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Abstract 

This article describes the results of the application of time zoning for air-water thermal 

interaction, and the temperature gradient daily dynamics area (TGDDA) parameters at six 

locations with different ecological conditions. The research locations consisted of two locations 

in lakes, two locations in coastal waters which were affected by fresh water and two locations 

in coastal waters which were not affected by fresh water. Measurement of air and water 

temperature was carried out in situ at several vertical positions with logarithmic distances to the 

water surface. The results of the analysis show that the analysis and modeling of the TGDDA 

parameters produce the time zoning of thermal interaction and TGDDA that vary between 

research locations. Repeated measurements on two consecutive days at the same location, 

resulted in almost the same TGDDA and time zoning duration of air-water thermal interaction. 

These results suggest that these parameters can be used to characterize air-water interactions. 

The results of this study serve as references to the chemical analysis of water and biota which is 

interactive or influenced by the dynamics of air-water thermal interactions. 

Keywords: model adoption, thermal interaction, gradient dynamics, irradiation, SST layer. 
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Introduction 

Many researches on atmosphere-sea interactions have been carried out both on a global and 

local scale. On a large scale, the study of atmosphere-sea interactions, among others, is related 

to global warming sea surface cooling, and seasonal variations in response to changes of ocean 

temperature (Liu et al, 2018). Global thermal conditions interact with local thermal conditions 

(Augyte et al, 2019). Kunz and Jähne (2018) suggests that the variability of air-sea heat fluxes 

is not only controlled by the atmosphere variations but is also triggered by SST variations as an 

intrinsic oceanic variability component. Wang et al (2019) argued that solar irradiation causes 

thermal conditions of water in the mixed or SST layer. Local scale air-water thermal interaction 

studies are very important to evaluate changes in sea and fresh water conditions. Local scale 

air-water thermal interaction analysis can yield descriptions of temporal changes in minute 

orders and spatial variations with meter resolution (Kunz and Jähne, 2018). The effect of the 

combination of exposure time with the spectral composition, which varies locally, can result in 

a mismatch between light and temperature requirements which can lead to decreased seaweed 

reproduction performance (Bettignies et al, 2018). Local scale air-water thermal interaction 

studies can explain the daily scale of biological circulation (Ptak et al, 2019 and Solcerova et al, 

2018). Ptak et al (2018) stated that water temperature research is very important in the context 

of lake ecosystem function. Shifts in water temperature outside the range that normally apply in 

ecosystems can have a negative impact on the health of the aquatic ecosystem as a whole. 

Woolway et al (2017) suggested that the study of the thermal interaction of air with lake water 

is related to the calculation of biochemical reactions in water. Solcerova et al (2018) suggest 

that estimating the energy balance of lake water is very important in evaluating the heating and 

cooling process of water. 

Sea Surface Temperature (SST) is a key parameter for the study of air-sea interactions 

(Alappattu et al, 2017). Solar irradiation causes sea water temperatures at the surface to a depth 

of 2 m below the surface to change on daily and seasonal time scales (Feng et al, 2018). 

Sunlight penetrates clear water, absorbs it to a certain depth (Osuch et al, 2016). The process of 

absorption and transmission of radiation energy causes the water temperature in the upper layer 

of bulk SST to be higher than the layer below it (Sim et al, 2017). Physically, the absorption 

process causes an exponential decrease of energy with increasing the distance. The temperature 

gradient at the SST skin-bulk boundary layer changes throughout the day due to irradiation and 

the mixing processes. Studies on water temperature gradients, among others, were carried out 

by Ge et al (2017). Ge et al (2017) found that a sharp vertical temperature gradient occurs in the 

surface layer to a depth of 10 m. The gradient of water temperature changes with time, from 

hour to hour (Maske et al, 2014). Chu and Fan (2019) used an exponential model to determine 

the water temperature gradient in the vertical direction. This article presents the results of an 

analysis of the dynamics of water and air temperature gradients in six locations with varying 

ecological conditions. We use the Temperature Gradient Daily Dynamic Area (TGDDA) 

parameter to analyze and explain the local scale air-water thermal interactions. Previously, the 

TGDDA parameter was used to analyze horizontal thermal diffusion between forest ecosystems 

and the environment, and between mangrove ecosystems and the environment. The adoption of 

TGDDA to analyze the thermal interactions of air-water is to assume that the water surface is 

the boundary plane of the water ecosystem with the air as the environment and vice versa. 

