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Abstract 

Temperature drives the major physico-chemical and biological actions in inland water bodies. The higher 

the water temperature, the greater the biogeochemical activity influenced by the environmental intrinsic 

and extrinsic parameters. Temperature also controls the dynamics of sustainability of various aquatic 

organisms that live in lakes and reservoirs, though higher life forms, such as fish, insects, zooplankton, 

phytoplankton, and other aquatic species all have a recommended temperature variety. The increase in 

water temperature due to the increase in atmospheric air temperature results in lake water column 

stratification and the dissolved oxygen level variation in aquatic systems are greatly affected. The vertical 

distributions of dissolved oxygen in the water column are highly dependent due to change in vertical 

temperature gradient. In the present paper, an effort has been made to investigate the impact of 

temperature stratification on dissolved oxygen variability in the Rudrasagar, a natural lake in western 

Tripura. The changes in dissolved oxygen distribution in this natural lake will give us an idea of regional 

lake health condition and will also establish the need of further large scale research concerning the 

development of a biophysical-coupled model.  
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Introduction 

The thermal stratification which occurs in lake, is of direct importance in maintaining the water 

quality requirements, particularly for higher aquatic life (Ambrosetti and Barbanti, 2001; Samal et al. 
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2004; Samal et al. 2012; Samal et al. 2009; Bonnet et al. 2000; Dake and Harleman, 1969). Vertical 

profiles of temperature and Dissolved Oxygen (DO) provides sufficient information to define the state of 

turbulence and the potential of mixing and the depletion of oxygen in the hypolimnion (Barbanti et al. 

1981; Samal et al. 2009, 2004b; Peeters et al. 2007; Joehnk and Umlauf, 2001; Livingstone and Imboden, 

1996). The exchange of heat across the air water interface may be one of the key elements that regulate 

the temperature of a waterbody (Peeters et al. 2002). The progressive change in atmospheric air 

temperature has strong seasonal relationship with lake water temperature and other water quality 

parameters (Samal et al. 2004a, 2004b; Mazumdar et al. 2007). Measurements of thermal stratification 

cycles have been an integral part of basic limnological studies since the revolutionary work of Forel 

(Hutchinson, 1957). The interaction of heating, cooling and mixing processes and their opposing effects 

are qualitatively described by Brige (Ford et al. 1980). The existence of a surface layer of “warm water” 

(epilimnion), which is separated from the relatively cold water mass (hypolimnion) by a steep thermal 

gradient, is the essential physical aspects of lakes in certain periods of their yearly cycles. The 

thermocline represents a temperature and density barrier which consistently limits any exchanges 

between eplimentic and hypolimentic watermasses: the physical characteristics of these two layers are 

so different, particularly at the height of thermal stratification, that they may even be considered 

completely isolated. 

Dissolved oxygen concentration is an important parameter that determines the spatial and 

temporal distribution of aquatic organisms as this is essential for their respiration (Wetzel, 1983; Samal 

and Mazumdar, 2005a; 2005b). Except the strong turbulence, diffusion of oxygen into natural water is a 

very slow process and hence photosynthesis by the aquatic plants is the major source of dissolved 

oxygen (Samal et al. 2008; MacIntyre et al. 2010; Goudsmit et al. 2002). As a result of thermal 

stratification it is evident that a very close relationship exists between temperature and oxygen 

concentration   distributions along    the water column   in   a lake (Samal et al. 2004a; 2004b; Samal et al. 

2010): both are very useful in understanding lake hydrodynamics, and especially for evaluating the depth 

of mixed layer in the lake (Barbanti et al. 1996, Samal et al. 2008a).  These in-lake physical processes are 

further triggered by the input of watershed inputs (Biswasroy et al. 2011; Klug et al. 2012) along with the 

external impact of meteorological forcing (Samal et al. 2008b). The water quality of the lakes is also 

affected by the large scale anthropogenic activities both in rural and urban areas in terms of human-

ecosystem relationship (Biswasroy et al. 2010; 2012a; 2012b). The extent of water pollution by various 

direct and indirect drivers in lakes (Das et al. 2006) necessitates the need of lake dynamics study form 

hourly to weekly and weekly to monthly and on year to year time window to explore the detailed 
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reasons of water quality degradation under different climatic conditions (Pierson et al. 2013; Samal et al 

2013; Arai, 1981) and the influencing the socieo-economic conditions of the lake users.  

