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Abstract:
Predictability of river water temperature is a big argument for many environmental applications, hydrology and ecology
research. River water temperature mainly depends on several parameters of water bodies such as streamflow, Dissolved
Oxygen (DO), oxidation reduction potential, pollutant temperature, thermal effluent discharges, ground water
interactions and its surrounding atmosphere. Commonly, the river water temperature always has been correlated with
air temperature as a substitute due to the ease of applicability for rivers with some limitations over detailed
meteorological and thermal data. In addition to air temperature the most influencing component of water body is
streamflow which is having strong response towards the water temperature. An evaluation of integrated river water
temperature and streamflow fluctuations is proposed to evidence biological activity, chemical specimen, oxygen
solubility, self-purification capacity of a river system and variation of flows due to hydro-climatic changes. Prediction of
river water temperature at various locations over a river basin is vital for the water quality management. The present
study aims to estimate the river water temperature (RWT) under air temperature changes and local to regional
anthropogenic activities of streamflow over Krishna river basin, India. A standardized multi-linear regression model is
developed for predicting river water temperature over various discharge locations of the Krishna river basin. The
performance of the model was tested mainly for 8 stations using historical daily data of river temperature, air
temperature and river discharges from 1991 to 2005. The attainment of a model is carried out for these stations with air
temperature, stream flows are predictors whereas water temperature as predictability component through training,
testing. In this study the correlation coefficients between air minimum, maximum and average temperature with river
water temperature are determined for selecting the possible air temperature variable to be considered in the analysis.
The correlation coefficients are obtained with air minimum temperature (r = 0.541-0.772), air maximum temperature (r
= 0.267-0.613) and air average temperature (r = 0.463-0.715) for all stations and it is observed that air minimum has
the highest correlation coefficient value and it could be suitable for modeling. The performance of the multi-linear
regression model for training and testing was obtained in terms of Root Mean Square Error (RMSE = 0.934 to 4.556),
Correlation of determination (R = 0.984 and 0.986).
Keywords: Multilinear Regression Model, River water temperature, Air Temperature, Streamflow.

