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I. INTRODUCTION

Water is the most basic need for human health as well as for industrial and agricultural activities. Economic
and social achievements of sustainability primarily come from ensuring environmental sustainability. Although
three-quarters of our planet is covered with water, few of them are usable. Discharge of agricultural, industrial
and municipal wastes is the main source of organic and inorganic pollutants, which accumulate in surface
waters, sediments, soil and marine organisms. Many organic and inorganic pollutants, which enter to aquatic
environment by discharging, mobilize from pollution source by stream currents, and join into food chain.
Because all these pollutants have mutagenic and carcinogenic effects onto endocrine system of organism, the
entrance of these pollutions into surface and marine water must be controlled by periodic determination of water

quality.

Various statistical techniques have been applied to characterize and to evaluate quality of surface waters.
Many researchers have dealt with to develop and to improve the water quality prediction models over the past
decade. [1]-[3]. Although the parametric, statistical and deterministic models are traditional approaches for
modeling the water quality, they require vast information on various hydrological subprocesses to achieve the
result. Most commonly, the water quality monitored by the methods based on the physicochemical parameters [4].

Villas-Boas et al. considered thirteen water quality parameters and identified how some of them were redundant and
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could be removed without significant loss of information. However, obtaining many in situ measurements is both very
costly and difficult to implement in many river basins, so some approaches have been developed based on pollutant
simulations given by hydrological models [5]. McCaffrey (2012) determined water quality in terms of many
parameters by evaluating their effect on each other (such as temperature dependency of dissolved oxygen) [6]. On the
other hand, there are many studies on analysis of water quality using linear and nonlinear regression techniques [7]-
[10] . Mustapha and Abdu (2012) evaluated surface water pollution sources in Jakara Basin (Nigeria) by using
Principal Component Analysis (PCA). They estimated the contribution of the significant parameters to water quality
variation using multiple linear regressions model [11]. Majeed et al. explored the relationship between climate change
factors and the Water Quality Index (WQI) of the Euphrates river in Karbala City over the period between 2008 and
2016 using Artificial Neural Network (ANN) and nonlinear multi-regression models [12].

In this study, the water quality was determined as regards pH, conductivity, dissolved oxygen, alkalinity and
inorganic nutrients (nitrate, nitrite, phosphate). The analyses were performed for the samples picked from five
stations on Samanli and Safran Rivers. The sampling was carried out every week beyond a year (53 weeks). The
results were evaluated by linear and nonlinear equations applied by using Matlab and Microsoft Excel programs
and using Multiple Linear Regression Model. Standard deviations belonging the correlations between the
experimental data and the theoretical data calculated from the linear and nonlinear models were determined, and
their compatibility with each other was examined. Excellent match of the experimental and theoretical values
showed that the quality parameters whose analyzes require a long time and/or high cost could be calculated by

the aid of these linear and nonlinear models.

1. EXPERIMENTAL METHOD
2.1 Study Area

Samanli River: It enters the provincial borders of Yalova, named Bedesten River, by feeding from the springs in
Tagpnar, Kolagan and Bedesten Hills in the borders of Gemlik District. It is fed with other rivulets around it.
The length of Samanl River is 22.33 km. It has a water collection area of 81 km? with an average flow rate of

1.43 m¥s and an annual average water volume of 120 million m2,

Safran River: It rises from the northern slopes of Taspmar and Bespinar Hills within the borders of Gemlik

district and is fed by many rivulets around it. Total length is 23.52 m and its flow rate is 0.81 m®/s [13].

Safran and Samanli Rivers, which pass through the agricultural fields and the city center, and pour out to
Marmara Sea, carry pesticides residues and domestic wastes into the sea (Figurel.). It is foreseen the rivers will
become more polluted in this urbanization process, and it is important to determine the extent of the pollution in

rivers and examine pollution prevention elements in order to ensure environmental sustainability.
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Figure 1. Regions with 5 stations on Samanli and Safran Rivers

2.2 Sampling and analysis

A total of five stations on Samanli and Safran Rivers were selected for inspection of water quality (Figure 1).
The network of sampling stations was designed to cover a wide range of determinants at key sites to reasonably
represent the pollution/sewage characteristics of the study area. The water samples were collected from 1
October 2017 to 31 September 2018. The samples were weekly collected from the depth approximately 10 cm
below the surface of the water using bottles. The samples were stored in cooling chests and transported to the

laboratory and analyzed within the same day after collection. The determination of quality parameters was
according the EPA methods listed in Table 1.

Table 1. Main analysis items and methods

Parameter Analysis Method Reference
pH EPA Method, 150.2 [14]
Electrical Conductivity EPA Method, 120.1 [15]
Dissolved Oxygen EPA Method, 360.1 [16]
Alkalinity EPA Method, 310.1 [17]
Suspended Solids (SS) EPA Method, 160.2 [18]
Nitrite & Nitrate EPA Method, 353.3 [19]
Phosphate EPA Method, 365.3 [20]
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2.3 Modeling of Experimental Data

Multiple Linear Regression Method was used to model the data obtained from the experiments. This method has
been evaluated in recent years to estimate the efficiency of removing various pollutants from wastewater and
environment[21]-[25].

Multiple Linear Regression Analysis is an extension of the simple linear regression method for two or more
independent variables. It provides an explanation of the effect and contribution of more than one independent
variable for a single continuously dependent variable of a process. The model is produced from experimental
data obtained for a complex system [22]. It is generally expressed as equation (1):

Vi = Bo + BiXix + Boxip + -+ Brexix 1)

where g is the model coefficients from 0 to n (it also refers to the contribution of the relevant variable (x) to the
process), Y is the estimated dependent variable (y) for any parameter i, x; denotes different independent (x)
variables from 1 to k. In this study, n=14 and k were 52. The matrices from which the model equations will be
formed are prepared as follows:

Y1 X1,1%2,1%31 | Xna11 B1
Vs X1,2%X22%X32 . Xn21 B2
V3 _ | ¥13%23%33" "Xn3l B3 @)
\J’k/(k*l) X1kX2k X3k ™ Xnk 1/ eni1y \Bg (-1*1)
_ =y
b a B

In this way, the model is briefly represented as b=axf. Then, using the equation (3), the matrix systems are

solved and the coefficients () to be used in the model equations are calculated.
B=alx(@)txa xb (3)

Nonlinear equations were calculated using the Matlab 2015 program, and the coefficients of determination were

calculated using the Matlab 2015 program, using the formula given in equation (4):

_\2
2 _ (CL0i-»0:i-9)
(1, 0-9)2) (S, (9:-9)7)

4)

The quality parameters corresponding to the x; independent variables used in modeling studies and the quality

parameters corresponding to the y; variables were given in Table 2.

Table 2. Quality parameters corresponding to x; and y; independent variables

Xi Quality Parameter Xi Quality Parameter Yi Quality Parameter
X1 Air temperature Xo Phosphate Vi Dissolved oxygen
X2 Humidity X10 Nitrite Yo Electrical conductivity
X3 River temperature X11 Nitrate Y3 pH
X4 Dissolved oxygen X12 Air temperature of the | y, Alkalinity
week to be predicted
Xs Electrical conductivity X13 Humidity of the week to be | s Suspended solid
predicted
Xs pH X14 River temperature of the | ys Phosphate
week to be predicted
X7 Alkalinity Y7 Nitrite
X8 Suspended solid Vs Nitrate
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I1l. RESULTS AND DISCUSSIONS
3.1. Results of Multiple Linear Regression Analysis

The equations obtain from application of Multiple Linear Regression Analysis were introduced in Table 3.

Table 3. The model equations evaluated from the experimental results of collected samples from each station

Station Equation R?
y1=0.96 *x1 + 21.39 * x2 — 1.21 * x3 — 0.05 * x4 — 0.01 * x5 + 3.45 * x6 — 0.005 * x7 + 0.01 * x8 — 1.79 * x9 — 8.83 * x10 0.283
+0.03*x11+0.11*x12+ 1.86 *x13 — 0.22 * x14 — 19.58
y2=—-112%x1—-5588*x2+4.22 xx3+ 1.14 x x4 + 0.23 * x5 — 2.66 * x6 — 0.33 * x7 — 0.06 * x8 — 122.57 * x9 — 131.26 0.655
*x10 4+ 2.43 * x11 —9.32 % x12 — 78.99 * x13 — 0.36 * x14 + 573.77
y3 = —0.009 * x1 — 0.25 * x2 — 0.02 * x3 + 0.005 * x4 + 0.001 * x5 4+ 0.41 * x6 — 0.001 * x7 + 0.003 * x8 — 0.014 * x9 — 0.44 0.463
*x10 — 0.008 * x11 — 0.035 * x12 — 0.503 * x13 4+ 0.073 * x14 + 4.99
y4 = —0.05%x1—23.22 *x2 + 1.66 * x3 + 0.84 * x4 + 0.13 * x5 — 26.46 * x6 + 0.03 * x7 — 0.07 * x8 — 43.96  x9 + 48 * x10 0.663
1 —4.63 *x11 —3.64 x x12 — 8.42 x x13 — 1.56 * x14 + 443.62
¥5 =0.65 *x1 — 0.47 * x2 — 0.46 * x3 — 1.34 * x4 4+ 0.08 * x5 — 20.913 * x6 — 0.07 * x7 — 0.252 * x8 + 33.023 * x9 — 70.13 0.320
*x10 — 2.742 * x11 4+ 1.57 * x12 4+ 25.06 * x3 — 1.975 * x14 + 172.66
y6 = 0.013 * x1 4+ 0.238 * x2 —.013 * x3 — 0.002 * x4 + 0.001 * x5 — 0.034 * x6 + 0.002 * x7 + 0.065 * x9 + 0.413 * x10 0.517
—0.054*x11 —0.012 * x12 — 0.194 * x13 + 0.007 * x14 + 0.156
y7 =0.002 *x1 + 0.1 * x2 — 0.019 * x6 — 0.024 * x9 — 0.133 * x10 — 0.007 * x11 + 0.003 * x12 + 0.119 * x13 — 0.005 * x14 0.218
+ 0.041
y8 = 0.066 * x1 4+ 1.673 * x2 + 0.031 * x3 — 0.004 * x4 + 0.006 * x5 — 0.42 * x6 — 0.012 * x7 — 0.008 * x8 — 1.605 * x9 — 4.949 0.396
*x10 + 0.124 * x11 — 0.09 * x12 + 0.044 * x13 — 0.097 * x14 + 6.618
y1 =0.886*x1+ 17.873 * x2 — 1.679 * x3 — 0.005 * x4 — 0.714 * x6 — 0.01 * x7 — 0.006 * x8 + 4.903 * x9 — 19.372 * x10 0.410
—0.037 *x11 — 0.003 * x12 + 4.67 * x13 + 0.659 * x14 + 4.498
y2 = —241.11 % x1 — 7098.40 * x2 + 39.00 * x3 — 64.18 * x4 4+ 0.17 * x5 — 796.49 * x6 + 65.04 * x7 — 27.11 » x8 — 8954.04 * x9 0.235
+48816.27 * x10 — 311.97 * x11 — 1073.31 * x12 — 25125.40 * x13 4+ 876.87 * x14 + 35374.40
y3 = —0.005*x1 4 0.166 * x2 — 0.01 * x3 + 0.006 * x4 + 0.174 * x6 — 0.001 * x7 — 0.047 * x9 — 0.330 * x10 — 0.004 * x11 0.283
—0.021 *x12 — 0.162 * x13 4+ 0.029 * x14 + 6.677
y4 =3.79 * x1 4+ 59.537 * x2 — 3.356 * x3 + 0.633 * x4 + 0.001 * x5 — 5.504 * x6 + 0.293 * x7 + 0.051 * x8 — 33.009 * x9 0.309
2 +96.077 *x10 + 0.721 * x11 — 3.564 * x12 — 33.029 * x13 + 2.767 * x14 + 174.007
y5 = —=2.115*x1 —23.631 * x2 + 5.57 * x3 — 1.319 * x4 — 0.001 * x5 + 0.995 * x6 + 0.056 * x7 — 0.001 * x8 + 31.364 * x9 0.116
+ 37.478 * x10 — 1.488 * x11 + 2.821 * x12 + 49.73 * x13 — 6.962 * x14 + 27.441
y6 = 0.007 * x1 + 0.134 * x2 — 0.007 * x3 + 0.002 * x4 + 0.028 * x6 + 0.001 * x7 + 0.21 * x9 — 0.327 * x10 — 0.002 * x11 0.467
—0.014 *x12 — 0.198 * x13 + 0.003 * x14 + 0.155
y7 = —0.001 * x1 + 0.029 * x2 + 0.004 * x3 + 0.001 * x4 + 0.004 * x6 + 0.009 * x9 + 0.019 * x10 — 0.002 * x11 + 0.019 * x13 0.370
—0.002 * x14 — 0.102
y8 = —0.068 * x1 — 2.845 * x2 — 0.289 * x3 — 0.234 * x4 + 1.289 * x6 — 0.011 * x7 — 0.006 * x8 — 6.506 * x9 — 39.572 * x10 0.563
+0.539 * x11 — 0.275 % x12 + 3.819 * x13 + 0.38 * x14 + 6.805
y1 = 0.458 * x1 4+ 11.85 * x2 — 0.787 * x3 + 0.096 * x4 + 0.005 * x5 — 4.251 * x6 — 0.053 * x7 — 0.001 * x8 — 3.219 * x9 — 5.547 0.338
*x10 —3.611 * x11 + 0.311 * x12 + 3.543 * x13 — x. 308 * x14 + 66.508
y2 = —2.68 % x1 — 40.67 * x2 + 7.47 * x3 + 0.234 * x4 + x0.36 * x5 + 40.64 * x6 + 0.066 * x7 + 0.102 * x8 — 25.133 * x9 0.561
+ 80.647 * x10 + 12.238 * x11 — 2.729 x x12 — 48.27 * x13 + 7.03 * x14 — 167.161
y3 = —0.013 xx1 — 0.075 * x2 4+ 0.055 * x3 + 0.006 * x4 + 0.001 * x5 + 0.337 * x6 — 0.003 * x7 — 0.007 * x9 + 1.731 * x10 0433
—0.018*x11 —0.017 * x12 — 0.284 * x13 4+ 0.002 * x14 + 5.799
y4 = —2.13 % x1 — 28.152 * x12 + 2.537 * x3 + 0.852 * x4 — 0.117 * x5 + 28.696 * x6 + 0.633 * x7 + 0.074 * x8 — 32.131 * x9 0.380
3 + 22551 *x10 + 5.21 * x11 — 0.625 * x12 + 12.643 * x13 + 4.16 * x14 — 142.27
Y5 =8.25xx1 4+ 217.46 * x2 — 24.895 * x3 — 4.82 * x4 4+ 0.63 * x5 — 141.712  x6 — 0.44 * x7 — 0.138 * x8 — 51.98 * x9 0191
—712.462 % x10 — 81.104 * x11 + 10.629 * x12 + 279.636 * x13 — 19.437 * x14 + 1156.66
y6 = 0.001 * x1 + 0.137 * x2 — 0.009 * x3 4+ 0.006 * x4 — 0.009 * x6 + 0.001 * x7 + 0.022 * x9 — 0.883 * x10 — 0.157 * x11 0423
—0.015 *x12 — 0.151 * x13 — 0.011 * x14 + 0.583
y7 = 0.001 * x1 + 0.043 * x2 — 0.002 * x3 — 0.004 * x6 + 0.003 * x9 — 0.141 * x10 — 0.003 * x11 + 0.002 * x12 + 0.055 * 13 0.220
—0.003 * x14 — 0.069
¥8 = 0.012 * x1 + 0.528 * x2 + 0.003 * x3 + 0.008 * x4 + 0.002 * x5 + 0.005 * x6 — 0.004 * x7 — 0.55 * x9 + 1.248 * x10 + 0.569 0.607
*x11—0.013 * x12 + 0.209 * x13 — 0.019 * x14 + 0.477
y1 =0.331*x1 4+ 7.876 * x2 — 0.429 * x3 + 0.034 * x4 + 0.003 * x5 — 0.176 * x6 + 0.011 * x7 + 0.003 * x8 + 0.5 * x9 — 25.612 0.221
4 *x10 — 0.332 * x11 4+ 0.531 % x12 + 7.133 * x13 — 0.867 * x14 + 3.055
y2 =—5.19 * x1 —93.88 * x2 + 7.964 * x3 — 1.004 * x4 + 0.51 * x5 + 16.816 * x6 + 0.425 * x7 + 0.048 * x8 — 41.439 * x9 0.744

