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Models for Environmental Management with Special Reference to Watershed, Sediments, and Phytoplankton Species
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ANSWERS: Areal Nonpoint Source Watershed Environment Response Simulation (Purdue Univ.; Beasley, et al., 1980)
CREAMS: Chemical Runoff Erosion from Agricultural Management (USDA,; Knise), ed., 1980), HSPF: Hydrological
Simulation Program Fortran (USEPA; Johanson, et al., 1980), GWLF: Generalized Watershed Loading Functions (Haith &
Shoemaker, 1987), AGNPS: Agricultural Noanpoint Source Pollution Model (Young, et al., 1989)
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IED L JIC, ANSWERS BEBIEORBELEFIMEEENE LABDOTHIDO T HEROBATICH A
Eh3FEHBEN (VY —F2147) , £/, HSPF BRE. P, BTARKHE., ZhZThiEHAELTY
30T (A1) . 5 LEBRLPSORKEFICFIBENZBEHH 5, DEFIVEBMPs DR E &,
T4 —EF RS- TOERERODRETMET 2 BNICFIHI LD Z L0 B0,

L. RER BELEORHE. B2 (Vo0f) ICRTLIICEEREBBRICAVTETIMET S
ZENFBV, Thbs BERBIEENTICSThAY, BELERS T, BTEEIE 2 h B EITEEEIC
HZBMESTHY . ThOFRE. PR, HTKEHRT 34T E2RET D, 8. BH. BEH > OEH5.
KPTOFELEOERBIELEFIMEE N3, &5 IC AN HBTOXKERILICESE B = QUAL,
WASP (MuCutcheon, 1989) . ¥MiBICH T35 R, HBh. #EL. EMEFENETEERKRLEDOELT
MINLAKE (Riley and Stefan, 1988) #*% 3%,
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YL~ a>h LTOFBEREEM 25 L 25O (Bouraoui and Dillaha, 1996) . AGNPS # W TR
HMEORER, SEMAEHAH ZFHL 250 (Mostaghimi, etal., 1997) . 5> K4y MERF—ah 5/
FGA-ZFHUETVHIBEHS X7 L E ANGPSEDTHEF NV EHRAES DY 2 HD (Michel, et al,, 1993;
Wongetal, 1997) G EF$H 3, L L. KBY TEFLFEL. BENSA -2 FF—a~x—-Z2{LTW
W, EVWSEEANS, BRELHE LI, 2 LAKETHRIA BT VEBATHRET I OIRHEL
VWOFRKTH B, FH4dHSPF £ IUHRIRICER U ARBRER T35 (BEM. 1990) . OFRIEADE
ARREATVEV, BATRIVY—FLALOFRETIVIEWAWD EFERERTWEY (Bl £8R) .,
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dP/dt=-XrP (5)
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FROFEF EDLIEHOEON, 22 THADEHRBHFTIEICONT 2025 EICFhFh2 DOFH
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REHEOH 2025 FICHAANFHE TS HO0, TKEERENFEMT SN FHENZANTH S,
BlEd s, REBHEDC,DREDANIGEREF LVHDOD, A BEROANTRIELAERE LSV E
i R (-8

3. KEETL

3.1 EHEEFNORE L HEH

WB. RE LV - ZEASMEKE TR, ANl BRLEXKEAP SHEATIAWICMA T, EFICHEL -
WMEO—BY HIHEDE. KPICERTIEFEEBELETAEES BV, HIZ, U BREW- £
REIEDBSICKE., ZOATAELRED S &P, KEOKETR. FHEEIC L > T HBH TEEIC
&% (Cooke etal, 1993) , EEEFNE L TIK. 1) MEKENOERE. H5VWHABOEKRE LTS A
35 (BIZIERE. 1984) | 2) BEE—EOEE,. HHXEERE4ERLL. TOBEISAREBES
Z3HR (Kaocetal, 1998 ; AGNPS, WASP EDFEETIL) | 3) BEHEABICHAV., BERE. K8
EOSBHEERETHE U TOREERREB# FR LAY (Hosomiand Sudo, 1992) . tBOKR4ERER
EFNEESIE-BO (FHA. 1985; Recknagel et al., 1995) | 4) HREFADERHE *BWELLEH D
(Sostaertetal, 1996) &34, I TR DA, V2 (HBE LARRNELDERBN TS, &b, K
HhoU g, BRKFOY S EERFR, H5VEWEEL LY ICAKELSH BN B, AHEREICPO,-P
TH), REGHEICSLY Fe i, CakE. A, BREEBICHEINZ Z /B0, BEEDY > EHRHO
BRICEY POPICEIEL. Ca, AIBEY D BEIhBZ e A EDNEE T, Fe lBIBTO &L ST, &
FTERETEZhThRBEEL, AIB{bT3E£3h T3 (MR, 1987 ;A Tl Fe,(PO,), NBEMEILH E
HECEWSA—EBIRAIEET 3) . BiC, BEOL S CHBIABCEEL. BBEXYELD LS 0EH
Tit, FeS MERICHVWAEDOY VBHITERLEL. EBAAART3EVLhTVS (R(14)) , | RFEB
KB ERT,