Method 

The stages of analysis and modeling of the TGDDA parameters are described in detail in 

previous articles (Medellu and Tulandi, 2018; Medellu 2019, 2020) as follows: 

1) Measurement of air temperature at 5 to 7 position along the transect,  

javascript:;
http://www.frontiersin.org/people/u/444860
http://www.frontiersin.org/people/u/444860
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2) Tabulate the data into a matrix format based on position (line: x) and time (column: t), 

which produces temperature data on the basis of position and time: T (x, t) 

3) Modeling of the temporal function T (t). The temporal function is a sinusoidal function, so 

its modeling uses the Fourier function modeling mechanism. The form of the Fourier 

function is: 

𝑇(𝑡) = 𝑇0 + ∑ (𝑎𝑚𝑁/2
𝑚=1 cos 𝜔𝑚𝑡 + 𝑏𝑚 sin 𝜔𝑚 𝑡) … … . . … … … … … … … … … … (1) 

To is the daily mean of temperature T, ωm = 2πm / N, m is the number of harmonics, N is the 
amount of data, am and bm are the Fourier coefficients.  The temporal function varies for each 

position along the transect. Figure-1 presents an example of a graph of the temporal function 

of air temperature at the edges and inside of a mangrove forest bordering the open sea. Time 

enumerator 1 associates with the measuring time at 6:00 a.m. The graph shows that between 

5:00 a.m. and around 6:00 p.m., the air temperature at the edges was higher than the 

temperature inside the mangrove forest. Between 6:00 p.m. and 5:00 a.m. the temperature 

inside is higher than the temperature at the edge of the mangrove forest. 

4) Synchronize data between positions. Data synchronization must be done because 

measurements between positions are not carried out simultaneously. The modeling 

mechanism is to enter the time difference between positions into the temporal function and 

generate new T (x, t) data. This stage is a prerequisite for spatial function modeling. 

5) Modeling of spatial function. The spatial function is in the form of an exponential function 

following changes in energy with distance due to the absorption effect. The general form of 

spatial functions is: 𝑇(𝑥) =  𝑘1 + 𝑘2 𝑒𝑘3− 𝑘4𝑥 … … … … … … … … … … … … … … … … … … … … … … … … … . . (2) 

where k1, k2, k3, and k4. are constant numbers. The mechanism for determining these four 

constant numbers uses the following algorithm: 𝑇0 − 𝑇1𝑇0 − 𝑇2 = [(𝑒𝑘4.𝑋2)(𝑒𝑘4.𝑋1 − 1)][(𝑒𝑘4.𝑥1). (𝑒𝑘4.𝑥2 − 1)] … … … … … … … … … … … … … … … … … … … (3. 𝑎) 

𝑘3 = 𝑇0 −  𝑇11 − 𝑒−𝑘4.𝑥1 … … … … … … … … … … … . … … … … … … … … … . . … … … … … . . (3, 𝑏) 

𝑘2 = 𝑇0−𝑇1𝑒𝑘3−𝑒𝑘3−𝑘4.𝑥1 … … … … … … … … . . … … … … … … … … … … … … … … … … … . . (3. 𝑐) 

𝑘1 =  𝑇0 − 𝑘2 . 𝑒𝑘3 … … … … … … … … … … … … … … … … … … … … … … … … … . . (3. 𝑑) 

