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Optimization of lake model salmo based on real-coded genetic algorithm

GUO Jing', CHEN Qiuwen'” ", ZHANG Xiaoqing', LI Weifeng'

1 State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China

2 China Three Gorges University, Yichang 430010, China

Abstract: Model calibration is required in order to make model predictions reliable for a certain area. But model calibration
is always difficult, especially when the model contains a large number of parameters. The Lake model SALMO ( Simulation
by means of an Analytical Lake Model ) is based on complex ordinary differential equations which represent the nutrient
cycles of PO,-P, NO,-N and the food webs consisting of diatoms, green algae, blue-green algae and cladocerans. As the
model includes numerous ecological processes, it has 104 constant parameters, making it unsuitable for calibration with
conventional methods, such as trial and error, HSY ( Hornberger-Spear-Young) and GLUE ( Generalized Likelihood
Uncertainty Estimation) algorithms.

Genetic algorithm ( GA) is a biologically motivated global optimization technique based on natural selection,
reproduction and mutation. Compared to conventional methods, GA is more efficient for global optimum searches and it has
a faster convergence speed. There are two different kinds of GA encoding: binary encoding and real encoding. The binary
encoding introduces discretization errors when it encodes a real number, and encoding and decoding operations take more
computation time. While real encoded GA works directly on the real number, it is more suitable for dealing with continuous
search spaces with large dimensions. Therefor this paper choses a real coded GA to calibrate the sensitive parameters of
SALMO. Since the sensitive parameters of SALMO are related to phosphate, zooplankton and three algae ( diatoms, green

algae, blue-green algae) , the objective of the optimization is to minimize the relative errors of these state variables. The
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implementation of GA begins with determining the following appropriate values of its operators; the population size is 200,
the max generation is 400, the crossover probability is 0.8, the mutation probability is 0. 05.

Two years of water quality data were collected from the Meiliang bay of Taihu lake. Data of 2005 was used for
calibration while data of 2006 was used for validation. According to the validation results, the average relative errors of
PO,-P, zooplankton, total algae decrease from 53.9% , 174. 6% , 65.4% in the initial unoptimized model to 25.2% ,
48.1% , 44. 4% in the optimized model. Errors of less than 50% are typically considered as satisfactory results in
ecological models.

This suggests that the real-coded GA is efficient in the calibration of SALMO. After calibration, SALMO predicted the
dynamics of water quality variables well, but the maximum simulated value of blue-green algae is still considerably smaller
than the observed value. This may be because SALMO does not consider the benthic recruitment and the migration of blue-
green algae driven by wind and hydrodynamic forces. Moreover, the real-coded GA just used one year’s data to calibrate

SALMO, which may also be a cause of the deviation of the simulated results from the observed values.

Key Words: optimization; real-coded genetic algorithm; SALMO; water quality modelling
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Table 1 Some key parameters to be optimized for the SALMO model

ZH4F5 Parameter

& X Meaning

B 2 Value range

RZTMIN
RXMF
KP,

KP,

KP,

PFA,
PFA,
PFA,
PHOMAX,
PHOMAX,
PHOMAX,
PHOMIN,
PHOMIN,
PHOMIN,
RXTOPT,
RXTOPT,
RXTOPT,
TOPTA,
TOPTA,

S BT S AR 4 1 R A TE i 4R) 0.6—1.0
TR I R R/ (g7 d ") 1.0—1.9
RIS I MR/ (g d ) 0.1—0.4
TR B0 A S R A TR R ) £ AR P /! 0.06—0. 16
TR SN Y TE S A B B R A 0°C 450 T B I  R /d ! 0.02—0.06
AT AR SO A PRI L] (e 4) 0.24—0.36
Tk X IE B R R AR AN 4L (mg/m? ) 1.0—9.0
SR PR IE B IR AR 1 211 AN 5 4 (mg/m? ) 5.0—24.0
W BET IE IR AR A A R A (mg/m® ) 1.0—15.0
RIS R RE B B B RSB (B ) 0.55—1.0
TSN B B RS (TE ) 0.5—1.0
TR SR I BB RSB ( B ) 0.18—0.5
TESE AR AR R T RO A E /4! 1.0—3.0
SRR T B A EH /47! 2.0—4.0
WA PR R RO A E /4! 1.0—3.0
FESAEARIRC M T B/ M A /47! 0.0—0.55
SRR T BN A E /47! 0.0—0.7
WA A T BB N A EH /4! 0.0—0.41
T AR A K S T B IR R/ d ! 0.05—0.25
SRR AR A KA T RN R /! 0.05—0.25
W AR IR R A KA T R R /! 0.05—0.25
R R KR/ C 14—22
SRR E IR/ C 20—25
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BHAIFE Parameter 2 X Meaning HAE 5 R 132 Value range
TOPTA; 5 B AR IR/ C 25—32