(1) B{bERR

2Fe(OH), + H,0 + 1/20, — 2Fe(OH), | 7
Fe(OH), + PO,* — FePO, | +30H (8
(2) JBrriBiE (FBOEFEELLVES)

Fe(OH), — Fe(OH), — Fe?* +20H (9)
Fe(PO,) — Fe,(PO,), — 3Fe?*+2P0,* (10)
(2) BB (HBOTFET 5H8)

Fe(OH), — Fe(OH), — Fe® + 20H (11)
Fe(PO,) — Fe,(PO,). — 3Fe?+2PO,* (12)
S0.2 — §? : (13)
Fey(PO,), + 38% — 3FeS +2PO,* (14)

3.2 BETOEREES/NV (FH{th. 1985)

BEEMRIC, WEWEEYY . BF. COD LBFRFE DO) L L-KE2E. EEE2BOETINT
B, TOBEIE 10 DLSTHB, BEEPOV ., BREOKPOEE. H8Y . ahgLaaesskasy
v (EEREOA) . WEEY . S98RY > (EETEOA) . BHERY > (EETEOA) THRELH
B,

Ee{bsk. MALSKBEERETHRE TSI LS, BEETREORBVICLSBHEMEVWERRAL TW3,
Thbb, $hE8Y > BREBICADSANCIES - BB TEZ 2 EFMMELTVWBIDT, B{EBOERICELY
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BEIMU, ERICEVELTE, 46 DO FRELBIEHIHFL. TOEMECSVFIEMBERBELTY
%, £7-. KO COD BREEH E LTWAY ., EEHHOCOD RKEBEEHELTVWEVDT, KETOHE
BYOXRGEECREOBBRELTHEAALTWS, B 11 CRETEGERO—BFIERTH. BHICER
FDODO PHEL GV FIHMOER) « E—H/rEML. VoHFBRELT. TBRKANARYT 2#HFHFBERE
hTuw3,

3.3 MBTORMAKETIEOEFIVEEEEE LEEEEST IV (Recknagel et al, 1995)

EFVOBEER121IFRT, KREERUBICRAREATWAS ET2BEF /L (SALMO ;Benndorf and
Recknagel, 1982) THREIIhTWT, KHIE 20 B T. DO. BBKFDPO,-P. LY - THFEEL
U (FelBY L &18F) | THARAEEL Y > (Ca AlBEY L #8E) EREBTHE L THRALTWS,

T, COEFNTRENGKEEEEOHAERBREBH TS BNELTVWADT, KEHNKE
DEBMEOTRBRICLIVERINBZEERBL TV, 0L, EHERIEI#ETHF. HEEEIK-
EEHER*FEAELTHINT,. BREBETIBEEAESOD TETAREBELTWVWS, FlAE. i BOEME
D2P; ;s BLIE gP/gEERED LS IER) . RROISIIEBLLCENTE S,

i=1;dP/dt = foe " Puge " @1 / (AZ*ps* (1 - ®,)8) + Vp* Puuol (Az*ps (1 - ®,)-P, S, / Az - GP,

(15)
i>1;,dP/dt=P .+ S, « (1-®,,)/(Az - (1-®,))-P,S;/Az-GP, (16)
GP, =func (P, T) (17)
Si=f/(1-®) (18)
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(Recknagel et al., 1995)
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External PO,-P-loading Internal PO,-P-loading PO P in epi- and hypolimnion Chi ¢ in cpi- and hypolimnion
(mg/m*-d} (mg/m?.d) (mg/m®) (mg/l)
50-10° 10-100 10-10! 10-10-2