 

Further, the shallow lake and the deep lake have different variability in ecosystem processes and 

also change in hydrodynamics and the water quality (Gorham and Boyce, 1989; Samal, 2004). 

Observations from lakes in several different regions of both temperate and tropical zone of the world 

show that whether a lake stratifies depends on both the maximum depth and the surface area of the 

lake, whereas the depth of the thermocline depends primarily on the surface area (Gorham and Boyce, 

1989). Thus, the variability of physico-chemical and biological characteristics of water in lakes and 

waterbodies are highly dependent on their latitude, wind fetch and morphometry of lake (Mazumdar et 

al. 2007; Samal et al. 2010; Samal et al. 2011), affecting particularly, the degrees of relationship between 

the gradient of temperature and dissolved oxygen in the water column. Considering the dynamical 

change in water quality of the lake, an investigation is proposed to study and understand the physical 

mechanisms responsible for evolution of lake temperature stratification at diurnal scale at two sampling 

points in the mid-reach of the natural lake, Rudrasagar. Also it is attempted to evaluate the   effect of 

thermal stratification on dissolved oxygen using simple regression model. Though various one 

dimensional (vertical) water quality models are developed and also are under testing for predicting the 

major driving parameters in lakes, most simplified hydrothermal models are the prerequisite in water 

quality modeling investigations considering the changes in hydrology under the impact of climate change 

(Yao et al 2014). 

Material and Methods 

 

Study area: the Rudrasagar Lake (23°29’ N and 90°01’ E) is geographically located in the Melaghar 

Block under Sonamura Sub-Division in the West Tripura District and at a distance of about 50 km from 

the state capital of Tripura. Hydromorphologically, Rudrasagar Lake is a natural sedimentation reservoir, 

which has three evergreen sources of inflow namely, Noacherra, Durlavnaraya cherra and Kemtali cherra 

(Figure 1.). The sediment particles transported along with the flow settles in the reservoir over the time 

and the clear water discharges into the river Gomati through a connective channel namely Kachigang as 

an outflow. The silts and sediments are deposited on the bed of the lake influencing a change in lake 

depth. As such no rock formation is found with 50m is silt (Clay loam) and below formation is sandy. 

Surrounding hillocks are of soft sedimentary formation. The soil in lake area is silt clay loam to clay loam. 
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Lake water is fresh with insignificant pollution with a depth varies from 2 m to 8m. The water basin area 

of the lake was found as 1.2 square km during the period of observation. 

 

Figure 1.   Map for Study Site of Rudrasagar Lake based on Resourcesat-1 LISS-III (Source: ISRO) 

Sampling details and instrumentation: The observation stations are selected considering the 

maximum water depth along the mid reach (Station I & II) and considering the less human intervention 

of water of the lake, to study the temperature stratification. The water temperature and dissolved 

oxygen (DO) have, however, been measured using two multipurpose water quality analyzer device along 

the depth at an interval of 0.5 m below the water surface simultaneously in both the station. Data are 
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stored in memory cells of the device which are then transferred to the database of the computer. The 

water quality instrument is usually calibrated before the field work in every sampling day following the 

laboratory methods (APHA, 1989). The resolution of water temperature and dissolved oxygen 

measurement are 0.010C and 0.01 mg/L respectively. 

 

Results and discussion 

The diurnal variation of temperature and dissolve oxygen over a 24 hour window in Rudrasagar 

lake is illustrated in Figure 2. It is observed that that the diurnal variation of dissolved oxygen (DO) in the 

lake surface exactly follows the similar trend of variation with the air temperature over the lake through 

the day during the period of observation, the day has been relatively calm and clear sky. The diurnal 

oxygen cycle follows nearly a sinusoidal pattern with a maximum concentration late hours in the day and 

minimum in the early morning. The peak value is denoted by (1) and the lowest value by (2) respectively 

in Figure 2. The dissolved oxygen concentration is found to be high towards the end of the day and since 

algae and aquatic plant populations are actively   photosynthesizing and producing more oxygen than is 

being consumed. This usually occurs in the mid to late afternoon. The peak level is attained roughly an 

hour later than the time of occurrence of the peak in air temperature. The oxygen flux at the air-water 

interface may be controlled by the atmospheric effects over the lake. 