1. Introduction
The thermal system of a river is of interest to wide variety of water researchers and users because most of the
physical, chemical and biological properties of water depend on temperature. Water temperature is an
imperative river sensible property with critical impact on aquatic ecosystem health, as most river
biogeochemical process are functions of temperatures (Webb and Nobilis, 2007; Webb et al., 2008; Kaushal et
al., 2010; van Vliet et al., 2012; Xin and Kinouchi, 2013; Luce et al., 2014; Rice and Jastram, 2015). The
connection between climate and water systems can be indicated in spatiotemporal changes of air temperature,
precipitation and evolving intensification and increasing abundancy of extreme events (Kundzewicz and
Krysanova, 2010). Various studies have been shown that rising water temperature is robustly related to
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climate warming over a range of river types (eg., watershed size) and time scale (eg., daily, weekly, monthly
and annual), because air temperature is a major component in determining the net heat fluxes at air-water
interface (Webb et al., 2003; Caissie, 2006; Webb et al., 2008). Depending upon the river type and time scale,
the air-water temperature dynamics can be adequately expressed by linear or logistic functions (e.g. Mohseni
and Stefan, 1999; webb et al., 2003; Pekarova et al., 2011; Van vliet et al., Gu et al., 2014).
While it has been acknowledged that increasing river water temperature is a complex function of the
interaction of changes in climate, hydrology, and human activities, there is a distinct scarcity of studies that
shows their integrated influence on spatio-temporal river water temperature dynamics due to a lack of longterm data sets (Caissie, 2006). Predominantly, little quantitative knowledge is available regarding what
contribution of the river warming rate is available to climate warming versus local human activities. Such
quantitative information is critical for developing effective watershed management plans and water quality
standards to protect aquatic species (Moatar and Gailhard, 2006; Caissie, 2006; Kaushal et al., 2010). Higher
water temperatures can worsen the habitat of immense range of aquatic organisms from invertebrates to
salmonids (e.g. Langan et al., 2001; Caissie, 2006; Isakk et al., 2012; Markovic et al., 2013; Null et al., 2013),
as well as deteriorate water quality such as decreased oxygen holding capacity, increased oxygen consumption
and augment formation of potentially toxic NH3 (e.g. Webb and Nobilis, 2007; Pekárová et al., 2011; El-Jabi
et al., 2014), and it will directly affects the self-purification capacity of the river system.
It is generally observed that water temperature is inversely related to river discharge reflecting a diminished
thermal buffering capacity due to decreasing flow volumes, increasing travel time and reduced dilution
capacity for inputs of thermal effluents (Gu and Li, 2002; Webb et al., 2003; Moatar and Gailhard, 2006;
Albek and Albek, 2009). A global appraisal indicated that a decrease in river discharge by 20 and 40% would
exacerbate water temperature increases by 0.3C and 0.8C on average, respectively, as in further to a 2-6C
increase due to rising air temperature (van Vliet et al., 2011). Moreover, rivers with low groundwater inputs
are generally more sensitive to transition in air temperature compared with groundwater-dominated rivers
(Caissie, 2006). As regards land-use change, many studies suggest that decreasing forest area (or decreasing
vegetation shading) (Moore et al., 2005; Ozaki et al., 2008; Pekárová et al., 2011; Simmons et al., 2014) and
increasing urban area (or increasing human density and increasing thermal effluent) in reach a catchment can
significantly increase river water temperature in addition to climate warming (Langan et al., 2001; Caissie,
2006; Albek and Albek, 2009; Xin and Kinouchi, 2013; Gu et al., 2014; Lepori et al., 2014; Orr et al., 2015).
Even though the relationship between air and water temperature is generally strong, the strength of such
relationships changes regionally and temporally and can be highly site relevance due to supplementary
influences from local hydrology and human activities, such as changes in land use and population density (e.g.
Arismendi et al., 2012; Orr et al., 2015; De Weber and Wagner, 2014).
Water temperature regression models have been widely applied in the research field as an alternative to
predict and forecast river water temperature using air temperature (e.g. Caissie, 2006; Rehana and Mujumdar,
2011). Hence, the present study aims to test the performance of river water temperature regression model air
temperature and river discharge and as predictors of river water temperature. The implicit river water
temperature in response to increasing air temperatures and decrease in river discharges will indicate the
sensitivity of watersheds in agricultural landscapes to natural and anthropogenic drivers of change. To address
these objectives, a Multiple Linear Regression Model (MLRM) with air temperature and discharge as
predictor variables are used to model daily RWT over Krishna River, India. The performance of the model is
tested for the selected river basin and the results of this study improve our quantitative understanding of longterm monthly water temperature dynamics for improving quality of water. As an illustration, the slopes of the
regression lines between water temperature and air temperature customarily increase with increasing time
scales (daily, weekly, monthly, annually) while the slope decreases from small upstream to large downstream
river reaches (Webb et al., 2003; Caissie, 2006). For some ground water dominated rivers, by virtue of effect
of ground water inputs at low air temperature and evaporation cooling at high air temperature weekly or daily
air-water temperature relationships generally escape from a linear relationship and are expressed by a logistic
regression (Caissie, 2006; webb et al., 2003; Webb et al., 2008).
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2. Materials and Methods
2.1 Case Study and Data
In order to test the performance of the river water temperature model we have selected 8 stations along the
Krishna river, India delineated by different hydrological conditions. The Krishna basin extended over Andhra
Pradesh, Maharashtra, Telangana, and Karnataka having a total area of 2,58,948 km2 which is nearly 80 of
the total geographical area of the country. The Krishna river is located at Latitude 15° 45' 15.2604'' N and
Longitude of 80° 53' 50.1720'' E, India and for the individual stations are mentioned in Table 1.
Table 1 Data sources for Different Stations of Krishna River Basin
Location
Station
Time period
(Latitude °N, Longitude °E)
Dameracherla
16.74, 79.66
1991-2005(monthly)
Halia
16.79, 79.34
1991-2005(monthly)
Keesara
16.71, 80.32
1991-2005(monthly)
Madhira
16.91, 80.35
1992-2005(monthly)
Malkhed
17.20, 77.15
1992-2005(monthly)
Manthralayam
15.94, 77.43
1991-2005(monthly)
Paleru Bridge
16.94, 80.05
1992-2005(monthly)
Wadenapalli
16.79, 80.07
1991-2005(monthly)
The daily data of air temperature from 1969 to 2009 is possessed from India Meteorological Department
(IMD) gridded data sets with a resolution of 0.5 deg x 0.5 deg as shown in Figure 1. The daily air temperature
is transformed mainly to monthly scale and linear interpolation method is chosen to get the air temperature for
diverse stations over Krishna river given in Table 1.