" /\_/4:}\ " \/ﬁj\

[ 9

Reference 25100 5100
simulation run

[} 0

50-10- 50-10° 10-10-2

10-10°

50%-reduction of

. .10° 102
phosphorus input 25-10 510~

s-10° 25.10-1

10-16~! 50-100 10-1072

100
50%-reduction of 10-10
phosphorus input

&

5.100 5107t 25100 3-10°2

>/l b
i

anificial acvation/
destratification

Fi

[} [} 0 o
] o g2
50%-reduction of 10-10° 50-10° 50-10f 16-10
phosphorus input
&
- 25-107! -100 s.10-
sediment dredging 510° o 25-10 \—/\(Jf—-\;y\
0 ° ° /_\_.,Z::}\_\_ o

H13. EHIKEFRLEER. BOMTIBOELWVWAVILHEETV. ZOTHFEOKEDOEHET{L
(Recknagel et al., 1995)
PFRIBEIC G B, M13ICBOMEFL LT, BRROE X, RARFHDS50%H Y b RABTFO50%H v b
EBER. RAATNE0%D Yy FERE, EVoYFUFEEAT, 10 EROKEATHE(LETFRL 4
BERT, BBET->TH. FBULAEErBERRIN S ENSBAFNIRRRLEIEEDS A E>TLE
H3TE. VAT NABEERPELILHDILETAARTDO S v MIMAT. BRFIEVEZ L. &b
hr3B,

4, HEYEETTIN

4.1 EMBEFNOKHE

MBI &1 B Microcystis sp., Anabaenasp. &V o725 8 BEIC 1T B Chattonella sp., Heterosigma
sp. WO A¥EEERIE, THI, FAFERESILAKHMOBEE{LEH LS L. Ak, KE. REIHEL
MEELEELTB3ZEPOXFBICEALEELRITTEMNEEL TS, COLD, BHTI T b
MEBEGIASHRRE, 550> 7007 4 VaRETFRTEILEGTEL., BE4OENTS 7 b AEIC
BLTOFUMYrDELEB3BEFECS, UL, #7527 FEBOESPEBOBBICEL TIEREH
EEINFBODNIERTH 3,

Recknagel et a. (1997)3¥M 757 LoD FREFIER 2 OLSICHBEL TV, BREF N
(empirical steady-state models) & i3 Vollenweider (1976)E M EF LT M T 52 b BB L HIBRT
EOBREHERUCRLEBDOTH S, REBWET IV (deterministic model) &3HEMTS o b2 T
—FZEDRERBICBTEETNRABELT. BIN-—TZEIINS A28 FLE R EBDTHS (BIA
AR, 1984) , Franks (1997) 3 LABRILLDEEHYW /S 7 b DTN LICBT3EF LV E
EIRLTWBY, 25 LAXKEREOFRICIMENABOELRE. FHALERT-20OAF, &
PBEELED, BRMEFNVIEREBRC CREBEFLOSTEBENERE D LISENM TS 7 b BEFR
FEEFRTE2H0TH S, flAld. Whitehead and Hornberger (1984) 37— L XNDWEH TS > T b
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BBETI3EFNAREMERL. EXFHILAKEHNTL T4 NE—FKEHAESDYE, /INTA—L2{EOHE
EfTo T heuristic EFNEBRESIATVIHEY TSI A EOBBETEMMIZEEHLHDTHS
(BIZ1E Sommeretal, 1986) o 7P UM EFNEZ 2 —Fibky NT—TEFINIE, FE. HIRSEE.
SHMETF. EETEL L ANV THBSDI M= 2Ry NT—TEFNEY . &Y
W=TZEDHHTSL I BEFRTHHNOTHD (BIAILHTE L L T Recknagel et al, 1994, %E &
L T Recknagel, 1997, Recknagel et al., 1998) , RIEDMIC. BEHEMTZ 2 7 b OREEENICET 54

