L kiR KARBYERL) 1~ 24 —F—KEnZ L9%, KUBYORF

= 7 BEACEITAHNTRE, TR, AHE (B mg/m? d)
Table 7 Retension speeds, settling rate of freshly produced phytoplankton and suspensed
component of inflow, and release rate from bottom sediments in Takahamairi

Bay
Wi 51 1~3HR 4~6H 7~090H1 10~12A B F
R ¥ % & 9.1 11.5 8.9 11.9 10.4
rp Fnmal 13.5 9.6 17.6"20.5% 184 14.8"°15.5%
T2 "’ 9.0 1.1 1.5 10.0 10.4
i e 0 o -10 ) 2.5
m ok B R 53.0 30.5 45.0 59.2 46.9
TN Wl "t | 116 109 268 X256 *° 211 176 173 °
FresER e 27.6 35.8 34.3 30.8 32.3
B3 TR B -9 -69 41 -31

S L —fiWT T P OB ). ¢ 2 — AR MRS O BT AR RS,
3 — R, FREETCOEME™, » 1 —1981.7-90F—F, =5 -1082.7-90F—7F
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BTS2 v OFCICEL T A s 2B BOT, EERORMA YIS
LRECHEL TR EE L LN, FORHUIIIWHERETALOREFZBHEL-V,
BRICEROMBEICLMATED 5. BROMBEOFEHELIZ S (2%, ERFERB 0~ 2 cm
TN v BREFFIFERATY 20.19~0.27%, BHRO5~0.7% L HEZH T VB9, 2D
BFEFRCILUZIRETH0.2, 1 cm»FhFNY - BROKFHEER L ILET 5, E£Mo#E#
HERIE L L TGRS, T L5712 X 0#0.5em/y &) H 547, R FIEL LS, &Kk
80% kLT kikon ) >, BREHR LT AL, 1) 6.0~8.5, 2HE16~22mg/mad & v
FERADHATEIEL K E B, K60 Qua ) 10.4, FH46.9mg/med ic b~ > TR FIEE, &
FTIRAZWEE 2 2. BRI b~ L 3 ICERT TORES20~2Tmg/mid HFHET S 2
EHREL TV EEZ LMD,

4.2 Y -BEROBHENER

FHIRLZE HIZ) O REERERICH~PL.IERE V. 2 TEREDERIZOWTE
ETLH, REIZWBFE BRMFUOWIENFHON/PHEZ LR, RAATOE £ 59
ABEEATG N/P I ~@EIKB AR N/P i3 2 5B R 2, RRATO £z S LI2KE
Vi, Fiz, BB N/P A4 ~5 LENZ EE2Z 2 &h¥HUE, ) v oEEEESSERICHN
KEWZEXI LTS, CoREE L TIUTOL I B edE i onbd, (1)) nBER
ANTER YL L TRBEOL oo lEsy@m (, WELed v, (2)hEboaiEi, AFoike-o
MOTERE, BT ERWEOFBER DB TEROFAIPSHENRT NI, o ( DEFHER

* 8 EEEHN T-N/T-Plt
Table 8 T-N/T-P ratic of each form

MM TR wOA M OB TN £ fl(sE)
A b\ 15.9 [ E 7.1 | 47T 7 b
ESYE” 0.2 [B K 29.5 L5 oA #wY 13.5
A r ' W 5.2 {% » 8.0
FHALE 7.0 G o) (7.0) | @ Ie s
4HHT 3 6.5 |[# M 17.0 b L 10
-~ * 6.6 M Kk 12.7 A LA 6.1
(¥ #) (13.0) [ & 13.1 ITAALAZ 10
bR a5 A "
ER N R E R 10.2 1 T 7.8
(7 2 (9.4) OB 7.9
2 8.5
KEHE (0 -2cmfd) ™ 5.3




B BAOFRBENHHREIZO>WT

DFER, HE-D3 NLHEEDKE0~90%, Y05 BAEFEL VI HENSH L,

4.3 BB DR

FT L~ zA8 (2) CRTAWRBE L OB 2T, WBIC A0 - TR REE O
KEMRET 4 b B, KERE, ERFECKEBFICERL TNl 6 ovwd, TITIEHF
MWZREt 2B, BrBOFREHL T IR THR L ED D, PRI LL, Br#s s
LR BFRE L BB RENHTETH 2WMBFz BV T BENRE O WEEA) > 7.8mg/
mad, B|H#37.2mg/m?d, BEHEH) »5.5meg/m’d, BFE118mg/m?d, & EA%65.5mg/md &}
B2 T2 B r#ic kg R L T wRBCANEBRF R L2 PoRlE R Lo®ER
HERLTwE, T, BHER2 ~3BKkEVY, ERASRENC L IUHELZEL T3
DEHBELTWS, LiL, chbnd—F—REsBOLOLIBZELC, &, BXHEHT
i & e~ E NI K E Vv, FCEFRFBL 2B TOIESOEWESH L R T8 EL 2 L 5.
Wiz, #1174 0=T Clear Lake THZEEFEEEEIZ4.9mg/m:d TH DY, HBLLZWET
BEOHFEENRIINREL EnEEZLNDL, 70 7D Lake Talquin Tid ) > OEEED
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Hydrological Considerations on Box Model

HEEE - BERE!

Kohji MURAOKA' and Takehiko FUKUSHIMA!

Abstract

It is necessary to construct a suitable model for long term control and prediction of
water quality in the lake. The box model, which is described by the system of ordinary
differential equations to average in any space, is often used for such a purpose. Some
hydrological considerations on adequate construction of box model and its application
to a natural lake were performed, and following results were obtained ;

(1) In box model, mixing term between neighbouring boxes due to diffusion and
dispersion is described by the product of exchange flow and the difference of concent-
ration averaged in each of these boxes.

{2) From the lake mode] with uniform cross section and evenly divided boxes, two
non-dimensicnal parameters . Pe and Pk, and box number N can provide the error due
to the model concerned.

{3) From the N-divided lake model with non-uniform cross section, the partition
lines should be selected on the location where the value (flux on unit area)/

{diffusivity) is large, besides the boxes selected in such a manner should be expected
to have same retention time each other.

{4) To estimate the values of exchange flow, the method of numerical calculation
concerning flow and mixing under the condition of steady wind and unsteady wind was
proposed.

(5) The box model system based on above consideration was applied to Lake

Kasumigaura, and exchange flow was disscussed in comparison with measured data.

1. B AEWErr ARELEEETR 705 XBEFEIRESHEE)E) 165 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Schematic figure of box model
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Table 3 Calculating results of exchange flow under the condition of unsteady wind

£ -3 LY iR %
Q. 0.14 0.14 0.083 0.062
QIESEH /Q W Qs 0.057 0.059 0.038 0.017
Q.. 0.093 0.064 0.034 0.013
AV OBHE / APhB T — il 6.25 5.0 15.6 23.2
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Table 4 Optimal proposal for box division in Lake Kasumigaura (N=5)
Wy 72 ) M Q+Q, Q,010°m*/H) to this hox

Neo. I (1'm*) (10'm*/A) 1 2 3 4 5 T
1 1,2,3 153.6 19.8 135.5 0.99
2 5 5.2 10.3 5.77 0.32
3 6,7 41.4 17.1 5.77 14.2 1.12
4 4,8,9,10,11 409.5 431 135.5 14.2 148.6 1.20
5 12,13 52.6 55.6 148.6 0.26
ok 5 WHEIEERy 7 ASEICBITAER (N=4)

Table 5 Volume, river flow, exchange flow, and retention time for the boxes used for
material budget (N=4)

Ko7 A " i Q+Q, Qe(losmﬂlﬁ) to this box
R4 F: 8- T(R)
No. (10°m®) (10°m?*/H) 1 2 3
1 5.6,7 46.6 17,1 19.9 1.26
2 1,2.3 153.8 19.8 141 .4 0.95
3 4,8,9,10,11,12 436.3 43.1 19.9 141.4 93.2 1.47
4 13 25.8 55.6 83.2 0.17
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An Eutrophication Model of Lake Kasumigaura

B e

Yuzuru MATSUQKAY

Abstract

The artificial eutrophication of lakes and reservoirs is recognized worldwide as a
serious problem of water quailty management. Lake Kasumigaura, the largest shallow
lake in Japan, showed the typical signs of eutrophication over the last decades. This
is due to the increased nutrient loadings of urbanization, agricultural development and
fishing culture.

A lot of countermeasures are now planning and undertaken by local and central
governments. In order to accompolish these plans effectively, it is inevitable to
comprehend and summrize the total figure of nutrient dynamics in the lake as well as
in the surrounding region.

In this study, a mathematical model of nutrient dynamics, which is composed of 4
segments and 14 compartments in each segment, is presented in order to figure out the
roles and relations of each compartment to the nuirient cycles.

After the fidelity of the model to field and experimental information was throughly
checked, the calibrated model was used to get the future status of water quality of

Lake Kasumigaura.
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5% ral ) REFBRRAFOE S 2IECHEAIMEIN LBV L0250, BEAFELT
i1 DePinto &'*, Bierman''*'* 7% & L ) (ORI EEGE BT ROMMBELE E T5 L0085,
Hlak ik RROABRTFIZOVWTIIW, 22D EREBEE L2 FANRL LTV 500 BED
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W77 7 b v L BEENET MBI L T3 B2 L L OB RN, WD &
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We=w*/h (5.10)
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HEH, TNLIZHE, BHDVIZEFRBICL > THMICELT 5, AFURERCBI L §21F Smayda™
27 A BOEEIT L - THBEEIZL. 2~3.8F 2 b1, Titman & O3 8 B EXE T 0y
BN AEEEIC L2, MBROBRERRICL-THHAEN TV, ZALIIRTZET
WEBEHDNL DD EFRBIGIT T, WFRIRIL R LTV, $BOMFRCHE LS
HEREV, T TEET WA TIREEICHT A ) LEET bR HE 55, B3
s TRE 3 LR L (19814 7 A ~19829 6 ARIE) wE 2K - ERH 7007
4 NEH DR L HEE 3 N H MR 2 7T - 7 P o RBRE R L. T
M HE IR A BALICATHIL 0 ~2.39m/d & iF 52w Tw» 521 {33), 2ibsnH 56 AL
TITERBEF T @ 228, F8 ~108BL TIREMIC L 24 B0 BE LS
Wi EI NG, LTI pBiconTisiER»LMEL, EX6~8HDS
BB TR ERENEFEFEL CO0E L, FRLRUADRIDWTIL I SN FHEL IR
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SREERAGRE 10T 5 BTSN RRIRIRE, MEEERE, KiEHD I EEL
EEL T 5, SMHERBRBEICHT ZKEEET R LTI LA OBEI ALY R -
AT rROERAY L INL D ORI RERO#ESE L 5. Eppley & Tho-
mas" 23 SERENERE IR L £ 8 2 TIEIGE R & BREFE 2 W L TR g i3I L v &N
% 4%, Burmaster'®, DiToro® % & Ot b 4 bh 2 L) ICMEDHBIRIBEH TREWI L %
BIEL iUy b % v, 8 512 Carpenter ™A NIEREIC L > TR L 22 L S I EtafIE I R
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LMEMT 77 b 1 ET B,
2) BHEEE (R VT by, FYTTVI b, FRUSRA) CEFNEERETS

3) BKAAENBVBELZTIURNTLIRE L% v,
IRLAEEL, KETATREWT T 7 b rETLELTCRAERAT S,

Z—GZ* (3.11)
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d), GHIBmERIE(1/d), RAIIENR A3 oRUFEHIEIC L 2 EEE(L /d), kX GZ7
HHET b 2 RIEEE (IDW/d) Th 5,.5%(5.11) i3 Riley 594119494212 4208 L T L%, DiToro®
LEEBELOMBEIL > THEAINTERLD AR TH S, RPOFRITREHEFORE

RCRABIZ IR REAE & FHLARRIC AT & R, WAMOBE, R, K& 2, 446, RV, K&,
REGE, WRALEE, BB r a2 BRICE > TEGENAY, ZH60) LIFICHEE,
WA KRR ERICANLEF AL R AN T EL, 5 IREBEIS - TIIEWE & DORRIH)
KEEBTHIELHD, TRLHEPRET I LHRRER G

¢)-FAn (1 —-5) (5.12)
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B TN It BEIREEEE (1/d), I 5 (T) REBEEEakEs, J2 (o) 38R
FERTEME, FAALEMEEE, RUF chuaiifeflBETH 5,

BB R 2 e T AR RBIC L > TEL Y, B+R0L 312 5BFME-IPLE
LB —ESBEEREIET(HD (R B. 210 L, LTH) &, fiEEOMKICHES
THBREFRS LRMEHERICGET 2 L2200 (R B2 PLELEY) 75 5,
Mayzaud & Poulet“®3 Z DB AT % L O TR L JEREHC L > TwThofic b
B2 LHTL, Leidy 5" A BB L 2T NEERL Ty 2 0B EBEBECE - TECD
BRELELTL, —H, BrHOB 777 P2 EALEEERE L TREYNT Chiorella,
Chlamydomonas = Diagphanosoma brachyurum (Z3EE 34, “Ch FL—H L+ L TABLTW3 '
P, FUC L, BRI ERANER #0.825mg DW/1 & ¥ 5 A4 2B & 2 | ([436),
B 120, 85meC/mgC/d BE L h» Tvid, LMo TERTFATIE A Ay R BRY
IRLDERRAT S, HORRMIIEE  REEELEHIEELERTHL, £RET LD
PP L IAEROFE-FE LTt ONeil'P0FlF 8 TH 5 5% Lk, Fgs s vIidE o
BBV H S DFFREIC L » TIThATE 72, O Neill 70 L IULE [ a0 io 2R
A A EIA X3

__ PR ¢ .
L—m (5.13)

EoTEENLE, ZZizefli=1, 2, -, #)3HTEL, PRGEREHRERL, BEYT
FEHE T 2 HEMRERER (PP RRROBEFEFH 5.