Figure 1 Krishna River Basin Map with locations of study basin stations
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The water quality and discharge data for 25 stations over Krishna river is collected from Central Water
Commission (CWC), Hyderabad. The river water temperature and discharge data is separated for a period
from 1991 to 2005, out of 25 stations over Krishna river basin the present study considered only 8 stations for
development of river water temperature models based on the data possibility.
2.2 Development of Multiple Linear Regression Model
Two types of models have been developed in the past to estimate stream temperature: empirical or regression
models and physical process models. Regression models have been grown to quantify and predict stream
temperature at various time scales. Mohseni et al. (1998) developed an S-shaped regression model to predict
average weekly stream temperatures at different locations in the United States that account for hysteresis all
over the year. Hockey et al. (1982) developed a daily regression model relating spot mid-day stream
temperature to flow rate and daily maximum air temperature. Gu et al. (1999) produced stream temperature
regression models for various weather conditions and it is found that correlation of flow to river temperature is
possible and useful when weather parameters are decoupled from the model. In comparison to regression
based models, many physical process models have been developed. Physical process models try to model the
underlying processes that affect stream temperature such as channel geometry, conduction, radiation,
advection, and dispersion. Among various works, Carron and Rajaram (2001); and Brock and Caupp (1996)
developed stream temperature models using mechanistic one or two-dimensional heat advection/dispersion
transport equations. Although a mechanistic temperature model could give very accurate results, this type of
model requires plentiful detailed input data, it is computationally intensive and is, therefore, difficult to
integrate in a river and reservoir operations model. Empirical, regression based models can be
computationally less intensive, therefore quick to implement and easy to validate. With regression models it is
possible to easily measure the uncertainty. A Multiple Linear Regression Model is developed to predict river
water temperature which incorporate air temperature and stream flows are predictors of Krishna basin. To
setup the regression models the common data availability period of 1991 to 2005 are considered for the
analysis out of which from period 1991 to 2000 are treated for the training the MLRM and the remaining
(2001-2005) are designed for testing the model. The MLRM developed based on the training is given in the
following equation.

Tw  a  bTair  cQ

(1)

Where, Tw is the monthly river water temperature in C, Tair is the monthly air temperature in C, Q is the
3
monthly discharge in m

s

and a, b, and c are the regression parameters estimated based on the training of

MLRM. The performance of the MLRM is analysed using Root Mean Square Error (RMSE) (Jansen and
Heberger, 1995) as given in the following equation.

 TW
n

RMSE  i 1

Sim

 TW

Obs

2
(2)

n

Where, TWsim is the simulated monthly river water temperature at the time step i in C; TWobs is the observed
monthly river water temperature at the time step i in C; n is the number of data pairs in comparison. In order
to examine the sensitivity of river water temperature to atmospheric warming and fluctuations in discharges,
we enforced the trained MLRM for the period of 1991 to 2005 with perturbed air temperature and river flow
time series. The regression parameters obtained in the training are kept same for the sensitivity analysis under
the inference that the river geometry and other physical setting of the river remains same (Mohseni and
Stefan, 1999).
3. Results and Discussions
The river water temperature’s linear dependability with maximum, minimum, average air temperature
variables was investigated in terms of correlation coefficients for each station as given in Table 2. It is
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observed that the minimum air temperature has highest correlation coefficient than maximum air temperature.
Hence minimum air temperature is considered for modeling the river water temperature at particular station
over Krishna river basin. Hence, the present study considered minimum air temperature and stream flow as
predictor variables in river water temperature prediction model. Based on the availability of data the period of
1991 to 2000 is used for training the model and remaining data from 2001 to 2005 is considered for testing the
river water temperature prediction models. The Multiple Linear Regression Model was used to estimate the
parameters of the river water temperature models and it is given in Table 3.
Table 2 Correlation Coefficient Between Various Air Temperatures and Water Temperatures for Different
Stations of Krishna River
Station

