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1. Artificial neural network
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1. Wavelet ANN

2. Wavelet SVM
3. Self-organizing map
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1. Introduction

The diffusion of nitrate pollution in watersheds is due to complex biochemical and hydrological procedures
linked to the cycle of nitrogen and water. Nitrate load comes from different sources such as wastewater
treatment plants, runoff of fertilized lawns and cropland, failing on-site septic systems, runoff of animal manure
storage areas, and industrial discharges that contain corrosion inhibitors. Loss of nitrate to surface and
groundwater can reduce farm productivity, harm the environment, and affect drinking water quality. Large
uncertainties and limited physical understanding of the water quality such as nitrate barricade the process-
based modeling and seek a black box relationship between driving and resultant variables. Therefore, in this
paper Multi-Station (MS) modeling of nitrate of the Little River Watershed (LRW) has been done. Hence, MS
nitrate modeling is considered whereby nitrate loads of the inside and outlet of the LRW could be predicted.
As a more explanation, the nitrate of upper sub-basins are employed for predictions of the interior sub-basins
nitrate loads, and then, central sub-basins are participated in outlet nitrate prediction of the LRW. So, MS model
can prepare a reliable platform to get information about the amount of nitrate in crucial places of the LRW. For
this purpose, two scenarios with distinct views are used for MS nitrate modeling to identify the suitable
strategy for future hydro-environmental researches. In the first scenario, Markovian characteristics of the
streamflow-nitrate process are proposed as the base of the MS model, where antecedent of streamflow and
nitrate time series of sub-basins are shared in nitrate modeling. On the other hand, non-linear feature
extraction criterion of MI that is more suitable measure regarding the linear measure of Correlation Coefficient
(CC) is employed for the selection of appropriate inputs of the Least Square SVM (LSSVM) and Feed Forward
Neural Network (FFNN) models to avoid from the time consuming trial-error process of input selection. In the
second scenario, seasonality-based characteristics of the streamflow-nitrate process are focused. Where,
streamflow and nitrate time series of the sub-basins are decomposed by the wavelet transforms at a suitable
level for clarifying spectral and temporal information of the time series. Then, as a new feature extraction
method, both SOM and MI are respectively employed for clustering homogeneous sub-series and selecting
clusters' proper agents, to be fed into LSSVM and FFNN models for MS nitrate load modeling of the LRW.

2. Methodology

2.1. Proposed Method

The nonlinear Artificial Intelligence (Al)-based models of FFNN and LSSVM via two different scenarios
(Markovian and seasonality-based) were proposed in this study to predict nitrate loads in the interior parts
and outlet of the LRW. The aim of the proposed MS model was to predict the nitrate loads of the watershed
using related sub-basins information as inputs of Al models to understand the circulation of nitrate load in
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several places of the watershed. So, MS modeling lets engineers get out of classic black box views and identify
the process in the mid points of the watershed by Al models and have more certainty in their decisions.

2.2. Case study

The LRW in Tifton, southeast Georgia, southeast US as a mould of a stereotyped coastal plain watershed was
surveyed for the present study goal. Indwelling a wide zone in the southeast US, coastal plain watersheds have
typified via platy, flat sedimentary flood plains with sandy soils, and slow moving flows. Observed streamflow
and nitrate load time series from the LRW's sub-basins used in this study range from January-1990 to
December-2003, have been recorded and compiled by ftp://www.tiftonars.org/databases/LREW.

2.3. Wavelet transform and Shannon entropy

For capturing the seasonality pattern of the nitrate process in the second scenario, WT was employed to
decompose the time series into sub-series at different time scales. The wavelet gives a time-scale localization
of time series that obtains from the compact support of its main function and attempts of relevance betwixt the
time series and WT function. In the hydro-environmental fields, the signals often have discrete forms, which
discrete WT was presented by (Mallat, 1998) as Eq. 1:

t — nbyay
ag'

g'( ) (1)

1
Imn ® = —
Vo

where m and n are integers that control the wavelet dilation and translation respectively; ao is a specified fined
dilation step greater than 1; and by is the location parameter and must be greater than zero.