_ PR, - Z¢!
P= S PR, - (5.14)
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—

0 05 1 15
phytoplankton (/mgDwWn)

B 36 @777 bR

Fig. 36 Zooplankton grazing rate

Diaphanosoma brachyurum OIFREE, Lineweaver - Burk 7o v |},
B*=0.825mgDW/|, I%,,=0.85/d TEHLT 3. 23C
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EE27ay b L230THD, bbbl i, EBREOST VXL (ETAED
BHEHRLLAL Y, FLRCIEENEFEAT2LLTL I QEIEL.2~- 5 BEIITL DA
ELAbosidFI LN, TITHEETILTRINERE T A—F—LL, ZITRED
Tz Eizt s,

F{LER FAE (ZRELEEE G o 1B83E IFokTh D, CHIctELTL—E L T35, Hd w3
THLEEIL L > TE T EZ 2L E2OTTASREINT V50, 8t L7z D. brachyu-
rum OIEFRFER L1z —E B0 .38 H T, UTLInEEHT 2 &L, BREEY T
NERLEWI EicT 3,

# (5.12) P REORT TH 2EERRIZ, Shindler'™, Hayward 51594 &1z & 2 EBHERIC
R& 1, Odum's™, CLEANER™® Hornberger & 59®EF iz LRI AT 3 7 BHRRHICIE
TR EH L, GLATTINTRENDI VAT LD, BEEHEFHEBELLZLOLEZBZ ANV,
Steele BT 7 > 7 + > T ILED B THIHIES, Bierman 7 /4199 2 IRFERIE L £ D3R
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Fig.37 Relation between temperature and zooplankton grazing rate

B+ W Moing macrocopa ' Microcystis, Chlorells # {5iBE ¥4 ), *0
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IRLEDIEORBRIAEE TF - 34 I EERUAYFETITHY, To5HICE-T
FREEETOHN%E LD TR, LBy HORENLRELTHLNATHYX -5
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RETHNRTLFF7HASRT L2 52, ~EROARRSAV L - TANLNTED, F
FT7OFERITD, A BRITHTTRHRANFT I, T~8ACR@E 757, #
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3) a4 -7 FHHE—TA (Cyprinus carpio) \TEEMIch72 > THAH LENE (4 A TF4a~6
AT ICiiXpHc BT+ 2. 22 ) hnthE, HELE0~> + 2, Bosmina % & OBWT >
2L EBERELIPATI kgBELITHRET LYY, 219 4ENPSBIRE ATV 2L
BINHEEICEGE L TWD EEZ LNLT,
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¥ T H(C a subsp) BB T B U 1963E~GEQRBR TIE Y Tu 7 7F465%% G,
BEDEFEANI I ZERADGTFEETIEIX L 7H20% 2 5005, ERMIZ3I~6HTAHY,
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R AN ZT TP, Gy HEIcBT 27 FOREICDWT, MRE™L 1 £ 7T20~26g, 34T
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TWwhHEHEINLY, BETHREINS L DIEIIAZEBRYTIE 0ERHIE NI,

BoRmAEORERIECLBENA L S IC20~60gWW/ M EET 2 EEL LN B ERE
Fal=ig P RITYICS oL, TOEMLELPER S — 2T LWEHE LS.
Ly LB TICBLNTVEHERDIZLALRAFTFT IO a il aioTsn,
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Fig. 40 Seasonal variation of the body weight of fishes
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I T . S22 FIF 238 { RRMSOBRER, PROD', FC'RU NPM' L 3R B OMAERE
B, R RU, KA BREFLRTHTH S, WET, N8 A RO OFHERKE,
fEfAH & ¥ Huid,

FIt-l= WE*-1. N}

PROD":{—N%*;N;) . (WE:‘_ H/Ei—l) (5'17)

HIRPMICR T T a5, THERGAG)ICNAT S E,

Nt = Nim g Eres - (FC*+ NPM) (5.18)
Ef b, ELKEFBEBNIA T F, Y T NPMY FCUI B TE AEE L
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NFRMEFHERER Y L, ZRICNIGT 2RER (CPUES » 0 EIRME) ¢+ #ERERE 22 5,
AU, RUFILCHT BB - 8103 3 2 X2 0 MAS DA L HERRL A X
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Fig. 60 Explanation of sensitivity circle
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34 KL - [T — (FRIETH)

A 4 LR T S N 0 SEEAKAE £ W R (10°mY )

(cal/em®/d)| & # & WEEFIMRN Y.P+m | & @ b EEEFIRN

(1) 19784 %
1978 322.80 16.78 16.80 17.26 0.95 631.20 A 249,48 951.45
1979 309.35 16.42 16.45 16.51 1.03 867.26 334.43 1310.52
1980 293.99 14.50 14.76 14.96 1.03 899.61 282.82 1287.16
1981 304.34 14.75 14.79 15.11 .96 870.63 256.07 1217.04
1982 327.16 16.43 16.50 16.90 0.96 602.16 240.26 910.58
1983 327.16 16.43 16.50 16.80 0.96 605.28 240-.26 913.97
1990 327.16 16.43 16.50 16.90 G.96 627.12 240.26 937.75

(2) 1980414
1978 322.80 16.78 16.80 17.26 0.95 631.20 249 .48 951.45
1979 309.35 16.42 16.45 16.51 1.03 . 86?.26 334.43 1310.52
1980 293.99 14.50 14.76 14,96 1.03 899.61 282.82 1287.16
1881 304.34 14.75 14.79 15.11 G.96 870.63 256.07 1217.04
1982 295.39 14.73 15.02 15.19 1.04 945.5% 306.65 1366.86
1983 295.39 14.73 15.02 16.19 1.04 948.71 306.65 1370.25
1990 295.39 14.73 15.02 15.1% 1.04 970.55 306.65 13%4.03

(3) ¥y B
1978 323.80 16.78 16.80 17.26 0.95 631.20 249 .48 G51.45
1973 308.35 16.42 16.45 16,51 1.03 2867.26 334.43 1310.52
1980 293.99 14.50 14.76 14.96 1.03 899.61 282‘.82 1287.16
1981 304.34 14.75 14.7¢ + 15.11 0.96 870.63 256.07 1217.04
1982 308.405 15.63 ‘ 15.73 15.98 1.00 804.14 277.67 1174.29
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1990 308.05 15.63 15.73 15,98 1.00 829.10 277.67 1201.46
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%37 1990FE I BT A KK TIHE

L] & i WEEFIRN
R -
TP TN 2220 Tp TN 2790 TP TN 2770 kdeg/m®) s f Pl
mg/l mg/l wg/l | mg/l mg/l wg/l | mg/l mg/l pg/l
REMBBME XES0AOFEH |[0.08 1.12 63.20.06 0.84 31.9 |0.07 0.95 45.5
(FY1978-FY1981) —#s % &L:FH [ 0.09 1,49 §9.2(0.07 1.00 33.5 [0.09 0.97 47.8
ME M A 0.091 1.19 61.4 [0.065 0.88 33.3 (0.073 0.97 46.5
19814 ENE K¥ESHZOFEE | 0.06 0.96 54.670.04 0.79 21.1[0.06 0.89 39.5
—KEEFEEPEH (009 1.38 46.2|0.06 0.99 24,6 |0.07 0.90 41.0
198147 BT 34 0.096 1.21 63.2 | 0.067 0.86 34.5 | 0.078 0.98 49.7
199045 BEEH 3Ll No. 1 0.067 1.01 55.90.050 0.71 30.3 [0.050 0.87 42.4 2.0 | FHE | B ARETE
2 0.068 1.08 57.010.056 0.80 33.7 10.043 0.91 40.1 2.0 ) 1978% | SR ARG IR
3 0.066 0.99 53.8 | 0.049 0.69 29.30.053 0.88 42.8 2.0 [ 1980%Y | FIH I HIRGHE]
4 0.073 1.07 58.6[0.052 0.74 30.8 [0.054 0.90 44.1 0.0 | PR | bR ElsEtE
5 0.057 0.90 51.2[0.054 0.71 31.6 |0.046 0.82 39.9 | I (7.5) | FHA | HeuhIQ@lE
6 0.110 1.32 69.4 | 0.068 0.86 35.6 |0.091 1.10 54.6 2.0 | P HEARE T
7 0.049 0.59 40.1{0.040 0.44 23.4 [0.041 0.50 29.9 2.0 | TR | FY1990i: € BIR64% (P), 82% (N ) *
0.030 0.43 29.8|0.024 0.33 17.3 [0.025 0.39 20.9 2.0 | T | FY 19904 T BIER%(P), 99% (N ) *
9 0.066 1.00 55.4|0.050 ¢.72 31.4 | 0.050 0.86 42.4 3.0 | B | KA E
10 0.065 0.99 55.0|0.057 0.73 32.8 | 0.051 0.86 42.3 4.0 | R | KRR AIFEHE
1 0.063 0.96 53.710.057 0.73 32.6 [0.048 0.85 41.7) 10.0 ) EHE | KBGEIRETHE
12 0.061 0.94 52.9(0.056 0.72 32.4 [0.048 0.84 41.1| 20.0 | PR | ZHEEHRGHE
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38 HIREBEOTER
No.1 o8, t/M
load : FFESEM, B.rel : Bhéhic & 2 E4R, inflow | BiR#EL 5 OWHA, sed | ik, catch | #UE, outflow ! Tt~ b

— 64T —

it TP balance {t/M) TN balance {t/M)
- k] d

e | Qe TP smaw mm Do WA K ME W | (g s wm PR A wm ws kan
[l 6l .4 0.091 28.4 3.1 28.6 0.0 50.9 3.0 5.9 1.19 268.5 116.0 246.8 ¢.0 527.5 26.1 78.5
1981 63.2 0.096 3z2.0 3.1 30.0 G.0 b5.4 3.1 6.8 1.21 2854 116.0 258.6 0.0 551.1 27.0 88.2
1982 6Z.3 0.090 30.4 3.1 27.2 0.0 52.3 3.0 5.7 1.15 277.1 116.0 237.6 0.0 536.9 26.3 74.9
1983 61.4 0.085 29.2 3.3 24.9 0.0 49.1 2.8 5.4 1.10 269.3 116.0  218.5 0.0 508.4 248 71.1
1984 60.7 0.083 27.6 3.1 25.4 ¢.0 48.0 2.7 5.3 1.09 261.0 116.0  222.1 0.0 502.8 24.0 7¢.7
1985 59.9 0.081 28.5 3.1 25.2 ¢.0 46.9 2.7 5.2 1.07 252.3 116.0 220.6 ¢.0 494 .8 23.6 70.0
1986 58.0 0.078 24.9 3.1 25.0 0.0 45.3 2.6 5.0 1.05 244 .5 116.0 217.8 0.0 485.3 23.3 68.9,
1987 58.1 0.076 23.7 3.1 24.7 0.¢ 43.9 2.6 4.9 1.03 236.8 116.¢  215.7 0.0 476.3 22.9 67.%
1988 57.1 0.073 2z.2 3.1 24.3 0.0 42.3 2.6 4.7 1.01 228.5 116.0  212.3 Q.0 466.6 22.5 66.8
1989 56.6 0.070 21.0 3.1 24.G G.9Q 40.9 2.5 4.6 1.01 230.7 116.0  209.3 0.0 464.7 22.0 66.9
1990 55.9 ¢.067 19.7 3.1 23.5 g.0 39.3 2.5 4.4 1.01 232.6 116.0 205.2 0.0 463.6 2l.4 67.2
Jeas TP balance {t/M} TN balance (t/M)

wre | OO TP ptmp e DON A LB MB | oo PSR mib D mA MR A v
HE 33.3 0.065 4.3 0.6 2.6 Q.0 5.7 0.4 1.4 0.88 50.0 23.1 24.5 0.0 74.1 3.5 12.5
1981 34.5 0.067 4.9 0.6 2.6 0.0 6.3 0.4 1.3 0.86 52.9 23.1 24.2 0.0 78.2 3.6 17.7
1982 33.9 0.063 4.6 0.6 2.6 0.0 6.1 0.4 1.4 0.82 51.7 23.1 24 .4 Q.0 78.9 3.5 18.4
1983 33.3 0.059 4.6 G.6 2.1 0.0 5.8 0.4 1.2 0.79 50.5 23.1 20.3 0.0 72.8 3.3 17 .4
1984 32.3 0.055 4.3 0.6 1.9 0.0 5.3 0.3 1.2 0.78 49.3 23.1 18.9 0.0 70.3 3.2 17.1
1985 32.2 0.055 4.3 0.6 1.9 Q.0 5.2 0.3 1.2 0.76 48.1 23.1 18.¢ 0.0 69.8 3.1 16.9
1986 31.5 0.053 4.0 0.6 1.9 0.0 5.0 0.3 1.1 0.76 46.9 23.1 18.6 0.0 68.3 3.0 16.7
1987 31.3 0.0563 4.0 0.6 1.9 0.0 5.0 0.3 1.1 0.74 45.6 23.1 18.5 0.0 67.5 3.0 16.4
1988 30.7 0.050 3.7 0.6 1.9 0.0 4.7 0.3 1.1 0.74 44 .4 23.Y 18.3 0.0 66.0 2.9 16.3
1989 30.5 0.050 3.7 0.6 1.9 0.0 4.7 ¢.3 1.0 0.73 43.56 23.1 18.2 0.0 65.4 2.9 16.1
1990 3¢.3 0.050 3.7 0.6 1.9 0.0 4.7 0.3 1.1 0.71 42.3 23.1 18.3 ¢.0 64.8 2.8 i5.8
HE B F R TP balance (t/M) TN balance {t/M)

N — J - .

e | o0 0 amew ww DR WA AR @B WM | o HEIAT S BT wA oml mE m
HSE 46.5 0.073 1.1 0.3 ¢.0 7.3 2.9 0.0 5.9 0.97 14.3 10.90 0.0 98.0 44 & ¢.0 78.7
1981 49.7 0.078 1.2 0.3 0.0 8.1 3.2 Q.0 6.6 0.98 15.2 10.0 Q.0 105.9 47.5 c.0 86.0
1982 48.9 0.074 1.2 0.3 g.a 7.1 3.0 0.0 5.8 0.95 15.2 10.0 0.0 93.3 45.5 0.0 74.6
1983 47 .0 0.067 0.9 0.3 0.0 6.6 2.7 0.0 5.3 0.91 14.9 10.0 0.0 88.5 43.2 0.0 71.7
1984 46,5 0.066 0.9 0.3 0.0 6.5 2.7 0.0 5.2 0.91 14.9 10.0 0.0 B87.9 42.7 0.0 71.4
1985 46.0 0.065 0.9 6.3 0.0 6.4 2.6 0.0 5.2 0.90¢ 14.9 1¢.0 0.0 86.8 42.2 0.0 70.8
1986 45.4 (.063 0.9 0.3 0.0 6.2 2.5 0.0 5.0 0.89 14.9 10.0 0.0 85.6 41.6 0.0 70.2
1987 44.4 0.058 ¢.6 0.3 0.0 6.0 2.4 0.0 4.7 .87 14.6 10.CG 0.0 84.3 40.9 0.0 69.4
1988 43.7 0.056 0.6 0.3 Q.0 5.8 2.3 0.0 4.6 0.86 14.6 10.0 0.0 83.1 40.2 Q.0 68.8
1989 43 .4 0.055 0.6 0.3 0.0 5.6 2.3 0.0 4.5 0.87 14.9 10.0 0.0 83.0 40.1 0.0 62.0
1990 42.4 0.050 0.3 0.3 0.0 5.5 2.1 g.0 4.2 G.87 4.9 10.0 0.9 82.9 39.9 0.0 69.3
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#39 WA ADFEER S A S HE OEENE

kg bt Ec L AR W R oW i
A A R PR £ R
(g/m*)y (%) (%) (%) (%) {%)
19814 Ji — 10 94 173 21 10 1.04
" No.4 0.0 16 145 220 25 15 1.61
. No.1 2.0 16 121 202 23 13 1.37
i No.5 #(7.5) 16 80 172 19 6 0.96
e 198251 — 12 53 129 27 8 0.65
t No.4 0.0 16 59 132 30 11 0.75
No.1 2.0 16 51 127 30 8 0.67
ﬁﬁ No.5 #(7.3) 16 62 . 141 32 3 0.78
1981 — 41 91 193 31 9 1.32
& No.4 0.0 50 106 212 31 11 1.56
: No.1 2.0 50 88 199 29 9 1.38
A No.5 #£(7.5) 50 58 ' 178 26 4 1.08
N 198141 — 44 46 148 33 7 0.90
* No.4 0.0 55 52 158 39 9 1.07
_ No.1 2.0 55 43 153 37 7 0.98
(ﬁ No.5  #(7.5) 55 a7 161 38 2 1.02