This algorithm requires a minimum of three data pairs: (0, T0), (x1, T1), and (x2, T2), where 

the reference position or position x = 0 is the edge of the ecosystem. The spatial functions 

differ for different times, due to the effects of irradiation, absorption, emission and storage of 

thermal energy by air and other mediums in the ecosystem and environment. Figure-2 

presents a graphical example of a spatial function for three variations of time. At the edge or 

at the zero position, the three graphics show different slopes or gradients. The steepest 

gradient occurs at 13:00. 
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6) Determination of edge gradient values and modeling of gradient dynamics functions. The 

edge gradient values are obtained by differentiating the spatial function: dT(x)/dx, for x = 0, 

resulting in the edge gradient function: 
 𝐺 =   𝑑𝑇(𝑥)𝑑𝑥  │𝑥=0 =  −𝑘1. 𝑘2 . 𝑒𝑘3 … … … … … … … … … … … … … … … … … … . (4) 

 

This edge gradient value changes with time, following changes in the spatial function. The 

general form of the edge gradient dynamics function is the same as the temporal function so 

that the modeling follows the Fourier function modeling. The data pairs for modeling 

gradient dynamics functions are (t, G (t)). An example of a graph of the daily dynamic 

temperature gradient function is presented in Figure-3. 

 

7) Determination of TGDDA, using a numerical integral with the integral limit is the 

intersection of the gradient dynamics curve with the thermal equilibrium line. 𝐴 =  ∑ │𝐺𝑡. 𝛥𝑡𝑛
𝑖=1 │ … … … … … … … … … … … … … . … … … … … … … … … … … … . . … … (5) 
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The unit area of TGDDA is 0C.hour/m. For the example of Figure-3, the TGDDA under the 

thermal equilibrium line is 9.69 0C.hour/m. This area is bounded by the intersection of the 

gradient curve with the thermal equilibrium line at 05:00 a.m. and 6:00 p.m. Between 6:00 

p.m.. and 05:00 a.m. the gradient curve is above the thermal equilibrium line giving a 

gradient dynamic area of 3.14 0C.hour/m. 

All stages of analysis and modeling are carried out using software produced by the author in 

2012 and have gone through several validation stages. The adoption of the TGDDA parameter 

to analyze the dynamics of air temperature and water temperature in the vertical direction, as 

well as air-water thermal interactions, is based on the association: 

1) To analyze the dynamics of air temperature gradient, the water surface is the boundary 

which is considered as the edge. 

2) To analyze the dynamics of the water temperature gradient, the subskin-bulk SST boundary 

is the edge. 

3) The air temperature gradient with a positive sign indicates that the air temperature in the 

upper layer is higher than the temperature near the surface. There is a thermal flux from air 

to water 

4) The air temperature gradient with a negative sign indicates that the air temperature in the 

near surface layer is higher than the above it. There is a thermal flux from water to air. 

5) The zero air temperature gradient shows the air temperature is homogeneous in the vertical 

direction 

6) Positive water temperature gradient indicates that the water temperature in the lower layer is 

higher than the water temperature near the subskin-bulk SST boundary. 

7) The negative water temperature gradient shows that the water in the layer near the subskin-

bulk SST boundary is higher than the layer below it. 

8) The zero water temperature gradient shows the water temperature is homogeneous in the 

vertical direction 

Research location 

The study was conducted at six locations with water conditions as presented in Table-1. For 

locations 1, 2, 5, and 6, measurements were made twice on two consecutive days. For the same 

location, two sets of data that were generated from two measurements were analyzed 

separately, and the results were compared to evaluate the consistency of the application of the 

TGDDA parameters.  