Tamin(C)
0.657
0.541
0.772
0.743
0.579
0.568
0.714
0.632

Damarcherla
Halia
Keesara
Madhira
Malkhed
Mantralayam
Paleru Bridge
Wadenapalli

Tamax(C)
0.559
0.267
0.566
0.503
0379
0.431
0.613
0.521

Tavg(C)
0.646
0.463
0.715
0.665
0.525
0.547
0.704
0.612

Table 3 Fitted Parameters of Multiple Linear Regression Model for Minimum Air Temperature
Station

a

b

c

Dameracherla

0.4371

0.0044

17.620

Halia

0.5530

-0.0232

13.0545

Keesara

0.5823

0.0007

15.2482

Madhira

0.6339

0.0179

12.5833

Malkhed

0.5723

0.0028

12.1674

Manthralayam

0.5568

-0.0004

13.4085

Paleru Bridge

0.5522

0.0007

15.1758

Wadenapalli

0.2639

0.0000

21.9384

Further, the relationship between river water temperature, air temperature and river discharge are studied
using coefficient of determination (R2) and Root Mean Square Error (RMSE) between them and presented in
Table 4. A strong positive correlation is observed for training, testing between air temperature, discharge and
river water temperature at monthly time scale for the study area.
Table 4 Coefficient of Determination, RMSE, Observed verses Simulated values for River Water Temperature
Using Multiple Linear Regression Model
Station

River Water Temperature (C)
Data Values

Simulated

R2

RMSE

(1991-2005)