No.1,4, 519908 EnfaTh 5, HERAT ELAEH(1002) & L1z,
PIER AT = (AR LA + B L 2 EM )/ SRR
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Table A1 System equation

compartment symbol unit kinetic equation
i aP,
Phy.w:plf“.k:ﬁn biomass P . L AP (GI—R—WF).P, —GZF
[} » blue green i t dry weight dt convection resp  sedi- ing b
i =2 % others Ietion prowh e o Brazing by
H diffusion NPM  mentation  zooplankton
Phytoplankton internal Fir tP gE‘:A.F(_;_U‘. Pié(R’-l-Wf)-F;—GZf&
nutrient F tN dt P,
i convection k Tesp sedi- grazing by
diffusion Uptake NPM  mentation zooplankion
Zooplankton . % —A ZH(G*—RY). Z-GZ?
z t dry we 'ght eonveetion th resp  grazing by
diffusion growlh  ppy Neomysis,goby
Neomysis o %=(G”—R")-N—GZ"—FC"
N t wet weight t Tesp  grazing by
growth NPM  goby harvest
Goby- Shrimp 460 —{G*—R%)- GO—FC*©
GO t wet weight dt resp
growth NPM harvest
Carp-Crucia aca ={GS—R*).- CA—FC®
CA t wet weight dt resp
growth NPM harvest
Available nutrient S, tP £“=A-S—(Ul‘P1+Ux'P,)+GP'RP'(F1+F;)+UZ'EXZ
i convection phytoplankton  zaoplankton
§ N @t uptak
diffusion plase exerela excreta
+e¥-EXY+e% EX“ta® EX°+REM-+DIF+ LOAD
Neomysis gaby carp mine- sediment loadi
excreta excreta excreta ralization release oacing
Unavailable nutrient Op tP jo —A-0+(1—a®-RPAF4+F)+(1 —ad-EXZ+ (1 —a™-EX¥
Ox tN ¢ convection  phytoplankton zooplankton Neomysis
diffusion excreta excreta excreta
+{1—e®-EX*+(1—a®)-EX°“—REM—W?* 0—GZ°4 LOAD
goby carp mine- sedimen-  grazing by loading

exereta exereta ralization  tation zooplankton

eRvs
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Table A.2 Phytoplankton second level equation

symbol definition equation note unit
GF growth rate of blue-green algae PHTma,‘,&ln L+V1+(I—):] Smith’s eguation, Fig.28(a) 1/d
keh |1, Ix,
(;:;;urface
ottom
[#3 growth rate of other algaes PHT'O-%3 j::%:i +(‘{:)!} _ﬂgl_dz Vollenweider’s equation.Fig.28(b) 1/d
PHT,= PHT,, ., n"*(n+4 1 }5%L
PHToax maximum growth rate under tempe- |(Ppaw- GH(TIHRY-{1—Fu/f. Baule’s assumption, Droop’s equation |1/d
rature and nutrient limitation (1 —fwml S
h depth Table 3 m
PP phote period external variable (-]
ke extinction coelficient @ Coni-otf8, Con_p : concentration of Chl- | analysis of field data, Fig.29(a) 1/m
a a=0.020/{m pgChl-a/1), §=1.1/m
I light intensity Tsurtace expl— ko 2), 2 - water depth {m) cal/end /d
Lourface light intensity at water surface i/PP rectangular variation, external variable| cal/edf /d
) [ light intensity at bottom I surface-exp(—ke k), h!bottom depth(m) cal/cnl /d
i daily average light intensity external variable cal/enf /d
L saturating light intensity PHTax. /[ 9: cal/enf /d
& quantum yield $ —0.0384 ¢, =0, 0403 Fig.28(a).(b) ot/ cal
n inhibitation coefficient 0. 26937 Fig.28({b) (-]
Prax nominal maximum growth rate (net) calibration Prax,=3. 63, Prax —3. 63 1/d

actual net maximum growth rate 15”,“,,,(
= P (frmax— oo} (Frmax— frn}/ S0
/.f.‘v‘ﬂ

Proaa=2.0 P ran=20

VLEEEE oM
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symbol definition equation note unit
GL(T) temperature dependency of blue- max(0. 0257, 0. 05T—0. 5), T <30T Fig.30( a) [—]
green algae net growth 1 T>30C
GE(T) temperature dependency of other min( T/14, 1, 4/3 —T/30) Fig.30(b) [—]
algaes net growth
R* respiration rate of phytoplankton RFEQL Iwakuma(19815™ R™=0. 1711, f..—1. 0489 |1/d
wr sedimentation rate of phytoplankton | wl/h 1/d
w? sedimentation velocity of phytoplan- measured, Fig.33 m/d
kton
GZ?7 zooplankiton grazing of hlye-green G? PR* (ci—clinres - Z weighted preference threshold ingest- |t/d
algae FAZAPR® (o climres) T e~ Chinrest +(c? ion (20.0)
— Clhrest!
GZE zooplankton grazing of other algae G (er chud 7 same as abhove (Z=0.0) t/d
FA* - { PR (¢T— Clinres) +( Ci— Chrnres) +-(c°
— Chres) |
PR® preference ratio of blue-green 0.2 cf. Table B.23 [—1
algae compared with other ones
ef phytoplankton concentration PV gDW/nd
c® detritus eoncentration min{ 07/ V/ 13, Ou/ V/ 3 [ fraction of nutrient in detritus, gDW/m®
FE=0.0086, f&=0. 064 (measured)
linees threshold concentration 0.1 cf. Table B.22 gDW/m?
€ fhres
v volume of a section Ar-h Table 3 m* k'

b
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symbol definition equation note unit

Ar area of a sectien Fig. 4 km®

Faf assimilation coefficient of zooplankton | 0. 38 Hanasatof{ 1983) '*¥ [—]

fip fraction of phosphorus in the algae | F./ P, ‘ gP/gDW
{cell quanta)

Fus fraction of phosphorus in the algae |F./ P gN/gDW
(cell quanta)

Seo minimum cell quanta of phosphorus |0. 001 cf. Table B.18 gP/gDW

S0 minimum cell quanta of nitrogen 0. 02 ¢f, Table B.18 gN/gDW

J pmax maximum cell quanta of phospherus (0. 0085 cf. Table B.18 gP/gDW

S smax maximum cell quanta of nitrogen 0. 08 cf. Table B.18 gN/gDW

AULTTEEFOUH
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Table A.3 Phytoplankton nutrient second level equation

edRers

—

symhol definition equation note unit

U uptake rate of external nutrient gP ,N/gDW/d
Uce - phosphorus Ummkpcs S”{mx_f Michaelis Menten, Lehman equation
UJen © Nitrogen Fte® foe—fo .

kP half saturation eoefficient for fr=0.025 |, kfv=0.10 cf. Table B.18 g/m
nutrient uptake $»=0. 00833, kfy=0. 05
k” i * phosphorus
k% v . Nitrogen

c* arailable nuirient concentration S/V g/m’

Uax maximum uptake rate of external Unaxi p= Unaxar=0. 005 Table B.18, Jgrgensen( 1981) " gP N/gDW/d

nutrient

Umaxl N= Umax! ,\,-5-0. 02
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Table A4 Zooplankton second level equation

symbol definition eqhation note unit
Ge growth rate of zeoplankion Fia JHT)-THCE €9)-FA* (1 —c%/ cZax) Baule assumption, constant assimilation | 1/d
coefficient
2
T fax nominal maximum grazing rate 0. 85 Hanasato(1983)'" Diaphanosoma brack- (1/d
2
IRT temperature dependency of zooplan- |#5;% worum  Fig, 37 , B2:=1.15 —1
kton grazing rate
&
T8ef e | fo0d concentration dependency of PRU P Chinras) 1 02— Chnres) {00 Clres)| Weighted preference threshold ingest- —1]
zooplankton grazing rate k7 HHIPR (e~ clinres) T {ci— chnres + jon
7C\2|res)
+(C0'—C&re5”
k*z half saturation coefficient for zoo- |[0. 825 Fig. 36 g/m*
plankton grazing
c? zoeplankton concentration Z/AT gDW /m?
€2y maximum concentration of zooplankton [4.0 calibration gDW/m?
R= respiration rate of zooplankton R g 532 Leidyet at{1980)*"R?"=0. 15, 8x=11092 | 1/d
GZ* grazing rate by Neomysis goby and [G*(c'—chires) - N-7* +(GS'GO—GZ")- threshold ingestion t/d
. FAY - (k™" cf— ¢ ed FAS
shrimp s .z G
(e?—cfes)' ¥
k7% 0P Clnpes
¥ dry © wet weight ratio y*=0.17, r°=0.23 Toda et 21.{1982)" Kasuga(1982)'® [—]
€ Frres threshold concentration 0.1 assumed gDW/m*
FAY assimlation coefficient of Neomysis 0.38 representative value of zooplankton
k¥ half saturation coefficient by Neo- [0.4 0. 1gDW/m’ x4 m{depth) ,cf Table B.25 |gDW/m’
miyvsis grazing
Fas¢ assimilation ceeffient of goby and 0.8 representative volue of fish™ {(—]
shrimp
half saturation coefficient by goby [0.4 same as k’F gDW/m?

k’GZ

grazing on zooplankton

WLFUEEROR B
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Table A.5 Neomysis second level equation

symbol

Jan=0. 00556, March =0. 0106
April=0. (0148, May =0, 0011,
June =0. 000131, other month=0.0

3 definition equation note unit
G* growth rate of Neomysis (GAFRY 11 4p 71—y Kitchellet al.(1974) ™ 1/d
iax
G net growth rate Table 23 1/d
p¥ coefficient to correct growth rate | 0.1 calibration [—]
for pepulation size distribution
o concentration of Neomysis N/Ar gWW/m?
Chhax carrying capacity 4.25 calibration gEWW/m?
R respiration rate of Neopmysis RM™ gz R¥={,08,Ivley etal (1963) ®™assumed 1/d
weight of Neomysis =5mgWW.
#e=1. 116 ,Scavia ez al(1976) '™
GZ*® grazing by goby on Neomysis GHGO _ 5™c" b threshold ingestion tWW/d
FAS (k'™ c¥—c¥ )
7 maximum preference ratio of Dee.~May=0.4, June~July.15=0 8 cf. Fig. 39 [—]
Neomysis by gody July 16~0ct.=(0. 0, Nov.=0.2
Lk half saturation coefficient by goby (2.0 100mgDW/m*( assumed,cf TableB.25) gWW/m*
grazing on Neomysis X5( = WW/DW ratio) X4m( depth) “
Clres thresheld concentration 0.5 assumed gWW/m?
FCY hervesting of Neomysis fe™N t/d
fe¥ fishing mortality of Neomsis catch/observed biomass 1/d

403
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Table A.6 Goby and shrimp second level equation

note unit

symbol definition equation

G* growth rate of goby and shrimp (GE -R9-11 + pt __6%” kitchell et ai.(1974)"" 1/d

Ga net growth rate calculated from Table 23 (=0.0) 1/d

p¢ constant to correct growth rate for | 2 calibration [—]
population size distribution

c‘ concentration of goby and shrimp GO/ AT gWW/m?

Chax carrying capacity 14 calibration eWW/m*

R® respiration rate of goby and shrimp| goxwEs-01* 97 RO =0, 45( g WW */d) . Winberg( 1961 | 1/4

Fev=1.072, assumed

WE? weight of fish Table 23 gWW

FC* hervesting of goby and shrimp Fc GO tWW/d

fct fishing mortality of goby and shrimp Fig.43(a) 1/4

AL FWEE R OB 2
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Table A.7 Carp and crucian second level equation o
symbol definition equation note unit
G* growth rate of carp and crucian GEi1 4p¥l+ (_-CC Vi1 RE kitchell et al.(1974) " 1/d
C max
Ga net growth rate calculated from Table 23 {=0.0} 1/d
p° constant to correct growth rate for | 0.1 calibration [—1
population size distribution
c concentration of carp and crusian CA/AT gWW/m?
i carrying capacity 3.6 calibration gWW/m?
R* respiration rate of carp and — arbitrary 1/4
crucian
FC* hervesting of carp and crucian fctCA tWW/d
fct fishing mortality of carp and Fig.43(b) 1/d
erucian
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Table A8 Extemnal nutrient second level equation

symbol definition equation note unit
a available fraction of excreted Table 25 {—1
nutrient I
EX excretion rate of animals — FI :|biomass of zooplankton or goby- |t/d
{(—%ﬂ’- G+ R - £ FI+ EXea,
shrimp

(except carp and crucian) |EXas ! adjusting term to set internal

4 G°-f-CAlearp and crueian) nutrient /biemass ratio
constant
f nutrient /body weight ratio Table 25 [—]
REM mineralization flux REM - 8710 Gu=1.072, cf. Fig.45 t/d
‘\‘3 REM' mineralization rate @ 20T REML=0.03, REMi=0.024 calibration, ef. Fig.45 1/d
? DIF nutrient release from bottom dif-Ar t/d
| dif release rate of nutrient Fig. 46 mg/m®/d
we sedimentation rate of detritus Furwl Fhe=L0, f5=0.9 calibration of fhr. Sl 1/d
GZ° grazing rate by zoeplankton on de- G (0 Clues)- 2 weighted preference threshold (=0.0)[t/d
tritus FAZIPR® (cf— clinres) (¢ Citnres -+ ingestion

- o
{€°—C fhres)t

LOAD external looding external function t/d

VAL EREOR S
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+ Table B.1 Models of lake ecosystem

