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Classification and Performance Evaluation Methods of an Algal Bloom Model
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Abstract : A number of algal bloom models (red-tide models) have been developed and applied to simulate the red-
tide growth and decline patterns as the interest on the phytoplankton blooms has been continuously increased. The
quantitative error analysis of the model is of great importance because the accurate prediction of the red-tide
occurrence and transport pattern can be used to setup the effective mitigations and counter-measures on the coastal
ecosystem, aquaculture and fisheries damages. The word “red-tide model” is widely used without any clear
definitions and references. It makes the comparative evaluation of the ecological models difficult and confusable. It
is highly required to do the performance test of the red-tide models based on the suitable classification and
appropriate error analysis because model structures are different even though the same/similar words (e.g., red-tide,
algal bloom, phytoplankton growth, ecological or ecosystem models) are used. Thus, the references on the model
classification are suggested and the advantage and disadvantage of the models are also suggested. The processes and
methods on the performance test (quantitative error analysis) are recommend to the practical use of the red-tide
model in the coastal seas. It is suggested in each stage of the modeling procedures, such as verification, calibration,
validation, and application steps. These suggested references and methods can be attributed to the effective/efficient
marine policy decision and the coastal ecosystem management plan setup considering the red-tide and/or ecological
models uncertainty.

Keywords : algal bloom model (red-tide model), classification criteria, calibration and validation, uncertainty, error
analysis methods
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FoJsk= F3o] 9Jth(Robson & Hamilton, 2004; Sun et

F

Hd
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93k A ] ;a_aﬂr@% ot} 1oyt B
o] X*Z%EJ el et e AR FS EetaL glor, o
28 BES A AxEAle] a7 flsire A 9%
el B BE ARE sk RES sk 3ol
2l SARGE WA 239 ¢ s ATk 745

(sub-model)"]“i, TJrfi."ﬁ.‘ﬂ shfshte]

A (cells/mL) o5 ©18shs AEE% e Mol ©]
A3 B2 FPES she AEEdaE AAE shue F=
el

Ql ®3o] NPZD (Nutrients - Phytoplankton - Zooplankton
- Detritus) 2|, thi-te] F-FFeHe Kofshs 24
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2 27 QTS o]fete] B 1A W AHS F8E= species)°l] TI$t B.o]H o] 7h53k A1 o7 kgt 7h2te]
Zlo] ni s gl BA = TR 1'A(TOC) 52 353} 54 AETol st drs AR Q4RE AllA] Algs)
A eok7] wiiEell 7154 2] A327} == COD, BOD 3+ = A7, e 28-S AE o Qler, 7 |
ol FEE o]gslo] BEe vy W ARE Fetsio, AAR] HFo] H 4= §lont AARI A ThsAdel tist 3
Zleds mdsks A ZE2A A7 7] wiel FHoll= 7HHEZF F Qs
TOC AF5E o]g3al] B2 AeB7H st vk 1 AP AP

1]

2]} o]13] TOC #5Ak=+= COD, BOD Akw el Hlsto] = ov], A2l JF& vA=
&3t =50]7] "ol COD A5E TOC Ao = it FAF L 7V RE ATk H9%%3} B3 (eutrophication
At FAE ol AT BT 8E 3 95k (Son et model; water quality model) 717528 (weather model)S
al., 2003; Cho et a., 2014). " Z3}3H2Q1 Alitel] A S o] Fskskar Q= 97} ool RaESalola 2pH|Eh= A
E0l A AN Lok A B Ash DA Aol AL 28 SRl uel SRl cpHEe s B
# wol gk = 797} ws, B AR w 42ede] 58T
o) Axuge offl 54 ARES o me L J|RAow watelo] AuEn Qs 97k wnsi
3= Axrdy) /‘3%—?9] THo] AEZYFE =02 17 (Glover et al., 2011; Mann & Lazier, 2006; Martin &
o= BEo] 7k 50 HE O R 247149 fEow 4 McCutcheon, 1999). Z1e{v} A 2R 2250 F4l0]
2R EE BYAES TRoe molohs 2g0) Ik 7] WFe] A% AR thhow slo) oA W ug ¥
(Blauw et al., 2009; Baretta et al., 1995; Kishi et al., F7} F3Eolof st} EER Y (X dlE 2ot
2011; Castellani, et al., 2013). Z&@r}r} = 221 o] 7)) AR1AL A5 EH ol oJsto] 2-9-H= AR HPL AR
w420 et thi olE Mol ot AR wzAel o] ¥y uje] AxuEeN Felshs Zlo] &
o) HRY SOl 5L Telelel R, PALER, 3 Aok BERYE Axols W o] FoF YT w14
2% 5% PRAE AYE AT, A/l wet 2%, 0 1 glon), 4rmash Wekepl v, 4xee) @
AEEGAECRE sk AR At pEuetell = At Holld= Fa7k el s 18 A5 (hydraulic input data)s
AL UES AN o] dEel R, AR 5 AT A neow FHolcl gtk SEREE 14
& Fl] AU AV AL DA RAE RS e AL O U hdap ool AAe)
AT O, AR e A S BE AN ROV, AZUYE £ OF, b3} el A
3L Qo] Akl oF e A E B XP o] ARl A%, A B Egsl] wlwel sl B
&3 B3] A7 i st eolvh. @A B 7H P& Axol| S-S fIst A2l ydolrt, 1eu i At
AR wlg- p]ESAIRE 7Es ek B she] B HE E M AR A, A dE BESHR] Al T
A 7hs g Foll tish A Re] 9 vh9] 931 E (dominant A& 7ol AxEFel dish -, 54 9 @27 7]

