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Abstract

BACKGROUND: Water quality data are collected less
frequently than flow data because of the cost to collect and
analyze, while water quality data corresponding to flow
data are required to compute pollutant loads or to calibrate
other hydrology models. Regression models are applicable
to interpolate water quality data corresponding to flow data.
METHODS AND RESULTS: A regression model was
suggested which is capable to consider flow and time
variance, and the regression model coefficients were
calibrated using various measured water quality data with
genetic-algorithm. Both LOADEST and the regression
using genetic-algorithm were evaluated by 19 water quality
data sets through calibration and validation. The regression
model using genetic-algorithm displayed the similar model
behaviors to LOADEST. The load estimates by both
LOADEST and the regression model using genetic-algorithm
indicated that use of a large proportion of water quality data
does not necessarily lead to the load estimates with smaller
error to measured load.

CONCLUSION: Regression models need to be calibrated
and validated before they are used to interpolate pollutant
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loads, as separating water quality data into two data sets for
calibration and validation.

Key words: Genetic-Algorithm, LOADEST, Pollutant Load
Estimation, Regression Model
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Table 1. United States Geological Survey stations for
water quality data

USGS

station Site name Dramage2 Period
area (km?)
number
Little Buck Creek near 1994.1.3.
03353637 Indianapolis, Indiana 4 ~2003.9.2.
Pheasant Branch at 1974.7.17.
05427948 Middleton, Wisconsin 47 ~2012.2.22.
Chio River at Cannelton
03303280 Dam at Cannelton, 251 2000223
. ~2009.12.7
Indiana
Popple River near 1980.10.21.
04063700 Fence, Wisconsin 360 ~2010.6.22.

Table 2. United States Geological Survey water quality
data code and description

Code Parameter name

00600 Total nitrogen, water, unfiltered, milligrams per liter
00613 Nitrite, water, filtered, milligrams per liter as nitrogen

Nitrate plus nitrite, water, filtered, milligrams per

00631 liter as nitrogen

Phosphorus, water, unfiltered, milligrams per liter

00665 as phosphorus

Orthophosphate, water, filtered, milligrams per

00671 liter as phosphorus
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Table 3. Nash-Stucliffe Efficiency and coefficient of determination
of LOADEST in calibration and validation

Station number Calibration Validation

(Parameter code) NGE Rz NUM' NSE R2 NUM'
03303280 (00600) 092 0.92 67 088 091 67
03303280 (00613) 054 055 67 045N 0.48% 66
03303280 (00631) 097 097 67 081 085 66
03303280 (00665) 072 075 67 076 0.86 67
03303280 (00671) 0.69 073 67 050 0.65 67
03353637 (00600) 0.89 095 67 097 098 66
03353637 (00613) 071 075 67 0378 0.83 66
03353637 (00631) 073 078 67 061 092 66
03353637 (00665) 051 091 67 094 09 66
03353637 (00671) 097 097 67 060 087 66
04063700 (00600) 091 0.92 78 04IN 048% 77
04063700 (00613) 094 094 69 085 089 69
04063700 (00631) 051 059 95 020N 0368 94
04063700 (00665) 071 072 139 045N 048% 138
04063700 (00671) 060 0.61 81 078 0.8 8l
05427948 (00600) 074 074 101 083 083 100
05427948 (00631) 056 0.62 79 083 083 79
05427948 (00665) 071 0.83 719 064 068 718
05427948 (00671) -1.20N 053% 138 -1.25V 0.64 138

NSE: Nash-Stucliffe efficiency

‘NUM: Number of water quality samples
R2 Coefficient of determination

N: NSE less than 0.5

R: R? less than 0.6
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Table 4. Nash-Stucliffe Efficiency and coefficient of
determination of the regression model using genetic-
algorithm in calibration and validation

Station number Calibration Validation
(Parameter code) NSE R2 NUM' NSE R2 NUM
03303280 (00600) 0.90 091 67 0.86 090 67
03303280 (00613) 0.53 0.59% 67 0.26N 0.43R 66
03303280 (00631) 095 095 67 076 0.82 66
03303280 (00665) 0.65 0.74 67 0.65 0.84 67
03303280 (00671) 0.82 0.82 67 056 0.66 67
03353637 (00600) 0.96 096 67 090 097 66
03353637 (00613) 0.88 0.89 67 079 080 66
03353637 (00631) 0.78 0.79 67 029N 0.88 66
03353637 (00665) 094 095 67 0.68 092 66
03353637 (00671) 0.94 095 67 049N 0.88 66
04063700 (00600) 0.92 093 78 0.51 0528 77
04063700 (00613) 091 091 69 0.69 0.80 69
04063700 (00631) 0.67 0.73 95 -0.72N 0.46R 94
04063700 (00665) 0.76 0.78 139 0.22N 0.37R 138
04063700 (00671) 0.67 0.69 81 033N 0.78 81
05427948 (00600) 0.63 0.66 101 057 0.77 100
05427948 (00631) 0.76 0.78 79 -0.99N 0.74 79
05427948 (00665) 0.84 086 719 0.67 0.68 718
05427948 (00671) 0.79 0.80 138 0.53 0.55R 138

NSE: Nash-Stucliffe efficiency

‘NUM: Number of water quality samples
R? Coefficient of determination

N: NSE less than 0.5

R: R? less than 0.6
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Fig. 3. Nash-Stucliff Efficiency of the regression model
using genetic-algorithm in calibration and validation.
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