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Water temperature is one of the important parameters in the aquatic systems, and it remains an 
interesting subject of world-wide environmental research. The objective of this study is to identify the 
parameters of hydrological, meteorological and topological that influence water temperature and its 
change at pond Cibuntu based on data from April 2008 to April 2009. In addition, the analysis of changes 
in water temperature during rainfall events could lead to the identification of the mechanisms that 
generates the initial response as direct inputs of rainwater. In order to gain an insight on water 
temperature fluctuations, the results of water temperature measurement for one year were statistically 
analyzed using root mean square (Rms) and harmonic methods. From our analysis, the highest 
temperatures of air (Ta) and water (Tw) were of 30.6 and 30.9°C, respectively. On the contrary, the lowest 
of those were 21.1 and 23.0°C, respectively. In addition, the highest values of Rms 7-days for Ta and Tw 
in September were 1.51 and 1.57, respectively. Based on hourly Tw changes during rainfall events, it 
seemed that subsurface flow influenced water temperature changes. In addition, the management of 
pond influenced the flow paths differently through the changes of infiltration rate, surface runoff, 
interflow/subsurface flow and groundwater percentage. 
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INTRODUCTION 
 
Most physical properties of water and the rates of many 
chemical and biological processes in water are expressed 
as functions of water temperature (Bogan et al., 2004; 
Caissie, 2006). In addition, most aquatic species have 
specific ranges of water temperature that they can 
tolerate (Jensen et al., 1989; Eaton and Scheller, 1996; 
Dunham et al., 2003).  Some studies showed that the 
meteorological parameters (air, solar radiation, humidity, 
rainfall) as well as hydrological ones (water discharge, 
groundwater percentage) are among the main factors that 
influence water temperature changes (Sinokrot and 
Gulliver, 2000; Gu and Li, 2002; Sophocleous, 2002; 
Becker et al., 2004; Lambs, 2004; O’Driscoll and DeWalle, 
2006). 

Generally, between air and water temperatures, strong 
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relationship could be established. It was supported by 
some scientific researches in which water temperature 
often had been related to air temperature and 
meteorological conditions as yearly or longer time-scale 
fluctuations (Mohseni et al., 1999; Fukushima et al., 2000; 
Ozaki et al., 2003; Webb et al., 2003; Hannah et al., 2004; 
Tung, 2006; Subehi et al., 2009; Subehi et al., 2010b). 

In addition, it was found that during rainfall event, water 
temperature changes were influenced by different 
characteristic of flow paths (Subehi et al., 2010a). Rainfall 
events related to water flow paths at watersheds continue 
to be interesting for water temperature analysis. Changes 
in water temperature during rainfall events help to identify 
the mechanism that generates the initial response as 
direct inputs of rainwater, surface/subsurface flow or 
discharge of groundwater. An understanding of the 
processes underlying water temperature dynamics is 
fundamental for the assessment and prediction of thermal 
response to climatic variability and change. 

The objectives of this study  are: (1) To examine water



Subehi and Fakhrudin         73 
 
 
 

 
 
Figure 1. Location of study area. 

 
 
 
temperature characteristics at pond Cibuntu, and (2) To 
elucidate the hydrological dynamics from water 
temperature changes. We analyzed water temperature at 
pond Cibuntu from April 2008 to April 2009. 
 
 
MATERIALS AND METHODS 
 
Pond Cibuntu as a small and shallow lake has surface area of about 
15.83 m2 with average depth of 0.88 m and volume of about 13.55 
m3 (Tarigan, 2001; Sulawesty et al., 2000). The studied area is 
located in Bogor district of West Java, Indonesia which lies 06°29’S, 
103°51’E and 103 m above sea level (Figure 1). 

The data on air and water temperatures were taken at intervals of 
5 min from April 2008 to April 2009 by sensor, Global Water GL 500. 
In addition, rainfall was also measured by a tipping bucket rain 
gauge at intervals of 5 min during those periods. 

For fluctuation temperature analysis, we used not only the 
standard deviation (�) but also the root mean square variation over 
7 days (Rms 7-days) using the formula: 
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where n represents the number of days analyzed (monthly: 28 to 31, 
yearly: 365), xi is the daily average temperature (°C), and xi

m
 is the 

m-day moving average of daily temperature. 
 
We used 7 days for m. The weekly average temperature is 
commonly used to quantify water temperature changes (Bogan et al., 
2004) because the weekly (7 days) timescale gives a good 
correlation between air and water temperatures (Pilgrim et al., 1998; 
Mohseni and Stefan, 1999) and also eliminates most transient 
variations, including diurnal effects  of  solar  radiation  and  air 

temperature. 
We also employed harmonic method, the representation of 

functions or signals as the approximation by means of basic 
harmonic waves: 
 
yT = A sin (ct+ϕ)          (2) 
 
where yT represents the sine curve of temperature T; t is the time 
(day); A is the amplitude of temperature fluctuations; c defines the 
frequency: c equals 2π /L (L = time period = 365 days) and � 
represents the phase shift. 
 