—25.014 * x10 + 4.435 * x11 — 7.829 * x12 — 125.448 * x13 + 10.419 * x14 + 98.229
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y3 = —0.019 * x1 — 0.23 * x2 + 0.031 * x3 + 0.004 * x4 + 0.498 * x6 — 0.209 * x9 + 1.16 * x10 + 0.015 * x11 — 0.009 * x12

—0.078 * x13 — 0.004 * x14 + 4.403 0430
y4 =0.927 % x1 4+ 0.787 * x2 — 4.094 * x3 * 1.18 * x4 + 0.132 * x5 + 16.36 * x6 + 0.324 * x7 — 0.002 * x8 + 1.131 * x9 + 69.418 0.500
*x10 + 2.862 * x11 + 0.036 * x12 — 17.702 * x13 + 2.447 * x14 + 18.623
y5 =42.98 % x1 4+ 828.35 * x2 — 59.6 * x3 — 14.015 * x4 + 1.642 * x5 — 499.86 * x6 — 3.78 * x7 — 0.29 * x8 + 152.75 * x9 0223
—641.23 x x10 — 26.06 * x11 + 34.75 % x12 + 741.29 * x13 — 46.285 * x14 + 3711.51
y6 = 0.005 * x1 4+ 0.123 * x2 — 0.013 * x3 — 0.006 * x4 4+ 0.001 * x5 — 0.279 * x6 + 0.095 * x9 + 0.22 * x10 — 0.099 * x11 0511
—0.018 xx12 — 0.29 * x13 + 0.013 * x14 + 2.84
y7 = —0.003 * x1 — 0.005 * x2 4+ 0.006 * x3 + 0.001 * x4 + 0.043 * x6 + 0.004 * x9 — 0.165 * x10 — 0.003 * x12 — 0.013 * x13 0.444
+0.009 x x14 — 0.414
y8 = 0.044 * x1 4 0.203 * x2 — 0.022 * x3 — 0.021 * x4 4+ 0.004 * x5 — 0.827 * x6 — 0.004 * x7 — 0.001 * x8 — 0.908 * x9 + 1.21 0.613
*x10 4+ 0.483 * x11 — 0.053 * x12 — 0.548 * x13 + 0.034 * x14 + 7.794
y1 =0.611%x1+ 7.793 * x2 — 0.836 * x3 — 0.074 * x4 + 5.682 * x6 — 0.038 * x7 + 0.001 * x8 4+ 5.919 * x9 + 16.265 * x10 0.483
—0.67 *x11+0.314 * x12 + 1.716 * x13 — 0.296 * x14 — 33.803
y2 =—1202.47 * x1 — 22941.72 * x2 + 1193.53 * x3 — 309.05 * x4 + 0.155 * x5 — 17824.18 * x6 + 46.86 * x7 4+ 19.07 * x8
—16700.59 * x9 — 32348.43 * x10 — 1414.29 * x11 + 911.74 * x12 + 9358.57 * x13 — 456.45 * x14 0.358
+162063.48
¥3 =0.011%x1+ 0.1 *x2 —0.023 * x3 4+ 0.005 * x4 + 0.233 * x6 + 0.001 * x8 4+ 0.146 * x9 — 0.07 * x10 — 0.03 * x11 — 0.021 0.266
xx12—0.276 * x13 + 0.033 * x14 + 6.244
y4 =1.59 *x1 4+ 51.34 % x2 — 1.327 * x3 — 0.467 * x4 + 0.001 * x5 4 29.535 * x6 — 0.104 * x7 — 0.103 * x8 + 18.065 * x9 0.449
+114.915 % x10 + 12.906 * x11 — 3.112 * x12 — 36.543 * x13 + 0.412 * x14 4+ 45.85
y5 =—-223%x1+11.47 *x2 + 3.05 * x3 — 3.80 * x4 — 0.001 * x5 — 27.343 * x6 + 0.08 * x7 + 0.049 * x8 + 63.01 * x9 0.100
—164.303 *x10 — 17.827 * x11 + 4.774 » x12 + 132.366 * x13 — 6.339 * x14 + 208.909
y6 = 0.003 * x1 4+ 0.092 * x2 — 0.005 * x3 + 0.003 * x4 — 0.014 * x6 + 0.002 * x7 + 0.001 * x8 4+ 0.086 * x9 — 0.618 * x10 0.359
—0.031 *x11 —0.012 * x12 — 0.229 * x13 + 0.006 * x14 + 0.298
y7 = —0.001 * x1 + 0.093 * x2 4+ 0.002 * x3 — 0.001 * x4 — 0.052 * x6 + 0.032 * x9 — 0.063 * x10 — 0.005 * x11 — 0.003 * x12 0.267
+0.014 * x13 + 0.001 * x14 + 0.41
y8 = 0.03 * x1 — 0.134 * x2 + 0.049 * x3 + 0.006 * x4 + 0.142 * x6 — 0.001 * x7 + 0.021 * x9 + 2.586 * x10 + 0.294 = x11 0.349

—0.095 xx12 — 1.733 * x13 — 0.019 * x14 + 1.434

3.2. Results of Nonlinear Models

The x and y variables, their coefficient and determination coefficient of equations belonging non-linear models
were presented in Tables 4-8.

Table 4. The x and y variables, their coefficient and determination coefficient of equations belonging non-linear models yielded from the
data collected Station 1.

Y1 y2 \E Ya Ys Yo y7 Ys
X1 8.88E-02 1.48E+00 5.73E-03 9.72E-01 7.28E-01 2.13E-03  -2.45E-04 2.01E-02
X2 2.42E-02 1.95E-01 -3.86E-04 6.79E-02 1.23E-01 1.68E-04 -2.21E-04 2.45E-03
X3 5.64E-02  1.12E+00  4.54E-03  7.53E-01  6.08E-01 1.28E-03  -3.04E-04 1.35E-02
X4 -4.45E-02  -6.88E-01 8.98E-04  -3.89E-01 -3.14E-01 -1.90E-03  2.20E-04 -1.32E-02
Xs -1.14E-01 1.41E-01 2.26E-02 7.60E-01 1.31E+00 1.05E-03  1.25E-03 2.81E-02
Xs 1.24E-01 1.04E+00  -7.52E-04 3.46E-01 4.34E-01 7.90E-04 -7.20E-04 1.46E-02
X7 -1.69E-01  -4.64E-01 2.69E-02 8.60E-01 -1.07E-01 2.37E-03  3.95E-03 5.39E-03
Xg -6.87E-02  -3.93E-01 3.87E-03  -2.15E-02  -2.42E-01 7.39E-04  5.18E-04 -6.91E-03
Xo 1.36E-02 125E-01  2.05E-04  6.99E-02  564E-02  3.02E-04 -6.06E-05 1.84E-03
X10 5.44E-04 1.19E-02 1.56E-04 1.77E-02 1.25E-02 6.74E-05 -1.03E-05 2.08E-07
X11 9.47E-03 2.88E-02 -2.23E-04 -4.78E-03  -3.15E-02 1.15E-04  1.23E-04 9.00E-04
X12 1.24E-02 7.40E-01 1.06E-02 1.11E+00  9.40E-01  3.21E-03  9.82E-05 1.68E-03
X13 9.65E-03 4.55E-02 3.01E-04 -3.01E-03  -3.02E-02 5.71E-05  2.87E-05 6.97E-04
X14 1.30E-01 1.31E+00 3.45E-03 6.87E-01 8.19E-01 1.10E-03  -1.08E-03 1.29E-02
X1 * X 2.18E-01  8.28E-01  4.62E-03  3.24E-01  451E-01 -3.03E-03 -5.73E-03  -1.05E-02
Xz * X 1.43E-02 154E-01 -7.17E-04 9.55E-02 2.04E-01 1.69E-04 -3.41E-04 9.77E-04
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X1

X1
X1
X1
X1
X1
X1
X2
X2
X2

X2

X2

X2
X2
X2
X2
X2
X2
X2
X3
X3
X3
X3
X3
X3
X3

X3

X3
Xq
Xs
Xs
X7
Xs
Xg
X10
X1
X12
X13
X14
X2
X3
Xq
Xs
Xs

X7

Xg

X10

X7

Xsg
Xg
X10
X11
X12
X13
X14
Xq
Xs
Xe
X7
Xg
Xg
X10

X11

3.47E-01
-4.86E-02
2.44E-03
1.08E+00
4.95E-03
9.22E-03
-6.15E-03
1.13E-03
3.84E-01
3.01E-01
2.52E-02
6.41E-01
2.83E-01
-4.57E-01
-2.91E-02
1.28E-02
-2.77E-01
-1.29E-02
-2.13E-02
3.66E-01
1.13E-01
-2.31E-01
-3.82E-02
-5.94E-01
2.19E-01
2.04E-01
4.91E-02
-5.74E-01
2.32E-01
1.16E+00

-6.83E-01
3.95E-02
-1.47E-03
-3.89E-02
1.62E-01
2.67E-02
7.75E-02
1.14E-01
-7.87E-03
-7.35E-02
1.15E-02
-4.24E-02
4.68E-01
7.00E-02
-2.15E-01

2.71E+00
-8.66E-01
2.89E-02
8.26E+00
9.27E-02
4.90E-02
4.30E-02
5.80E-06
2.11E+00
2.74E+00
2.37E-01
1.38E+00
3.19E+00
-1.45E+00
-7.88E-01
-1.96E-01
-1.51E+00
4.13E-01
-2.13E-01
4.04E+00
8.41E-01
-4.27E+00
1.07E+00
-6.07E+00
6.91E-01
2.32E+00
2.37E-01
-5.31E+00
1.86E+00
1.04E+01

-4.99E+00
3.94E-01
-1.23E-02
-4.63E-01
1.12E+00
1.90E-01
3.10E-01
2.02E+00
-1.57E-01
9.18E-01
-5.41E-03
-6.65E-01
4.39E+00
4.68E-01
-3.12E+00

2.83E-02
2.06E-03
-2.02E-05
-1.94E-02
-1.90E-04
-2.59E-04
4.80E-04
-5.48E-05
5.89E-03
-3.76E-03
9.76E-04
-9.79E-03
-1.21E-02
-3.61E-02
-1.80E-03
1.41E-05
1.36E-03
3.89E-04
-1.05E-03
1.50E-02
-8.18E-04
1.42E-02
1.46E-02
3.21E-02
3.28E-03
-2.95E-04
-6.35E-03
-8.70E-03
-5.03E-03
1.36E-02

-1.39E-03
-3.90E-04
-1.65E-04
-2.26E-03
-3.14E-03
-7.65E-04
-5.23E-03
8.77E-03
1.41E-03
-2.53E-03
-3.46E-03
6.29E-04
2.58E-03
-2.13E-03
1.54E-02

2.22E+00
-3.43E-01
1.21E-02
2.07E+00
2.60E-02
5.58E-03
8.87E-02
-7.52E-03
1.50E-01
6.18E-01
1.53E-01
-3.23E-01
1.57E+00
-1.57E+00
-4.78E-01
-7.18E-02
-1.00E+00
2.19E-01
-2.81E-01
3.00E+00
3.07E-01
-1.76E+00
1.32E+00
-2.23E+00
5.20E-02
1.59E+00
2.68E-01
-2.77E+00
5.83E-01
5.13E+00

-1.78E+00
1.92E-01
-3.07E-02
-4.09E-01
9.67E-01
2.51E-02
4.77E-02
1.07E+00
-9.89E-02
2.30E-01
-5.14E-04
-2.79E-01
2.23E+00
6.12E-02
-4.83E-01