Table-1. Measurement location: coordinates and location conditions 

Measure 
ment 

location 

Coordinate Location conditions 
Date of measurements 

I II 

1 1015’15,5” north, 
124054’4,6” east 

The shores of Tondano lake, 3 - 3.5 m deep, 

fish farming area, overgrown with weeds 

Jan 5 

2019 

Jan, 6 

2019 

2 1014’12,1” north 

124054’16,3” east 
In the center of Lake Tondano, the depth is 

7 - 7-5 m 

Jan 7 

2019 

Jan, 8 

2019 

3 3035’25,8” north 

125033’38,9”east 
river estuary, 80 m from the coastline 

towards the sea, 1.5 m depth at low tide, 5 

m at high tide, muddy sand sea floor, 

overgrown with seagrass beds 

Jan 15 

2019 

- 

4 3°20’13,92” 
north,  

125°35’35,52’’ 
east 

80 m from the shoreline, 80 cm depth at 

low tide, 4,5 m meters at high tide, the sea 
floor is muddy sand, the beach is 

overgrown with mangroves (rarely), natural 

growth areas of seaweed (Caulerpa sp.) 

Jan 28 

2019 

- 

5 304’17,9” north Above coral reef, 120 m from shoreline, no August, 8 August, 9 
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125030’5,7” east river flow, 0-10 cm depth at low tide, 4 m 

at high tide 

2019 2019 

6 304’20,4” north 

125030’2,3” east 
100 m in front of coral reefs, more than 40 

m deep 

August, 8 

2019 

August, 9 

2019 

Measurements were made in sunny weather conditions with wind speeds of less than 2 

km/hour. Measurement of air temperature in the vertical direction is carried out at a position of 

5 cm, 20 cm, 50 cm, 1 m, 2 m above the water surface. Water temperature measurements were 

carried out at a depth of 5 cm, 25 cm, 50 cm, 150 cm, and 5 m below the surface.  For this 

measurement depth range, the measured water temperature data is bulk SST. Sea water 

temperature measurements are carried out in half-moon conditions where the tides fluctuate 

minimally. Measurements were taken every 2 hours for 24 hours. The water temperature was 

measured using a flow watch kit 1, with a precision of 0.10C and a temperature range of - 500C 

to 1000C. this device is also used to measure and control the speed of the flow. Air temperature 

is measured using a 4 in 1 instrument that simultaneously measures air temperature, wind 

speed, humidity and light intensity. The temperature measurement precision is 0.10C. This tool 

is also used to control wind speed 

Results 

The data measured at each location is arranged in a matrix form, based on time and position. 

The data analysis followed the TGDDA parameter analysis stages. The results of the analysis of 

air and water temperatures dynamic show the highest and lowest temperatures. The highest 

temperatures at the six locations occurred between 1 pm and 2:30 pm. The highest air and water 

temperatures at location-1 were 26.80C and 26.50C. At location-2, the highest air and water 

temperatures were 27.50C and 27.20C. At location-3, the highest air and water temperatures 

were 29.20C and 28.60C. At location-4, the highest air and water temperatures were 30.40C and 

29.50C. At location-5, the highest air and water temperatures were 32.20C and 31.20C. At 

location-6, the highest air and water temperatures were 32.30C and 310C. The lowest air and 

water temperature occurs when the thermal equilibrium between air and water is reached. In the 

thermal equilibrium time interval, the temperature of air and water is the same. At locations-1 

and 2, the lowest air and water temperatures were 22.20C and 22.80C. At locations 3 and 4, the 

lowest air and water temperatures were 23.80C and 24.40C. At locations 5 and 6, the lowest air 

and water temperatures were 25.70C and 25.90C. 