SHEFIV (Soranno, 1997) 4 EHH D, UTIR NP TRENLDDERENT S,

4.2 HNT ST FOEBEBETN
Reynolds (1984)I 200 ¥MiBTONEM TS > 7 U BEBOTF— 2 4 BIE L. REE., EL5T5EH0 2 &
THMT S 208U, T4 BOBBICUREELEERNOE., ROFELIIKSI<CARNEDD
&, MERBEOTCLIMRNELOFHY . EMEBTOEBRIASOEAEDEICLNELTVS,
ZhFhOBOIERSEM., £EFN. TERIIFMOZ/MIE, (£%. SONRERFOELIEL TES
|2 A LENT S0 b CBFHMEFLOEE (Recknagel et al, 1997)

Empirical Deterministic modets Time-series Heuristic models Fuzzy models Neural network
steady-state analysis models
models models .
Data type cross-section cross-section /time-series  time-series cross-section/ cross-section /time-scries time-series
time-serics
Time step for simulation minute/hour /day day month day
Time resolution of season /year day /week /month month month /season month/season day/week
predictions
Considered controt limiting factors limiting, physiological limiting factors limiting, physiologicat limiting and multiple factors limiting and
factors for and multiple factors and multiple factors multiple factors
phytoplankton growth
" Bases for predictions relationships trend / seasonality / multivariate seasonality / seasonality / connections
seriat dependency lationship serial dependencysserial dependency
Predicted phytoplankton chlorophyll-a  species/functional chiorophyll-a  species assemblages species assemblages species
composition groups

//
200 o B
100 - 1 B
Increasing optical depth — o 501 / / -
@ E
0
g 2 | |loy! ,
@« — 20 == 71— Ast -
- o -
& = Euc’f Ana
2 10 -
2
@ Mic Osc
'§ 5 , Din -
2 el |5 &
£ El |8 3
3 % X ]
24N N N -
T T T T
10 1 0.1 0.01
* mol d 71

14, EEAE L REIER» S BEEHRE IBER 15. BEBEBOBEH. z AR, MicEIES
FLTFXy bEEFNFHhOER (Reynolds, 1987) g LEE E»S5ETA  (Reynolds, 1987)
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BARELTWS, EVWHEROBEET->TWVWS,

% 7-. Reynolds (1987)I3¥IFMIER & L T, {EFMERE U TREEIBEELRET S & LTH 14
ERLTWS (—XFDT7LT7 7Ny MIEA4DEERT) . 15 Fh 2 ESICEFMNICRLABDT,
WEcy BE, MEICKBE LY. ThPhOBOATFHREERLTWS, COEFEBHEIRY S RIRD 2
HITYRALTFURECHBEORNEEOHIE CKRICEVEL) PoRAUBERBRELTERBSATVS,
BOESMOEBIE. KRIEOMBEEZTHFIOFRNBEHTIHOELTFRHEINS, LR, EHT
BENEbDTRHBIN. #7507 F A BOBEBOEERFMNTTNOEESREE >/,

Sommer et al. (1986) U ED & 5 & EF IV % L2, PEG(Plankton Ecology Group)DE® 7-H#H5F 24 O
HWRTOEMTZ 7 b EOEBICEATIERED EIC. 24 ONH»SIBR I N 5 "Word model"#12%F L
fo BIZIE. 24 DRDOFZADOXIE . [Towards the end of winter, nutrient availability and increased light permit
unlimited growth of the phytoplankton. A spring crop of small, fast-growing algae such as Cryptophyceae
and small centric diatoms develops| D& SICEEREhTwW3, 16 ICIKEREN. ARENIC S 318
TS0 BMTI LT b OFRTLORT EERNICRT,

P& > 6EM TS 7 b EFILOBBES VG, BEMEETATHY . EMETOEM TS
FEOBREREFEEWICTFRUTSII LR TELWY ., ARSHAEN TSV F o HET 0L, [THE
BHrELIZOD, WHBOBMEBBONE-ICENEIIEHRBTIDN., LV I EFHASMITE
HICRELTRESHEVWEDTH B,

a
N
A A
s [} . A
2 N @
W 3 %% \
SO ERISS N

g §\ \§‘° g NN N

X

RN 3

P PHYSICAL FACTORS

-~
- GRAZING
NUTRIENT LIMITATION

~
of N
~  F A\
@ / Q./ \ %)
@ / \ @
g / / "\ [*]
© / \\ @
PHYSICAL FACTORS PHYSICAL FACTORS
PREDATION -— PREDATION —
—
FOOD LIMITATION FOOD LIMITATION
—_— ’.___

The seasonal development of the phytoplankton (in top panel) and zooplankton
(in bottom panel) in an idealized stratifying eutrophic lake. Top panel: small algae (dark
shading); large algae (light shading); large diatoms (hatching) (in small lakes only); zoo-
plankton biomass (dashed line). Bottom panel: small herbivores (dark shading); large
herbivores (light shading); phytoplankton biomass (dashed line). The horizontal

diagrams indicate the periods when major environmental constraints are important.