9.16E-01
-4.24E-02
1.01E-02
3.10E+00
4.45E-03
6.59E-02
7.01E-02
-2.00E-02
-1.96E+00
8.22E-01
6.27E-02
1.64E-01
4.28E+00
-6.78E-01
-9.08E-01
5.34E-02
-2.51E+00
4.99E-03
-3.55E-01
2.41E+00
5.44E-01
-3.42E+00
-1.11E-01
-4.74E+00
1.94E+00
3.14E+00
1.97E+00
-1.58E+00
1.10E+00
2.13E+00

-8.20E-01
2.89E-01
-3.01E-02
-4.22E-01
3.11E+00
4.76E-02
1.93E+00
2.74E+00
-2.52E-01
-2.34E-01
3.21E-01
4.84E-02
2.55E+00
4.37E-01
-8.71E-01

3.32E-03
1.48E-03
9.91E-06
5.29E-03
3.63E-05
2.14E-04
2.23E-04
1.77E-06
3.49E-03
5.90E-03
6.12E-04
1.28E-02
4.65E-03
5.79E-03
8.61E-04
-5.27E-05
9.97E-04
1.31E-05
-1.82E-03
1.28E-02
2.23E-04
-8.54E-04
1.12E-03
-8.78E-04
2.36E-03
3.28E-03
1.69E-03
-7.29E-03
1.31E-03
1.35E-02

-4.80E-03
4.76E-04
-1.73E-04
-1.49E-03
4.17E-03
2.85E-05
1.35E-04
1.00E-02
-1.60E-04
-3.18E-04
1.12E-04
5.91E-04
7.88E-03
-7.63E-04
3.25E-03

-5.12E-03
2.85E-03
-4.33E-05
-6.77E-03
-1.16E-04
-3.27E-04
-5.51E-05
4.38E-05
4.73E-03
-2.62E-03
4.70E-05
-1.83E-03
-6.71E-03
5.23E-03
1.68E-03
-4.80E-04
7.30E-03
9.75E-04
1.10E-03
-2.47E-03
-1.44E-03
7.04E-03
3.64E-04
9.40E-03
-4.15E-04
-4.79E-03
-4.11E-03
-6.04E-04
-2.22E-03
1.22E-03

-9.41E-06
-6.12E-04
1.64E-05
4.05E-04
-4.55E-03
-9.47E-05
-3.57E-03
-3.75E-03
1.18E-03
1.44E-03
-1.81E-03
8.23E-04
-4.52E-03
-1.39E-03
2.71E-03

5.51E-04
-1.48E-02
3.45E-04
1.16E-01
8.38E-04
-6.12E-05
-9.20E-04
2.07E-04
3.96E-02
5.95E-02
2.81E-03
4.08E-02
3.73E-02
6.44E-02
1.83E-03
-2.01E-03
1.75E-02
1.69E-03
-5.68E-03
6.09E-02
6.95E-03
-5.37E-02
-3.16E-02
-8.67E-02
2.52E-02
1.40E-02
-5.93E-03
-5.36E-02
2.35E-02
1.22E-01

-7.36E-02
4.60E-03
2.72E-04

-4.52E-03
1.11E-03
3.07E-03

-6.39E-03
1.42E-02

-8.59E-03
2.31E-02
1.42E-02

-1.24E-02
6.22E-02
3.01E-03

-6.25E-02
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X3 * X 2.24E-01 -3.68E+00  -2.04E-02 -3.15E+00 -1.98E+00 -8.43E-03  2.72E-03  -2.65E-02
X3 * o Xas -5.47E-01  -4.89E+00 1.34E-02 -2.33E+00 -3.31E+00 -4.47E-03 5.19E-03  -6.46E-02
X3 * Xu -4.79E-01 6.75E-01 7.62E-03  1.40E+00 -6.25E-01  -1.24E-02  2.10E-03  -4.89E-02

X4 * X -5.26E-03 150E-02 -9.77E-04 -5.53E-02  -9.65E-02 6.60E-05  2.03E-04 2.84E-04
X4 * Xe 1.33E-01 -9.38E-01 -2.94E-02 -1.80E+00  1.22E+00 -1.20E-02 -8.09E-03  -6.03E-02
X4 * Xy 1.31E-02 1.02E-01 2.38E-03 2.05E-01 1.43E-01 2.36E-04 -3.75E-04 2.96E-03
X4 * X -4.24E-02  -6.65E-01 6.29E-04  -2.79E-01 4.84E-02 591E-04 8.23E-04 -1.24E-02
X4 * Xo -2.73E-01  -2.18E+00 9.68E-03 -2.07E-01  -3.89E-01 2.95E-03  1.07E-03  -2.97E-02

X4 * X -1.32E-02  -1.69E-01 2.90E-03 6.69E-02  -1.96E-01 1.24E-03  5.01E-04  -1.92E-03
X4 * Xn -2.11E-01  1.43E+00 -1.15E-02 -1.03E+00 4.67E-01  -9.63E-03 -5.50E-03 6.86E-02
X4 * o X -6.22E-02 7.93E-01  -1.15E-03 486E-01 -6.24E-01 -5.57E-03  -3.94E-03 5.44E-03
X4 * o Xas -5.91E-02  -2.45E+00 3.14E-03 -2.00E+00 -2.12E+00 -5.26E-03  1.05E-03  -3.69E-02
X4 * Xu -4.99E-03 -1.49E+00 -2.08E-03  -6.55E-01 -1.34E+00 -4.02E-03  5.99E-03  -6.44E-03

Xs * X -1.21E-02 7.92E-01 -7.28E-04 2.60E-01  -3.06E-01 2.46E-04 -2.65E-04 1.41E-02
Xs * Xy -6.47E-03  -1.08E-01 159E-05 -439E-02 -2.13E-02 -3.25E-05 1.43E-04 -1.21E-03
Xs * Xs -1.72E-03 8.49E-02 1.63E-04 7.97E-02 2.93E-02 429E-05 -2.48E-04 1.20E-03
Xs * X 5.63E-01 3.81E+00 -1.17E-02 5.09E-01 1.26E+00 -5.48E-03 -5.37E-03 3.01E-02

Xs * X 1.41E-01 1.69E-01 -1.50E-02 -9.36E-01 -1.56E+00 -3.95E-03  7.90E-04 1.61E-02
Xs * o Xu -9.79E-02  -1.46E+00 3.42E-03  -5.85E-01  -6.00E-01 6.68E-04 2.72E-03  -1.93E-02
Xs * X 4.26E-02 4.26E-01 2.43E-03 3.03E-01 3.76E-01 1.35E-03  -5.66E-04 3.04E-03
Xs * o X3 1.26E-01  1.67E+00 -5.99E-03  1.29E+00  2.55E+00 2.62E-03  -3.62E-03 5.26E-03
Xs * o Xu -4.46E-02  -2.36E-01 -3.35E-03  -2.02E-01 -241E-01 -1.43E-03 1.11E-04 2.14E-03

Xs * X -5.00E-02  -1.65E+00 6.61E-03  -4.34E-01 1.69E-02 -1.29E-03  3.07E-04  -3.28E-02
Xs * Xs 2.50E-01  1.86E+00 -4.63E-03  -8.89E-02 8.10E-01 9.38E-03  -4.57E-03 3.08E-02
Xs * X 1.35E-01 1.26E+00  -1.55E-04 6.25E-01 6.77E-01 2.30E-03  -1.05E-03 1.70E-02

Xs * X 4.00E-03 1.88E-01 1.27E-03 2.40E-01 2.66E-01 6.56E-04 -3.52E-04  -5.11E-05
Xs * o Xu 4.13E-03 1.59E-02 1.88E-03 3.13E-01 2.82E-01 155E-03  7.78E-05  -4.26E-03
Xs * X -5.16E-01  -3.42E+00 2.96E-02  1.16E+00 8.82E-01 6.78E-03  4.20E-03  -8.92E-02
Xs * X 4.61E-02  -2.78E-02 159E-03 -2.67E-01 -5.11E-01 4.33E-05 6.28E-04 1.34E-03
Xs * o Xu 4.31E-01 858E-01 -5.72E-03 -2.00E+00 -1.92E+00 -9.33E-03 -1.36E-05 -4.61E-03
X7 *  Xs -3.77E-03  -1.78E-01  -1.47E-04 -1.16E-01 -7.74E-02  -5.59E-04  6.44E-04 -2.48E-03
X7 * X -9.60E-01  -6.46E+00 159E-02 -1.14E+00 -2.88E+00 351E-03 8.81E-03  -6.83E-02
X7 * X -2.60E-01 3.89E-01 2.79E-02  2.86E+00  2.45E+00 8.60E-03 -2.49E-03  -2.77E-02
X7 * Xn 2.22E-01  2.79E+00 -5.61E-03  1.26E+00  1.40E+00 -3.11E-04 -5.91E-03 2.86E-02
X7 * Xp -3.65E-02  -6.97E-01 -5.75E-03  -6.27E-01 -6.00E-01 -2.49E-03  1.22E-03 -4.13E-03
X7 * X 1.61E-02 -5.16E-01 -4.93E-03 -1.32E+00 -2.06E+00 -1.79E-03  3.27E-03 4.52E-02
X7 * o Xu 4.51E-02 6.10E-01 6.40E-03 5.02E-01 5.05E-01 2.93E-03 -1.10E-03  -2.93E-03
Xg * X -2.55E-01  -1.15E+00 8.12E-03 3.06E-01 3.35E-01 3.47E-03 -2.49E-04  -1.21E-02
Xg * X 2.95E-02 1.45E-01  -1.33E-03 8.80E-02 2.99E-01 6.55E-04  -6.25E-04 1.60E-03
Xg * o Xu -8.76E-02 2.65E-01 6.37E-04 -6.67E-02  -9.67E-01 -1.88E-03  4.86E-03 1.54E-02
Xg * X -8.46E-02  -3.29E-01 4.11E-03 2.56E-01 2.21E-01 3.73E-03 -1.54E-03  -4.40E-03
Xg T -6.29E-01  -4.82E+00 1.75E-02  -6.14E-01 -1.46E+00 5.86E-03 5.12E-03  -6.58E-02
Xg * o Xu 1.85E-01  1.53E+00  -3.30E-03 454E-01  -1.55E-01  -3.43E-03 -5.29E-04 2.98E-02
X9 * X 2.27E-03 1.16E-05 -1.10E-04 -1.50E-02  -4.00E-02 3.55E-06  8.75E-05 4.13E-04
Xq * Xn -8.15E-04  -1.20E-01 1.38E-03  -5.29E-02  -2.51E-01 9.05E-05 5.28E-04  -1.30E-03
Xg * o X 6.65E-01  4.90E+00 5.48E-03  2.30E+00  2.58E+00 1.11E-02  -5.03E-03 7.53E-02
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Xg
Xo

X10

X2

X3

X13
X14

X1

X14

X14

2.43E-02
6.89E-01
-3.60E-03
6.19E-02
-2.36E-03
3.98E-02
-1.72E-01
8.75E-02
1.81E-01
-4.80E-01
-9.00E-01
-3.11E-01
1.59E-02
1

2.39E-01
4.98E+00
-2.07E-01
3.69E-01
-3.10E-02
1.07E-01
2.33E-01
6.48E-01
2.33E-01
-6.24E+00
-4.25E+00
-4.36E+00
1.49E-01
1

6.22E-05
3.58E-03
-1.15E-03
1.07E-03
1.21E-04
7.89E-04
-5.33E-03
-3.75E-04
-1.78E-02
2.04E-02
1.07E-02
1.43E-02
1.11E-04
1

1.38E-01
1.95E+00
-2.31E-01
1.63E-01
-2.36E-02
-1.71E-02
1.44E-01
2.86E-01
-1.05E+00
-3.44E+00
-4.48E-01
-2.46E+00
6.45E-02
1

1.59E-01
2.06E+00
-3.74E-01
2.79E-01
-8.86E-03
5.30E-02
-4.63E-01
3.24E-01
3.93E-02
-4.58E+00
-4.43E-01
-3.04E+00
7.19E-02
1

4.43E-04
8.23E-03
-4.30E-04
4.69E-04
-1.15E-04
-1.64E-04
6.52E-05
9.45E-04
-1.59E-03
-5.57E-03
-8.04E-03
-3.42E-03
1.49E-04
1

-2.82E-04
-4.67E-03
6.76E-04
-8.75E-04
-4.72E-05
-4.40E-04
4.24E-03
-5.15E-04
1.46E-03
5.13E-03
3.22E-03
3.25E-03
-8.98E-05
1

2.83E-03
7.37E-02
3.63E-05
1.76E-03
-3.10E-04
-1.20E-03
1.54E-02
7.72E-03
2.61E-02
-8.35E-02
-6.27E-02
-6.13E-02
2.06E-03
1