Table 1. Types and characteristics of the algal bloom model

Model Types Advantage Disadvantage

rich data set for the model calibration
One representative and validation
phytoplankton model or model parameter informations are relatively rich
chlorophyll-a and diverse error evaluations can be carried out
simulation model overall variation pattern can be understand with
ease

high probability of the excessive errors in
case of the specific environmental conditions
or species.

highly possible on the error propagation due
detailed and more realistic simulation is pos- to the parameter uncertainty

sible very poor data set for the model calibration
and validation data sets.

2-4 phytoplankton class
models based on
the size or functions

most accurate parameters can be used and
more reliable model simulation is highly
Specific species expected

limited only to the special and short-term

simulation model. - error analysis using the monitoring data is periods
possible because the data monitoring scopes
are limited
Dominant species or - very poor model calibration and validation
representative species - most reliable and accurate model data.

simulation models - too many parameters should be estimated.
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5 AEFO OBl V1 EA o7 AR A 9 &
Holl Gk v]A|= QlAlef thet AR ]I o] QHTH(Table

2). AxAES] A% 4 *“é% Edske Ay A v

¥} o) 2] (NZE BdE Y, W alo] F3w]= viyfHg=o] 7|

FE HAxEYA AoP TEE HAZRAE F e OE
A

—J —r°ﬂ H]#|ato] ~7P0P7ﬂ ot olE =19, A

23 9] Aol 60-8001711,1 lEARs) e, 54 A
55 Rojsh= Aol AR 0w st AR QxS
R OJH= AT} 7] wiel] 7 JEFe] thato] S3he 1Y
ARE 2007 AE Jgshd @},

d[P]

= = GR[P]=Dy[P]

pr ~g[PI[Z]ESS, (M

A7, [P, [Z= 217 Heed=E, $wEdaed] s
W= AAH (bio-mass) (mgC/L), Gy =72 375 (1/day),

o 2l AEERPE, S5E, HE T
Xﬂa}‘ AT, Vday), giz sEEddEe] 2FEEEEA
£) A2 & (grazing rate, 1/day), SS;= 28 AlxE G 2] H -0
A A SRR fEEE AEZEEAES] AR (mgC/
day/L)°|t}.

54 AESTS st Agste] B

A%
A AR A Mg B 5 ARE] O go.
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Table 2. Input data set of an ecological model

= 3l w7 —’FA FAF OE o] F7HE g &
B BRAES wi 2o Bkl Boshs 4
, AR el sekE= A A w7 Hr, vt 2
o] 2l @& X, HA = A 27 F39 A2E
Eaj, FEEFAEY] HHER FEERAEC] 5F

T seadd
H2AES HEs7} 7Iojehs 398 S8iee
/\ohq_

dip,l
di

o

2 31 :]?51-

4
3

= GRI[Pi]_DRI[Pi]_giz[Pi][Z]iSSPi’

)
i=1,2,...,n

A71A, [Pz AA el EshE= A2 ES]
(mgC/L)]™, Gy, D R A A
dEolH, g %%%*ELEO [P,
o] Elui SSp = 2 At G
=5 [P] AES] A