P:yy, N:S¥ Si:v4% C.HKE Det: FrUFA, VRASEREBONSLERL L0,
Mo o® % REFREL W7V WHTZY esmm(BEN) 10m07-bsvh ERET LAY b R, W%
Fleming{ 1939) "' 1 1 - - — — 1 Eumke, BREETRIELE
Riley{1946)™ 2 1 1 - — - 1 Ya=¥ivy
Steele(1958)*" 2 1 - Pl — - i ¥ AT LRORR
Cushing{ 19587 59) 5 1 1 N(1) 2l — 1
DiTera 5{1971)*" 3 1 1 N1 - - 1 VN
Thomam 5 (1873113 7432 9 1 1 N(3), P2 BOD,DC — 38 FrvyrrdFar
DiToro 5 {1875) 7 1 1 NI3l, P2 — — 7 Y~
Thomann 5 ( 1975)
(LAKEL} 10 1 2 N, P a2) - 1(2R)  A¥%0+#), Scavia(1980* iz hgt
{LAKEZ} L{7T8) F+BIER
{LAKE 3 (19751 76) 8 ~67
Di Toro & (1980)'*" 9 1 2 N3, P2, Siln - - 5(28)  ka-ur#iH¥SE), ArrU3H
Di Toro 5 (1980} 15 2 2 Ni3), Pr2i, 842), C(2) Alk, DO Chl-a, N3 E#&510 ©)-3#
Canale 5 {1975)™” %5 4 g Ni4), P{3) Si2) - R (ER oS, P, Si 1{28) IYH WIS b T A
Bierman 1976) "™ 20 4 2 N2}, P2, Sitl) — — 1 Ea—Or# (¥ E)
{ SMILE){1980) " 23 5 2 N2}, P(2), Si2) - - 1 B
McNaught & (1976) % 6 2 3 Det - — 1 TVHCHM, A FUAH
Seavia 5 (1976)'™ 17 4 5 Ni3h PU1), CIL), Det BEHD Ry bR 3 EPE AP
(1980) " 2 5 5 NI3), (1), Sit2), Ci2) HEE0), DO, oy b A, NW), PID,SH L~88 ALy UaH
Cl2), Do (2~%8)
Chen{ 1570) " 9 2 1 N(1), PAL), Det %, BOD, DO 15 |
Chen-Qrlab{1975) % 16 (2211F) 2 1 Ni3), PU), Det, C{1} £, BOD, DO, pH, Alk, Coli, <> F2, Hi#Sed 1 0y e, EHORRERBIL TR
{LAKECO) SHREME HLAKECO(HEC(1974)™") TIISER T
H 5 { OFIEA = h/(Brandes 5(1973)
88 Gaume(1975)1*” WRE(1973)°")
Chen-Smith 5 (2975)"*"' 3l 4 3 Ni3l, P(1),Si1), C12), @ (4, 3AF—),BOD, DO, AV LR, Hi%Sed 209 LAKECO R4 LIZLTHBxhA v 704

(LK ONTARIO)

Det

Coli, fHFEMI

B Eht, % OBEPAECO{Caune &
(1975} & Bt 5 A Tapp! 1976) "7 Ki-
nnunen 5{1978) 0% M1z k5T £ 0
#Rank,

o
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mo® % AEBRSL MNTLY BRTEY kesmucmm  towoavsiobavy BRETN ETAY b HEY, FE
Brandes(1977} ™" 21 2 1 PO, N(3), /2, Det  DO,BOD, &#BMAERM, Alk,  #HMSed <y IR F%:1 Wi, TAF2TY -
{(ESTECO) pH, Coli, %3, (#RECES) LAKECO oMdT
Environments) Lab, 7 ) 1 N, B{L, G2, Der,  BU3), DO, pH, Al S9, KR, U MA, HiESed 4 LAKECO O &I
{US Army Eng. Wat. FEREERM L K2 Coli
Exp St.,CE-QUAL-RL}
(1982) "
Bloomfield 5(1974)™ 8~28 2 3 NI, PSS, G R03), KM, #7707 < bR, e, 1 Yiv7IH
Park 5{1974)™ AEFUT, G, NI, Y-Vl
(CLEAN) P, TEEBEFHES
Seavia 5(1974) ™" 12 2 3 Hm2), Pl ®2), $rFY7 Ry A 1
{CLEANX)
Seavia 51675 76"}
(CLEANER) 14~40 3 3 CLEANIZZIZA L CLEANZIZER CLEAN IZIE I8 1 1~$%  Ya-V# $IUMH
OuilXy (1:] s b3 I-')
REANT 194
Desormeau| 19783 " (VIMS. CLEANER - HEEREB AL LML S TAFAGCZH
Rose( 1982 ™" 7 1V - "N, PiL) Derormeau € 7 1 (Y& RE 7 IR
J grgensen{1976) "**'
(£7Fn—1) 9 1 1 NIZ), Pl2) N1, PI2) 1 PNL A
(£7h—2) 12 1{V) 1 N2, P2} N, Pi2) 1
I prgensen 5{1978)"*"
(E7A—2} 17 V) 1V NiZI, P(2) MON, P, N, PI3) 1 WY S~ FPRLAK
{(£7V—3) 18 1{v) 2(V Ni2), P(2) BON, P, N1, PI3) 1 .
Baca & (1974)™" 12 1 1 Ni4), it DO, BOD, HEHHE pil) £ TAUH YT+ - MEAMRY Y
(AQUA-T)
Larsen 5(1974)** 3 1 {3, N(1) — 1 Yy HTH
Parker(1974) ™" 7 2 2 Ni3) — — 1 F—FE4 @
Lassiter 5(1974) ™" 12 i - Ni2), Pi2), Ci2) - — 1 .
Hornberger & (1975) """ 4~ 1 1 N(1), Pl £ bad—ko-# g’;
Patten 5(1975)"" B 4 3 BEARG.UNEED TEEE< b HEERE, A4, EREONS 1 7o A
KLY, P11, By Det,  aufwuchs, $EE3 {302, fl4), J?;
FBDe, CO)  ROTHOND, 20k a
$# (1975)™ 2 1 - i) - — 1 LS TN =N
Lehman 5(1975)"" 21 5(V) - - - — 1 Linsley # ¥
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BB & AERAAL WOTDY WRTRY pqgmuiems)  fomoas-bavi BTN 74 HERI, % 2
DePinto 5 {1976)"% i 3{V) 2 N2, P2} GRALED - 1 A}~V #, Bierman{1976)"™ & 1HIERR
DEF Y

FAELIB 5 1 1 Ny, BY — — 3 HES
#m 5 (1978) 5 1 1 Ni2l, Pl - - 5 BEw, Lao%iE
W5 (1078) 17 8 3 1 N{2), pi2) - — 3 HEW, bionim
B 1em"

=701 3 1 - Ntll, PIY) - - i By iSmiEA

EX %) 5 1(V) — Nil}, P} - - 1 "
Nyholm { 1978) """ 7 1(V) - NI2), P(2) - - 1~3 Fyw-rOEROMIER s, LAVSOE

{1978} L gt h bk
Cloern{1676) " i 1 — — — - WFHmEs  7-F5#4{8 2720450005
(1978} 1 WY 1 N5, Pl2) - - 1 i7uafh
Schellenberger H{1§78)"" 17 2 1 N(2), P2}, Det |, ArFyy Ay b A2, Det, /47 1 Tar -l
FUT, N, pa
Halfen(1979) V" 9 2(V) 2 P31, Cil) - - 1 LR LES
5 (197917 5 1 1 NI2), il - — 1~4 EE M
(1981)"™ 8 1 1 N2, Pi2) coni - 1 FEEHR, 2O bHEE & h(1983)

Larimore(1979) " 48 2 1 Pil), Det KRS, & (58, SAR fEEH i Frrr Y RE
{CLEN) ~y kA
Leonov( 1960 **"' g 1 — P(3) HrsyTr, DO P& 4 LA AN
Beyer (1981) '™ 9 1 - N1, P} BOD, DO NP, DetifHE R S 7~11 TUTHN TNy
g5 (198" 7 2 1 N2, P2 — - z E &
Gosse(1981) ™" § 1 - P(2) BOD, DO, & - 8 a— L
Gareon (1981) " 12 Z2(V) 1 NI, pt1Y, Sill), Det, D — - 1
Messer 5 (1982) '™ 7 2 1 N1l PN BOD, DO - 1 207 gk
{RESEN)
Kutas(1682)™" 9 3 - NI, Pil}, Det srFy #igml), Pl 1 AT |
(BEM}
Alcamo(1982}™" 4 1 — N2, PI2) BOD, DO - 2 HY o VaTELILY ALRRRBETE,
Maurie!lo{1982)™" 3 1 1 N(1) - - 1
Wang ‘5(1982)1“]

7M1 3 1{V) — Pl - - f1- L227#

EFLL 4 1(V) 1 Pl - - o *
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Table B2 Models of phytoplankton =
CoASRREHE-~F, SAVU-FRETT, VI RERRESNFEE, | Rl T ABRTE, NOREERER AvNe BRIEERE BOESI0TRTEBI~REBITR, B
B % % B ra— aﬁi i‘%ﬁ (c) o L GRI)] *g # %L)R’; Eﬁ}f ,((z;)m EHEX) it B FRERIEE 10k
Flemin g(1939)"" - — C - - - - - - — | B =k R Etime) & L KB
NF-yEEHELE,
Riley(1526)*" -|cL - P {P) 1% N*Turh - E - - - - —  |Turb=z/hom, in BEBRE, 2kF
IO, EROEELERT S (199)
Kierstead 5 (1953)™" -—— - - - - - - - | mEEHCEIoNA0EELE,
Steele(1958)*" - - - L (P} - ¢ - - - - — | UrnREEhE VAT AR,
DiToro 5119713 € ) St L M N [HTHN - L - - - - — | R-Av.No
Thomana 5 (1973)*** C St L M (N, P} [+T#N - L - - - - - | R=Org.Nut.
DiToro5 {19%)™ C !5t L M (N,P) [#T*N - L - - - - — | R?30% #0rg.Nut. 125 5
Thomann’; (1575) 1'% C | St E M(N, B I¥T#N - E - - - - C |ROILEERDet-NIZE 3,
DiTora 5 {1980)"*" C | St E M (N, P [#T#N - £ - - - - C | RO 7 E5% Dt L, 50%idAn
Nutd% %, L2—0x#
DiToro s (198010 C |5t E M(N, P,Si) 1T*N - E MO - - - C BRI BE0%MDe 12, 50%1 A,
(R T H0. 1ng/) - Nl 45, TY-H
Canale 5 (1975) ¥ C|s, PLZ MNP Si [%T#N - L - - - - C | RUOrgNut 1153,
Bierman(1976)""" V| St E  Fuchs{N.P),M(Si} 1% T#Mi{N} | Bierman - - L 2 - C | M—Av. Nt GAHIEER S}, Org. Nut.
(R RLER)
Bierman® (1980} " V [ S PLZ  DINPLM(SiH I4T*MinlX} | Bierman E E 2 - £ I MB=Av Not (BHERZ), Org Nut,
(R BREED)
Scaviah (1076) 1" C|S. ONeill MNP} T#MilNPD - 0" Neill - O'Neill  Se - S¢ | R—Ay, PR (FOrgNitrogen, M—Det.
Seavia {19801 C ]S ONeit MNP S TEMnEPD 0" Neilt NL - - - €| R—+Av. PR UOrg Nitrogen
Chen- Orlab(1975)*" CIM E MIN,P,C)  I¥T#N - E - —Toxitylzkd| - -
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moe a0 g BRI LB W non| snanse. 20w
Brandes (1977) 8 Cl M E M(N,P,C} [#T*N - E - — Toxityl& 3 — - |R—=AvPRUT %27
CE-QUAL-RI(1982)™ | C | M CEQUAL M(N,P.C) T#T#N - CEQUAL - - - - C |R+AvPRUTYEZT
CLEAN(OH™. ™) | ¢ [S. ONell M(N,P,C)  [¥T#HN) - - - Lo o o PR MR e
CLEANER (1975)"" C |8 ONeill M{N,P,C) [¥T#HN) - O'Neill SABEFEO—F{E | O'Neill CL |WsO-EHE| LT) | EX~AvNut, M—Det,
Desormeau{ 1978)*" V |St,5m_ O'Neill M {N,P}  I*T#MiN) LEI** | O'Neill - E De |Desormeau| ¢ ERAOEXD 3 50. 1% #AcPLZ,

cl o ' M(N,P) s - # - v » ’ ’ 5% 4 Av.Nitrogent % o
Jggensen{1976) "¢ “ 7
:342! C | M I M(N,P.C) [4T*Y - I - ¢ - - C | M—Det, R~AvNut
EFVR VM I D(N,P,C) [*T#N LF s Lehman o ‘ C | M-Det, RrAv.Nut,

Jgrgensen’(1978)"" V| M ¢ D(N,P,C) T*N LF is Lehman - - - E(T) [#30as Cniinis e RITT
Baca- Lorenzen({1974)™" | C | Sm L M (NP} [RT*MinlN) - ¢ - — | R+M-0rg.Nut.
Larsen’ {1974)* C| M - M (N,P) Min{L,N) - C - - | RMUBRARE-FEEELS,
Parker (1974)" C | St Parker M (N} IEYER - - - o - - c
Lassiter 5 (1974) " C | L Lassiter M(N,P,C) [#T#N - - - C - - -
Dahl-Madsen’ (1074)™" | C | & - M (N, P) [N - C - o - - c
Horabergec 5 (1975 | C | L - M (N, P) [#N - C - - - - -
Patten{1975) ™" C| L  Paten PINP,C) [*T#Ax(N) - L - - - - -
3 L(lg75)™ C|L L M (P} T4T#N L(T) R M, EEbe TO— XY
Lehman5 (1975)"" V [St Lehman D{(PN,Si 1#T#N LF E Lehman —  Lebmar| - c
EI(1978)1 (V)] — Lamanna M {X,P) T #N - E - - - - ~ | R=Det
Nison5 (19777 78" C | St E M{N.P,Si} I#T#Mia(N) - - - - - - C
HRFa(9E) C | St LParker MI(N,P) 1%T#N L{T) - — | R+M—Av.PRUOrg Nitrogen
5 (1978) C|s . E M(N,P) I%T*N - - - L - - - | M=Av.PRUOrgNitrogen
s (1g78)1 C | S Parker MNP} [#T#MiN) - - - L - - -

U ALENEEROW B
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AR E|m— ;t iﬁ il B W) ]j{;‘ i %m Eng ;xi& BEEX) % B|  ERERIEE ol

ARG ETVL c|L L M {N,P} T#T%N - L - L - - C | R—Av.Nu
£Fre oy L L MNLL*(P)  L1#T#N | LF(PLLT) | L - L - - C | R—AcNe#NEOTIIE P
X2 Tl
Nybolm( 1§78} v|G E Nyholm(N.P)  [# T#H(N) N - - E M — | Nyholm | MOD60% ¥ Av Nut. £ L TEH,
Cloern(1578) 7 VS E D (N,P} 1% T Min(N) NF - — C - - -
585 (19797, 81'™) c| M P M (N, P) 1%T#N - L - - - - C [ R-Det.
Larimore 5 (1979)™ VS ONeill  D(P) T*H LN} LF O Neill - E - | 03R | LTI | EX—~AvP, MIEIY% M AVPI,
Leonov (197, 80" | (V}{ St. ‘f:ﬁ;’;v 1¥T#Mar(P) |  Mar(P) - ~ - € | Lenov | = |EX~DOP,M—Det,
Beyer (1981)'"" C|M E M (N, P)  I4T4N c MO ¢
(#8RE H0.5mg/1}
Figs (1981 C | St L MI{N,P)  [#T#N - - - - - LT C | EX-De.
Gosse(1981)™" C | St.  Lassiter M(P) TxT*N - E - E2 - 0.2R -
Garcon{1681 }** V|8 E MP(NPLMM(S) AT 4MidN) LEL LiT) E - 12 — |0.05(G-RE = | MEX—Det %:NPiBL TR,
v SitMLTHIARE Y