Table 5. The x and y variables, their coefficient and determination coefficient of equations belonging non-linear models yielded from the

data collected Station 2

Y1 Y2 VE Ya Ys Yo y7 Vs
X1 1.15E-04  -8.45E-02 5.08E-05 1.09E-03 -2.98E-04 1.27E-06  -9.24E-08 1.21E-05
X2 1.08E-05 -4.97E-03 5.80E-06 1.47E-04 4.07E-05 1.70E-07 7.85E-09  3.52E-06
X3 1.69E-04  9.67E-02  6.95E-05  1.61E-03 1.74E-03  2.83E-06  4.58E-07 1.30E-04
Xa 2.17E-04 1.64E-01 6.21E-05 1.99E-03 1.13E-03 2.59E-06 3.29E-07 1.18E-04
Xs 7.12E-04  2.31E+00 160E-03  5.63E-02 -2.69E-02  4.78E-05 -8.19E-05 3.16E-03
Xg 1.94E-04 -1.75E-02  6.70E-05  1.89E-03 1.08E-03  3.18E-06  2.44E-07 1.28E-04
X7 2.20E-03  -5.55E-01 8.50E-04 2.21E-02 1.41E-02 4.01E-05 2.20E-06 1.83E-03
Xg 2.15E-04  -6.74E-03 1.31E-04 3.87E-03  1.20E-03 2.31E-07  -3.15E-07 2.24E-04
X9 9.02E-06  -1.00E-02  4.26E-06  1.04E-04 4.56E-05 1.87E-07 1.66E-08 3.91E-06
X10 -1.07E-06  -2.03E-04 3.76E-08  -4.40E-06 -1.48E-07 -2.80E-08 -4.71E-09 -3.59E-07
X11 1.03E-04 2.09E-01 2.25E-05 1.12E-03  6.04E-04 5.57E-07 1.32E-07 6.16E-05
X12 2.87E-04  155E-01  8.56E-05  2.64E-03 1.20E-03  2.70E-06  6.63E-08 1.56E-04
X13 1.99E-05 -1.10E-02 7.23E-06 190E-04 1.07E-04 3.57E-07 2.38E-08 1.68E-05
X14 2.33E-04 1.44E-01 7.95E-05 2.18E-03  1.06E-03 2.65E-06 2.37E-07 1.58E-04
X1 X 2.02E-03  -2.50E-02  4.86E-04 -4.50E-03 -7.67E-03  5.89E-06 -1.61E-05 2.84E-03
X2 * X 1.20E-05 -9.78E-04 6.33E-06 154E-04 1.35E-04 2.20E-07 3.55E-08 1.19E-05
X3 ¥ Xs -3.03E-03  1.42E+00 -2.36E-04 -3.08E-02 4.31E-03 -3.39E-05 -1.32E-06 -1.98E-03
Xa * X 5.07E-04  -5.59E-02 5.75E-04 5.43E-03  1.82E-02 3.15E-05 7.08E-06 1.20E-03
Xs * Xs 5.84E-08 -1.28E-04 -1.11E-09 -4.85E-08 1.77E-07 -4.96E-11  -1.10E-11 4.87E-09
Xg * X 154E-03  -2.10E-01 5.37E-04 1.48E-02 9.27E-03 2.64E-05 2.94E-06 9.55E-04
X7 * X7 8.05E-05 2.71E-02 -9.27E-05 -8.16E-04 -3.80E-04 -3.83E-06 -6.33E-07 -3.23E-05
Xg * Xg -4.91E-04 481E-01 -4.06E-05 -1.55E-03 5.17E-03 1.18E-06 2.02E-06 1.80E-04
Xg * Xg 9.40E-07  -1.12E-02 1.89E-06 1.67E-05 4.35E-05 1.16E-07 4.15E-08 -2.95E-06
X0 ¥ X 1.67E-16 1.17E-13 1.98E-17 1.46E-15 -6.71E-17 9.66E-19  -3.94E-19 8.75E-17
X1 ¥ Xa 5.78E-03 2.99E+00  -2.43E-04 499E-02 -4.62E-02 -1.31E-06 -3.11E-05 1.19E-03
X1z *  Xn 2.54E-03 5.41E+00 2.50E-04 1.01E-03 3.24E-03 -1.74E-05 -4.69E-06 3.03E-04
X13 ¥ X 1.80E-05  -1.45E-02 6.33E-06 152E-04 1.27E-04 3.95E-07 4.84E-08 1.71E-05
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X * Xu -8.79E-04  4.22E+00  -7.04E-05 -1.30E-02 -2.19E-02  -5.29E-05 -1.11E-05 -8.49E-04

X1 * X 1.96E-04  -9.47E-03 7.78E-05 1.94E-03  1.82E-03 3.60E-06 3.21E-07 1.60E-04
X1 * Xs -7.20E-04  -6.92E-01  -5.71E-05 -2.04E-02 -9.76E-03  -1.16E-05 -1.34E-05 2.00E-04
X1 * X 7.68E-03  9.93E+00 1.13E-03 5.19E-02 3.71E-02 6.59E-05 1.20E-05 4.65E-03
X1 * Xs -6.65E-05 2.07E-01  -1.69E-05 -5.99E-04 1.21E-04 -2.22E-07 5.94E-08 -3.84E-05
X1 * Xe 2.28E-03  -5.09E-02 7.10E-04 1.80E-02 1.35E-02 3.53E-05 3.91E-06 1.66E-03
X1 * Xy 1.30E-03  -5.53E+00 5.83E-05 9.79E-03 -7.88E-03  -1.34E-05 -8.21E-06 6.74E-04
X1 *  Xs 1.39E-02 -1.60E+01 2.67E-04 8.03E-02 -7.44E-02 1.89E-04  -4.53E-05 6.26E-03
X1 * Xo 1.44E-04  -1.18E-01 5.74E-05 1.30E-03  1.26E-03 3.11E-06 6.97E-07 1.08E-04

X1 * X -3.85E-05 -3.00E-02  -5.48E-06 -2.63E-04 -1.94E-04 -6.81E-07 -1.90E-07 -1.56E-05
X1 * o Xu -1.35E-03  9.86E+00 3.12E-04 9.00E-03 3.14E-02  -5.28E-05 2.02E-05 -1.34E-03
X1 * o X 2.63E-03  4.07E+00 4.28E-04 5.11E-03 -1.17E-02  -2.01E-05 -1.84E-05 1.11E-03
X1 * X 1.61E-04  -4.88E-01 5.81E-05 1.18E-03 7.14E-04 5.15E-06 2.51E-07 2.14E-04
X1 * Xu 6.23E-04 6.31E-01  -2.11E-05 -9.58E-03 -2.80E-02 -1.69E-05 -2.05E-05 6.56E-04

X2 * o Xs 1.03E-04 1.29E-01 7.11E-05 1.42E-03 2.36E-03 2.12E-06 7.76E-07 1.01E-04
X2 X 1.37E-04  -7.62E-02 5.01E-05 1.50E-03 7.32E-04 2.50E-06 5.01E-08 1.11E-04
Xz * X 8.41E-04 -4.02E-01 -1.90E-04 -2.35E-03 -1.80E-03 -1.60E-06 -3.48E-06 1.23E-03
X2 * Xs 153E-04 -3.01E-02 5.76E-05 1.63E-03 9.79E-04 2.65E-06 1.72E-07 1.09E-04

2.48E-03  -9.93E-01 9.72E-04 2.58E-02 1.96E-02 5.16E-05 2.63E-06 2.41E-03

X2 * Xs -1.53E-04 4.25E-01 1.24E-04 1.74E-03 3.83E-03  -6.75E-06 1.46E-06 -1.92E-06
X2 * X 523E-06  -1.28E-02 3.39E-06 8.09E-05 2.18E-05 1.37E-07 -1.86E-09 2.14E-06
Xz * X -1.09E-06 5.06E-04 -1.07E-07 -8.46E-07 -155E-05 -3.75E-08 -1.14E-08 -1.08E-06
X2 * o Xu 9.91E-05 1.51E-02 1.82E-05 1.01E-03  8.75E-05 1.34E-06  -3.20E-07 1.00E-04
X2 * o X 1.84E-04 4.89E-02 7.80E-05 2.11E-03  1.67E-03 2.67E-06 3.47E-07 1.27E-04
Xz * X 2.00E-05 -8.03E-03 6.66E-06 2.04E-04 8.48E-05 3.19E-07 8.90E-09 1.40E-05
X2 * Xu 1.56E-04 1.50E-01 8.16E-05 1.84E-03 2.11E-03 2.20E-06 7.34E-07 1.35E-04

X3 X 5.64E-03  9.13E+00 7.07E-04 3.59E-02 3.68E-02 4.89E-05 1.59E-05 3.12E-03
X3 * X 1.11E-05 -2.56E-01 1.54E-05 6.90E-04 -1.26E-03  -7.08E-09 2.85E-07  9.36E-06
X3 * Xs 1.29E-03 7.09E-01 5.49E-04 1.18E-02 1.57E-02 2.43E-05 6.28E-06 8.61E-04
X3 * X -5.57E-03  6.97E+00 -5.22E-04 -2.52E-02 6.72E-02 1.12E-05 2.79E-05 -5.90E-03
X3 * X 8.13E-04 -5.19E+00 4.16E-04 1.19E-02 1.29E-02  -4.76E-05 5.01E-07 4.16E-03
X3 * o Xo 8.86E-05  -1.03E-01 4.71E-05 9.79E-04  1.04E-03 2.25E-06 5.68E-07 5.67E-05

X3 * X -4.05E-05 -1.64E-02 -5.25E-06 -2.67E-04 -1.44E-04 -7.46E-07 -1.62E-07 -1.89E-05
X3 * Xn -2.78E-04  9.42E+00 3.83E-04 1.67E-02 2.90E-02  -3.01E-05 1.60E-05 -6.36E-04
X3 * Xp 2.47E-04  5.74E+00 1.16E-04  -473E-03 -5.40E-03 -5.05E-05 -1.12E-05 -1.17E-03
X3 * o Xaa 9.42E-05  -3.85E-01 4.96E-05 6.87E-04 1.19E-03 4.43E-06 5.48E-07 1.70E-04
X3 * Xu -2.02E-03  3.14E+00 -2.07E-04 -2.23E-02 -1.00E-02 -4.83E-05 -6.34E-06 -1.56E-03

X4 * Xs 3.17E-05 -1.25E-01  -1.04E-07 4.03E-05 1.78E-05 2.71E-07  -2.87E-07 1.49E-05
X4 * X 1.70E-03  1.05E+00 5.12E-04 153E-02 1.05E-02 2.36E-05 4.33E-06 8.30E-04
X4 * X -3.63E-03  2.33E+00 -2.89E-04 -150E-02 -2.35E-02  -1.92E-05 1.43E-06 -3.09E-03
X4 * X 8.13E-04 -5.19E+00 4.16E-04 1.19E-02 1.29E-02  -4.76E-05 5.01E-07 4.16E-03
X4 * X -3.68E-06  -1.06E-01 1.75E-05  -8.64E-05 4.37E-04 8.95E-07 5.18E-07 -7.06E-05

X4 * X -2.03E-05 -1.75E-02 -2.92E-06 -1.86E-04 -1.39E-05 -2.91E-07 -4.03E-08 -4.55E-06
X4 * Xu -1.06E-03  2.09E+00 -2.35E-04 -2.41E-03 -1.49E-02 -4.07E-05 -6.77E-06 -2.20E-03
X4 * X 7.43E-03  9.33E+00 1.07E-03 5.63E-02 3.26E-02 5.45E-05 5.82E-06 5.58E-03
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X1z * Xu 1.40E-04  -3.67E-01 5.52E-05 1.22E-03  2.54E-04 3.98E-06 5.89E-08 1.90E-04
c 2.45E-05  -1.11E-03 8.36E-06 2.42E-04 1.24E-04 3.82E-07 1.50E-08 1.72E-05
r? 0.631 0.615 0.28 0.462 0.431 0.884 0.549 0.738

Table 6. The x and y variables, their coefficient and determination coefficient of equations belonging non-linear models yielded from the