 

 

  

 

 

 

Figure 2. Diurnal Temperature Curve and oxygen curve 
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Figure 3. Vertical distribution of temperature and dissolved oxygen.                                                                                                                     
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.         Figure 4. Vertical distribution of temperature and dissolved oxygen.                                                                                                                     

 

It is also cleared that the DO concentrations falls gradually below saturation level as there is not 

enough wind to mix the water column. This may be explained by the plant or animal populations in 

water column consume more oxygen than produced during the night time. That’s why the lowest DO 

level often occurs during the pre-dawn hours. The DO in bottom layer is less influenced by the 

atmospheric gas exchange phenomena. 
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Figure 5.  Graph and equation showing relationship of dissolved oxygen and temperature.  
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Though, considerable works have already been done on various lakes and reservoirs of India, no 

such work have been done on the lake Rudrasagar. The observations made in this paper stress the need 

for more studies linking the physical and chemical dynamics of the lake Rudrasagar. The regression 

model developed from temperature and dissolved oxygen profiles for this lake show a strong 

relationship between the two dynamic limnological parameters. The sinusoidal nature of the diurnal 

curve will further be tested at different locations/stations for other lakes in the next phase of 

investigation. The diurnal nature of the temperature and dissolved oxygen variation will strongly support 

the gap of information at the interface of sudden change in heating and cooling of the water column. 

The nature of the modeled variation at the point of sudden change in warming and cooling of water 

column will potentially be useful for the growth of phytoplankton and zooplankton and species 

functional groups. Also extensive studies are required for adopting the mechanisms to reduce the 

magnitude and quantum of thermal stratification. The exchange of heat energy with the atmosphere is 

very active of controlling the hydrodynamics of the lake and the resulting thermal structure which affects 

the physical, chemical and biological cycles within the waterbody. In order to sustain the aquatic life in a 

thermally stratified lake, an attempt should be made to estimate the period and quantum of 

oxygenation required by artificial and mechanical means. The effect of increased air temperature under 

the future climate emission scenarios will be attempted in next phase of investigation. 

 

Acknowledgements 

The authors are thankful to the authorities of Rudrasagar lake for permitting and providing necessary 

facilities during fieldwork at the Rudrasagar lake. Authors also gratefully acknowledge the Civil 

Engineering Dept.NIT, Agartala who played a vital role by supplying necessary instrument for field 

measurement. . Also the authors gratefully acknowledge the School of Water Resources Engineering, Jadavpur 

University, Kolkata and its Director for giving their  inspiration in this field.  

References 

Ambrosetti, W. and Barbanti, L. 2001.Temperature, heat content, mixing and stability in lake Orta: a 

pluriannual investigation, Journal of Limnology 60: 60-68. 

 

APHA, AWWA, WPCF. 1989. Standard methods for the examination of water and waste water, 7th Edn., 

Washington, D.C. 



Sustainability, Agri, Food and Environmental Research 2(1): 1-12, 2014. 
ISSN: 0719-3726  

9 

 

 

Arai, T. 1981. Climatic and geomorphological influences on lake temperature, Verhandlungen 

International Vereinung of  Limnolology, 21:130-134. 

Barbanti, L., Ambrosetti, W. and Rolla, A. 1981. Dipendenza della temperature dell'acqua superficiale da 

temperature atmosferica e radiazione solare nei laghi italiani, Memoria Istituto Italitaliano di 

Idrobiologia, 39: 65-98. 

Barbanti L., W. Ambrosetti and L. Pompilio.1996. Morphometry and thermal stratification in Italian lakes. 

2. The "Depth Ratio" as a predictive index of thermal structures. Memoria Istituto Italitaliano di 

Idrobiologia, 54: 31-42. 

 Biswasroy M., Roy P.K., Mazumdar A., Majumder M. and Samal N.R. 2012a. Water quality monitoring by 

multivariate statistical methods in the Alpine lake of Darjeeling Himalaya, India, International Journal of 

Advanced Scientific and Technical Research, 6: 115-131.  