1 VH w*LJJr 2L E5F
of] &3l =
el Axz 1 }74‘4 A3 S5y} AAste] Akt
W5 ARESITE T8 A A E] Bl 7] wiel
ol 9st A4 <) (one-way) G35 W=t 7P sh= 4

9
2 (mgC/day/L)O.Z AX

oI8siel A
Huo) Ao &

Lm =

CemEERE T

F

1
-

o= v EEREE o83 45 (flow filed) AXFE T}
£ AXste] oY A5 2 E8shs S 7hseta 84
d Aow gekhn s S8 0% AR S
AlLlehd, AxAas B8] flate] Ak vizia= 2
A=) MFEEF A5l vl gt

o, AR FHE T A%, A2 A% Y &

el Tt Junks Jha JEe EFHRIE /Mgt

St le, A 2R L AR Y CEE

{

, light intensity), &

i, AT, T Y S Ao m W] wfite] 4
A (nutrients)= E3HEF Q1AL S A8-& et
oo gt} A& v YUYEF sEE SE I B
g M7 G mA7] o] AxEYES AR U

Main Input data Description of the data

Estimation methods

Max. growth rate; growth limitation factors - light inten-

sity, water temperature, salinity, nutrients (NH;, NO;, PO,,

Algal growth ~ SiO, and so on) concentrations; growth rate curves (func-
factors tions) parameters - temperature adjustment factors, half-sat-
uration constants, optimal light intensity, turbidity(suspended
solids), light-extinction coefficient.
Aleal loss Respiration rate, excretion/exudation rates, mortality rate;
fzgictors grazing rate by zooplankton, loss rate by the other marine
organisms, biomass or individuals of the marine organisms.
External .
o Flux and phytoplankton concentrations at the each model
inflow-outflow . .
grid boundaries.
factors

The parameters should be estimated optimally
using the reference values and available monitor-
ing data sets.

The parameters should be estimated optimally
using the reference values and available monitor-
ing data sets.

It is provided by the flow model and an algal
bloom model
(Estimation of the biomass-flux information)
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Table 3. Input data estimation and uncertainty of an algal bloom model

TIT X

Model input data

Estimation methods

Uncertainty

Control parameters . . .
p and simulation periods.

In general, available monitoring data sets are
used. If it is not available, the data should be
estimated using an empirical formulae or

Environmental
input data
related sub-models.

It depends on the computational model grids

No uncertainty

Estimation error of the input data. It can
not be reduced the improvement or
modification of the algal bloom model.

It should be calibrated using the observed data Uncertainty is proportional to the sensitivity

Calibration parameters

sets or input the reference values provided in and the quantitative estimation errors of
the articles and/or reports.

the parameters

R ASEY AR ) stolof s, E FEA
= 59 &S AR 23sojofsly] whiel] AR
FratAl Hof, w9 Hatet mao] vk 11 B 1t o
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she wZiRgE 8L 2 dPgellA HA A= ook &
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S871 (FENYU 2xPE87h 2+

E fES -

o) AxRAE wdo] & 4 Q= WeIEA)E Tleteh 3}
Aol Aestv] olF muole k. RAYS w4
= o

[€)

A9, 71 BEREANS 5te] AR} Fashe o, B
o] AE o)k FTAR E AAAGIAE 1 B
do] 547, 5 ASAe] st QAPHSAE 12t U]
Ao} AJAS stofof s, wlebr] Hak 2AdS St 4
gk B0 Aele Hirte] Poolx] HAA gte] ¢oo]
ofUct, 58 23°] At A% 4l gkl 2540
2 o] g57] wiiTo] FAAYALe] HF2Q o= F 25
th, AHgk ndo] gl A, tha Algte] 2 F AN H4d%
RS i A% A7) o)tk tha 4491 REo)
24 gloy, md ey EuE YT 4 9l F
A BEkS Mesh= Zlo] vighlehet. 24 el A2l 1
AE oulshe, 524 o] 7ksehrbd 7R ihdet ks A
elEth= o2 Bl -3 (model building) 28 2] 7H42] €

2] (principles of parsimony)°ll 32t HBox et al., 2008).
B2 AAGGE 7 o® gdsks oA o= A%

]