data collected Station 3

Y1 y2 VE Ya Ys Yo y7 Vs
X1 -9.25E-02 -9.72E-02 6.99E-04 -7.34E-03 -2.17E+00 3.63E-04 4.11E-04 -1.44E-03
X2 -1.68E-02 -1.11E-01 1.02E-05 -1.51E-01  8.03E-01 6.62E-04 -3.99E-05 -8.80E-05
X3 -8.95E-02 -1.90E-01 1.40E-03 -3.51E-01 -3.20E-01 1.83E-03 2.76E-04 -5.30E-05
Xa 7.57E-03 4.91E-01 -1.08E-03 8.25E-01 -4.29E+00 -1.82E-03 -1.39E-04 -2.76E-03
Xs 3.54E-01 2.29E-01 2.17E-02 -2.10E-01 9.08E+00  -6.64E-03 5.68E-04 -4.20E-03
Xg -3.27E-02 -2.90E-01 1.25E-03 -3.64E-01  1.79E+00 6.83E-04 1.33E-04 -7.51E-04
X7 6.70E-02 -1.64E+00 1.07E-02 -1.68E+00 1.70E+01 417E-03 2.05E-04 -1.49E-02
Xsg -1.39E-01 -3.90E-01 -3.79E-03 -1.26E-01  5.56E-01 3.64E-03 -2.64E-04 -6.33E-03
Xo -7.31E-03 -6.42E-02 1.44E-04 -7.39E-02  4.07E-01 1.31E-04 1.59E-05 -1.49E-04
X10 -1.78E-03 -4.52E-03 4.30E-05 -3.71E-03  -4.22E-02 8.50E-06 1.01E-05 -2.80E-05
X11 1.55E-02 1.55E-01 1.06E-04 1.95E-01 -1.33E+00 -7.64E-04 1.01E-04 5.43E-05
X12 2.41E-02 8.36E-01 3.88E-03 5.78E-01 -5.72E+00  -1.45E-03 -6.59E-05 5.45E-03
X13 -2.32E-02 -1.53E-01 2.10E-07 -1.33E-01  6.39E-01 3.11E-04 4.34E-05 -6.12E-04
X14 -6.31E-02 -4.62E-02 1.63E-03 -1.78E-01 -6.89E-01 1.28E-03 5.03E-05 1.20E-03
X1 * X 1.61E-02 -5.96E-01 2.33E-03 -8.01E-01  4.77E+00 1.27E-03 -5.23E-04 -2.49E-04
X2 X -5.16E-03 -3.13E-02 2.13E-03 4.03E-02 -1.20E+00  -2.02E-03 5.53E-04 2.30E-04
X3 * Xg 1.32E+00 5.01E+00 1.10E-02 480E+00 -1.40E+01 -2.18E-02 4.37E-04 1.44E-02
Xe  * X -7.43E-02 -1.86E-01 -6.30E-04 -3.84E-01  1.92E+00 3.75E-03 -4.79E-04 -1.65E-03
Xs * X 5.19E-04 3.53E-02 -6.10E-05 2.09E-02 -2.50E-01 2.53E-04 -1.41E-05 1.39E-04
Xe ¥ X -2.30E-01 -1.56E+00 4.75E-03 -2.29E+00  9.65E+00 7.20E-03  3.69E-04 -2.08E-03
X7 *o Xy -1.14E-02 -3.71E-02 5.94E-05 -1.01E-02 -3.31E-02  -1.74E-04 2.95E-05 -1.74E-04
Xg * o Xg -1.66E-04 1.88E-03 7.42E-06 2.17E-03  -1.55E-02 1.49E-06 -4.24E-06 2.19E-05
Xo * Xg 4.40E-02 -1.60E-01 -2.54E-04 -8.42E-02 2.71E+00  -1.80E-03 -1.59E-04 -7.41E-04
X0 ¥ X -2.14E-12 -1.66E-11 -4.40E-15 -1.15E-11  6.82E-11 4.88E-15 5.04E-15 -7.99E-14
X1 *  Xa -1.04E-01 3.47E-01 -3.65E-03 3.47E-01 -5.51E+00 5.27E-03 -2.19E-04 -2.33E-03
X2 ¥ X 2.63E-02 -4.74E-01 -4.86E-04 -6.64E-01 2.92E+00 8.18E-03 -6.12E-04 2.86E-03
X1z ¥ Xis -7.60E-02 -4.52E-01 6.99E-04 -3.65E-01  1.48E+00 1.73E-04 2.71E-04 -2.27E-03
X4 *  Xu 5.02E-01 7.79E+00 2.85E-04 551E+00 -6.26E+01  -6.75E-03 2.99E-03 2.16E-02
X1 * X 4.95E-01 1.46E+00 -2.15E-02 2.95E+00 -8.61E+00  -1.04E-03 -1.33E-03 -2.46E-02
X1 * o Xs -2.70E-01 1.57E+00 6.81E-03 1.76E+00 -1.70E+01 7.31E-04 3.08E-04 -2.93E-03
X1 X 1.62E-02 -1.97E-01 -2.51E-03 3.38E-01 8.83E-01 -2.03E-04 -5.84E-04 1.54E-03
X1 *  Xs 6.89E-02 1.06E-01 -6.15E-04 5.16E-02 -1.38E-02 -1.61E-04 -1.09E-05 1.63E-03
X1 * Xe 3.98E-01 1.90E+00 -1.99E-02 2.33E+00 -1.71E+00  -4.61E-03 -1.84E-03 7.49E-03
X1 * X7 -8.49E-02 -2.90E-01 1.13E-03 -2.09E-01 1.12E+00 -2.79E-04 1.82E-04 -2.66E-03
X1 *  Xg 1.61E-01 -2.50E-01 2.86E-03 -5.33E-02  9.52E-01  -4.23E-03 1.90E-03 4.48E-04
X1 * X -4.33E-02 8.75E-01 1.05E-02 2.62E+00 -2.92E+01  -1.95E-02 6.10E-03 -8.63E-03
X1 % Xpo -3.82E-02 -6.60E-02 3.86E-04 -2.27E-01  -8.65E-01 2.18E-03 1.77E-04 -1.98E-04
X1 * Xn -7.42E-01 -3.50E+00 8.04E-03 -3.92E+00 1.26E+01 5.95E-03 -1.60E-03 -2.85E-02
X1 * X 3.10E-01 1.65E+00 -1.01E-02 9.55E-02  6.17E-01 7.31E-03 -2.21E-03 3.97E-03
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X1 X13 -3.95E-01  -5.50E+00  -1.58E-02  -7.53E+00 5.53E+01  4.25E-02 -6.42E-03 -1.58E-02
X1 X14 -7.67E-01  -1.04E+00 7.04E-03 6.11E-01 -1.33E+01  -6.30E-04 2.64E-03 1.73E-03
X2 X 3.48E-01 242E+00  -2.76E-03 3.15E+00 -1.94E+01 -9.70E-03 8.19E-04 -4.57E-03
X2 X4 -1.12E-01  -8.62E-01 262E-03  -1.23E+00 1.14E+00  2.86E-03 5.05E-04 -9.51E-04
X2 Xs 5.12E-01 271E+00  -8.17E-03 514E-01 1.79E+00  8.45E-03 -2.13E-03 3.04E-02
X2 Xs -5.14E-02  -453E-01  -8.31E-04  -7.41E-01 527E+00  3.67E-03 -6.64E-04 8.78E-04
% % -8.30E-01  -5.62E+00 150E-02  -2.17E+00 7.80E+00 -1.27E-02 3.79E-03 -4.08E-02
X2 Xe 3.86E-01 8.33E-01  -2.98E-03  -221E+00 290E+01  2.05E-02 -6.80E-03 1.98E-02
X2 X -3.78E-02  -3.46E-01  -1.66E-03  -5.01E-01 3.72E+00  3.14E-03 -5.02E-04 -2.20E-04
X2 X10 -2.76E-02  -141E-01  -502E-05  -1.28E-01 4.66E-0L  4.35E-04 2.62E-05 -5.01E-04
X2 Xu 9.27E-02 5.25E-01  -6.37E-05 430E-01 -1.12E+00 -1.11E-03 -3.65E-04 3.29E-03
X2 X12 -2.29E-01 6.43E-01  -7.68E-03 211E+00 -2.67E+01  3.90E-03 2.94E-03 -2.17E-02
X2 X13 4.28E-02 1.36E-01 3.80E-04 1.16E-01 1.02E-01 -1.07E-03 -1.19E-04 1.03E-03
X2 X1 1.71E-01 7.81E-01  -7.41E-03 1.11E+00 -559E+00  2.25E-03 -3.51E-04 -6.85E-03
X3 Xa 2.10E-01 2.38E+00 8.78E-03 4.85E-01 -120E+01 -3.45E-03 -1.18E-03 -6.96E-03
X3 Xs -125E-01  -9.93E-01  -8.06E-04  -6.80E-01 455E+00  7.92E-04 5.20E-04 -6.11E-03
X3 Xs -477E-01  -1.07E+00 249E-03  -2.06E+00 -5.92E-01  1.04E-02 132E-03 3.38E-03
X3 X7 8.01E-02 1.18E+00 3.38E-04 7.68E-01 -7.56E+00  3.63E-04 -8.12E-04 8.14E-03
X3 Xe -1.47E-01 1.36E-01  -6.33E-03  -4.84E-01 253E+00  5.83E-03 -2.13E-03 -4.21E-04
X3 Xo -7.99E-02  -4.77E-01 6.94E-04  -6.77E-01 -2.29E-01  1.67E-03 1.16E-03 -8.30E-04
X3 X10 1.25E-02  -3.53E-03 8.97E-05 159E-01 -1.16E+00 -1.27E-03 2.96E-04 -1.43E-03
X3 Xu 1.47E-01 3.09E-01 1.04E-02 3.96E-01 -4.37E-01 -1.12E-02 -9.78E-05 -2.60E-03
X3 X12 -6.53E-01  -3.12E+00 141E-02  -157E+00 -1.19E+00 -8.89E-03 7.63E-03 -9.81E-03
X3 X13 -2.83E-02  -1.73E+00  -7.82E-03  -2.71E+00 2.22E+01  157E-02 -3.00E-03 -3.70E-03
X3 X1 740E-01  -257E+00  -2.96E-02  -2.72E+00 6.26E+01  178E-02 -9.69E-03 6.72E-03
X4 Xs -6.38E-03  -1.40E-01  -8.88E-05  -6.99E-02 -1.30E-01  1.70E-04 1.72E-04 -1.09E-03
Xa X6 1.60E-01 481E-01  -2.31E-02 8.57E-01 1.95E+01  9.31E-03 -5.90E-03 -1.32E-02
Xa X7 2.71E-02 2.02E-01 1.11E-03 152E-01 -8.71E-01 -148E-03 1.37E-04 2.33E-03
Xa Xs -1.47E-01 1.36E-01  -6.33E-03  -4.84E-01 253E+00  5.83E-03 -2.13E-03 -4.21E-04
X4 Xq -7.24E-01  -1.16E-02 8.53E-03 151E+00 -3.60E+01  2.75E-05 5.89E-03 -1.64E-02
Xa X10 -154E-01  -6.16E-01 3.07E-03  -511E-01 -112E+00  155E-04 7.78E-04 -2.15E-03
X X1 3.70E-01  -839E-01  -4.72E-02 244E+00 2.35E+01  -8.56E-03 -9.75E-03 -2.39E-02
Xa X12 2.55E-01 1.18E+00 2.59E-03 1.38E+00 -9.05E+00 -1.08E-02 2.06E-03 6.57E-03
Xa X13 4.67E-01 7.98E+00 1.16E-03 7.63E+00 -7.05E+01  -5.31E-03 2.30E-03 1.96E-02
X4 X14 -8.10E-01  -3.74E+00  -6.17E-03  -3.63E+00 2.82E+01  2.55E-02 -2.80E-03 -3.46E-03
Xs X6 -3.22E-01  -2.78E+00 3.08E-03  -143E+00 1.26E+01 -1.59E-02 597E-04 -4.53E-03
Xs X7 6.68E-03  -1.15E-02  -5.71E-05  -1.74E-02 3.78E-01  -2.30E-04 -2.50E-05 2.40E-05
Xs Xs -3.71E-04 3.58E-02 2.53E-04 2.84E-02 -142E-01  6.20E-04 4.85E-05 -1.03E-04
Xs Xo 8.97E-01 5.78E+00 4.38E-03 5.88E+00 -2.68E+01  -2.69E-02 -1.84E-03 257E-02
Xs X10 -1.89E-02  -7.12E-01 1.40E-02 1.04E-01 -545E+00 -1.20E-02 2.44E-03 -5.88E-03
Xs Xu1 -2.37E-01  -256E-01  -4.65E-03  -7.07E-01 3.39E+00  7.31E-03 -1.18E-03 1.79E-02
Xs X12 6.01E-02 5.86E-01 6.26E-04 499E-01 -2.88E+00 -4.54E-04 -2.76E-04 2.12E-03
Xs X13 5.33E-01 6.22E+00 1.47E-02 492E+00 -4.44E+01  158E-03 3.19E-03 1.83E-02
Xs X14 -8.09E-02  -3.81E-01 161E-03  -3.49E-01 7.00E-01 -5.13E-05 4.92E-04 -6.17E-03
X6 X7 4.51E-01 425E+00  -1.36E-03 2.61E+00 -2.36E+01  2.28E-02 -1.98E-04 6.18E-03
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Xs *  Xg 1.30E-01 1.06E+00 2.41E-03 1.01E-01 -1.59E+00 5.97E-03 1.48E-03 -4.44E-03
Xs * Xo -1.11E-01 -6.82E-01 1.39E-03 -6.87E-01  2.66E+00 1.05E-03 4.42E-04 -2.80E-03
Xs * X -3.37E-02 -2.72E-01 8.18E-06 -4.23E-01 2.81E+00 2.03E-03 -2.60E-04 8.12E-04
Xs * Xu 2.37E-01 1.67E+00 -3.01E-03 1.74E+00 -8.41E+00 -3.97E-03 -3.40E-04 4.01E-03
Xs * X 2.65E-01 3.44E+00 3.66E-03 149E+00 -5.56E+00  -2.82E-03 -4.69E-03  3.59E-02
Xs * o Xas -1.50E-01 -1.02E+00 -3.08E-04 -9.98E-01 5.14E+00 3.00E-03 1.36E-04 -2.50E-03
Xs * X -5.03E-01 -8.57E-01 -2.64E-03 -1.67E+00  2.23E+00 1.48E-02 -1.76E-03 8.75E-03
X7 * Xs -8.01E-03 -4.91E-02 -3.12E-04 -2.06E-02  2.87E-02  -8.97E-04 -1.78E-04 4.70E-04
X7 * Xo -1.41E+00 -9.58E+00 -8.75E-03 -1.01E+01  4.99E+01 4.92E-02 2.02E-03 -4.37E-02
X7 * X -1.13E-01 3.39E-01 -2.33E-03 -6.51E-01  9.37E-01 1.28E-02 -2.77E-03  6.56E-03
X7 * o Xu 3.93E-01 4.50E-01 5.98E-03 1.00E+00 -6.30E+00  -1.02E-02 2.77E-03 -2.05E-02
X7 * X -6.90E-02 -7.58E-01 -1.37E-03 -5.93E-01  3.46E+00 4.31E-04 4.86E-04 -3.99E-03
X7 * Xz -6.76E-01 -8.34E+00 -1.65E-02 -5.66E+00 5.85E+01  -1.71E-02 -3.48E-03 -2.13E-02
X7 * Xu 1.44E-01 2.86E-01 -1.32E-03 2.46E-01 1.49E+00 3.79E-04 -5.99E-04 6.62E-03
Xg * Xe 5.56E-01 6.09E+00 -1.95E-02 3.63E+00 -1.62E+01 2.05E-02 -7.45E-03 2.94E-02
Xg * X -7.65E-02 -8.26E-01 2.54E-03 -5.99E-01 3.60E+00  -1.31E-03 7.55E-04 -3.66E-03
Xg * Xn -1.71E-01 -5.17E+00 -2.62E-03 -2.46E+00 3.83E+01 1.66E-03 1.53E-03 -4.56E-02
Xg * Xp -1.46E-01 1.31E-01 -3.36E-03 -1.97E-01  1.08E+00 6.95E-03 -1.59E-03 -2.91E-03
Xg * X -1.30E-01 -2.33E+00 3.56E-03 -2.80E+00 1.19E+01 1.03E-02 3.05E-03 -1.21E-02
Xg * Xu 2.91E-01 -6.73E-01 1.13E-02 1.11E+00 -7.28E+00  -2.16E-02 4.69E-03  3.02E-03
Xg * X 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
Xg * Xn 8.74E-02 1.56E-01 -3.42E-03 1.08E-01  3.09E+00 1.28E-03 -9.42E-04 9.86E-04
Xg * Xp 1.70E-01 1.77E+00 7.73E-03 1.19E+00 -2.00E+01 1.05E-03 2.64E-03 1.50E-02
Xg * o X3 2.77E-02 1.05E-01 -9.91E-04 6.92E-02  4.90E-01 2.64E-04 -1.65E-04 6.18E-04
Xg * X 2.19E-01 1.44E+00 -9.89E-04 7.47E-01 -5.51E+00 3.36E-03 -6.85E-04 1.17E-02
X ¥ Xu -7.11E-02 -1.94E-01 5.76E-04 -1.17E-01 -1.04E+00 4.05E-04 2.99E-04 -1.73E-03
X0 ¥ X -1.41E-01 -5.52E-01 -2.90E-05 -6.50E-01  1.62E-01 4.19E-03 2.56E-04 -2.19E-03
X0 ¥ X 7.18E-04 5.31E-02 -1.24E-04 3.79E-02 -3.24E-01 1.74E-04 -3.74E-05 2.38E-04
X0 ¥ Xu 1.03E-02 9.05E-02 -1.58E-04 7.33E-02 -9.60E-01 5.99E-04 -3.60E-05 -2.44E-04
X  * X 6.21E-02 4.60E+00 2.15E-02 3.57E+00 -2.66E+01  -8.62E-03 -2.62E-03 7.09E-03
X ¥ X 8.35E-02 6.27E-01 -5.51E-04 6.51E-01 -4.80E+00 -1.07E-03 2.85E-04 1.88E-04
X * Xu -5.65E-02 2.29E+00 1.36E-02 2.67E+00 -3.08E+01  -1.31E-02 3.53E-03 -6.89E-03
X2 * X -5.49E-01 -4.43E+00 -2.42E-02 -7.08E+00 4.28E+01 5.70E-02 -7.31E-03 -4.98E-03
X2 *  Xu -4.07E-01 -2.96E+00 3.42E-03 -1.25E+00 1.75E+01  -1.69E-02 -1.54E-03 -1.32E-02
X1z * Xu -1.33E-01 -1.22E+00 -1.05E-02 -2.32E+00  1.42E+01 2.22E-02 -3.01E-03 -8.78E-04

c -4.00E-03 -4.16E-02 2.12E-04 -4.86E-02  2.63E-01 6.20E-05 2.17E-05 -1.46E-04

r? 1 1 1 1 1 1 1 1

Table 7. The x and y variables, their coefficient and determination coefficient of equations belonging non-linear models yielded from the
data collected Station 4

