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Table 2 Comparison of TP linear inversion models established based on the characteristic wavelength of the

optimal correlation coefficient
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Table 3 Statistics table of TP, TN optimal characteristic wavelength in Baiyangdian
LIES S * ) %3 Xy Xs X6 %7 Xy Xy 10
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Fig. 4 Comparison diagram of R’ of different inversion models
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Fig. 6 Schematic diagram of the inversion model effect based on different concentrations
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Abstract: Total Phosphorus (TP) and Total Nitrogen (TN) are important indicators of water quality eutrophication and the main parameters
for water quality monitoring. Water quality monitoring by spectroscopy has become a hot spot in the current remote sensing water
environment research because it is rapid and efficient and has no secondary pollution. The usual TP and TN inversion models are established
based on the laboratory configuration standard solution for spectral measurement or the modeling based on the full samples. The model
constructed in this way has a good regression effect. However, the actual water body causes the mutual influence of various water quality
parameters, the concentration distributions of TP and TN are not uniform, and the predicted value may exceed the training sample range,
making the actual prediction effect always unsatisfactory.

In this study, the actual water samples in the Baiyangdian area are used as the input values of the inversion model. First, the measured
spectral data and the chemical analysis values of TP and TN are used to compare the relationship between the correlation values of different
reflectances and water quality parameters. Various inversion models have been constructed for the best relevant bands. The most stable and
accurate modeling method has been determined through comparison. Therefore, the modeling samples are divided into uniform, high-value,
low-value, median-value, and max-min-value samples according to concentration. Then, the influence of the sample modeling with different
concentration ranges on the inversion model is discussed. The model’s predictive ability for samples with concentration values beyond
modeling is determined.

The extraction results of the characteristic wavebands in the range of 400—100 nm indicate that the reflectance correlation coefficient of
TP and TN corresponding to a single wavelength is less than 0.3, which is not high; the maximum correlation coefficient with the first-order
value of reflectance is 0.76, which is a moderate correlation; the correlation coefficients with the reflectance ratio are all over 0.8, which is
highly correlated. In the inversion effect of the linear regression model, the exponential method and the logarithmic method are inferior to
the multiple power method. Moreover, the effect of high power is better than low power. However, the overall effect is not ideal. The model’s
R’ is less than 0.6. When the range of the modeling sample concentration is different, the R* of the model is also different. The result is as
follows: max-min method > uniform method > high-value method> middle-value method > low-value method. When the modeling sample
concentration covers the predicted sample, the inversion model determination coefficient is R* > 0.6. The average deviation of the predicted
value (ARE) of TP and TN concentrations is less than 20%. When the modeled concentration is higher than the predicted sample, the R* is
approximately 0.6. The predicted value within 12% of the overconcentration range has an ARE of <25%. When the modeling concentration
is lower than the predicted value, the R* is between 0.4 and 0.5. The ARE is <<30% when the predicted value exceeds the modeling sample
concentration. When the sample concentration is on both sides of the predicted value, R* can reach 0.8, and ARE is <25%. The following is
obtained when the modeled sample concentration is between the predicted values: 0.45 < R* < 0.55; ARE > 35%.

When the reflectance method for TP and TN inversion was used, the ratio method can be given priority to the characteristic band when
modeling. The regression effect of the partial least square method is significantly better than that of multiple power and exponential models.
The model also has a clear physical meaning. Thus, it can be used in the regression study of TP and TN based on reflectance. For the
predicted value that is not within the range of the modeled sample concentration, the credibility of the inversion results can be judged based
on the relative relationship between its concentration value and the modeled sample concentration value.

Key words: water quality monitoring, total phosphorus, total nitrogen, concentration inversion, partial least square method
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