Figure-4 presents a graph of the daily dynamics of the gradient of air temperature and water 

temperature at locations 1 and 2. Figure-5 presents a graph of the daily dynamics of the gradient 

of air and water temperatures at locations 3 and 4. Figure-6 presents a graph of the daily 

dynamics of the gradient of air and water temperature at locations 5 and 6. The grouping of two 

graphs in one image is to compare the two locations that have ecological similarities. From each 

image, the dynamics of the gradient and the thermal interaction between air and water can be 

compared. 
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Figures-4, 5, and 6 show that the daily dynamics of the air temperature gradient form two 

dynamic fields, above and below the thermal equilibrium line. The daily dynamics of the water 

temperature gradient form only one dynamic plane which lies below the line of thermal 

equilibrium. The daily dynamics of the gradient of air and water temperatures show a time span 

where the gradient has a value of zero. Conditions where the gradient has a zero value indicates 

that the air is homogeneous and there is no thermal flow between layers in the vertical 

direction. The same conditions apply to water. To interpret in detail, Figure-7 presents a daily 

dynamic graph of air and water temperature at the top, and a graph of daily dynamics of air and 

water temperature gradient at the bottom. 
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Figure-7 is equipped with four vertical dotted lines, namely lines (a), (b), (c) and (d). These 

lines connect certain positions on the dynamic graph of air and water temperature at the top 

with the gradient graph of air and water temperature at the bottom. These four vertical lines 

divide the gradient dynamic graph of air temperature into four gradient dynamics zones: (a) - 

(b), (b) - (c), (c) - (d) and ((d) - (a). For the water, there are only two gradient dynamic zones, 

namely (c) - (d) and (d) - (c). The explanation of the daily gradient dynamic zone is as follows: 

1) Zone (a) - (b), is a zone where the air temperature becomes lower than the water temperature 

as shown in the upper part of Figure-7. Figure-7 shows line (a) lies at the intersection of the 

curve of the change of air temperature with the water temperature. At the bottom of Figure-

7, line (a) is the intersection of the air temperature gradient curve with the thermal 

equilibrium line. Line (a) is the limit of change of air temperature gradient direction, from 

positive or above the thermal equilibrium line to negative or below the thermal equilibrium 

line. The interpretation of air and water temperature gradient graph in zones (a) - (b) 

concludes that the air temperature near the water surface is higher than the layer above it, 

and the water temperature in the layer near the subskin-bulk SST boundary is higher than the 

layer below. Zone (a) - (b) occurs between 4:02 pm and 8:55 pm, with a duration of 4 hours 

53 minutes. 

2) Zone (b) - (c), is a zone where the temperature of air and water in the layer near the 

boundary becomes the same, as shown in the graphic at the top of Figure-7. In this zone, the 

gradient of air and water temperature is the same, but the values are not zero. In this zone, 

the air temperature in the layer near the water surface is higher than the layer above it. The 

water temperature in the layer near the skin-bulk SST boundary is higher than the water 

temperature in the lower layer. In this zone, no thermal energy received from solar 

irradiation. The air layer near the water surface gets its thermal energy supply from the 

water. In zones (b) - (c) the water and air temperatures fall by the same value. The gradient 

of air and water temperature has the same value and continues to fall until it becomes zero at 
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line position (c).  For location-1, the duration of the gradient dynamics in zone (b) - (c) is 57 

minutes, which is between 8:55 pm and 9:52 pm. 

3) Zone (c) - (d) is a zone where air and water temperatures are the same. In this zone the 

gradient of air and water temperature is zero. The temperature of the air in the near water 

surface layer is the same with the layer above it. The temperature of the water near the 

boundary of subskin-bulk SST is the same with the layer below it. In this zone the 

temperature of air and water is 22.50C. Air and water are in thermal equilibrium. For 

location-1, the duration of the air-water thermal equilibrium is 7 hours 36 minutes, between 

9:52 pm and 05:28 am 

4) Zone (d) - (a) is a zone where air and water are affected by solar radiation. The air 

temperature began to change at 05:28, while the water temperature began to change at 05:34. 

In this zone, the air temperature gradient is positive while the water temperature gradient is 

negative. The air temperature near the water surface is lower than the air temperature in the 

upper layer. Water temperature near the subskin-bulk SST boundary is higher than the 

temperature of the water below it. For air temperature gradient, the width of this zone is 11 

hours 5 minutes, from 05:28 am to 4:02 am. For water temperature gradient, the zone width 

(d) - (a) + zone (a) - (b) + zone (b) - (c) is 16 hours 18 minutes, from 05:34 am to 9:52 pm. 