Y1 y2 Ys Ya Ys Ye y7 Ys
X1 -2.26E-01 -1.64E+00 2.24E-03 -1.17E+00  3.24E+00  -2.14E-03 1.83E-03 -2.47E-02
X2 4.55E-03 1.26E-01 -6.58E-04 -1.84E-02 3.07E+00 8.01E-05 -9.87E-05 3.25E-03
X3 -1.04E-01 -3.16E-01 2.48E-03 -5.24E-01  -2.94E+00 -5.87E-04 1.06E-03 -9.22E-03
X4 1.86E-02 9.83E-01 2.89E-03 -1.02E-01  3.38E+00 4.07E-03 -1.18E-03 -2.83E-03
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X1
X2
X3
Xq
Xs
Xs
X7

Xs

X10

X1

X1
X2
X3
Xq
Xs
Xe
X7
Xg
Xg
X10

X1

X12
X3
X14

X3

Xs

Xe

X7

Xg

X10

-2.05E-01
1.99E-02
-1.18E-01
1.07E-02
-2.75E-03
4.06E-04
-6.74E-03
2.66E-02
-1.87E-03
-3.12E-02
3.28E-02
3.27E-02
3.92E-01
-6.44E-02
1.85E-04
1.93E-01
-3.13E-03
6.85E-05
-4.17E-02
2.99E-12
4.17E-01
2.20E-01
-6.24E-02
4.73E-01
3.30E-03
-5.35E-01
4.57E-02
-2.35E-02
-7.81E-01
5.25E-02
3.12E-02
2.46E-01
5.34E-02
4.07E-01
3.33E-01
3.22E-01
1.29E-01
1.69E-01
-4.44E-02
1.01E-01
5.35E-02
-2.23E-01

2.28E-01
1.94E-02
-6.14E-03

-2.42E+00
-2.82E-01
-2.36E+00
2.51E+00
5.98E-02
3.36E-02
7.57E-02
-7.23E-01
-1.37E-01
-1.39E+00
-1.48E+00
1.17E+00
2.73E+00
-1.25E+00
1.18E-02
-2.49E+00
6.42E-03
4.53E-04
-1.17E-01
-9.47E-11
5.03E+00
7.09E-01
-1.30E+00
1.89E-03
1.43E+00
6.95E-01
1.39E+00
-4.03E-02
-4.59E+00
1.41E-01
1.73E-01
-1.82E-01
7.40E-01
6.71E+00
3.93E+00
5.30E+00
-2.80E+00
3.04E+00
2.95E+00
-2.67E+00
1.73E+00
1.11E+00

6.93E+00
8.54E-01
4.12E-01

5.62E-03
-6.67E-04
-3.58E-03
5.00E-03
-2.97E-05
5.62E-05
1.20E-03
3.70E-04
-1.22E-04
1.41E-03
4.86E-03
-3.83E-03
2.96E-02
-2.98E-03
-5.79E-05
-2.42E-03
4.31E-05
4.58E-06
-9.91E-04
3.75E-13
-2.00E-03
1.81E-02
9.12E-04
-71.22E-03
-2.95E-03
-6.75E-03
-1.31E-02
-1.59E-04
-9.75E-03
6.20E-04
2.46E-03
1.21E-02
-1.55E-03
1.06E-02
-5.08E-03
3.00E-02
-5.84E-05
-2.88E-03
9.75E-03
-1.23E-02
-4.45E-03
2.12E-02

-1.78E-02
-7.37E-04
-6.97E-05

-1.46E+00
-2.72E-02
-9.82E-01

8.40E-01
9.39E-05
5.70E-03
1.69E-01
-5.97E-01
-7.55E-03
-3.66E-01
-1.55E-01
-9.94E-03
5.66E+00
-1.58E-01
5.34E-03
1.45E-01
-1.92E-02
4.46E-04
-5.59E-02
3.96E-11
9.66E-01
2.23E+00
-2.64E-01
3.49E+00
-1.76E-01
-2.69E+00
3.50E-01
-8.83E-02
-4.01E+00
2.75E-01
3.58E-01
1.65E+00
1.34E-01
1.15E+00
2.02E+00
2.67E+00
-8.04E-01
7.09E-01
4.55E-01

-1.77E+00
-6.18E-02
2.23E+00

7.87E-01
1.12E-01
-1.22E-01

7.97E+01
9.95E+00
8.18E+01
-1.78E+01
4.09E-01
-2.31E-01
-7.20E+00
3.47E+00
1.58E+00
1.20E+00
-1.56E+00
1.45E+01
-1.16E+02
9.74E+00
2.15E-02
5.36E+01
-2.04E-01
-1.51E-02
2.91E+00
-1.53E-09
1.45E+01
-6.85E+01
-8.94E-01
-6.30E+00
2.48E+01
5.47E+00
2.93E+01
-1.26E+00
8.13E+01
-9.89E-01
-1.07E+01
-5.55E+01
3.80E+00
-2.13E+01
1.38E+01
-1.10E+02
-9.04E+00
1.58E+01
-3.98E+01
5.92E+01
2.03E+01
-9.92E+01

7.82E+01
2.31E+00
8.71E-01

-7.82E-04
1.07E-03
-2.67E-03
8.31E-04
-2.37E-05
2.68E-05
-5.90E-04
1.97E-03
-3.36E-05
3.30E-04
3.64E-03
6.95E-05
8.14E-03
-1.48E-03
-5.87E-05
9.48E-03
6.30E-05
5.31E-06
-1.19E-03
4.94E-14
1.11E-02
7.30E-03
-8.85E-04
5.78E-05
6.34E-03
-9.67E-03
-9.63E-04
-9.71E-04
-1.01E-02
1.19E-03
-1.35E-04
1.86E-03
2.36E-04
1.59E-02
7.33E-03
1.42E-02
1.36E-04
6.19E-03
5.88E-04
-1.48E-03
1.60E-03
1.75E-03

2.30E-03
2.49E-04
3.17E-04

1.45E-03
-7 46E-04
4.24E-04
5.88E-05
1.53E-05
5.10E-06
3.48E-04
2.56E-04
-8.59E-05
2.18E-04
-1.69E-03
-2.98E-04
-3.70E-03
-2.95E-04
3.96E-06
-6.30E-03
-1.64E-05
-2.69E-06
2.46E-04
-1.55E-14
-4.52E-03
-1.32E-03
3.40E-04
-5.05E-03
-3.90E-03
7.47E-03
-7.58E-04
4.41E-05
3.98E-03
-1.64E-04
8.51E-04
8.44E-04
-2.37E-04
-1.27E-03
-3.68E-03
-2.42E-03
9.10E-04
-3.58E-03
1.48E-03
-2.60E-04
-9.52E-04
1.82E-03

-1.56E-03
-5.13E-05
6.42E-05

3.88E-02
5.47E-03
3.82E-02
1.29E-02
6.75E-04
1.09E-04
-5.57E-04
-1.59E-02
1.05E-03
-1.40E-02
-9.62E-03
2.19E-02
-5.90E-02
-1.52E-03
1.70E-04
2.52E-02
-5.36E-04
-7.20E-07
2.74E-04
-1.64E-12
4.90E-02
-8.78E-03
-1.54E-02
2.35E-02
3.47E-02
-1.00E-02
3.94E-02
-1.76E-03
-1.66E-02
1.38E-03
-4.09E-03
-1.90E-02
1.21E-02
7.15E-02
3.95E-02
-2.59E-02
-8.68E-03
4.57E-02
-1.39E-02
1.75E-02
2.80E-02
-6.01E-02

1.01E-01
1.08E-02
1.22E-03
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Xz * Xu 6.38E-02 2.12E-01 -5.85E-03 1.29E-01 1.88E+01  -1.06E-03 -6.19E-04 2.33E-02
Xz * o X 1.22E-01 8.19E+00 -2.17E-02 -5.27E-01 7.78E+01 3.21E-03 -3.04E-03 1.39E-01
Xz * X 3.13E-02 2.94E-01 -1.88E-03 5.24E-02 8.07E+00 1.87E-04 -3.14E-04 1.03E-02
Xz * o Xu 1.42E-01 3.37E+00 -8.85E-03 3.41E-01 3.36E+01 4.25E-03 -3.47E-03 6.33E-02
X3 * X -1.96E-01 4.09E-01 2.95E-02 2.24E+00  -1.12E+02  -4.28E-03 2.83E-03 -8.76E-02
X3 * Xs 3.22E-02 -4.27E-01 1.82E-03 5.75E-02  -1.84E+00 3.91E-04 2.43E-04 -1.45E-03
X3 * Xe -2.42E-01 2.39E-01 4.81E-03 -1.23E+00  -5.25E+00  -1.18E-03 2.31E-03 2.54E-03
X3 * X -3.89E-02 5.15E-01 -5.21E-03 -3.35E-01 1.20E+01  -6.49E-05 -5.14E-04 8.06E-03
X3 * Xg -7.65E-03 1.68E-01 -1.34E-03 -1.20E-01 3.35E+00 2.43E-05 -5.54E-04 1.67E-03
X3 * X 1.44E-01 6.01E-01 1.19E-02 1.25E+00  -5.30E+01 1.70E-03 1.03E-03 -1.88E-02
X3 * X 8.79E-03 1.53E-01 -4.23E-03 -1.71E-01 147E+01  -1.21E-03 -4.94E-05 1.44E-02
X3 * Xn 3.98E-01 -4.55E+00 2.74E-04 1.43E+00  -3.94E+00 4.88E-03 -3.10E-03 -1.33E-02
X3 * X -1.70E-01 -5.82E+00 -5.70E-03 -1.32E+00 2.87E+01  -1.15E-02 1.85E-03 -5.61E-03
X3 * X 3.49E-01 6.87E+00 1.89E-02 2.29E+00  -6.91E+01 1.22E-02 -2.51E-03 2.54E-02
X3 * Xu 8.03E-02 3.92E+00 -1.71E-02 -2.28E+00 8.23E+01 3.19E-03 -2.85E-03 8.59E-02
X4 * Xs 1.90E-02 -1.95E-01 -5.47E-04 -3.94E-02 1.42E+00 4.14E-05 -5.89E-05 -9.54E-04
X4 * X 1.46E-01 9.87E-01 3.14E-03 -8.39E-01 1.02E+02 2.59E-02 -1.16E-02 -1.05E-02
X4 X -2.44E-02 3.48E-01 1.12E-03 6.55E-02  -5.69E+00  -5.50E-04 4.95E-04 1.51E-03
X4 * Xs -7.65E-03 1.68E-01 -1.34E-03 -1.20E-01 3.35E+00 2.43E-05 -5.54E-04 1.67E-03
X4 * X -2.17E-01 2.66E+00 -5.90E-03 -5.35E-01 2.28E+01  -4.27E-03 1.70E-03  3.01E-02
Xq * X 5.05E-02 6.61E-01 -4.12E-03 1.71E-01 155E+01  -3.47E-04 -4.01E-04 2.25E-02
X4 * Xn 3.82E-02 -4.39E+00 -5.98E-02 9.47E-01 1.96E+02  -2.25E-02 -6.60E-04 2.38E-01
X4 * X 5.52E-02 4.27E-01 -9.99E-04 7.40E-01 -2.32E+01 -6.47E-03 3.83E-03 5.51E-03
X4 * X 4.15E-02 -7.72E+00 2.31E-02 9.56E-01  -8.99E+01 3.32E-03 -1.06E-03 -1.22E-01
X4 * o Xu 1.30E-02 -1.49E+00 -3.15E-03 -2.84E+00 6.52E+01 1.35E-02 -6.64E-03 1.19E-02
Xs * X -1.02E-01 9.20E-01 9.10E-03 -2.85E-01  -3.42E+01 5.08E-03 -7.81E-04 -2.83E-02
Xs X 2.18E-03 -2.68E-02 1.19E-06 -1.37E-03 2.04E-01 1.02E-04 -7.54E-06 -9.35E-07
Xs * Xg -5.55E-03 -1.85E-02 1.77E-06 2.79E-02 3.98E-01  -7.59E-05 1.98E-05 1.14E-03
Xs5 * X -4.21E-01 -2.57E+00 -5.66E-03 -1.81E+00 141E+01  -6.73E-03 1.75E-03 -2.87E-02
Xs * X 6.06E-02 -1.95E+00 -1.14E-02 1.14E-01 408E+01  -4.99E-03 -8.23E-04 3.98E-02
Xs5 * Xn -2.16E-03 3.43E-01 6.03E-03 3.58E-01  -2.34E+01 3.86E-03 -5.80E-04 -1.77E-02
Xs5 * X 2.83E-03 1.06E+00 2.04E-03 2.88E-01 -8.97E+00 -4.73E-05 -3.36E-04 1.38E-03
Xs5 * X 1.69E-01 2.74E+00 -2.53E-02 4.50E-01 8.15E+01  -4.30E-03 -1.72E-03  4.84E-02
Xs5 * X -5.45E-03 -1.15E+00 -4.22E-03 -2.51E-01 1.65E+01  -1.12E-04 5.05E-04 4.33E-03
Xs * Xy 2.00E-01 3.07E-01 -8.02E-03 1.41E+00 1.90E+01  -9.51E-03 1.28E-03 3.93E-02
Xs * Xg -1.05E-01 -1.30E+00 3.79E-03 -1.02E-01  -2.60E+01  -6.27E-03 4.01E-03 -3.13E-02
Xs * Xg -5.91E-02 -9.13E-02 1.75E-03 -5.66E-02  -4.75E+00  -4.09E-04 3.90E-04 -7.18E-03
Xs * X 1.93E-03 3.84E-01 -8.90E-04 -2.69E-02 3.40E+00 6.29E-05 4.74E-07 3.96E-03
Xs * Xn 6.89E-02 2.09E+00 7.27E-03 1.81E+00 -5.33E+01  -2.96E-03 1.66E-03 1.52E-02
X6 * X 7.83E-01 1.35E+00 -2.03E-02 -1.54E+00 5.08E+01 1.63E-02 -2.96E-03 -8.18E-03
X6 * o X -2.58E-02 -2.20E+00 2.62E-03 1.17E-01  -3.12E+00  -4.14E-04 -4.73E-04 -1.15E-02
Xs * o Xu 2.40E-01 -3.39E+00 -4.66E-03 -3.26E-01 2.06E+01 5.47E-03 -2.42E-03 -7.96E-03
X7 * Xg 1.09E-02 9.73E-02 -2.25E-05 -3.54E-02 -3.34E-01 3.49E-04 -1.66E-04 -1.06E-03
X7 * Xg 7.53E-01 3.74E+00 3.93E-03 2.73E+00  -6.20E+00 9.09E-03 -2.64E-03 6.18E-02
X7 * X -7.83E-02 3.20E+00 1.42E-02 1.27E-01  -5.00E+01 5.43E-03 7.94E-04 -2.90E-02
X7 * o Xn -2.12E-03 -7.56E-01 -1.07E-02 -7.41E-01 441E+01  -7.95E-03 7.86E-04 3.00E-02
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X1