Canaleh (1082)"™" V| 2 RRGEHE D {P) (LT#N | LE2PLATY | L BESGERE | - - - = | Cladophora METN
Messer 5 (1982)" VM 3 M (N,P) I#T*MilLN}| MEE(T) E - ~ - l02misG] C |RON%BULANL
Kutas {1582)™ €St Kutes M (N,P) T#Min{NJ) - - - E - - C | M-Det.
Aleamo (1482)2% C | s E M (NP} I4T#N - L - ~ - - - | R-Det
Mauriello(1982)*" C|S. Lsitr N (N) [5T#N - E - - - - c
Wang (19821 V| M Jgrgesen D (P} 147N NF c ¢ C | M EX—AvNut.
B c | st L MNP} I£T#N - LE - - - - C
(10831 C | St E M (P} T4T4N C BG-R) | € |MEX-Det

1RV




1 B3 {EHm7I> 7 2T AERE—%

Table B.3 Parameter values of phytoplankton model

— 618 -

LiRRERT
B & R HEEMETN | RAREOLE (%) itk P g PR MR 1/d) Ho#% ORA) ,
mEE B Gy |NG&/D Pl N P [Nie/l) PGai)| Ni%)  P(%) | %E i G WHLE (n/d) A

DHT ore 5 (1571)* 2 @20 L % — - — — - - — 0.1@20 L — - —

Thomann 5 {1973)** 2,020 L 25 0.5 — — — - _— — 0.1820 L — — —

DiTores (1975 | 1.3@20,0.140.06T | 25 10 — — — - - —  |om@am L - — -

Thomann s (1975} 0. 55820 L& 25 4 — — — — — — 0.1@20 215 — — 0.10

DiToro 5 {1980)™ L6E20 19: % 0.5 — — — — - - 0.05@20 L5582 - — 0.05 Caenvil

DiToro 5 {1980)'™
y f @& 21@0 148 % 10 0.0m@0 215 0.10 Y-
ko @ L6@ 33 25 w | - - - - T |otmEn 215 - - 010

Canale 5 {1975)**

MA@ 21@0 0.05
ko & 20820 0.0
5y &| Leaw pLe |{15 25 — - — - — - 0.08@20 L - — R
7 & L9320 0.02
Bierman (1976)"* molN/eell .
r 4 #| 2185 19 L5 24 0.82x10 0.2 0.4
g & LW 215 _ _ 6 B3| _ 0.5 0.2 _ B | P— 0.4
5 v #| 08@5 2% 4 4.2 0.5 0.5%5 0.1
FoA(EERE) | 08B 259 4 59 0.853 0.134 0.15

Bierman (1980)'™
4 #E| L6tER) 080X 0. 7AX1" 0.004
B &4 0. 345X 107 0.312%10" +
t 0 | L2] o, - — |tiz5 1% - — | pex10 048x10%| Y 0.05@20 216 |+ li/mg/d 1216 0.0
3 v &| Lo 0.43x 107 .566x 107" 0,012

5 B UEmER) | 0.7 . 0.377x 10" 0.488x 107" -

Scavia b (1976)'" b2 BAE
P 0.03¢"-%, T>350 5~27% 1" 9~20x10!
krAm i §~41x107° 1.4~29

comtan| -0 (A7 ¢ -7 - B - - 00982 121\ () mrEMP(-U), 4~18%20* 0.06~0.13
£ O AT TEXC o Ax10 13~22

Scavia s (1980)*"

PR | %
E R 1 0
P 25@20 (20 w | - — - — - - (D‘Dsm'ﬁ_lia)r - - -
FOikaH k)
7 AR (EREE) | 20820 1.9 0 10

AULFNEREOUR T
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M E 8 Bl BEFRHEN | SRR (%/d)| PECERHGEE Bl RERE MR FE(1/d) N % K(A) HRRE (mid) & x
e Q" Niug/l) Plag/l}) N P | Nipgdl) Plug)| N{%) P %) E#E Q. Bt Qu
Chen-Orlob {1975) 4
# | 1|10 20 30 0.2
xm 2 ?,ol@m R IS 50 - - - - - - ]0‘05@20 1z - - 0.05
Brandes {1977}
®E 1| 1-2@0
3@ 2| 1-em \w | s0~a00 s | — - - - - - }0602(;20 ]1.:2 - - 0~0.2
CLEANER (1975)" '
Fur 730 bv| LG 22 55 5 0.08 22 3¢ (BGU 0.201+0, D4 T}
Ay b7Svr by LALEBK L9 15 — — - - — — o 19 [on 45t) BT 020140, 08T}
5 v & LI 20 | a1 15 0.44 20 2n 0
Desormeau {L978) ™" 5 30 14 10 50 70 — —
PEREE L PR L
5% TO5%
Smith (1960)™ LT8Rk L %) 2 1 | 10 m - — |oms 20| om Desormeod™ LRt
BE) R
J g rgensen (1976} "
TN 2. 0@8A 200 30 —_ — - — — - 0.6 Iﬂ 0.015 — 0. 056
LN 2 @R A - — e 0w | m » 2 0.3 [omslx - - 0.056
EFLLM | 23~4 @8 % - — 1 L2~3 0308 200 20 15 L1 o3 Ig - — 0.06
PN 25@RK - — L5 0 0 2% 15 0.1 0.088 1 % — — 0.19
BacaLorenzen (1972)% | 1—4@20 L |Z5~30 630 — — — — — —  |e1~018
Larsen s {1974)™ 2 4@k - 14 1 - — — — - — 0,025~ 1
Parker (1974)™ 1. 14-~-5@Q % 1) ki — — — — — — — —
Dahd-Modsen 5, (1574)™ | 1. 0BR K 100 5 — — — — — - 0.1 — 0.1 — 0.3/
Patten s {1975)* 0. 0970, 352@ £ B 35~50 .
# L (1975)™ 1. 252@20 L - 10 0.07@0 L
X uw mol/ce
Lehmans (179) m;qn-'l'm 10 0% 107" 144 x 1079
# #lem 3 a mol/fcell 45 molC /cell/h 0.8
5 v &7 10 1 70 62 20 1 0.3 0.2
o4 W|L07 gk — - - 0 3 2 31 a 2 0.6 2.5
Ny EHRLM 100 10 70 a3 20 10 3 0.5
RE~ TR 1M 10 1 105 186 10 0.5 0.3 0.5
D (1978)™
% | L[LB 0.06 L3
AE2 zollﬂ* R R A - - 0 el T - -
Nixon 5 (1977, 78")
# OH 1059 2l
) 0.59}@20 Le w (YR o - - - -7 - -

H
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£ 5 B0A) RPN | BARERE (%) | PBEEREEY BAPEERE MR (/) 1ROl .
MR A AR (m/d) Aoz
R Qu | N{ug/l) Plug/l) N P | N(ge/l} P/}  P{%) P(%) EHE Q. - Qu
TAZE(1978)" % s~ — - — - - — 0.1@20 L — - -
0 5 (1978)™ (2.0@20) 50 10 — — - — — - 0@ L - — -
fea i LT
71| L@y L 100 20 pm@r L |oo~on@m L 0~0.06
70 2ol gl o | - et e | WEd G 0@ Lo jeo-ou@n L 0~0.06
Nyholm (1978}™ 0.8~24@20 L6 | — — | e | - - 4 0. 146 - - 04~a6;£%$1.9ﬁ min{l2, 0.05~0.34) | b1 HEEAR, A AR
Cloern (1978)™ 0680 547 | —  — |0Snmdlep] o g9 | S@ae OIS/ | — | 0005 - -
=5 (1998 | ns@m L x , o B _ B B olem 1L B B
(r45&) |0 458RA : 0.12
Larimore’ (1979)™
¥4 | L@k 21 — - - a5 | - 30 —~ 63 [0.2@88% 21 [dO52® LOST+0.1
3 v 3| LWgRk 19 — - - a5 | - 30 — 63 |0.2@Rk L9 |00se® 0006 T+0.06
Beyer (19%1)"™ 2,025 2.0 300 0 — — — — — — 0.0 — — — 0.01/d
TS (18D
7 v X 2 5 - - - - — - - - - — 0.2 EX=00MT(L/d) kT3
y 4 gl MYE® L 15 5 - - - - - - - - - - 0.2 '
Gosse {L%1)™ 5@k — 20 — - - - — — 0.1@20  L82 | 0 00Mm'mgehla/d 216 - EX=0.2R
Garcon [1981)™ ’
4@l e s | — - u 1 5 70 - - |omen 0.8 L -
B @ 198w 216 | — - 1 10 5 0 - ~ |owan 2 0. L -
Canaled (1982)™ | 10B@RK - - - &5 — 125 - 0.5 o L - — -
Messer 5 (1982)™
7 v W 0&-08EN 25 U0 13 L33 pam e w7 (BT, 2mx07.| 00080 25 _ 0 7, =91 x10 "ol feell
o4 R0E-0980 LY[4T - 461 4[5H 4 LGBA NF 29 [BIXICE 30l 00980 19 0.1 MREO T 5 f OREMNE
Kutas & (1982)™
P YE T AVIEY 0 6 0.85@2 1%
752 b | 1.0 @RX 40 4 - — - - — - - - 138% 1916 0.01/d A =~3.2m)
®7Ivriv|Ll 110 9 0. 5@ 116
Alcamo (1982)™ 20820 L8 5 5 - = — - - —~  |o1~0@0 L — - -
Mauriello (1982)™ 2. 0@k 1000 — — — — — - — 0.011@20 1.49 - - %0
Wang s (1982} 1.G@RA - - — | - @ - 04 - - - - 0.01~0.3
HR(19%82)™ " 0.8@% L 100 10 - - - - - — 0.1@20 L - - 0.3
| (%A | 0519920 265 | 100 1 S — - - - —  lomen 26 — - 0.3
(I (FA) | am@0 L | — 183 | — 0 — - -~ — — I — 05 — 0.6912
(—§8) | 1.0@0

NALTNVEEE R L8
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Table B.4 Models of zooplankton
C:—EMl, HF 1 1R& 7 ¢ — 128y 2(1/(c™Hk)) &0Fe 222 L et B,
KBRTHEREB. WOls &, EEEKIPEHIAB. AOXHE BRI L,
SEWREBRIENY, TRRREEZLERLALOEH T, NALERLEAY.

# f AR R
[t L | amIEM) RREHH R £ b
kiR @TERE Kilk £ oft

Riley{1946)*" et L - C - - C
DiToro 5(1971)*" — L HF C - — - NA+ R—Av. Nut,
Thomanrn 51973 " - L HF C — — -
Di Toro 5{1975)™* L L |HF| p* - | - C N 2 Sty N1
Thomann (1975) " NA R{Z Org Nut. 1

Herbivorous L L HF L - - -

Carnivorous L L C L - - —
DiToro 5(1580) "% NA ®50%i: Av.Nut (24 2

Herbivorous L HF E - - -

Carnivorous L L C E - - -
DiToro 5(1980)" NA ?50% 13 Av. Nut i2 % 3

Herbivorous L M HF E - - -

Carnivorous L L C - — -
Canale 5(1975)*%

Raptor PLZ MWl C NA+M —=Detil
Selective filterer PL2 SFW | C L - - [ RM 36" »13DIP, BWEOT% 1L Org
Nonselective filterer | pL2 L HF Nit.i2Bh3g 7Ty Ach b,
Bierman(1976)"" - MW |cC e c BAG D SR ERYIINes. EOME
Bierman 5(198(h ™" E MwT| C - - E(TH ki+kec®)| c® W75 > 7 b 60
McRaught 5(1976) ™"
Copepods{ Diaptomus)| — MWT () () _ C _

Cladocerans - LT C
Scavia 5{1976)%" 0'Neill MWT | C | O'Neill — —  {ka{14& 7" M—Det, RI$Org. Nitrogen & UFAv. P12
Secavial1980)™" 0'Neill MW* | C [O'Neill — | — - B Qe NinRUA P, o7
Chen*Orlob(1875) " E M (C} E - — - R+ M—Det.
Brandes(1977)*" E M C E - - E(T)
Scavia H{1975)™ O°Neill MWT | € | O'Neill — | — O'Neill | gl Nt g s 1 aEis TR,
Jgrgensen(1976) " Jé MT C Jé - - C M->Det.
1érgensen(1978) 1" I MT C Ig — _ c z!g:)et. R—Av.P, 1 RNERIE T(L
Baca 5(1974)** L L HF L — - C R—0Org, Nut.
deE 5(1978) 7" - L HF - - - L{T) M—Org. Nit.,Av.P {2
HeE 5{1978)*™ L M - - - - L(T)
W(1978) Lamanna L - - E E(T) EX—T7T»E274, Av,P, M—Dat,
Nixon 5(1977)""" E Iv |[C | E  — ] - - | R A e e o DA
SE(1981)¥™ - L [HF L - R-+Det 2
Larimore 5(1979)™  |0'Neill KIW | C | W&D  — | 0.3R | O'Neill | Scavia(1975):%iflt
Fig 5 (198132 L L |wF - - | p* C Er s SO Zm/d) b
Gorcon{1981)** - MW C E - - - ,
Messer 5 (1982)*" E MW C E - - -
Mauriello(1982)™" - M C E - - C R —Av.Nut.
Wang 5 (1982)' Jé M C Jé - - - NA —=Av,. Nut.
IF (1983) ™ - Iv | € - — o462 C NA—Det, Ex—Av. Nut.
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Table B.5 Parameter values of zooplankton model

