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Abstract. The aim of the paper is to determine whether the use of several parameters in a
multi-linear regression equation can estimate the evolution of the water temperature. Thus, a
simplified physical-based non-spatial model is designed for calculating the time variation of
river water temperature. The water-to-air transfer function is constructed using the recorded
environmental factors, instead the flow rate, respectively the depth of water in the riverbed, is
assumed to be constant over the 31-days analysis period. A comparison between logistic
relation, according to a classical proposed model and multiple linear regression with four
parameters is done.

1. Introduction

The river water temperature, along with water quality parameters, is important to be known because it
has a major influence on aquatic flora [1]. Although the literature abounds on this topic, the subject
approach involves a compromise between the difficulty of collecting and processing an impressive
amount of data used in the process-based river temperature modeling and the simplicity followed by
the errors introduced by the statistical models.

Most of the time, some of the parameters of a complex physical model are unavailable from direct
measurements (air humidity, nebulosity) or require additional calculations to be determined (incidental
solar radiation).

Excluding the influence of the anthropic factor that can modify the river's thermal regime through
pollution activities [2], the variation of the water temperature in the river is mainly influenced by
weather conditions. In order to study the river thermal regime some deterministic models were
developed [3-5]. A review of deterministic methods of estimating river water temperature with
specification of programs written in various programming languages (Matlab, Fortran, C, C++) is done
in [6].

It has been demonstrated that the main factor that influence the water temperature is the air
temperature [7]. Where the vegetation / shading degree is not important in the area, simple forms of
correlation between the two temperatures can be determined. There is a simple and quick tool for
estimating the water temperature. In [8] is proposed a combination of methods based on nonlinear
relationships between water temperature and air temperature viewed as temporal data series.

Very good results were obtained with a model based on Mosheni's logistical relationship [9].
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Likewise, as in any other field, the artificial intelligence also contributed to the improvement of
these methods [10].

Notation used in this paper:

a  —riparian or upland shading factor
¢ —air turbidity
C  —cloud cover

Cp — the specific heat of the water (4.19:10° MJ/kg/’C)

Cy  —latent heat of water evaporation (cal/g)
E  —evaporative rate (mm/day)
€,  — air water vapour pressure (mmHg)
e  — saturated vapour pressure at the water temperature (mmHg)
H  —water depth
H. - convective heat transfer (MJ/m?/day)
He. — evaporative heat flux (MJ/m*/day)
H;  — net long-wave radiation (MJ/m*/day)
H, —absorbed solar radiation (net short-wave radiation) (MJ/m?*/day)
Hsi — incoming solar radiation (MJ/m®/day)
Hy  — the transfer function on air-water interface (MJ/m*/day)
Pa  — atmospheric pressure (760 mmHg)
R —solar radiation flux
t —time
Tq  — air temperature
Ug  —relative air humidity
w  —wind velocity (m/s)
aj  —multi-linear regression coefficients
o — Stefan-Boltzmann constant (4.9'10° MJ/m*/K*)
P —water density (kg/m’)
£ — atmospheric emissivity

2. The deterministic model
The simplified non - spatial model for determining water temperature is based on the differential
equation:

aty, 1

—= H{(t,R, T, ug,c W) 1
&t poH t(t.R TaUa ¢ W) (1)

This model is used to generate values for the daily water temperature corresponding to some input
values comprised of meteorological parameters. Since there are no measured values of the
temperature, the values calculated in this way are still considered as “accurate”.

The total heat flux can be calculated by relation:

Hi=Hg+H; +H.+H.. 2)

The net short-wave radiation can be determined like the incoming minus reflected radiation
at the surface of the water [11]:
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H, =0.97H(1-a), 3)
Hgi =[0.355 +0.68(1—c)|H - 4)

The upland shading factor depends on forest cover and topography and has values between 0 and 1
[12]:

a=0.127 exp(—0.0005234 Hg;). )
The net long-wave radiation can be calculated using the Stefan — Boltzmann relation [3]:
H, = 0.970-[5(Ta +273)" —(T,, + 273)4]. (6)
For the atmospheric emissivity [13], it was proposed the relation:
£=(0.53+0.065/&, J1+0.4c). %
The evaporative heat flux is given by [14]:
He =koC,E @®)
in which £ is a transformation coefficient in desired measurement units, and the evaporation rate, E, is:
E=(a+b*w)es —e,]. 9)
Coefficients for the evaporation rate can be determined depending on the analyzed location:
€5 =Ug€g, (10)
e = 6.11exp(2;;:::)’))—'1?|%} . (11)
For the convective heat transfer it can be used the Bowen ratio [15]:
H. =RH,, (12)
R:O.Gll(%g. (13)

The data were taken from the meteo.blue.ro website, for October 2014, recorded at the Craiova
meteorological station. For the respective area, the solar radiation flux was calculated and considered.