VA, REWE MU/ (m-d ") 0.017—0.35

VA, SEBEMI TR/ (m-d ") 0.016—0.25

VA, WA PR R/ (m-d™") 0.020—0. 15

YA, REREMBERICREL (grmg™-d ") 0.5—1.0

YA, SRR R B (gomg ™ d™") 0.3—0.6

YA, WP REY (grmg™-d™) 0.8—1.2
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FACEL S R AYIE N JE £>10
3 Z£R5itie
AL AT SALMO ARG B S BUBUEL L 2, o0 T XFH B R A b S BOBUE ) RIS S A 2w
£2 RUBHSHERE

Table 2 Optimized values of parameters

e IGiRE Gl GMAX GMIN RZMIN RZTMIN RXMF KP, KP, KP, PFA,
A 0.8 1.3 0.26 0.08 0.05 0.3 1.7 9.5 1.7 1.0
AL 0.992 1.743 0.333 0.155 0.059 0.280 6.756 19.311 10.985 1.000
PFA, PFA, PHOMAX, PHOMAX, PHOMAX, PHOMIN, PHOMIN, PHOMIN, RXTOPT,
1.0 0.3 2.37 3.3 2.37 0.17 0.35 0.0 0.06
0.874 0.196 2.300 3.434 2.065 0.094 0.080 0.230 0.090
RXTOPT, RXTOPT, TOPTA,  TOPTA,  TOPTA, VA, VA, VA, YA, YA, YA,
0.06 0.06 21 23 30 0.1 0.1 0.05 0.08 0.41 1.0
0.096 0.098 19.996 23.752 29.441 0.096 0.054 0.080 0.973 0.592 1.050

B 3 451 T SEURALIG BB ARV 2006 AR FARILSE S, vl LA W | IEBEIR L8 vk B FIF s sh i 4
Wi B AR B IH 0 B v, LT AR R iR 22 448 XHE 4390t S8 Ak i ( BIR A SALMO ERIASHUE) 19 53.9%
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— b - - ARG e WA
25 15 - -
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Fig.3 Comparison of simulation results before and after optimization in 2006 for verification
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B R T RGeS T R A KR Y Verspagen SEDOVRIR g T KA o e A U
TPl O B ZRK A 1Y DT RR AR 45 R R B IE V08 3% T B A2 I 0 B R e e K AR 1 DT R Ol 50% A2 A, T
SALMO R X — i 2, A I 52 2 i ol vy e A 400 B I I

T35 T, PR B 2 B8 A T AR e A, BT A R IR B S AE XU VE T R R ORI AL i A 27 i1 5 20K
AETI) , S A R Y i SALMO Sy LK AR BB AR A 5], W s W I I T Rt 5 R %
JEBERTEIK BN ) KR TIVER T A G,

{H PSR, ST AL A L RE A AL SALMO 2285, i Ak Jm AR R A AU A5 3] 1 A g i i
4 ZEig

AHIFGE LA A WM GRS S8 AR T 2005—2006 A1 114 7K J5 W I KR | ) R SIA K R R SALMO A0 A
ZEBHIK BB, SR 2005 AF (%, i SEi i (L 3R e R AR Y 1Y) 30 A SC S BURS B AT T RB AL, O
FH 2006 4EAEE b T SEULTTE BRI A ISCR . 15 8IDLVF 2458

(1) L BAL A XS SALMO S BUAL R B R, AL G B O BLIORS BE A5 388 &, X Mg 220
2006 4FE/K BN A R K B IEREIR AR TR IFsh ) A Wit | eSS B2 W et S 4D 1S4 AF G 458 2 268 60 {8 3 Sl AP AK
A 53.9% 174.6% F165. 4% [&E] T 25.2% 48. 1% F144.4%

(2) ZEARALG B SALMO 3SR AA7E—E B8 22 X AT fig 5 AL T S80A G, Ak, ARBIFRAR
AT 1a WEIEHATIAL, itk — D4R S UG B2, AT DA 5 22 0 Sl B s DL Ak s 2 1 28

(3) ARG A 3 0 L RS AU Y S AP SR, P BB DRI oy A 2% G V) v 1 98 52 I 0 B 2 i S /K A 1Y) T
R LA KoK 3l 77 FRT ) i i B AR FH B2
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