N w28 | mo = W E (1/d) HEIE I . .
L3 R FHATE (# ® HE BEOEd (4 B 8 Qu {(1/4)
DiTore 5(1971)" 0.13{/mgCd — 0.6 60 Chl-a/1| Q075 - -
DiTero &{1975) ™ 0432620 0.0124+0.021 T — 0,65 60 0. 1575@20 00007 T-5)° 0015
Thomann 5{ 1979)"™
Herviborons 1.2@20 Q06T - 0.6 10 0. 0220 0001 T
Carnivarous 1.2@20 86T - 0.6 - 0. 220 oMt —
Upper Trophic level 1| 02820 0oL T - 0.6 - — -
Upper Trophic leel2| 1 2@20 et - 06 - M@0  ooRT
DiTore 5(1980) ™
Herviborous 2, 72420 136 T 10 gChl-a/ !t 06 5 tgChl-af |l 0. 03@20 L.55 _ *272 {/meC-d=72.2 pgChl-a /mgC-d =2 72 mgfoodC/mgC-d
Carnivoroos 1. 92@20 0.%T - 0.6 - 0.(2@2 L55
DiTara 5{1980}"™
Herviborous 0.7*@20 0035T 15 pgChl-a/ ! 06 10eCh1-a/1 | 002620 1.55 _ *0.7 1/mgC-d=10.5 ugChl-2 /mgC -d=1. 05 mgfoodC/mgC-d
Carnivorous 2.0@20 05T - 0.6 - 0. 02820 15
Canale 5{1975)*
Rapter 043~0.7% PL2Z 02mg C/} 04 - LU-0.06 L {1 003
Selective feeder 1.0~26* FL 2 A2mgC/l 0.7 - — -~ ~0,005 *mgf 00dC/mgC-d, @20
Nonseleetive feeder 35~4.0° FL 2 - o8 0.2mgC/! — - Copepoda D
Bierman 5(1980) ™
Fast ingester 0.7 *@20 216 1LOmg/! a6 — Qu=216, X\ =006 1/d, &, =05 t/mgd *gioodC/mgC  d, ¢ punres =0 2ma/
Slow ingester L1@x0 216 LOmg/} 06 - Qu~216, &\=0.011/d, ky=0.1 {/mgd ke, <0 0lmg/{MEEOETS
MecNaught 5{1976}'
Diaptomus 130 &1 Rt B bt *cells/animal/d, * BAMMRED L S HERLLFOE/AETS
Daphnia 0.18x307"" - 1 %16 w - 035/d 0.14 *m'fanimal/d
Basmina 036x10-"* * cells/m’
Seavia (1576 "™
hAELAC 1.9} 0.361 Taer= ;2T
KBUAZ 17 A thop /1 ﬁ?) 0% e
Heeviboross L7 G L V- FY ka0 | 20 ¢ rares= 0.5mg/ 1 *: glgld
Rotifer 2.2} @20 2.4 05 0.4 ne
Mysids 10 U 10mgC/ ! Friusz 0.2l 7
Carnivarous 167 0 8mg CF I ®2 ¢3! 287 craves=U 0l mGE/!
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PP gmﬁﬁ ﬁQa rrzmmz F] it ® ﬂ# R (1/d) B % & # " *
e -] ¥ B #@ SEAEN [H % @ Qy {1/4d)
Scavia (1580) **
SBLAZ L8 G2mg /! 10.1 (1.0
kHLAZ 1.6 | 02 R Ll fem 20
Herviborous 1.8 04 L5 0l 025
Rotifer 1.8;*@20 a2 % — k=1012 k=] 0.28 — — crmrer=ll 2mgC/} *maC/mgC/d
Mysids 1.2 2.4 a2 0.2 005 0.23 24
Omuivorus 1.4 2.0 e15 A LR lo.og 425 20 cormres=0 00l mgC/ ]
Chen-Orlob{ 1975} ™' 0 15* @20 L2 0 5me/i 0.01@20 1.2 (") — *olefd, WERERRE
Brandes( 1977} ™ 01~03* @20 172 L4~ 6ma/l | 45~0.8 0~107@20 L2 1~5 X107*@20, Qu “glgid, WERE
Scavia 5(1975)™" 08" @20 1.7~L8 0.2mg/ 0.5~0.8 - AEO0 3% L7~1B L 1073 03R fogleld, B, AR LBTHETIETS
J grgensen( 1976} "™ 0.175* @ max — L. 8mg/i 0.63 0.02@ nx 0125 — * glg/d, WERER, Cpnres =0 5mg/1
I $rgensen 5(1978) " | 0. 288~0.2* — 1~2 5mg/ @63 0. (28~ 0. 025~0.033 . » »
B 0 (35 @ max
Baca 5H(1974} ™ 1~4!/mgCd — — 05~07 0O~O6mg/t G106 - i0) - * RivaE
o ( Lo78) ™ 0. 694/mgNd — — |04 /4 05lmegN/i - - 01@20 - *{/mgN-d
HEE 5 1978) ™ L7*@20  002+0.034) 0 0GlmgN/T 01@20 -
214978 ™
=¥ L2 *@msx _ _ _ _ _ _ 0.1@20 00M@20 | * REEGEE g P/ gronpl frphtP/d 53 L3 N ArzoopNigphtN /d
Yy a0 Qu=1.62 Q=16 1", LBWITTENR, 3 RUISTEEE, <. L TV IER
Nixon 5(1977) 2 4. 81@20 Lg~3 3"  7.0/mgC* 0.8 0.4 0.4 2
FaE(1%1)™ 021/mgCd — — 065  60pgChl-all} 0 06@20 0037
Larimore 5{1579}™ | 08@max 1.7 — LOEIMTI b ) ) 0. 025( T <35) 0.3R
D57 R HR) & 066 L5 X2T M T23)
RS (1981 LEE: 1MH 1
0.2/ mgd 00+a 0T
EPe 10 — taes 80igChl-a/t — - @015 0.0007(T —5)*
0051/ mgd 0.0140. 0027
@20 !
Garcon( 1981) ™ 1.8¢g/e/d — 0. 2mge/d 0.8 — 0 04@20 2 - -
Messer 5(1982) ™ & 25g/g/d &8 5x10%ell/m] | 7 &0 - 0 49 @20 (?) - -
A B33 6 X10%ell/mg" ™
Mauriellof 1982) ™ 0. 3g/g/d - 07 - 0.02 %@ 149 005 - TROLM L - R
Wang 5(1082)™ 0 5g/g/d - [NE T 0.6 - 0l - - -
(1983} > 1.6g/e/d - & 2{/mg:P* a7 - — — * 046° FATLTEN Y —B0LEGY, IROr  EELD, THL2
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Table B.6 Models of fish

H KRAR
moRE 90 0 X Q. BA  vEAEE  WiE Eooou R 28 Hoo#
Kitehell 5 (1974)™ 0.066/d*"  O'Neill 23 KI 0.021* 0.8 | EMEEC L SHIE BRI+ B RRE (M E R RO RS L AT AL 70t | MeComish{1870)(2 & 3 7 A — ¥ A0y
ABEFMEEF To NEBESBE T5, v iy o8
#H.
*, BAME +, BAENPR)
CLEANER (1975)"
¥ 'T 0.6/d" oNeill 20 €L 0. 5%k 0.8~ _— . N rRAAE € BAREELS
M B (/e "% EREROTILIL BT 5k =0)
Chen5 (1975}™
& - K Byo0.02/4 0.0hmg/ I* T =10~-20T MERE F DO >3 | MBEO RN 0 REBEGNT. 5, G727
® Kk A omAt G E Lz M 0.1 mg/ ™ T =15~TOkE Blng/l 0] =0.00 - (1.02)"" bYRER %, A5 FARER
Ry AT -#—| .02/ 100 mg/m™ T =5 ~25t onsik B IBF LG T
Leidy 5 (1977)™ 0. 007~-0. 015 - - M L1~7.9%/4* 066~ W, ARG & HAREBEFLOLBOTRL E 2 —
fd% 0.98 k3,
(0.61/d) (0.8} ORARERE, s BARELBR
AEOMEL * ALY ARTHS b,
(@le. 4T
Brandes (1977)™" *,  MERFE@2T, *, 10~50%13T
BoR B A[005~0.02% - 100~-500 mg/m™ W -10"10-% {1 02) T BELBIERE, % MO EAEL
T7 v b 1R (0. 001~0. 003" E 122 M 0.01~0.dmg/m™ 0.2~0.6 ] DO>5mg/| ~E, R TI7 b EAR ¥ A
Ry FRT 4 - 5= | 0.001~0.003*" 505, 000mg/m ™* E!ﬁ?ﬁ=1~5x10"x{1+(D075),=X1.02"" DOSSmg/y | 7 H A E00mgDW/m’, HHGEIZ U
I S,CIJDngW;'m'EﬁE&TEo
Andersan’ (1971)™ | 0079~ 0.411% - - M §=23/mig"" 0.8 | BR=REX B L AWE X | RICET~BEAXFE™, SR =E.2%10"d Beverton-Holt{1957), U rsin{1967)™
g (F8) BliLRx AT A F X EE™ =0, 83 HEDEFLEREL, KER, BEH
=0.53m¥ g'*" " =(0.5 Bihii=0. 0005~0. 0058 ¢ '~ /d OREIHTTA L Beverton-
£:3:H r=0.15 Holt&1z &~ 8, 1 1960—1970
0 OREE T, Al G
Fus b 83, R VLANILY, B
KTEBCRHTRIT A b Ay b,
W EHETAMET S,
R & RABRARE
Larimore{]379)™™ .
Tz wl 0039/ O'Neill 2.1~3.5 Kl - 0.8 WA, GRS BN ERUTORBC LUK Yol | BEROREATL, KBUBLTER
T b - ¥ N BEOME  ONell 23 Kl - 0.8 AOEFNALETT Yo 7y
F-¥TTAAZ] 0.M4~0.2/4 ONeil 2.2 K1 - 0.9

S LN EHOR Y E
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Table B.7 Models of POP mineralization
E #8878, L &R
(a) ) rEMSbdE

AiE M (/) Q. ] £
Thomann %({1973)"¥ L 0.14 - HhwyZ  LAF2TY
DiToro 5{1975)%*% L 0.4 — 1) —i#f
Thomann 5 (1975)!"* L 0.14 - vy AE
DiToro 5 (1980)*" E 0. Q3% 216 ba—wr-dEFTE
DiTore 5 (1080)"* E 0. 03% 216 31—
Baca 5 (1974} - 0.1--0.7 -
U.8. Army, C.E. (1872) " - . 001~0. 02 -
Chen 5{1975)" E 0. 001 122 9¥rbrM
Brandes(1977)* E 0. 001~0. 02 1.48
Scavia 5{1976)"*" L 0.2 - EIE
Scavia 5{1980)** L 0.2 - FryUAH
Jgrgensen{1976)""" E 0.1 L22 ZnisiE
Jgrgensen 5(1978)"*7 E 0.5~0.8 2 7T b A H
J¢rgensen 5(1981)'"" E L6 2 A ARE
Bierman{1974)"'" L 0. 01 — F Y
Bierman & (1980}'%" E 0. 005 216 HXF+IE
Nyholm(1978)*"® E 0.1 37 Frv—2 0w
PE57(1978)0 E 0. 05 1. 63
Scavia(1980)**" L 01 - H¥FF T
Gosse(1981)"% E 0.2 1.22 o-LJ
T 5(1981) 1 L 0.4 - EHE
STE(1981)F™™ E 0. 05 2 EETEH]
w5 (1983)™® E 0.1 2 e
Garcon(1981)%" - 0.015 —
Aleamo(1982}% - 0. 015 — VTR - FNE
Kutas(1982)%** E 0. 057 903 V7 brig
HrfH(1983)" - 0. 27 et =7, B ET 2B O3 G019, TRO.18

k, 2074 gt L AFRZ Y AE, ERREN =5 ugChl-a/!

(b} FhRUZASHBEE) Y ~EBEREY -

oot = m ot
i , ,
BHI(1/d) Q. | HEEL/Y) Q.
Canale 5(1975)%" L 0.2 — 0z - LI |
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Table B.8 Models of PON minelarization
E C¥EHA, LB
(@ #0952 -EmBERE

b HEHERE(1/d) Qo fidi #

Bierman(1976)"'" L G 01 - H ¥+ ViE
Bierman(1980)'*" E 0. 005 2. 14 ¥+
J¢rgensen(1976)'"" E 0.1 1. 219 e A AR
HABH 5 (1978)" E 0.2 2 TEES
Nyholm(1978)*'" - 0.01 — T — 7 O
HEe(1e81 ™ E 0. 035 2 EETR

_ J¢rgensen{1981)"*" E 0.42 2 TN b A
Garcon(1981)%¢ - 0. 015 -
Kutas(1982)**® E 0. {57 9. 03 AL IV |
Alcamo(1982)° - 0. 04 — HrVg7PHFy - TS
FiF 5{1981 )" L 0.3 - Erdaai]
AR 2(1978)Y - 0.08~0. 1 - e
Jgrgensen{1978)""" E 0.2 2 VS UN-T |

b) FF)FA->7oE2TL—+NO;s

B T wE=Y AL P it
B R Qe | AER/) Qe

Thoman &(1973;** L 0.14 — 0.2 — HBrews - LAFLT)
DiTore 5(1975)" L 0. 04 - 0. 052 — Ty —#

Thomann % (1975} L 0. 035 - 0. 04 - EAVE AN o

DiTore 5(1980)""") E 0. 03 216 0. 20 216 |ez—0vl, F¥FUE
DiToro 5{1980)"*" E 0. 03* 2. 16 0. 12* 216 | 1) —#

Scaviall9soy® L 0. 06 - 0.3 — |ea—uvi], HEF2H

®, 200074 Lglid L AHAT Y RE HAAHENRS «gChl-a/l
*, DOICHF L X & oy B0, FELFIE £ 2. Omg0:/1

{€) Fhr)FASTrEFZT7L-NO,—NO;:

s veE=vsft| NH~NO. NQ,~NO,

* s /0) Qe | (1/d) Qo | B/ Qoo
Baca 5(1974)%% — (0. 02~0.4 — 0.1~0.5 - 3 ~10 —
Tetra Tech(1976)™" - | 0oos - 0.1 - | os — | EFe o EL T
U.S. Army,C.E.(1974)" — .001~0.02 — j0.005~0.02 — 0.2-~0.5 -
Chen 5 (1975 E 0. 001 1. 22 0.03 1. 22 0. 09 L22 | 73l
Brandes(1977)" E [|0.001~0.02 1.48 [0.05~0.2 1.22 |0.2~0.5 1.22
Scavia 5(1976)"** L 0. 02 - 0. G2 — 0. 06 - + vy AE
Scavia % {1980)" 1. 0. 02 — 0. 02 - 0.1 - Ty AM

d} TrUYAHRIESEE 7 V£V L—+NO;—~NO;

] o # 1t |7 E=vait] NH~NO, | NO—NO,

B0/ Qoo | BRIV Quo | BBEN/Y Qo | BRHI/A Qo
Canale 5(1975) % L | 002 — 10024 — | 018 (NOsANOuZ) — | 3¥# >
#3(1978) E 0.1 L.63|0.0007 L63| 0,07 63| 0.1 1.63
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Table B9 Models of light dependency {phytoplankton growth)
i ) o4 bt i &
I Baly (1935)™, Tamiya5 (1953}, Chen (1970)%*
M —
I+1x REELDEFACTHERSHS
i
f Sm T Smith (1936)™, Talling (1957)*
I+ 1
—_— . L1l
TEVZARR Bamister {1975)
ILIS 1))
it Blackman {1905)"¢, Shelef & (1969)%"
I (f>1y)
l—expl{—I/14) Shelef 5 (1972 )%
tanh ( I/ I.) Jasshy 5 (1976)** ‘
(IS Iy Dahl-Madsen5 (1973)*) Gargas (1976)"",
G 1 (T 1< 1) Nyholm (1978)"™ % ¥, Nyholm Tl [« I3 EMiz k0 &g
max 10, L—ay(I—1"} (I> [,) AglL s [LIKREGREED L KME L +2
i(l_ ! ) Platts (1975)%
;§ I( 4 I X
PHT, 1T« Vollenweider (1965)™
+* PHTRax (1 +H{I/ TV 14+ (al/ 1) )™
PHT. I al - o
Bﬁ. PHTmax{ —exp(ii)}exp(_f_l) plattb(lgm)
Steele {1862)'¢, DiToro (1971)*, Kreiners {1978)%
®= | 5t - exp ( 1- ) N
! { BEELCOEFACERERS
% | jexp( 1 _Ii) | Parker (1974)™
PHT, I f

PHT qax L + (I 1) ™"

IDFHR

Iwakuma 5 (1973)""