To select the suitable inputs of Al models with regard to the target in a non-linear process, it is necessary to
use a robust supervised tool. To this end, entropy-based feature extraction tool of MI was employed in this
paper which is briefly described here: Shannon entropy (H) or information content, for a discrete random
variable of X by sample size of N (bin number), that gets values xi; xz;... ; xv with probabilities of ps, pz,..., pw,
respectively, by (Shannon, 1948) as Eq. 2:

N

HX) =H(P) = Z —p(x) log[p(x)] (2)

i=1
MI betwixt 2 random variables X and Y is determined by (Yang et al, 2000) as Eq. 3:
MI(X,Y)= HX)+H({Y)—-HX,Y) 3)

Where H (A) and H (B) are the entropy of A and B, respectively, and H (4, B) their joint entropy as Eq. 4:

HAB) == pas(a,b) logpas(a,b) @)

a€A beB

2.4. Feed Forward Neural Network (FFNN) and Least Square Support Vector Machine (LSSVM) models

In the simulation step, two distinct non-linear ANN and SVM data-driven models were utilized among
various kinds of Al models, where former is a very commonly used method in hydro-environmental modeling
and the latter one recently has gained more attention of hydrologists.

FFNN is known as the prominent kind of ANN, which utilized in most researches for examining the different
hydro-environmental processes. 3-layer FFNN that have mostly employed to prediction of hydro-
environmental signals gives an inclusive structure to portray nonlinear mapping betwixt inputs and target. The
specific equation for one target variable of a 3-layer FFNN was presented by (Kim and Valdes, 2003).

LSSVM was emanated from SVM as a robust scheme for dealing problems in nonlinear classification, function
and density prediction (Suykens and Vandewalle, 1999), where (Suykens and Vandewalle, 1999) presented the
LSSVM non-linear regression. Between the various kernels of LSSVM, the Radial Basis Function (RBF) is usually
employed in regression problems.
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3. Results and discussion

Comparison of the obtained results of MS nitrate predictions of the LRW revealed differences between two
proposed, Markovian and seasonality-based modeling scenarios (Table 1). The results of Al models showed
that the scenario 2 could provide more precision results as far as seasonal pattern of the nitrate process was
concerned, the justification being that in scenario 2, the models were only fed by utile pre-processed
information, whereas in scenario 1, avail of sub-basins wasn't considered to be compared with each other. In
the interim, scenario 1 lost its accuracy due to the paucity of temporal pre-processing and robust purge of
information. The results of the second scenario, which employs both spatial and temporal pre-processing
methods via feature extraction criterion, were more accurate than the results of the first scenario. Therefore,
the Wavelet-Al models, which utilize SOM and MI to capture the space and/or time variations involved in the
process, is an appropriate and promising MS nitrate load prediction method. Once decomposed by wavelets,
the multi-level sub-signals of sub-basins entered the SOM and the sub-series with the same features were
placed in one cluster. Next, via an appropriate feature extraction criterion (e.g., MI), useful sub-series were
picked from each cluster, and those reflecting the dominant seasonality of the streamflow-nitrate process were
imposed into Al model, in which way, only utile data were fed to the model.

Table 1. Comparison of nitrate predictions at outlet of the LRW by two scenarios

Network DC RMSE (normalized)
Model Method
structure  Calibration  Verification Calibration  Verification

Scenario 1 (4.9.2) 0.72 0.58 0.026 0.010

FFNN )
Scenario 2 (7.9.1) 0.86 0.81 0.010 0.006
Scenario 1 (3.5) 0.68 0.65 0.030 0.009

LSSVM )
Scenario 2 (2.9) 0.82 0.82 0.014 0.006

4., Conclusions

Prior to modeling, the LRW nitrate load source was surveyed via data statistics and land cover classification
and it was deduced that tilled and pasture lands are the main sources of the nitrate load in the sub-basins.

In the first scenario, the antecedent of streamflow-nitrate time series were utilized as inputs, but for suitable
input selection, supervised feature extraction criterion of MI was employed to avoid a trial-error process. The
results of MI input selection showed conformity with the geomorphology of the LRW i.e. the input sub-basins
far from the output sub-basin and low slope had more lagged time compared to the near or high slope sub-
basins.

Via the second scenario and to enhance the results of the first scenario, data pre-processing via WT and
SOM-MI feature extraction methods led to the detection of important hydrological parameters which were
proven useful in improving Al-based MS nitrate predictions. The success of the second scenario was due to the
fact that nitrate process of the LRW obeys from a seasonal pattern that could be handled by WT.

Finally, the comparison of the results obtained by FFNN and LSSVM models revealed that LSSVM has a bit
better performance than FFNN because of the former’s strength in classifying nonlinear streamflow-nitrate
data in both scenarios.
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