The seasonal development of the phytoplankton (in top panel) and zooplankton
(in bottom panel) in an idealized, stratifying oligotrophic lake.

[16. PEG 7 /V. EREREN. AGAXEN. LYW TS5 b2 TREMTS T2
(Sommer et al., 1986)
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4.3 Za-30hFy MI-IHEFN
HA7 LBy AEHRE LA TSV P BREETAETIVOEBEETRYT (Recknagel et al.,

Input Layer Hidden Layer Output Layer
Ortho Phosphate {men) Microcystis aeruginosa [cells/ml]
Nitrate (mgf) Oscillatoria feells/ml}
Secchi De;
pth (m) Phormidium [celis/mi]
Water Depth
=l Gomphosphaeria {cells/m]
Dissolved Oxygen {mg)
Anabaena flos aquae [cells/mi]
pHE N N .
‘Water Temperature (*C) 4 &
Chlorophyll 2 tmgn; O ‘ {oellsfmi}
Rotifera Density [ind.) Synedea rumpens [cellymi]
Clad Density find) Cyclotella sp. I [cells/ml]

Copepoda Density (indi} Anabaena affinis [cells/ml]

X17. =2—=5bxy 7= EFILOBEE (Recknagel etal., 1997)

Lake Kasumigaura : Neural Network Training

Output podes:3
Microcystis aeruginosa (cells/ml) Hiddea nodes: 20, 20
700000 Lewrning rafes: .9,0.30,0.23,0.13

Momentuzn : 0.6, 0.4,0.4,0.4

600000 1

rat—

500000 -+

4c0000

300000 +

200000 +

100000

o

-100800 1984 1985 1987 1988 1989 1990 1991 1992
Output nodes:3
Oscillatoria (cells/ml) Hidden nodes: 20,20
€06000 ~ Lesrning rates:0.9,0.3,025.0.15
Momentum : 0.6, 04,0404
300000 T
400000
300000 1
200000 1
1066000
°
1984 1985 1987 1988 1989 1990 1991 1992
-100000 +
Phormidium (cells/ml) OCuipit nodes: 3
400000 ~ Hidden nodes: 20,20
Learning rees:0.9,0.3.0.25,0.13
3150008 4
Motaeatun : 0.6, 9.4,0.4,04
399000
250000 ‘
200000
150000
100000 1
50000
s
~s0000 4 1984 1985 1987 1988 1989 1990 1991 1992

---- Measured —— Predicted

[18. Br#@ichb U3 8EROT—2IC&3 bL—=> JiER (Recknagel etal, 1997)
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1997) o AHIESREIE, BLHPMKEIRE. yon7q«Jvad, B8MTS 7 FBT. HAK 10 o4
MTS520 NBTH D, Neural Warg, Inc. DEXPLORER EWS VI b2 7 EAVWTEF VO ML —Z >
JHfrbh (backpropagation il 374 — K7+~ FBXy b7—7 ; FRAEEAEOZDOR/ME) .
FRAEFNEBTVD, H18ICH FL—Z > J§R (1984 - 1993 D 10 ERNDA. 1986, 1993 F R <
SEMAI1BNF—%) AKAMEEHERL TR, MISICRUIOBERBONATEFLERAWT, 1986 &£
1993 FOFREFT- A bOEERALEE TS, L~ JHBETOXRMEOTRME EEBH TRIFT
3, FRHRE T, Microcystis aeruginosa i -7 DR 1 32T, KEEEDHB EIL—BLTWBH,

Oscillatoria sp., Phormidium sp. T —B UL EVERHH D, LHAL. TDML—Z L THEEFEABHZ LT,

E—IDR43IT, KEEO-ELEME LS L HTRETH S (Recknagel et al., 1998)