Canales (1982)*, ARMKTFEL L L IZEWL,
T, I F@ed 2 km s/

— 228 —
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Table B.10 Models of temperature dependency {phytoplankton growth)

o= BY & ] 1=} #
L 1 KRB LT+HE DiToros (1971) 4 ¥ D EL DET N, k=0 EEHETZHEL EV,
PL1 RT(T=T,), kT T> T Bierman{1973)™
PL2 FrRE ERAL AL ¢ 5, I IEEE 4 351, Canale5{1975) ™,
Bierman 5 {1980) ™"
P FHENE K THET FE(1981) Y Wl % 2 KM, T h Lo e 1 KMEE LRBOKRERIE T3,
E expl ki T—200} Eppley({1672) LR £ < @ T 7N AERAT %, (Quformulation, 77 ¥ ko 73)
Jg expl—ki|T— Tomel|t Jprgensen(1976)", Wang5 (19821 % K E#MAL < Hv bbb,
sechi ki T— Topdt Straten® (1981)%*
Leonov P exp{ & T} H RS 1.eonov(1979}1%
Lehman exp{— I T—Tom )% Lehman® (19750, Straskraba(1976)" % &, Tox #HBIZ k& FL a2 284
expl{klaTi— bT—1)I Lbd,
MS. CLEANER (1979)™, a= b( Trax) * 7,07 = Trax" Tos"— Tont®
exp{kl{aT'— bT— 1}t 25 = € Tant/ Trax
Parker [(T:‘; )EXP{ k;(l _%}]* Parker(1974)™", it 5{1978)"", bHilL k=3 &1 5,
l.amanna (Til )“' eXp{l _(%)*‘ } 0<TE Tom Lamanna 5 (1965)"*, #$:2(1978)¥*
1={ 1=V}, Tom <T< Tnux
Kutas Vexpll — V), Thaxr=T Kutas(1982)2"
A { 0., T>Tam
Lassiter | FHAH | p« texp (ko T—Topr )t Lassiter 5 {1974)™, Jgrgensens (1981)"%
O’ Neill Viexpl X(1— V) O Neill 5 (1972)™, CLEAN(1974)™ % &,
yom WL L) LEE) W Qul Trax— Tond
CEQUAL kiexpiA (T— Tt kiexpids (Toa— T} CE-QUAL-R1(1982}™% Thornton5 {1978)#(2 & 3 {R0RAY
T+ kdexpa, (T— T —1Y 1k fexpAe( Tmax— T)—1} el l1=k) 1 Bl 1 — k)
£FEL T<T., T>TaxTE0 TR R = kT TraeeTs R L R
T To T Tuax THEIE by ke Ba k&% 5o ki kJIZEFC.98ET 3,
vme T T g RSk, Tee REAH, T TRAE. k, ko EH

" Taax— Toot »

VLFUYFRRORLE
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Table B.11 Moedels of external nutrient dependency (phytoplankton growth, constant cell

b

quanta)
Elig £]] b3 L] fif £
M TC;— THLUR - 427 LR, Eppley 5 (1969)1
Mar _c%:Tc"s_ Contois(1959) "9, Mar(1976)"%, Leonov(1980)**
P Min{ ¢%/ ¢, 1) Riley (1946)*9, Patten 5 (1975) 7
c” I REIRE,  of I ERERE, o, ¢\ KlEHN

1 B.l2 HWMREEAEOETL 7T 7 P RE)

Table B.12 Models of external nutrient dependeney (phytoplankton growth, .variable cell

quanta)
iiE W 1 z
51 Min(k.f, 1) Slezak{1967) 7z & 1 {08
Min(k:(f—f), 1)
L S/ Fmax HIF(1977) Mz kD808, HEREh 5,
M S+ k0 T4 AR, Desoromeau(1978)'°", Garcon(1981)*"izfEflsh e,
Fuchs 1 —expl0.693( 1 — f//)) Fuchs{1969) 0z & ¥ {208 & {1 #0 A0 SMILE(1976) "z & h iz,
D L—flf Droop(1968) 8ok iR E h, HELOEFNVIZMER S,
e.g. Lehmans (1975)"'", Jgrgensen(1976) "%, Cloern(1978) %™, Canale’ (1682) """, Wang5 (1982) %%,
Caperon (F— Ak f— 1) Caperon’® {1972) "2 £ Vg & 1, SMILE(1980) "o fEM & 117,
Nyholm| {f—fo)/{ ks +F—fo) * Nyholm (1877) 71z & D #RIB = h, Nyholm(1678) VP12 {#H & h/x,
(kv foax— o) /{ Frnwx— fo)

SRR, A RDRRREDREE,  fr.. D BRORRARSEERE,  kER

« 1B
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Table B.13 Models of multiple growth limitation (phytoplankton growth)

Fia=2 i = kit fig £
* LX L% X Lo Baule (1§17} & 9 #2808 & £ Chen (19703, DiToro 5 {1971)%% & ¥ ¥ £ ¢
OBEERLEFVICIEAS M,
Min Min{ Ly Lo Lo} Blackmanfi} (1905)"'%, Larsen® (1974)%", Seavia 5 (1975)'*%, Bierman
(1976)''", Desoromeau(1978)'*"*, CE- QUAL-R1(1982)* % ¥,
H T ; ..... T CLEAN (1974)™
L, L La
A (Lt Lo L) Anderson(1973)*'%, Pastens (1975)3*" % &',
1 DeGroot (1983) "
R S
L., L, La
LeX Ly X Lgtotietbrs o se ©Min( Lo Ljee, Lg) M0 Gntaln Csakis (19793

Les, coon ! nfBOHREFOEEE, L HiETCLAHBEET (21)
% Desoromeau{1978)""", Garcon(1981)**", Rose(1982)V 5 I NERRRIEDN/PIRIZ L - THIFRSBEL RET 2,

(Rhee(1978)"'%  threshold hypothesis)

NLFYFEEOR Y



i ]
ft#% Bl4d HEHETLV W77 7w
Table B,14 Models of respiration' (phytoplankton)
& 5 4 wo R fi# %
L BT DiTore 5 (1971)%, Thomanns (1973)%% g &
E k,gr® Chen5 {1975)'%"!, Thomann 5 {1975)"'% % ¥
EERLIS e i ER J ¢rgensen (1976)10% % &
MO ks - TEMP-E%T DiToro 5 (1980)*, Beyer (1981)'™"
NL {ky+ky NL) TEMP Seavia (1980)%%
Lehman | ki (f/f maxt™ TEMP Lehman & (1975)"'", | grgensen (1976)"¢
ki ka 60, TEMP AGESGIFEL, NL @ RBEIZL2HRET, 0, DOBE

Soo RIBINIRBERME, Sl So@BATE

132 B1o HBEDOETIL MEW7ZF7F )
Table B.15 Models of non predatory mortality (phytoplankton)

£ 5 S~ G ] -1
C k. J gprgensen {1976)'°% # L
L kT CLEAN (1974)™
L2 kTt Bierman (1976)"'", Garcon (1981)%*
E2 kg™ c? Bierman (1980)'*", Gosse (1981)7*"
cz’ ket U Leonov (19803 i) o fRICH K
M ke k4 € Nyholm (1978)"
Lehman | k' {1 exp{ — S5} ] Lehman 5 (1975)"'%, SG G 4 G wasd 5% 123 & 2 5 N 7HEM
Se J‘ R TEMPAL= IVTS Tmax | i (1976, Lyt -S540 & 3 HUIRET
kg 7o Tmax T Tax )
kexpl k{1— IL)} Rose (1982)*** POEfsc 15T £ SRR A0, ILUF 124 B85 R
{ k) 5B, ILIIRIZEZHREFERT,
De kexp({ T— Tlexp( 0. 1— NL) Desormeau (1978)°", NI 2 FRIGHFREF
CL k;-BH-POP°(1+k=cP)-2" CLEANER (1976)'™ BH ; TBBR Iz A b 257 A — 5 —,
A'R T— Twax T2 r’F - POP: fﬁ!%ﬁﬁiﬁ!:#b‘béﬂ‘:;x—y——
0 TS Toax P~ 1+kr(1—cgu) < Chax
2 clnax
kre ko 00 EB Toax: BOEEE, TEMP: REEERERFE
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Table B.16 Models of settling velocity (phytoplankton)

ic 5 24} # Ein] i E
C — i Chen * Orleb(1975)*, Thomann® (1975} "% % &,
A DB kot ki T Scavia® (1975)
k.gm-2 Jgrgensens (1978) %%, #=1.03
kTt Jérgensen + Harleman(1978) '
FIAT= R AN Bloomfield 5 (1974) ™!
B i Canale 5 (1975) ***
'FE 3 Rl fo ks Scavia - Eadie 5 (1976) "%, L3 &IZRITTH - RBIEO FIRET,
"Ltk
' Nyholm B o min{ ke, ki h) Nyholm (1978) """, RIZAKIE, ko =0.2m/d, k,=0.05~0.3/d
ko, ki DEH

VLENEEBCRE
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Table B.17 Models of nutrient uptake (phytoplankton)

i ] 5 i) L] £
NF RN AT A8 Unax € /{ Ky -HCP) Cloern{1978)%™*, Wangs (1982)'*®
PL RARERC & BEEIT 5 Unex €7 /(K1 +C7) , F<fmex | Nyholm(1977)1%, G7: HFASHAF
min( G frax, Umax c?/(kste? ), F=Fmax
N2 BRI AIBIR R E S < B SRBREREIIE Ly Nyholm(1978) ¥
f=foax %5 G frnax
LF BT £ — Wiy U c* Frax—f Koonce(1972)*%, Lehman® (1975)"'", Jérgensen® {1976 787"
"t c®) Foax —Fo 81"y, HREF(1977) 7
LEl FAHHEREL 7 4 - RV 7 u cP ks Desoromeau{1978) " | U qax (£7REIZ 4 L O'NeillBY, HIREIZHFL
hitct kit kS St, SmEINIRTFETHEEL 1,
o~ LE2 | SRET (—F5y 7 e R Canale 5 (1982)
! ME | BhiR - ®ET7 (- 5y 7 | ooy opg Messer5 (19823 1 I\, U 3ABROMYE, =5 122804121
koter kS ko= kao( 1= fu/fu) & L2
cf D SMEBNSSIRRE,  f I PBREERE,  Uneo ko ks Soeo Jo o B

I
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f+3% B.18 SEEFEWICHETZ/ T A—F— (EW7F>27L>, F01)

Table B.18 Parameter values of nutrient uptake (phytoplankton)

] ® D] v
Uneon  fomee  fro Kb | Unecr  Jomex S K Ll %
%/ d % % ug/l %/ d % % ugll

_ | ®340), ) 6.6 8 2 200 2.4 9% 01
g &) (1979)" 3.8(NO,) C pas - 33.6 —  0.08~012 —
i 16, 8(NH,)
7 | Rhee 5 (1980)*" - - o - — - 0.065  — |8 &5 8pg/eell & i LT
A I 5 (1981 )% - - — — l17~170 0% 0.1 -
; Kappers{1980)™* 1.8~9.1 — —  43~160 — — — — | NHiz k3
. Fe) P ( 1982) ™ — — — — 72 — — 25

Lehman & (1975)"™" a* 720 90* 28 10* 72" 45 31 |®& &

10* 160*  20* 70 1* 16* 1* 6213 v &
% 20* 320*  40* 21 3t 32+ 2% 3|7 4 HBEY X100 moll/cell/h
%_ 100* 1600*  200* 70 10* 160* 10* B | ~yEE %~ mokl/cel
E 10* 80*  10* 105 1+ §* o5t 1se|RE_
@ | I grgensen(1976)"*" 0.9 8 2 200 0.35 3 0.3 30
% BE 977 — — 639 — 4.4 — 0. 497 450 | 7oL SOERERIIE-I, W/ ruo T balk
fif\ =194, 7007+ La/eHEE=0 0071 {EELHBE
F | J grgensen & (1978)"" 12~3 10 L5 200 | 0.3~0.8 L3 0.1 20 7l
% LS 10 L5 200 01 L3 01 20 2702
2 Larimore(1979)™ — — — — a5 3 0.3 0| 44
' - - 35 3 03 30 | s
J ¢rgensen 5(1981)'"™ 2.310.5 12 — 340+70 [ 0.5640. 12
0. 7240.07 3 — — | BUBEHIGE A 5 HEE

% ~mgPor mgN/mgDWX0. 01, Unax | BARHUGEE, frax | ANEERE, f0 R WEERE, £ BEMAEYE, FFEp) v, NI 2%

NLFNE RO <8
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HE B0 XMEERCHT 587 A—F— (W7 I 2, F02)

=
Table B.19 Parameter values of nutrient uptake (phytoplankton) i
i & HOfir wEEE & * E & H {# &
SEREE K AL Umaxn %/ d 8 L0 (MD) 035~50 (*25%) NO,
9 2.2 (MD)  1.6~8.8 (£25%) ML}@Bj
2.0 (MN) L76~224 (= o) Smith(1980)"12 &3
1~3.5 Jgrgensen 5(1978) """ & A CEEE
BHERNEERE  Sw % 11 21 (MD) 1.85~27 (£25%) #/{ﬁiﬂB3
8 1.9 (MD) 1L35~215 (+25%) 4% &
. 3 217 (MN) 0.37~3.97 (¥ &) ~rER
WAL ES AN ug/l 25 182 (MD) 7.0~29.4 (£25%) 4 4 #&, NO,
16 10.5 (MD) 7.0~28.0 (£25%) 4 4 ¥, NH, [¥B.2
8 280 (MD) 7.0~123. 0(£25%) ~»FH, NO, '
100 (MN) 83~117 (X o) Smith(1980) ™z k%
1) v BRI Umax e %/ d 1 0.82 (MD) 0.019—-35 (+25%) ™B.6
L0 (MN) 069~1L32 (£ o) Smith(1980)™12k3
0.3~1.0 J¢rgensen 5{1978) i & 5L
Vo N REERE S % 18 0.085 (MD) 0.026~0.15 {£25%) 7/f§]EBA
10 0.14 (MD) 0.05~0.19 (£25%) & &
3 0,102 (MN) 0.033~0.171{x o) v E&
U ERCEEER ke ug/l 30 341 (MD) 1.1~18.6 (+25%) # 4 #
8 20,2 (MD} 1.9~71.3 (£25%) 4k & EB.1
6 14.3 (MD) 12.1~22.3 (£25%) ~vE#
20 (MN) 15.7~24.3 (£ ¢) Smith(1980)™°12& 3

MD: X574 7Y, MN : ¥, +25% :25%, 75%fH,

to D PHETEERE LT,
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Table B20 Models of nutrient excretion - &

M o R 1 3
k. ' Wang 5 (198210
k, foG" Messer 51982} foldf/MERILINE
E(G*— R CLEAN(1974)7" Garcon( 1981} shEH{1983)"" k2 ™z (k%%
kR CLEANER( 1976) ** Larimore 5{1979) ™ Gosse( 1981)"®
kG (1—1IL) Desoremeau( 1978)'7" IL X912 & 2 BIERE -
Gr g Jer Halfen( 1979)""" Humphrey(1973) 1z £ %, / 3 PSSR B4 0
L U e 3 AR T
l";/kf;‘{j + (1—%) Leonov(1980)™ {712 ) » fBA0IE S