X1

X12
X3
X1
Xo

X10
X1
X12
X3
X1
X10
X1
X2
X13
X1
X1
X12
X3
X1
X12
X3
X1
X13
X1

X1

-2.47E-02
-4.27E-01
-1.13E-02
-2.86E-01
-2.50E-01
1.45E-01
-4.43E-02
2.87E-01
1.85E-02
-6.91E-03
5.20E-02
4.75E-01
-5.52E-03
3.30E-01
2.67E-02
1.02E-01
-2.81E-03
7.66E-02
-6.14E-01
4.71E-02
-3.49E-01
8.14E-01
-8.27E-01
5.13E-01
1.83E-03
1

-1.74E+00
-5.73E+00
1.87E+00
-1.90E+00
-3.39E+00
1.50E+00
1.11E-01
-3.66E+00
-1.45E+00
-1.23E-01
7.15E-01
5.73E+00
-6.57E-01
1.47E+00
4.35E-01
2.10E+00
4.99E-01
2.53E+00
-6.40E+00
2.39E+00
7.14E+00
9.31E+00
-3.60E-01
4.56E+00
-3.60E-02
1

-3.53E-03
4.06E-02
9.24E-03
1.34E-02
7.88E-03
1.96E-03

-3.64E-03

-1.77E-02
3.17E-03
1.35E-04

-1.79E-03
7.53E-03
2.27E-03
2.38E-03

-8.15E-04

-8.43E-03

-1.96E-03

-4.96E-03
2.16E-02
4.75E-03
2.34E-02
1.76E-02

-1.42E-02
1.80E-02

-9.69E-05

1

-5.00E-01
-9.43E-01
6.25E-01
1.19E+00
-1.56E-01
-2.87E-01
-1.66E-01
5.82E-01
-2.23E-01
-6.02E-03
4.35E-02
1.62E+00
2.51E-01
1.21E+00
1.11E-01
1.81E-02
-1.61E-01
8.10E-02
-7.90E-01
4.65E-01
-5.49E-01
3.81E+00
-5.05E+00
2.88E+00
-9.60E-03
1

1.66E+01
-1.22E+02
-3.56E+01
-6.98E+01
-3.49E+01
-6.00E+01
1.22E+01
5.83E+01
3.05E+00
-4.68E-01
6.71E+00
-5.27E+01
-1.04E+01
-2.13E+01
2.38E+00
3.06E+01
8.04E+00
1.68E+01
-6.58E+01
-2.41E+01
-8.09E+01
-7.74E+01
6.40E+01
-7.16E+01
1.54E+00
1

-71.62E-04
1.98E-03
2.59E-04

-8.29E-03

-5.44E-03

-5.38E-03

-1.72E-04

-3.07E-03
1.30E-03

-1.34E-04
8.30E-04
5.15E-03

-5.21E-04
2.44E-03
2.41E-04
3.74E-05

-8.71E-05
6.32E-04

-7.01E-04
1.82E-03
8.86E-03
1.54E-02

-1.06E-02
1.10E-02
1.30E-04

1

4.66E-04
4.10E-03
-2.65E-04
3.21E-03
2.35E-03
3.99E-03
-4.53E-04
-1.44E-03
4.10E-04
3.57E-05
-5.19E-04
1.27E-03
1.89E-04
-1.54E-05
-2.37E-04
-1.71E-04
-5.44E-05
-4.50E-04
3.65E-03
3.06E-04
2.97E-03
-4.56E-03
6.32E-03
-3.50E-03
-8.86E-05
1

-1.55E-03
-8.71E-02
-1.11E-02
-6.84E-02
-5.80E-02
-6.74E-02
1.03E-02
8.02E-02
-7.19E-03
-1.42E-03
1.18E-02
4.10E-02
-9.24E-03
2.30E-02
8.32E-03
4.84E-02
8.82E-03
3.96E-02
-1.38E-01
3.62E-03
-3.80E-02
8.04E-02
-3.69E-02
2.88E-02
8.29E-04
1

Table 8. The x and y variables, their coefficient and determination coefficient of equations belonging non-linear models yielded from the

data collected Station 5

Y1 y2 VE Ya Ys Ye y7 Ys
X1 -5.64E-06 6.70E-03 -4.40E-06 -2.65E-04 1.93E-03 -3.58E-06 -7.32E-07 1.81E-06
X2 -7.62E-06 7.77E-03 -3.01E-06 -1.54E-04 9.25E-04 -1.83E-06 -3.55E-07 1.02E-06
X3 -9.42E-06 9.70E-03 5.86E-06 1.62E-04 9.62E-05 6.90E-07 1.35E-07 1.12E-06
X4 3.56E-06 -9.88E-03 4.30E-06 1.64E-04 -1.31E-04  3.38E-07 5.58E-08  6.85E-07
X5 6.78E-04 2.03E+00 8.51E-04 1.02E-02 575E-02 1.77E-05 3.94E-06 1.96E-04
Xg 9.46E-06 7.31E-03 5.33E-06 1.70E-04 5.47E-05 2.92E-07 2.78E-08  1.99E-06
X7 9.58E-05 9.80E-02 8.58E-05 2.77E-03 1.51E-03  4.39E-06 1.55E-07 3.57E-05
Xs 1.00E-04 9.24E-02 2.76E-05 8.72E-04 2.20E-04  3.98E-07 8.86E-08  8.89E-06
Xo 1.90E-06 1.13E-03 4.89E-07 1.45E-05 7.13E-06  4.83E-09 8.80E-11 1.76E-07
X10 -1.38E-07 -3.82E-04 -1.03E-07 -3.28E-06 -9.93E-06 8.39E-09  4.43E-09 -8.99E-08
X11 -1.41E-05 -4.90E-03 1.41E-06 1.14E-04 -9.32E-05 3.77E-07  -3.32E-08 1.59E-06
X12 -7.26E-07 -1.56E-03 3.38E-06 7.54E-05 -1.68E-04  1.05E-06 1.57E-07 2.19E-07
X13 1.32E-06 1.82E-03 5.10E-07 1.45E-05 2.78E-05 -4.42E-08 -4.36E-09 2.07E-07
X14 1.35E-05 1.52E-02 4.34E-06 1.71E-04 -6.24E-04  9.76E-07 2.63E-07 -1.78E-07
X1 * X -5.84E-04 -1.74E+00 -2.35E-04 -5.30E-03 -4.49E-02  8.00E-05 1.53E-05 -2.31E-04
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X2
X3
Xq
Xs
Xe
X7
Xg
Xg
X10
X11
X2
X3
X14
X1
X1
X1
X1
X1
X1
X1
X1
X1
X1
X1
X1
X1
X2
X2
X2

X2
X2

X2
X2
X2
X2
X2
X2
X2
X3
X3
X3
X3
X3
X3

X3

78

X2
X3
Xq
Xs
Xs
X7
Xg
Xg
X10
X11
X12

X13

X7

Xsg
Xg
X10
X1
X12
X13
X14
Xq
Xs
Xs
X7
Xg
Xg

X10

5.77E-07
-1.34E-03
-6.07E-04
-1.94E-09
8.10E-05
3.96E-05
-1.59E-04
1.29E-06
4.24E-08
-7.66E-05
-1.46E-03
9.04E-07
-5.11E-04
-3.15E-06
-1.04E-03
5.09E-04
-1.21E-05
1.38E-04
3.32E-03
2.43E-03
4.98E-05
-3.06E-06
-7.69E-05
-1.08E-03
3.34E-05
-6.63E-04
-1.31E-05
-5.03E-06
2.84E-04
4.76E-06

-4.38E-05
5.88E-05
9.18E-07

-7.22E-08

-9.32E-06

-1.47E-05
1.89E-06
7.92E-06
2.92E-04
2.63E-05

-7.38E-05

-4.86E-03
2.02E-03
3.35E-05

-3.73E-06

1.25E-03
-7.18E-01
-5.85E-01
-8.18E-07
5.65E-02
1.16E-01
-7.64E-02
7.91E-04
-3.19E-05
-2.48E-02
-1.45E+00
2.13E-03
-5.03E-01
2.77E-02
-1.11E+00
-1.65E-01
-3.10E-02
-8.08E-02
-1.71E+00
1.55E+00
1.65E-02
-71.26E-03
-3.49E-02
-1.30E+00
2.04E-02
-9.49E-01
3.02E-02
-7.98E-04
-8.11E-01
1.41E-02

2.88E-01
1.33E-01
1.26E-03
-5.45E-04
-2.65E-03
1.32E-02
3.00E-03
3.28E-02
1.80E-02
1.16E-02
6.98E-02
1.69E+00
2.78E+00
2.94E-02
-6.68E-03

3.77E-07
-1.77E-04
-1.12E-05
-3.39E-09
4.11E-05
8.90E-06
-6.54E-05
3.75E-07
-5.41E-08
6.43E-06
-2.79E-04
3.83E-07
-1.70E-04
5.71E-06
-2.01E-04
8.59E-05
-5.00E-06
3.72E-05
4.97E-04
7.92E-04
8.84E-06
-1.11E-06
1.13E-05
-2.16E-04
6.70E-06
-1.80E-04
5.55E-06
2.73E-06
-1.36E-05
3.79E-06

3.98E-05
1.43E-06
3.05E-07
-1.11E-07
8.76E-07
6.05E-07
5.07E-07
4.09E-06
9.50E-05
-4.40E-06
4.23E-05
2.99E-04
8.79E-04
8.88E-06
-1.18E-06

8.99E-06
-5.81E-03
2.34E-04
6.14E-09
1.30E-03
4.26E-04
-2.01E-03
1.02E-05
-2.51E-06
5.70E-04
-8.39E-03
6.51E-06
-3.63E-03
7.72E-05
-5.74E-03
4.13E-03
-2.18E-04
1.35E-03
1.70E-02
3.12E-02
2.93E-04
-2.24E-05
8.59E-04
-5.73E-03
1.65E-04
-4.21E-03
7.02E-05
6.64E-05
8.23E-04
7.95E-05

-6.76E-05
-3.96E-04
7.63E-06
-2.30E-06
6.90E-05
-8.45E-05
9.80E-06
7.53E-05
3.82E-03
-1.03E-04
1.18E-03
1.24E-03
3.00E-02
2.55E-04
-2.68E-05

1.22E-05
-1.62E-02
1.29E-03
-2.41E-07
6.47E-04
-9.28E-04
-1.26E-03
1.13E-05
-71.43E-07
-4.55E-04
-3.43E-02
6.29E-05
-3.98E-02
1.08E-03
-2.79E-02
-1.29E-02
-3.36E-05
-3.19E-03
3.28E-03
-6.15E-02
-3.26E-05
-1.44E-04
-6.13E-04
-3.58E-02
3.87E-04
-3.76E-02
1.10E-03
2.20E-04
-3.45E-03
3.28E-04

9.62E-03
3.34E-03
1.50E-05
-2.12E-05
-4.18E-05
9.13E-04
4.59E-05
4.08E-04
-7.21E-03
-7.17E-04
1.15E-03
1.26E-01
-1.06E-02
3.68E-04
-1.52E-04