The temperature variation with depth, and degree of shading or morphology of the water course
weren’t taken in account. For simplicity, the flow rate, respectively, water depth in the riverbed was
considered constant throughout the analysis.

3. Multi-linear regression model
A linear regression equation was determined to estimate the water temperature according to the four
recorded sizes: nebulosity (c¢), wind velocity (w), air humidity (u,) and air temperature (7,) as:

Tw =qC+aoW+agUy +aT, +os, (14)

in which coefficients «;, i =15 are determined by the smallest part method so that the values obtained
with equation (8) are as close as possible to the values provided by the model based on equation (1).
It is obvious that the equation thus determined can be used to approximate a water temperature
value for the month corresponding to the meteorological parameters used (in this case, for Oct. 2014).
Mohseni in [9] proposed the following relation for water temperature variation:
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Ty=— o (15)

in which coefficients «, 3,y are obtained using the Matlab curve fitting options.

4. Results
The available data for the 31-days analysis period, respectively: the turbidity, the wind speed, the air
humidity, and the air temperature are shown in Figure 1.
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Figure 1. Mean daily recorded input values in analytical model
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The integration of the equation (1) was performed numerically using the second order Runge Kutta
method using the initial condition for water temperature T,,q = 22°C.

Since the transfer function is constructed using discretely recorded daily values, the need to
evaluate this function in intermediate nodes led to an approximation calculation by interpolation using
the Matlab spline function for 3-hours increments.

To determine the importance of inserting a disturbance / measurement error into a model input
variable has artificially “altered” it, at a time, an input size with a random value comprised between 0
and not more than 1% of the maximum value of the corresponding unassigned variable.

By running the program with a modified variable, it was obtained sets of results of the water
temperature that were compared with the values considered "exact" obtained in the case of modeling
with all the real input data (artificially unaltered).

From Figure 2 it can be observed that for the turbidity data were randomly disturbed with a
maximum value of 0.089 (for this month the turbidity varied between a minimum value of 0 + 0.82)
and a maximum error of 0.23% was recorded.
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Figure 2. Errors introduced using altered values for nebulosity

For wind speeds that were randomly disturbed with a maximum value of 0.54 m/s (this month the
turbidity varied between a minimum value of 1 + 6.03 m/s), a maximum error of 0.42 % was recorded,
Figure 3.
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Figure 3. Errors introduced using altered values for wind speed

From Figure 4, it can be observed that for air humidity data that was randomly disturbed by a
maximum value of 0.09 (for this month air humidity varied between a minimum of 0.4 + 1), a
maximum percent error of 0.69 % was recorded.
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Figure 4. Errors introduced using altered values for air humidity

For air temperature data that was randomly disturbed with a maximum value of 2.48 °C (this month
it varied between 5 and 23.12 °C), a maximum percentage error of 9.89 % was recorded, Figure 5.
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Figure 5. Errors introduced using altered values for air temperature

The model proposed calibration by Mohseni for the available values for the 31 days of October
2014, led to the determination of the coefficients: « =52, 8 =30.46,y =0.06739, so the equation (15)

becomes:

52
: 16
1+ e0.06739(30.46—Ta) (16)

Ty =

Comparison of the values obtained with the logistic equation with one variable (Mohseni [9]) and
the "accurate" values of the water temperature is shown in Figure 6. It can be observed a maximum
deviation of about 2 °C between the two curves.

As for the multiple regression equation, coefficients were determined for this purpose so that the
water temperature is obtained as a linear combination of nebulosity, wind speed, air humidity and air
temperature, in the form:

a

T, =
W= A7)
Ty =-1.7609 —1.2269 ¢ + 0.4023 w+5.9492u, +0.7337 T, .
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Figure 6. Values obtained with the logistic equation with one
variable (Mohseni) and the "accurate" values of the water
temperature

A comparison between the values obtained with the multi-linear regression equation and the
"exact" values of the water temperature is shown in Figure 7.
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Figure 7. Multiple-linear regression and "accurate" values of the
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In this case between the two curves the deviations are much smaller.

5. Conclusions

Small perturbations on input parameters of the deterministic model can influence the output that is the
river water temperature. The turbidity and wind velocity seem to have the less importance in the water

temperature influence.

The analysis shows that air temperature is the dominant factor in the modeling of the thermal
regime of water from the river, which has made it possible in many of the regression models to use

only this one independent variable.

If all four parameters (turbidity, velocity, air humidity, and air temperature) are considered, the
regression relation found is close to the values determined by the deterministic model in which the

input data are the real ones.

From the comparison between multiple linear regression and the model proposed by Mohseni in [9]
it follows that the use of multiple inputs in a linear model can provide satisfactory results.
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