Biswasroy M., Roy P.K., Samal N.R. and Mazumdar A. 2012b. Socio-economic Valuations of Wetland 

Based Occupations of Lower Gangetic Basin through Participatory Approach, Environment and Natural 

Resources Research, Canadian Center of Science and Education 2: 30-44. 

Biswasroy M., Samal N. R., Roy P. K., and Mazumdar A. 2010. Human wetland dependency and socio-

economic evaluation of wetland functions through participatory approach in rural India. International 

Journal of Water Science and Engineering, China, 3: 467-479.  

Biswasroy M., Samal N. R., Roy P. K., and Mazumdar A. 2011. Watershed management with special 

emphasis on fresh water wetland: a case study of Mathura beel in West Bengal, India, Journal of Global 

Network of Environmental Science and Technology, Athens, Greece, 13: 1-10. 

Bonnet M.P., Poulin M. and Devaux J. 2000. Numerical Modeling of thermal stratification in a lake 

reservoir: Methodolgy and case study, Journal of Aquatic Sciences, Basel, 62: 105-124. 

Dake J.M.K. and Harleman D.R.F. 1969.Thermal stratification in lakes: Analytical and laboratory studies. 

Water resources research, 5: 484. 

Das R., Samal N. R., Roy P. K. and Mitra D. 2006. Role of Electrical Conductivity as an Indicator of 

Pollution in Shallow Lakes. Asian Jr. of Water, Environment and Pollution, 3: 143-146. 

Ford, D. E., Johnson, M. C., and Monismith, S. G. 1980. Density inflows to DeGray Lake, Arkansas. Proc. 

2nd International Symp. On Stratified Flows. International Association for Hydraulic Research. 2: 977-

987. 



Sustainability, Agri, Food and Environmental Research 2(1): 1-12, 2014. 
ISSN: 0719-3726  

10 

 

 

Gorham E and Boyce F.M.1989. Influence of lake surface area and depth upon thermal stratification and 

the depth of the summer thermocline, Journal of Great Lakes Research, 15: 233-245. 

Goudsmit G.-H., Burchard H., Peeters F. and West A. 2002. Application of k-e turbulence models to 

enclosed basins: the role of internal seiches Journal of Geophysical Research 107, C12: 1-13 

Hutchinson, G.E.1957. A treatise on limnology. Vol. I, Wiley, New York, NY, p.1015 

Joehnk K.D. and Umlauf L., 2001. Modelling the metalimentic oxygen minimum in a medium sized alpine 

lake. Ecolological Modellling 136: 67–80. 

Klug J.L., Richardson D.C., Ewing H.A., Hargreaves, B.R., Samal, N.R., Vachon, D., Pierson, D.C., Lindsey, 

A.E., Donnell, D. O', Effler, S.W. and Weathers, K.C. 2012. Ecosystem effects of a tropical cyclone on a 

network of lakes in northeastern North America. Environmental Science and Technology: 46: 11693–

11701. 

Livingstone, D. M. and Imboden, D.M. 1996. The prediction of hypolimnetic oxygen profiles: A plea for a 

deductive approach. Canandian Journal of Fisheries and Aquatic Sciences 53: 924–932. 

MacIntyre, S., Jonsson, A., Jansson, M., Aberg, J., Turney, D.E. and Mailler, S.D. 2010. Buoyancy flux, 

turbulence, and the gas transfer coefficient in a stratified lake, Geophysical Research Letters,  37: L24604 

Mazumdar, A., Samal, N.R., Roy, D., and Gangopadhyay, A. 2007. Physico-Chemical Characteristics of 

Water in a shallow lake Rabindra Sarobar in Metropolis Kolkata, Journal of Institute of Engineering. (IE-

CH), India, 88: 32 – 40.  

Peeters, F., D.M. Livingstone, G.H. Goudsmit, R. Kipfer, & R. Forster, 2002. Modeling 50 years of historical 

temperature profiles in a large central European lake. Limnology  and Oceanograhy, 47: 186-197. 

Peeters, F., Straile, D., Lorke, A. and Ollinger, D. 2007.  Turbulent mixing and phytoplankton spring bloom 

development in a deep lake, Limnology  and Oceanograhy, 52: 286–298. 