Next, for the analysis during rainfall events, we selected the rainfall 
events of which the intensity rainfall is more than 5.0 mm/h. The 
changes of water temperature (�Tw) and air temperature (�Ta) 
during those events were observed. 
 
 
RESULTS AND DISCUSSION 
 
Daily air and water temperatures were observed (Figure 
2) from April 2008 until April 2009. According to graph, air 
and water temperature changes were not so different. The 
largest of air and water temperatures were 30.6 and 
30.9°C, respectively.  On the contrary, the smallest of 
those were 21.1 and 23.0°C, respectively. Figure 3 shows 
the mathematical approximation of air and water 
temperatures more clearly by harmonic method. The 
maximal values of air temperatures were observed from 
May to August.  On the other hand, the minimal values of 
water temperature were observed from September to 
December. It was suggested that the seasonal variations 
are reflected in the air and water temperature changes. 

Based on fluctuations in air and water temperatures, 
expressed by Rms 7-days, one could assess  that  both
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Figure 2. Daily air and water temperatures at pond Cibuntu. 
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Figure 3. The changes in air and water temperatures by harmonic method analysis and correlation coefficient values. 

 
 
 
fluctuations change rather proportional from March 2008 
to March 2009 (Figure 4) with almost  identical  maximal 

values of Rms 7-days for Ta and Tw in September (1.51 
and 1.57,  respectively).  As  expected,   the   water
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Figure 4. Monthly changes in Rms 7-days of daily air and water temperatures. 
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Figure 5. Hourly air and water temperatures on April and August. 

 
 
 
temperature changes seasonally. 

Next, in order to understand the hydrological dynamics, 
air and water temperatures changes were analyzed 
during rainfall events with the intensity rainfall of more 
than 5.0 mm/h (Figures 5 and 6, respectively).  As shown 
in Figures 5 and 6, the air temperature decreased with 
increasing water temperature during rainfall events in 
hourly. It was suggested that subsurface flow or 
groundwater flow probably influenced water temperature 
conditions. Similarly, the data from September, December 
and February (Figure 6), suggest that probably large flow 
paths contributed from deeper pathways (subsurface and 
groundwater flows). 

Rainfall is a specific event that influences water 
temperature changes through alteration of flow paths. 
Precipitation may cause changes in water temperature 

due to direct inputs and by inducing runoff from various 
hydrological stores and pathways (Kobayashi et al., 1999; 
Brown and Hannah, 2007). Changes in water temperature 
during rainfall events help to identify the mechanism that 
generates the initial response as direct inputs of rainwater, 
surface/subsurface flow or discharge of groundwater. 

Besides the meteorological background, also the 
geological and topological parameters (like steep slope) 
should be considered as key parameters that could 
influence the proportion of flow paths. Water temperatures 
are predominantly related to weather and lake 
morphometry (Hondzo and Stefan, 1993a; Hondzo and 
Stefan, 1993b). In addition, solar radiation forces stabilize 
the density stratification and reduce vertical mixing 
resulting in shallow mixed layer depths (Herb and Stefan, 
2004). It  could  be  assumed  that  air  temperature



76          J. Ecol. Nat. Environ. 
 
 
 

�

������������������������������������������ �

0

2

4

6

20

25

30

35

10.00 14.00 18.00 22.00

R
ai

nf
al

l (
m

m
/h

)

Te
m

pe
ra

tu
re

 (o C
)

Hourly

September 1, 2008

Rainfall Tw Ta

0

2

4

6

20

25

30

35

9.00 13.00 17.00 21.00

R
ai

nf
al

l (
m

m
/h

)

T
em

pe
ra

tu
re

 (o C
)

Hourly

December 2, 2008

Rainfall Tw Ta��

�

�
��

0

20

40

60

20

25

30

35

11.00 15.00 19.00 23.00 3.00

R
ai

nf
al

l (
m

m
/h

)

Te
m

pe
ra

tu
re

 (o C
)

Hourly

February 27, 2009

Rainfall Tw Ta �
�  

 
Figure 6. Hourly air and water temperatures on September, December and February. 

 
 
 
fluctuations related to solar radiation affected water 
temperature. 
 
 
Conclusion 
 
Water temperature fluctuations are very important 
because every aquatic organism has a preferred 
temperature range for its life. A hypothesis on how water 
temperature changes in yearly intervals and during rainfall 
events at pond Cibuntu was developed and tested. 

Based on the analyses, not only meteorological 
parameter but also geological and topological conditions 
affected water temperature.  Interactions among surface, 
subsurface and groundwater flows during rainfall events 
were suggested as possible factors affecting the 
temperature dynamics  from  this  study.  Next,  soil 

temperature and groundwater analysis, combined with 
geological and topological at pond Cibuntu are planned to 
be investigated to understand the water temperature 
dynamics in the future research. 
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