Observed

Training

Testing

Training

Testing

Damarcherla

115

27.723

27.662

27.399

0.556

0.300

1.269

2.559

Halia

85

25.000

24.912

23.774

0.448

0.114

1.896

3.729

Keesara

138

28.603

28.691

28.423

0.619

0.488

1.461

1.690

Madhira*

137

27.518

27.477

26.762

0.769

0.336

1.116

2.880

Malkhed

122

24.874

23.973

24.092

0.344

0.564

2.533

4.556

Mantralayam

157

25.612

25.173

24.868

0.552

0.195

1.484

3.429

Paleru Bridge*

143

27.853

27.922

27.746

0.546

0.430

1.591

1.812

Wadenapalli

173

28.114

28.020

28.051

0.448

0.466

0.9341

2.285

Training

Simulated Testing

* data available and considered for the model from 1992-2005
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The performance of model was carried out for each station of Krishna river using coefficient of determination
(R2) as presented in Table 4. The R2 value for a developed Multiple Regression Model was observed in the
range of 0.344-0.769, 0.114-0.564 for training and testing respectively. The MLRM is performed for each
station of Krishna river basin to predict river water temperature and it is fitted with observed water
temperature and it is found that a good agreement between the measured and predicted river water
temperature is observed with clustering around the 1:1 line (Figure 3) for both training and testing periods.
The developed MLRM for Krishna river basin has been showing strong agreement between modeled and
observed river water temperature validates the reliability and robustness of these model results (Chen et al.,
2014). Therefore, the model is simple and easily adapted to predict the river water temperature across various
sites and time periods from commonly available data. Furthermore, such models can serve as useful tools to
study the sensitivity of the river water temperature under changes in air temperature due to global warming
and changes in streamflow under climate and human interventions. Therefore, the developed monthly river
water temperature model was used to study the sensitivity of RWT under the changes in air temperature and
river flows. A significant increase in air temperature and decrease in river flows was observed for the TungaBhadra river, which is the major tributary of Krishna River basin in the study of Rehana and Mujumdar
(2011). Following to the scenarios of air temperature and streamflows, the present study considered an
increase in air temperature of +2oC, +4oC, and +6oC and a decrease of 20% of stream flows. The annual mean
river water temperature is observed to be increased across Krishna river basin under the increase of air
temperatures of +2oC, +4oC, and +6oC, with an annual mean increase of 27.682 oC, 28.719 oC, 29.757 oC
respectively. The increase in air temperature of +2 oC, +4 oC and +6 oC generally increased the RWT, while
decrease of 20% in river flow exacerbates the water temperature for the river location. The highest increase in
water temperature is observed for the increase in air temperature of +6 oC with an increase in river flow of
20% compared with the observed annual average water temperatures. The increase in water temperature with
+6oC AT (29.757 oC) and with +6oC AT with+20%Q (29.698oC) are not showing much difference, it is
indicating that influence of increase in air temperature will have more definite increase in river water
temperature for the river locations. Further, the observed river water temperature is higher for each station and
observed annual minimum air temperature at all stations (Figure 2) given in Table 5. The higher value of river
water temperature is may be due to anthropogenic activities, climate change, seasonal variations, stream flow
fluctuations etc. Further, it should be illustrated that there can be various anthropogenic heat sources persisting
such as emission of industrial cooling water, downstream of a thermal plant or reservoir, outfalls from a
sewage treatment plant, net exchange from ground water temperature etc., which may cause higher river water
temperature at any particular river location.
Table 5 Comparison Between Observed Annual River Water Temperature and Annual Minimum Air
Temperature
Station
Observed Annual River
Observed Annual Minimum
Water Temperature (C)
Air Temperature (C)
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Damarcherla

27.723

22.583

Halia

25.018

21.201

Keesara

28.602

22.933

Madhira

25.518

22.821

Malkhed

24.874

20.537

Mantralayam

25.612

21.124

Paleru Bridge

27.852

22.977

Wadenapalli

28.113

23.055
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Observed Annual Water Temperature Vs
Observed Annual Minimum Air Temperature

30
25

Observed Annual River Water Temperature (°C)
Observed Annual Minimum Air Temperature (°C)

20
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5
0

Figure 2 Observed Annual Water Temperature Vs Observed Annual Minimum Air Temperature at Data
Stations of Krishna River
Damarcherla:

a)

Training

b) Testing

Halia:

a)
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Keesara:

a)

Training

b) Testing

a)

Training

b) Testing

a)

Training

b) Testing

Madhira:

Malkhed:
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Manthralayam:

a)

Training

b) Testing

a)

Training

b) Testing

Paleru Bridge:

Wadenapalli:

a)
Testing
b) Testing
Figure 3 Multiple Linear Regression Model (MLRM) of Estimated and Observed River Water Temperature
for Training, Testing Period of Krishna River Basin
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The present study considered a linear regression model relating to the river water temperature changes and
minimum air temperature changes. If the air temperature increases, the moisture holding capacity of the
atmosphere increases and the rate of evaporative cooling often increases, and therefore the stream temperature
no longer increases linearly with air temperature (Mohseni et al., 1998, Bogan et al., 2003). Therefore, the air
and water temperature linear regression models may not be preferable at higher river temperatures, whereas a
non-linear logistic regression models (e.g. Mohseni et al., 1998) can be more promising.
4. Conclusion:
The objective of the study is to understand the sensitivity of river water temperature at basin scale under the
changes in air temperature and streamflow by using an empirical regression based model. The Multiple Linear
Regression model developed based on air temperature and discharge as predictor variables is simple and
robust to predict the monthly river water temperature with good agreement of performance.The river water
temperature sensitivity analsysis also performed to know the chnages in river water quality under increase in
air temperatures and flows. It is pronounced that the increasing RWT mainly due to the mean annaul air
temperature rather than stream flow variations, infact flow variations may not going to impact much on RWT.
Overll the increase of mean annaul RWT over krishna basin, India under various air temperature and
discharge changes is observed about 1.718C when compared with the observed conditions at mean annual
scale. The resulting sensitivity analysis may be useful to study the water quality impacts and may be of high
ecological importance and applicable for watershed or basin adaptive management.
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