Pierson, Donald C., Samal, N.R., Owens, E. M., Schneiderman, E. M.  and Zion, M.S. 2013 Changes in the 

Timing of Snowmelt, and the Seasonality of Nutrient Loading: Can Models Simulate the Impacts on 

Freshwater Trophic Status? Hydrological Processes, 27: 3083–3093. 

 

Samal, N.R., 2004. Study of morphometry and hydrothermal analysis of a tropical shallow Indian lake, 
report submitted to DAAD (A/04/06852), Bonn, Germany. 



Sustainability, Agri, Food and Environmental Research 2(1): 1-12, 2014. 
ISSN: 0719-3726  

11 

 

 

 

Samal, N. R., A. H. Matonse,  R. Mukundan, M. S. Zion, D. C. Pierson, R. K. Gelda, and E. M. 

Schneiderman. 2013 Modelling potential effects of climate change on winter turbidity loading in the 

Ashokan Reservoir, NY, Hydrological Processes, 27: 3061–3074. 

 

Samal, N.R., Jöhnk, K.D., Peeters, F., Bäuerle, E., Mazumdar, A., 2008a. Mixing and internal waves in a 

small stratified Indian Lake: Subash Sarobar. In: Mohanty, P.K. (ed.) Monitoring and Modelling Lakes and 

Coastal Environments. Springer, Berlin, pp. 248. 

 

Samal N.R., Mazumdar A., Jöhnk K.D. and Peeters, F. 2008b. Effect of meteorological forcing and 

stratification variability in three morphometrically different urban lakes in Kolkata metro city, Lake 2008: 

Symposium on Conservation and Management of Lake and River Ecosystems, scheduled during 22-24th 

December 2008. http://wgbis.ces.iisc.ernet.in/energy/lake2008/ 

Samal, N. R. & Mazumdar, A. 2005a. Artificial boundary effect on primary productivity of the littoral 

garden. J. Environmental Protection 25: 334–338. 

Samal N. R. and Mazumdar A. 2005b. Management of lake ecosystem. Journal of Ekologia 3: 123–130. 

Samal N. R., Mazumdar A., Johnk K. D. and Peeters F. 2009. Assessment of ecosystem health of tropical 

shallow waterbodies in eastern India using turbulence model. Journal of Aquatic Ecosytems Health 

Management Society 12: 215–225. 

Samal N.R., Pierson D.C., Huang Y., Read J., Anandhi A., Owens E.M. 2012. Impact of climate change on 

Cannonsville reservoir thermal structure in the New York City Water Supply. Water Quality Research 

Journal, Canada 47: 389–405. 

Samal, N. R., Roy, D., Mazumdar, A. & Bose, B. 2004a. Seasonal response of water temperature of 

Rabindra Sarobar, the National Lake, in relation to pH, dissolved oxygen, biochemical oxygen demand 

and chemical oxygen demand. Journal of Public Health Engineering 2: 39–42. 

Samal, N. R., Roy, D., Mazumdar, A. & Bose, B. 2004b. Influence of thermal stratification on dissolved 

oxygen in Subhas Sarobar, Kolkata. Journal of Curriculum Sciences, 7: 259–266. 

Samal, N. R., Roy, P. K., Biswas, M. & Mazumdar, A. 2010. Summer thermal stratification: an indicator of 

water pollution in shallow lake. Journal of Chemical Engineering, Institute of Engeering (India), 90, 37–43. 

http://wgbis.ces.iisc.ernet.in/energy/lake2008/


Sustainability, Agri, Food and Environmental Research 2(1): 1-12, 2014. 
ISSN: 0719-3726  

12 

 

 

Samal, N.R., Saha, P., Biswas, M., Roy, P.K., Ramana, R. V. and Mazumdar, A. 2011. Limnological analysis 

of an urban polluted lake in Bangalore city in India, International J. desalination and water treatment, 

(www.deswater.com), USA, 30 (2011) 217–228. 

Wetzel, R.G. (1983),: "The Oxygen Content in freshwater", Limnology, M. Brown. p.172.  

Yao, H. , Samal, N.R., Joehnk, K.D., Fang, X., Bruce, L.C., Pierson, D.C.,  Rusak, J.A. and James, A. 2014. 

Comparing ice and temperature simulations by four dynamic lake models in Harp Lake: past performance 

and future predictions, Hydrol. Process. (2014), DOI: 10.1002/hyp.10180 

 