4.77E-09 6.41E-09 9.47E-08
4.46E-05 9.96E-06 -1.51E-04
2.21E-06  -2.81E-07 -1.60E-05
-1.04E-09 8.88E-11 -6.89E-10
1.69E-06 1.28E-07 1.58E-05
3.11E-06 6.42E-07 -4.54E-06
-6.33E-06  -2.20E-07  3.94E-06
493E-09 -1.73E-10 1.27E-07
-2.38E-09 1.06E-09 -4.10E-08
1.77E-06  -1.98E-07 8.10E-06
7.92E-05 1.34E-05 -2.02E-04
-1.02E-07  -1.45E-08  1.84E-07
5.81E-05 1.43E-05 -1.69E-04
-1.13E-06  -1.72E-07  2.99E-06
5.92E-05 1.23E-05 -1.82E-04
1.65E-05 3.12E-06 1.11E-06
5.28E-07  -2.19E-07 5.37E-06
8.74E-06 1.48E-06 -2.17E-06
8.24E-06  -3.29E-06  2.96E-05
1.63E-04 2.53E-05 8.67E-05
-1.40E-08  -1.45E-08 3.01E-06
1.35E-07 4.92E-08 -9.25E-07
2.40E-06  -3.30E-07 1.16E-05
7.30E-05 1.41E-05 -1.90E-04
-5.92E-07 -6.81E-08 1.84E-06
6.47E-05 1.42E-05 -1.80E-04
-1.07E-06  -1.44E-07 2.70E-06
-2.27E-07  -4.45E-09 5.81E-07
1.51E-05 2.67E-06  7.19E-05
-2.63E-07  -1.99E-08 1.56E-06

-1.15E-05  -9.76E-07 2.01E-05
-6.30E-06  -8.15E-07 -2.02E-06
-1.45E-08  -7.17E-10 1.23E-07
2.23E-08 7.24E-09 -9.85E-08
2.13E-07  -2.20E-08 1.03E-06
-1.04E-06  -1.75E-07  9.68E-07
-7.80E-08  -4.78E-09  2.05E-07
-6.84E-07  -1.09E-08 1.31E-06
1.08E-05 2.43E-06 1.48E-05
-6.36E-07 2.66E-07 -2.12E-06
4.18E-06 8.44E-07 9.11E-06
-1.19E-04  -2.01E-05 2.24E-04
8.39E-05 1.15E-05 1.89E-04
-4.77E-07  -8.09E-08  3.83E-06
1.61E-07 6.02E-08 -1.04E-06
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X3
X3
X3
X3
Xq
Xq
Xa
Xq
Xq
Xa
Xq
Xq
Xa
Xq
Xs
Xs
Xs
Xs
Xs
Xs
Xs
Xs
Xs
Xe
Xe
Xe
Xe
X
Xe
Xe
X
X7
X7
X7
X7
X7
X7
X7
Xg
Xg
Xg
Xg
Xg
Xg
Xg

X9

X11
X12
X13
X14
Xs
Xs
X7
Xs
Xg
X10
X1
X12

X13

Xs
X7
Xs
Xg
X10
X1
X12

X13

X7
Xg
Xg
X10
X11
X12
X13
X14
Xs
Xg
X10
X1
X12
X13
X14
Xg
X10

X11

X13
X14
X10

X11

-1.51E-04
-1.39E-03
1.68E-05
-9.48E-04
1.56E-05
1.86E-05
-4.77E-04
2.02E-03
9.85E-06
9.28E-07
-9.36E-05
-2.20E-05
2.43E-05
6.21E-04
-5.41E-06
-3.81E-06
-3.38E-06
3.64E-04
-4.55E-05
-8.70E-06
8.20E-06
3.03E-05
-2.58E-05
9.67E-04
9.37E-04
1.54E-05
-8.97E-07
-1.10E-04
-9.44E-06
1.15E-05
1.12E-04
2.06E-04
3.60E-04
-5.02E-05
-4.30E-03
1.05E-03
8.07E-05
1.71E-03
8.09E-05
-1.27E-05
-9.79E-04
-3.38E-03
2.15E-04
2.89E-04
-1.37E-07
-4.64E-06

-3.71E-02
-9.71E-01
3.63E-02
-6.15E-01
2.20E-02
-9.06E-02
-3.58E+00
2.78E+00
-4.95E-03
-2.66E-03
-6.27E-02
-3.59E-01
1.07E-02
9.53E-02
-2.05E-01
7.59E-04
-4.50E-04
-7.35E-01
-4.49E+00
1.26E-01
9.57E-02
9.77E-01
-8.66E-02
7.75E-01
7.36E-01
8.98E-03
-2.96E-03
-3.82E-02
-2.62E-02
1.49E-02
1.14E-01
-5.75E-01
2.01E-01
-1.29E-01
-1.69E+00
5.94E-01
3.20E-01
3.26E+00
6.12E-02
-2.78E-03
-3.26E-01
2.28E-02
1.53E-01
2.26E+00
-1.48E-04
-2.96E-05

1.53E-05
-2.35E-04
8.26E-06
-1.73E-04
-3.72E-06
3.13E-05
3.74E-04
8.79E-04
1.90E-06
-2.01E-07
3.31E-06
5.14E-05
3.79E-06
8.60E-05
-2.89E-05
-1.25E-06
-1.46E-06
4.09E-05
-7.47E-05
-2.22E-05
1.72E-06
2.55E-05
1.72E-06
6.52E-04
2.16E-04
3.82E-06
-8.10E-07
1.14E-05
2.17E-05
4.00E-06
2.99E-05
1.15E-04
7.59E-05
-4.73E-05
3.27E-04
1.90E-04
4.07E-05
-1.65E-04
2.32E-06
-9.19E-06
9.23E-06
-1.18E-03
3.96E-05
-9.52E-05
-3.28E-08
1.32E-06

1.15E-03
-7.29E-03
1.88E-04
-4.72E-03
-2.90E-04
1.22E-03
1.92E-02
3.00E-02
7.46E-05
7.59E-07
4.96E-04
2.66E-03
1.43E-04
4.41E-03
1.32E-03
-5.15E-05
-5.01E-05
-1.71E-03
9.26E-03
1.31E-03
2.28E-05
1.14E-03
7.49E-06
2.05E-02
6.73E-03
1.12E-04
-2.75E-05
9.05E-04
4.75E-04
1.11E-04
1.25E-03
2.87E-03
1.95E-03
-1.64E-03
3.18E-02
-8.45E-04
5.38E-04
3.02E-03
-2.21E-05
-3.74E-04
3.80E-03
-4.42E-02
1.33E-03
-4.97E-03
-5.99E-07
6.92E-05

-4.04E-04
-2.36E-02
7.03E-04
-2.70E-02
3.01E-04
-8.29E-04
-2.83E-02
-1.06E-02
-2.75E-04
-1.20E-04
-9.15E-04
-7.85E-03
-2.27E-04
-1.79E-02
-6.08E-03
-7.01E-06
2.39E-06
8.89E-03
-1.77E-02
-3.75E-03
-1.87E-04
8.23E-04
9.17E-04
2.00E-02
1.36E-03
7.04E-05
-7.15E-05
-7.11E-04
-1.13E-03
2.55E-04
-4.78E-03
2.21E-03
1.76E-03
-2.99E-03
-3.67E-02
1.33E-02
9.19E-03
-8.77E-02
8.28E-04
1.43E-04
-4.84E-04
7.02E-02
-8.74E-04
2.39E-02
-3.40E-06
2.33E-05

3.05E-06
5.36E-05
-8.30E-07
5.05E-05
-1.96E-08
2.16E-06
9.93E-06
8.39E-05
4.70E-07
1.37E-07
2.73E-06
1.47E-05
-1.71E-07
1.65E-05
4.96E-07
1.14E-07
-9.03E-08
7.70E-06
-7.52E-05
-1.17E-05
-5.63E-07
7.37E-07
3.62E-08
1.37E-05
6.46E-07
7.73E-09
5.63E-08
2.94E-06
7.42E-06
-4.44E-07
6.68E-06
9.29E-06
-5.71E-07
1.61E-06
1.20E-04
3.62E-05
-1.97E-05
-2.28E-05
-3.36E-06
-8.07E-07
8.12E-06
-1.45E-04
-4.61E-08
-4.83E-05
2.08E-09
9.02E-08

-4.69E-07
1.10E-05
-8.43E-08
1.19E-05
-8.67E-08
3.49E-07
3.71E-06
1.15E-05
9.64E-08
4.28E-08
-3.70E-08
2.03E-06
6.11E-08
4.57E-06
4.66E-07
-3.00E-08
-2.18E-08
-1.42E-06
-5.03E-06
1.37E-06
-3.10E-07
6.77E-07
7.02E-08
-1.73E-06
7.06E-07
-3.56E-09
3.49E-08
-2.69E-07
1.07E-06
-4.85E-08
1.92E-06
-1.10E-07
-2.20E-10
1.38E-06
-8.20E-06
-2.11E-06
-2.12E-06
1.93E-05
-3.90E-07
1.97E-08
-3.91E-06
-3.07E-05
4.37E-07
-8.30E-06
9.83E-10
-3.39E-08

1.74E-05
-1.76E-04
3.20E-06
-1.58E-04
1.67E-06
4.71E-06
-3.97E-05
1.89E-04
-4.36E-07
-4.69E-07
5.07E-06
3.39E-06
4.50E-07
1.59E-07
-1.53E-05
-4.09E-07
-4.16E-08
3.74E-06
-5.94E-05
3.34E-05
-5.61E-06
-6.68E-05
3.41E-06
2.84E-04
6.99E-05
1.38E-06
-7.19E-07
1.27E-05
1.22E-06
1.70E-06
-1.86E-06
2.83E-05
2.32E-05
-3.54E-05
4.31E-04
1.44E-04
2.00E-05
-1.98E-04
1.57E-06
-6.00E-06
6.83E-05
-5.72E-04
1.46E-05
-1.78E-04
-2.33E-08
1.11E-06
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Xq * X 4.73E-05 3.25E-02 7.18E-06 1.91E-04 2.16E-04 -6.03E-07 -7.81E-08 3.16E-06
Xg * o Xas 8.52E-07 8.48E-04 2.80E-07 7.36E-06 1.75E-05 -2.20E-08  -3.40E-09 1.12E-07
Xg * o Xu 4.45E-05 3.40E-02 7.59E-06 2.31E-04 5.98E-05 -4.63E-07 -2.84E-08 2.97E-06
X1 ¥ Xu -2.14E-06 -1.12E-03 8.39E-08 1.34E-05 -3.25E-05  7.43E-08 2.24E-09  1.24E-07
Xio ¥ X -2.43E-06 -7.35E-03 -1.55E-06 -3.73E-05 -1.93E-04 1.62E-07 6.49E-08 -1.23E-06
Xio ¥ X 1.38E-07 -1.39E-04 -6.27E-08 -2.08E-06 -8.62E-06  1.66E-09 3.84E-09 -6.21E-08
X0 ¥ Xu -2.14E-06 -6.56E-03 -1.46E-06 -3.52E-05 -2.08E-04  1.85E-07 7.55E-08 -1.30E-06
X ¥ Xo -9.75E-05 -3.77E-02 1.29E-05 1.08E-03 -1.34E-03 3.87E-06  -2.72E-07 1.51E-05
X ¥ X -1.28E-05 -3.68E-03 9.70E-07 8.55E-05 -4.70E-05 2.34E-07 -3.53E-08 1.24E-06
X  * Xu -1.40E-04 -3.95E-02 1.26E-05 1.20E-03 -1.47E-03 3.84E-06  -3.25E-07 1.62E-05
X2 ¥ X 3.10E-05 3.92E-02 6.02E-06 1.12E-04 5.32E-04 -1.19E-06 -8.78E-08 2.36E-06
X2 ¥ Xu -8.94E-04 -8.84E-01 -2.38E-04 -6.26E-03 -3.80E-02  6.31E-05 1.37E-05 -1.90E-04
X1z ¥ Xu 3.38E-05 4.13E-02 7.26E-06 1.98E-04 1.91E-04 -7.29E-07 8.73E-09  2.28E-06

c 1.10E-06 9.50E-04 6.90E-07 2.21E-05 3.89E-06 4.60E-08 4.84E-09 2.50E-07

r? 0.594 0.469 0.07 0.464 0.315 0.628 051 0.507

As observed from the tables, higher determination coefficients were obtained from the nonlinear equations. The
other situation which should be taken into account is that the R? values of the equations yielded from the data
collected from fresh water stations (1%, 3" and 4% stations) equal 1. The second and the fifth stations are the delta
region of Samanli and Safran Rivers, respectively. This situation can be explained by the fact that the interferring
effect of the complex matrics and dynamic medium of delta regions. In order to inspect conformity of the
experimental and theoretical values of each parameters, theoretical data were calculated for all samples for each
week by using these linear and nonlinear equations. The representative conformity graphs were drawn for
dissolved oxygen, suspended solid, nitrite, nitrate and phosphate parameters, and the first and fourth stations.

The consistence of the experimental and theoretical values was introduced in Figures 2a-e and Figures 3a-e.
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Figure 2. The conformity of the experimental and theoretical values for a) dissolved oxygen, b) suspended solid, c) nitrite, d) nitrate, e)

phosphate parameters of the water samples collected from the first sitation.
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Figure 3. The conformity of the experimental and theoretical values for a) dissolved oxygen, b) suspended solid, c) nitrite, d) nitrate, e)

phosphate parameters of the water samples collected from the fourth station

As seen from the figures, both linear and nonlinear models conform well the experimental results. Especially,
nonlinear equations gave satisfactory results with high determination coefficient. Additionally, as seen from the
figures, at least eight months estimation can be performed almost certainly for fresh water samples. Thus, these
equations can be used for determination of quality parameters This situation shows that the usage of these model
equations allows the determination of tedious quality parameters such as nitrite, nitrate and phosphate without
doing any analysis.

IV. CONCLUSIONS

The water quality of the Samanli and Safran Rivers in Yalova were examined in terms of physicochemical
parameters, alkalinity and nitrate, nitrite, phosphate parameters, in order to monitor water quality by the aid of
forecasting models. As a result, it was determined that the linear models predicted value of parameters for next 8
months. The models works well especially for the samples collected from fresh water. Consequently, it can be
said that these models can be used for readily forecasting quality parameters requiring effort and time to

perform.
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