+ TAFH(approximation) g5 E3lelE R ) SHAIE 1L
#ato] &-&stoiof gitt. o] sHAlE 2w A9 Edo] ¢
S AoE o= AE AlFstoof sh=AE & 5 7] Wl
ol o] ez = ofuwsh thA L RSk = glot. whebA o]
5t REO] oS50t AlErE e 2 F7F 5= 9
F 7L o Fig. 19 22 s wet 3shk= slo] vt
&2 s} th(Jorgensen & Bendorocchio, 2001; Eykhoff, 1974;
Beck, 1983). =& T stoluv 45 e upet ok 2
22 wets foh Zeu ol dAkE mET Xt B
o] ARl of| S 2= HEEA] EEHojo) 3l I44
¢l grolt}, 31 7 (verification) B 7174 (validation) 52
fol= AR gnE £85= A% oL, 2 ATelA
= Asolths dole FAdZ A7 o w2 Alskete]
ARE-sEaLA) 3F, A7 oleh= 8o FAIAR] A7 (test) =
M2 Zfo|7} s AFA] eaRg7bg o2 it

eap F7RP M= eabE Brhe 5 ole Ve R F
b B 20l Mavhke 7)ol s a7 st
o} Wt oA o] 2AQ1 Fgte]l AT = & 9lA
9k, AR EAAS A3t S Y elA= ke w 1t
ZE= Aol A= 2tolt) A= el /EA 0w 1§9)
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[ Model selection or development based on the modeling goals (targets) ]
[ Model verification (Model test) ]
[ Model calibration (fine tuning) : Parameter estimation using a data set ]
[ Model validation : Error analysis using an other data set J
{ Model application : Model simulation based on the scenarios )

Fig. 1. General model evaluation process.

o] FFslolok Bk, UE A} /P AR QAR e 3 L ghS MBIV 5 AR 2b 2% 29 A)
BENE) O3 YT 5 G I AN FAAA A ASK FAE ARG 5, o] A9 w3 At AWt
e I QAR B AT PP U] B5 o exie weiekn Ak AL 9L s W
ARE 7fzo] S WO TPgelel QA R we A Abgeks AEuEle] TS olgslel AUT 5 Ak Ak
2030 LAY Tt dol ANBNGFig ). A gLk 0 NG AR ow 241 45, A

Zrdo] rzAol M7 AR Qo= 1 o]Ake] oA
4.1 B&2| HZ(coarse tuning, verification)l| 2|8+ LXFHT} 2 =7Fe stk Z1eu o] @Ak= 7hs et Ha ealelr] o

o] gL Axuo] AntAow el WAL w9l Fol AAH T AguPPol Bt 2xloh= o]}
e ANH O R Bk Wilolt) o2 Bw, 0] 2 ik B8] mAgely A umss Sk 34
TVeke A AxARe] A EleReTl QAR & 8 0% 33} optimization) EAI0] a3 7] wHEoﬂ
TR A A2 AYAFE TR AN 21 FHE ke T8 s st F710] ARk
& Yo B9, A% APAFE BTk BREYT Ouh MEIPHO] AEE A97F bEel] w m
Eo] HAB0] FrleRe A9 ABZYIE FrE gtadks 3 Aol 209 S ok A aas 248 9 A4
7 55 2] /|BAQ T2} AR ER) A5 3 BAlE BAG] gl gjo]s} glont, AukAel BAg
1 Qe7Fe ke Iolt). AxRde Az i A} TF5 2219 A H(error sum of squares) . Z ARE-5l= 7
2 )RS Baax7] mie] BEl Ujie] TxAQ & S wAY Hds FAl 5, O A ()2 2ol wpd
2w Aguglo dle] M QA EAG 4 Atk o] o) F4E mdD:

g o] Prlag e 7)Fo] B BEA Glo] Thk 9

o] Watol og o] el Wk PFL sheksh w7k min' S {[PTecom [Pleos)’ 3)

= BAage] 2 5 = glrk o] YoM = Al e

WE AS 5o £AMEE BAsle] BY) NS 4 7N, [Pl kEARIE EE ARG Y - S

S QA AR ) sekels AR mal)yl slgehs AR Tlel, [P, = kEARIRE

Q@i Ao BEslE ol gate] HEo] TxAQ oxb  AMINY YR WS BA, NE B An A5l d

2 frjehe wAolT). S 7= Aot Ad Ko R wEo] ATk Al
W] mE A R ARt ehsle] e e 4

4.2 30| BN (fine wning)| 2/ SXHH 7} go|7] wlitoll, 9 Aw o) ARk} x| ol Tk ApEuke 3

2O RN AN OT FPOR NFHE BE A Fo] 9A4F B Hek o, [Pl =AR,) F T
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