GP B, RVHREE, Kk, OEH

ft#& B2l #EEEKTEOETA BT 7> 7 ¢ o)
Table B.21 Models of ingestion rate {zooplankton)

Es) T S | e *
L Focs Fuller (1937)®%, Fleming (1939} LIk $ ¢ £ F NV T{ER
LT | Fol ¢r— Conrs) Walsh 5 (1971)°*
PL | Inaxmintl, cocal Rigler (1961)"™, Frost {1972)®"
Iv Imax{1— & 7"%) £ 7L 7 RICEF S, Nixon (1977)™, Leidys (1980)40
IWT | Tmax[1— expi— ko Ce— Crrnres) 1] O Briens {1972)™, Dugdale (1975)"*
M Tnax e/ ( crt k) 3Ax1) AR, Chens (1975)"™ 4 ¥ 5 { DX FLTH#A
‘ MT | foexl Com Crmres)/{ o Crumrest Ki) Steele (1974)™, Scaviab (1975)% % &
SF Fol kvt kace) ol kit ¢)) Canale s (1975 #2875 » 7 b ¥ ITEA
KI Imaxkil Cr— Crtnres) /{ ot ki C5) Kitchell 5(1974)" DEFNIZH LA L0, Larimore (1979)7

fmax®V el kit Cr)
Imax' ¥ €/t W es)

Gause (1934)°™
Harris (1968)5"

Fo'@ HBME, Inee: RKEERE, co  HEE Conres  [BREFE, cp . ANNEE, . BH777 L v EE

ko koo BB
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Table B.22 Threshold concentration of feeding rate (zooplankton)

¢ " thres fii 3

0. 016mg /) McAllister{1970)°%Y Calanus pacificus
0. 04~0. 19mg C/1 Parsons' LeBrasseur(1970)", #1648

0. 02mgC/1 Frost{2975)7* Calanus pacificus

0. 2mg/1 Bierman 5(1980)*"

0. 05mgC/1 Scavia (1976)"'*%

G 02mg C/1 Scavia 5(1980)"

0. Smg/! Jgrgensen(1976)"°°
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ft%& B.23 EEOHRREN @Y 7771+ >)

Table B.23 Preference coefficient of ingestion (zooplankton)

7R i"a*/‘ya ri ;ay‘/yh; FruyA RrFNT

— 0.17 0.40 0.47 — Diaptomus, MWTR{EH, McNaught 5(1476)"*"
— 0.33 0.33 0. 01 — Daphnia P "

— 0.33 0.33 0.01 — Basmina s ’

0.05 0.3 0.3 0.2 0.15 HAE, MWTH % #/A, CLEANER(1975)""
(0.2) (0.6) (0. 6) (0.2) (0.6) { IMEEEL =

0.05 0.15 0. 45 0.25 0.1 MR
(0.2) {0. 6) (0.6) (0.2) (0.6) ( YN

0 0.33 (K4 4%8), 0033 (W7 4H), 0.33 (4F) — Diaptomus

0 O {FirAHE), 0.5 (o i), 05 (#%) — Daphnia Canale &5 (1975)™

0 0 (K7 4AE), 0.5 (I A88), 05 (F#H) — Bosmina,Holopedium
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Table B.24 Models of ingestion rate (fish)
BB Mmoo m i &
Z
M e AT AE), Chens (1975)"*, Brandes (1977)'" % ¥)
¥
e AZ
MW * ipgpxce_. Y TetraTech (1975)**, Anderson 5 (1977)%"
1 N
 nZ
KI % Kitchell 5 (1974)"  Larimore {1979)"
. Z__ i
L Et f,iﬁr( SiE (‘;.‘?i}c?mms) CLEAN(1974)", CLEANER (1976)"* % &
lv 1— e hes Ivlev (1966)"*

cFIEMTS YT by 2 0OMENAE, o HBAERE, PRUBIREN, k. k. EH
Anderson 5 (1977)"% 11 k,=1/¢- WE",

g BERERTH, WE BHEE, I EH, L1
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Table B.25 Half saturation coefficient for ingestion (fish)

BRI AL i Al N ANy b A = Lt} 5 o
1/4 mgDW / | mgDW / m? mgDW / m? XEES
kA 0. 025 0. 20 — — 334
0. 02—0, 03 0.05—0. 1 — — 297
0. 02 0. 05 — — 185
0. 03 0. 05 — — 335
2k 0. 03 0. 20 — — 334
0. 02—0. 03 0. 05—0. 1 — — 207
0. 03 0.1 — — 185
0. 03 0.05 — — 335
Ry PATS —F— 0. 025 — 500 — 334
0. 02—0. 03 — 50—5000 — 297
0. 02 ' — 500 — 185
0. 025 — 500 500 135
HHH 9. 1(mgC/D — — 122
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Table B.26 Algorithms of ordinary differential equations for lake ecosystem modelling
. Al awsi—  CPU .
No. mox & "k @) e T 15 W
1 DiTore 5(1971)% RK2
2 Thomann 5{1973)"*¥ EF 0.1 342 180 CDCE600
3 Thomann 5(1975)""" EF ~20 30 CDC6600
4 DiToro 5(1980)"™ EF 0.5 5 2 CDCB600
5 DiToro 5(1980)'*" EF 0.5 15 120 CDCB600
6 Canale 5{1975)"* DVDQ {(4%)
7 Bierman(1976)""" RKe [ JEjuptake) 20 203 [BM370/178
8 Bierman 5(1980)"*" AM ) (leptake) 23 900 PDP-11/45
9 Scavia 5(1976)'" RK4 L0 ~50 150 CDC6600
10 Scavia 5{1980)*" EF 0.5 CDCHB00
11 LAKECO(1975)'*" EB2 1.0
12 LKONTARIO(1975)"% EB2 10 ~6000 600 CDC7600
13 CLEANX(1974)%*V RKM
14 CLEANER(1975)"" RKM
15 CLEANER(1976)"*" RKM 3. 63 UNIVACI110
16 Baca 5(1974)*" AM2 ~600
17 Lehman 5(1975)""" 0.125 21 329 IBM370/158
18 Horaberger 5{1975)% RK4 0021
19 Nyholm(1978)*"™® RKG <L0 7 1460 1BM370/165
20 Kremer 5(1978)"" 0.5~10 120 IBM370/155
21 Leonov(1980)™" RK4 0.1
22 Beyer(1981)'*" 12 IBM370/165
23 FE(1981 H (0.1%)
24 Canale’ (1982)'*" Gear (0.1%) 84
25 Anderson &(1977)1 RK4 =05 308 180 IBM370/165
26 Frazho 5(1972)%® RK# 4 11.85.7
RK713 » 3534 |ammae 2521
STEPER » 10.4 5.5 [DWT87AMY 3
DVDQ » 5278 |[2b—¥avr
Gear 2 6.9 4.9

RK2: 2RV Y427 o993, RK4 D ARL 77 o5k, RKG:I VY77 5 ¥ FIik, REM IV Y47y 54
M vk RK713 : Fehlberg @T7TREN 77 o 7k, AMI 7L X EN P i, AMZ I HEEH, Hin3 s
EF . #4 5—i, EB2: 2844 J5—#k, Gear: ¥7i(DIFSUB),

i, DVDQ: Krogh DEMREE,
STEPER : Schwausch ¢ 4 B§ FHIMETF 73
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A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae). (1978}

(HEELRY AR Chironomus BOEEDRRR, ++ ¥, NHOEEDOHE)

RE Y IF vy =L BB E—ERB LR ER S OHR — HMSEE i
H. (1978

FEERILKFE— SRR ROCRIRIGERE & SRRSO E RN RiZ 3§
BNCPA S0 — IRT051, S2EEE EESRHEiG.  (1978)
BARSOERBLCET 5 REHR (I — Tzl & LT —RMS3EE. (1979)
A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae {Diptera). (1979)

(HAE2 R Y AH0EORS, 7+ ¥, HhoBEEfm)

KAFRMEO R~ X OBHAEROEE NS 5 BRI 4 SERNFR — BBn52, 534
T HREE. (1979)

REy IF ¢ vi—in X BRIKE - ERBLHRALEEGCONE — MNSERF hRIH
&, (1979)

BE L HEMIIC & 3 RSB REREE D M & B I M4 2 B MBI — W05 ~534E W HRInFR
wE (1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
(REFRDEOMAEEE LU 2 OMRISBEOBBICR T 55150

Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing
computer-controlled instrumentation. (1980}

(.- HEEEERA L7 V- AR LEHHEES7 7 =3 XNEC L En HE S
S

Studies on chironomid midges of the Tama River. (1980}

Part 1. The distribution of chironomid species in a tributary in relation to the degree of pol-

lution with sewage water.

Part 2. Description of 20 species of Chironominae recovered from a tributary,
(FENcRET 522 ) HORK
—®B1H fo—FRCEHSHI 22U ARBEORRH L TR L 2HERE L OREGE —
— H2H TO—XHICREMEN Chironominae BERDOMiz-20T—)

HHERY, SRgREeY BSESOIEERRTRETRELMbICHES s —H
fO53, B4 MRETIFEHIL. (1980)

RIGRMEO H—3 LU ESHROEECH 4 2 B8 BT 2 R — RNsMER
RBIFFAERS.  (1980)

S L — ¥ — L — ¥~z & BRSERERR . (1980)

WD EEH 3 L UHRRITCRET RIS — EERo[REHE L RREBRROWE
— HAM53, BAfERE HrRlpfREd. (1980)
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Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
(Bt ) o o 71 OB, 91 &L RIEE

BErkigo@s B bicBd 2 BoWE (ID — F4 i (FBHED OH)F — W53, S4FE.
(1981)

BABROBRBEIET 2RAHAE (V) — R BfEOE, SRk NHHEsL € o6
kBT RS TREE —MEM53, sEE. (1981)

Bk ERELICET ZBEHR (V) —BrBRANOHKHARMBRELL € OFE—
BHf53, S4fEEE. (1981)

BRSO ER R ET ZBSTR () — BErHOoLBRORE L £YRFR — W63,
54, (1981)

BB REicfld 2REWR () — SO BHE BB EICA T 2 BERNTHE —
BEF53, S44EEE. (1981)

BRI OERBLICT 2REPIR (D — EXRBAERIR R+ B8ORS
L — W53, 544 (1981)

EERK O BE BB 2BEBIR (X) — Microcystis  (BEEU) DAL — B7F063,
S4#ERE.  (1981)

ek OBRE LT 2 BAWR (XD — ﬁﬁ%ﬁ:ﬂﬁ&ic £ 5 AG POl — BEs3,
S4fERE.  (1981)

Bk OE R LT 2 &R () —— FITEIE —I|s3, S48, (1981)
HEASHEROBYEBICET S B — Mfnsd, SHEE FMESE. (1981)

Studies on chironomid midges of the Tama River. (1981}

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distri-

bution in relation to the pollution with sewage waters.
Part 4. Chironomidae recorded at a winter survey.

- (BENIERET AR ) AKHDOHR
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— H3H HMo@EfZcRbBistizz v 22 ) #EH Orthocladiinae FEOEH L, T 05
O TARBRESE ORI O>VT —
— HB4H EROLKMOBABETCRHSIhAESHORMERLE —)
il 2ERRL L REORERBICE T 5 BB A — Hins4, S5FEHE  HHIFEH
&, (1982)
RIGERMEO B— 5 S UBHERROLEICHT 5 BB T 2 ERrOTZT — BT56ER
AR SE. (19813 .
AEy IF e itk ZRAKE - ﬁ#&ﬂ%%tk#ﬁm@Hn——ﬁﬁkﬁ¢mxwé
WAL RE R B AR EO AR (74— FIFR 1) — HFIMEE  ER005aS. (1982)
EpRIRO FRF & KFHHRREO HIA — K50 L KAERGIEDY 3 a b—va ¥
— WIFSERE HHIHERYE.  (1982)
B G oERIT ) « FFiTFEOBRRICET 20158 - — BT SRRZeE. (1982)
BERL 0 A ESEEFOFREGCET 2 BERIFTEE.  (1982)
BEEtlick sERORME=y Y 7 %Eicﬁéﬁ’éﬁx — BRHIS5, SOEEE  HRRISIFTHIE .
(1982)
BISHED & A 7 & B EM OB R4 05, (1982)
Preparation, analysis and certification of POND SEDIMENT certified reference materiat. (1982)
(BB R THIEE | ORY, MrRURILE)
BEERORRH - FETFEORRBCMT Z0E — BMS6EE $SRipeHs. (1982)
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BigrznaeE,  (1983)

TEBRONRE FECET DBHENHE.  (1983)

EROYHER OFSHIEICMd 2 KRR, (1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation ¢n the distribution of Chironominae along the main stream in June with
description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream
in the June survey.

Part 7. Additional species collected in winter from the main stream.
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RpRSEE, (1984)

BB D S ERBL L FEOREREIEET 5 EROTE — BN E #IRRES.

(1984) -

WAKEERO BEYEH BT P — B~ 6FE FHHAEEES. (1984)

Studies on effects of air pollutant mixtutes on plants—Part 1. (1984}

(BERREHRoEYIcRET B8 319

Studies on effects of air pollutant mixtures on plants—Part 2. (1984)

(EERREROBIC R T BB — S22

Mg chooty BT & 5 ADRIEHEIC Y 5 LB — BMs4~b66E R FRIARE

g, (1984)
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MO R TR BT S EBEIPT . (1984)

Studies on chironomid midges in lakes of the Nikko National Park {1984)

Part I. Ecological studies on chironomids in lakes of the Nikko National Park.

Part II. Taxonomical and morphological studies on the chironomid species collected from lakes
in the Nikko National Park.
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Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1976. (1977) '

Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1977.
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A comparative study of adults and immature st.ages of nine Japanese species of the genus Chironomus
(Diptera, Chironomidae). (1978)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1977. (1978)
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Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
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Studies on the biological effects of single and combined exposure of air pollutants — Research report
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Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
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Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
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puter-controlled instrumentation. (1980)

Studies on chitonomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollution
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Part 2. Description of 20 species of Chironominae recovered from a tributary.

Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1980)

Remote measurement of air pollution by a mobile laser radar. (1980)
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Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere (Part 1). (1982) ’
Meteorelogical characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
jon of atmospheric motions and diffusion processes — Progress report in 1980. (1982)
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Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.
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ratory of Man-environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982}

The development and evaluation of remote measurement-methods for environmental pollution —
Research report in 1981. {1983)

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1981, (1983)

Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)
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Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream in the
June survey.

Part 7. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxXides system - Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
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Studies on the effect of organic wastes on the soil ecosystem — Outlines of special research project —
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— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Summary of researches. —
1980-1982. (1984)

Studies on the method for long term environmental menitoring — Qutlines of special research project
in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
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Studies on effects of ajr pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)
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Studies on the environmental effects of the application of sewage sludge to soil — Research report in
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Fundamental studies on the eutrephication of Lake Chuzenji — Basic research report. (1984)
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