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Abstract

It is often believed that a more complex water quality model is better able to simulate reality. The more complex a model,
however, the more parameters are involved thus increases the cost and uncertainty of modeling processes. The objective of this
study was to compare the performance of two steady-state river water quality models, QUALZ2E and QUAL-NIER, that have
different complexity. QUAL-NIER is recently developed by National Institute of Environmental Research aiming to enhance
the simulation capability of QUALZ2E for eutrophic rivers. It is a carbon based model that considers different forms, such as
dissolved versus particulate and labile versus refractory, of carbon and nutrients, and the contribution of autochthonous
loading due to algal metabolism. The models were simultaneously applied to Nakdong River and their performance was
evaluated by statistical verification with field data. Both models showed similar performance and satisfactorily replicated the
longitudinal variations of BOD, T-N, T-P, Chl.a concentrations along the river. The algal blooms occurred at the stagnant
reaches of downstream were also reasonably captured by the models. Although QUAL-NIER somewhat reduced the
magnitude of errors, the hypothesis tests revealed no statistical evidence to justify its better performance. The contribution of
autochthonous carbon and nutrient load by algal metabolism was insignificant because the hydraulic retention time is
relatively short compare to the time scale of kinetic reactions. The results imply that the kinetic processes included in
QUAL-NIER are too complex for the nature and scale of the real processes involved, thus needs to be optimized for improving

the modeling efficiency.
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Fig. 1. Schematic description of the water quality variables and their interactions for (a) QUAL2E and (b) QUAL-NIER models.

Table 1. Comparison of water quality kinetic reactions involved in QUAL2E and QUAL-NIER models
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Table 2. Model parameters added in QUAL-NIER model and
the values used in this study

Parameter Description Units ~ Value
P2 Algae excretion rate day™ 0.04

03 Algae death rate day’ 0.0

az CBOD convert ratio of Algae - 0.20

ag Carbon content of Algae - 0.45
Kaot  Lab. decay rate of BOD day’ 025
Kmo  Lab. oxidation rate of NHs day’  0.04
By Decay rate of LPON day’  0.110
B2 Decay rate of RPON day®  0.001
B Decay rate of LDON day’  0.110
Bas Decay rate of RDON day*  0.001
Ba Decay rate of LPOP day’  0.140
B Decay rate of RPOP day®  0.001
B Decay rate of LDOP day®  0.140
B Decay rate of RDOP day*  0.001

Bs Decay rate of LPOC day’  0.041

Bs Decay rate of RPOC day®  0.001

B Decay rate of LDOC day’  0.077

Bs Decay rate of RDOC day*  0.001

Pa Particulate fraction of algae death - 0.80
SVLPON  Settling velocity of LPON m/iday  0.10
SVLPOP  Settling velocity of LPOP m/day  0.15
SVLPOC  Settling velocity of LPOC m/iday  0.10
DTN/TN  Ratio of DTN to TN - 0.82
DTP/TP  Ratio of DTP to TP - 0.66
TOC/BOD Ratio of TOC to BOD - 2.27
LPON/PON Partition of LPON - 0.60
LDON/DON Partition of LDON - 0.60
LPOP/POP Partition of LPOP - 0.50
LDOP/DOP Partition of LDOP - 0.50
LPOC/POC Partition of LPOC - 0.40
LDOC/DOC Partition of LDOC - 0.40
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Fig. 2. Map of Nakdong River basin and water quality moni-
toring locations.
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Fig. 3. Monthly variations of Chl.a concentrations along the river in (a) 2005 and (b) 2006.

Table 3. Slope of Nakdong River for different river reaches

Table 4. Discharge coefficients estimated using HEC-RAS

Reach (distance from head water) Slope model for Nakdong River
3 ~ 60 km 1/1,100 . v=aQ’ H=aQ"
Station
60 ~ 95 km 1/1,900 a b a I§
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Table 5. Statistical indices used to evaluate the model accuracy

Statistical index Equation Desired value
N
— 2
Coefficient of , @-e)
- RP=1- 1
determination N .
Z (QO - Qam—’)
i=1
Absolute mean 1 &
AME = — _
error N[;l@f Q) 0
Root mean N ,
RMSE = lE[Qf_QO]z 0

square error

*Qo = Observed value, Qf= Simulated value, Qae = Average of observed value,
N = Number of data
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Table 6. Evaluation of model performance during model
calibration stage

Table 7. Evaluation of model performance during model
verification stage

Variable Model AME RMSE R? Variable Model AME RMSE R?
50D QUAL2E 0.25 0.33 0.93 BOD QUAL2E 0.77 1.07 0.69
QUAL-NIER 0.19 0.27 0.93 QUAL-NIER 0.73 1.02 0.69
Chia QUAL2E 7.34 10.90 0.79 Chla QUAL2E 20.59 29.78 0.69
QUAL-NIER 6.08 9.12 0.86 QUAL-NIER 18.48 26.20 0.80
TN QUAL2E 0.36 0.43 0.72 .. QUAL2E 0.29 0.33 0.65
QUAL-NIER 0.44 0.49 0.68 QUAL-NIER 0.32 0.36 0.67
T QUAL2E 0.03 0.05 0.54 T QUAL2E 0.04 0.06 0.60
QUAL-NIER 0.03 0.05 0.55 QUAL-NIER 0.04 0.06 0.62
2@ eate 238 F/HEIAY B4R en, ZFA oA Chlast BODY =% FHAiHrlsdth o8t &4
T %= A ALAEHA G2 AL AT = Aok 9 dF AL 2FY FB AFF w W v
HE(GI 2K Z2F/Chla HlE, 949 FY FgFE4 5)9
32 2Elol HE R BFQ 01501 Az Zdo] wgE ] ok Aol
2do Aze RAY uAHS;E g2 AN F=F5 E 499 cHdREFEY sASsA FAdHE HEE
Ao ALl ndo TS Felsl= FFo|th nd AT exe] 2 goloz Asdn. 181 A&7} o
9 AzLS Y3 A= 2006d 499 =AY & std9 B3A AFHo dHBEF 529 RfIG
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Fig. 6. Verification results of two models using field data
obtained on April, 2006. (a) BOD, (b) Chl.a, (c)
T-N, (d) T-P
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Table 8. Hypothesis test (f-test, t-test) between the simulation results of two models

Month Test BOD Chl.a T-N T-P
] F-test 0.440 0.301 0.322 0.575
April, 2006 -
T-test 0.419 0.596 0.042 0.650
F-test 0.409 0.322 0.221 0.353
May, 2006
T-test 0.347 0.549 0.081 0.493

“F-test null hypothesis Ho : 02— o2 =0 is accepted if t < typer and p-value > a = 0.05.

F test alternative hypothesis Ha : 02— o3 = 0.

“T-test null hypothesis Ho : -1z = 0 is accepted if t < typer and p-value > a = 0.05.

"T-test alternative hypothesis Ha : 13112 = 0.
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Fig. 7. Contribution of autochthonous loading of C, N, P
by algal metabolism.
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