L. By mTI 1900 LB R ERIC 4 B & Microcystis sp. 7 AEFE L T 4%, 1990 LI IZ & A

ERshE VL I kY Kb WD Oscillatoria sp. "B LB EL -7, CORBICEAL TR, NP &

Lake Kasumigaura : Neural Network Prediction

Microcystis aeruginosa (cells/ml)
100000
600000 + k
s00000 4 1
400000 -
300000 +
200000 4

100000 -+

Outpot modee:S

Hidden nodes: 20,20

Learming rates0.9,0.3,0.25,0.15
Momentum : 0.6, 0.4,04,0.4

0

~100000 L 1986

Oscillatoria (cells/ml)

200000

Orniput nodes:$

Hidden nodes: 20,20
Leaming rates:0.9.0.3,0.25.0.15
Momentum : 0.6, 0.4,0.404

Phormidium (cells/ml)

250000
200000
180000 ¢+
100000

50000 A

986
-¥oo00 & <---Measured  —Predicted

180000
100000 +
50000 + :j\A
o\
Y
° NJr\\r\L A\ s
\_V \ W
1986 1993
~50000 <
Outpat Dodes:5

Hidden nodes: 20,20
Learning rates:0.9,0.3,0.25,0.15
Momseatsn : 0.6, 0.4,0.4,04

®19. H18D L~ JEEREFAL T, 1986, 1993 F & FRIL &R

(Recknagel et al., 1997)
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(Takamuraet al., 1992), BEF . EEHD 5> OBUMENR. EERTHL L. BLoEBUIrRESLTY
BH, EEREEDHSATVWE L (BE - BB, 1995) ., Recknagel (1997)i 2 5 LB DORE £ B
BI&E LT, 1986 & 19093 FDREE. B TS b X -BE - EHE. 70071 baF—%% A
hBA. 200MEMTS5 27 M EOFHECOTILERNL (K20) . ZORR. BOE(LIZIIX - BE -
BRAEOEENr b EDMCERTVIEREL TWS (COEBPETREZIESHPEIRITEIATVE
W) o £, LROEFATCRADTRELTHY TS 7 BEOEME TRV TVWEY . FRDEIC
BELSOHEME LEThEED E WV, B 21 LRI LAETNESRICHASHOEDIZEILE-T. &
SACEHARIBE L IB{EFEB DT — 2 DH EHWTHEN TS 7 b BOFRAETIARERT (F1 B
DEM TS0 b AHECRITEORNERS EXRANENRS)

5. b

KIEREOBRREN. MO, FRICAVWShIREEF N, EEET V. £METTFIVOR. KFRHE D
DEBNLU I, KEOKE, EFERTFAPTEET VG NN r— VSN0 BVY | BEEFNL,
SYBEFVEIEREREOHOHZ (| BA2OMRAENBSOTF~ 22 b ElHARERATVIERETH S,

Microcystis spp (cells/m [}

200000

100000 A | )9 Scenario 4
Scenario 3
Scenario 2

Scenario 1

bserved

1983

Scenario 1: Swap phosphorus and nitrogen data between 1986 and 1993

Scenario 2: Swap zooplankton data between 1986 and 1993

Scenario 3: Swap light, temperature and Secchi depth data between 1986 and 1993
Scenario 4: Swap chlorophyli-a data between 1986 and 1993

20, FVATHRICEY 2BHEOBREEOZEREFEDLSIIRILLED
(Recknagel, 1997)
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wWih, Ny s—J{bdh, KE, EERTFINEDEEIERP SN ZBKI P TBbNEFHEENS,
CHOLEREEETFNOYTEF VOSHOBEEL TR, (1) NI A—20OF— a~X—2{LXFHEEE
D5 ORNFEDRL. (2) EFIEY 4 —JAROE—{b, 3) WTFK. ANIK. #BK. REK. 58
KEKZSEERESH I ETIVOBE, G EFETFsNEESD,

Ortho phosphate [mgt} ()

! \ T
e N
depth [m] 0\\:%

Ortho phosphate imgA] ()

oH [ .‘\:\‘\

Solar radiation [mUm?] .0: )

‘l
“0,-\
Water tempersture {C) .0,‘4'\
Rotitera density find.n} (O]
Cladocars density {ind.A)
Copepoda density {ind.A}

o1, 87527 b 2EHMTS LI P CBEOTFREED A2 -TNF Y bI—TEFNL
(Recknagel, 1997)
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