From line (a) to line (c) the water temperature gradient continues to decrease until it 

becomes zero at 9:52 pm. There are only two water temperature gradient dynamic zones, 

from (d) to (c) and from (c) to (d). The width of the dynamic zone of the air and water 

temperature gradient is not the same between the study locations. This is of course a 

characteristic of the waters of the research location. 

Figures-4, 5, and 6 show the same dynamic gradient pattern of air and water temperatures 

throughout the day. The air temperature gradient has a positive gradient located above the 

thermal equilibrium line, and a negative gradient located below the thermal equilibrium line. A 

positive air temperature gradient shows the direction of the thermal flux from above to the air 

layer near the water surface. The negative gradient shows the direction of thermal flux from the 

air layer near the water surface to the above layer. Water temperature gradient only has a 

negative gradient which shows the thermal flux from the subskin-bulk SST boundary to the 

layer below it. The horizontal gradient dynamic graph is a phase of thermal equilibrium where 

there is no thermal flux between layers of air, between layers of water and between air and 

water. 

The zoning of the dynamics of air and water temperature gradients for the six research locations 

is presented in Table-2. Table-2 also presents the area of daily dynamics gradient of air and 

water temperature for the six study sites. For locations 1, 2, 5, and 6, there are two groups of 

data obtained from measurements in two consecutive days. Comparison between research 

locations concluded that the four dynamic zoning occurred at different times and with different 

durations. Referring to the conditions of the research location presented in Table-1, it can be 

interpreted that the factors affecting the gradient dynamics zone are solar radiation and fresh 

water supply. The duration of zones (a) - (b), zones (b) - (c) and zones (d) - (a) is associated 

with the area of the daily dynamic of air and water temperatures. This area of daily gradient 

dynamics also differs between locations such as the time difference and duration of each 

gradient dynamics zone 
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Table-2, Summary of dynamic analysis and the area of daily dynamics gradient of air and water temperature at six locations 

The dynamic of air and water temperature gradient  

Zona of 

dynamic 
gradient 

Air/ 

water 

Time and duration of gradient dynamic at six locations (first and second measurement for location 1,2,5,6) 

Location-1 Location-2 Location 

3 

Location- 

4 

Location -5 Location-6 

I II I II I II I II 

(a)-(b) air 4:02 pm - 

8:55 pm 

4:00 pm - 

8:54 pm 

3:58 pm – 

9:12 pm 

3:55 pm-

9:10 pm 

4:58 pm – 

9:15 pm  

4:55 pm-

9:00 pm 

5:15 pm – 

10:42 pm 

5:13 pm –  

10:42 pm 

5:14 pm – 

11: 48 pm 

5:15 pm – 

11:46 pm 

4 hours 53 

min 

4 hours 54 

min 

5 hours 14 

min 

5 hours 15 

min 

4 hours 

17 min 

4 hours 5 

min 

5 hours 27 

min 

5 hours 29 

min 

6 hours 34 

min 

6 hours 31 

min 

(b)-(c) air 8:55 pm – 

9:52 pm 

8:54 pm – 

9:52 pm 

9:12 pm-

10:48 pm 

9:10 pm- 

10:42 pm 

9:15 pm – 

11:02 pm 

9:00 pm-

0:05 am  

10:42 pm 

– 1:58 am 

10:42 pm- 

1:56 am 

11:48 pm-

1:58 am 

11:46 pm – 

1:57 am 

57 min. 58 min 1 hour 36 

min 

1 hour 32 

min 

1 hour 47 

min 

3 hours 5 

min 

3 hours 16 

min  

3 hours 14 

min 

2 hours 10 

min 

2 hours 11 

min 

(c)-(d) air 9:52 pm – 

05:28 am 

9:52 pm – 

05:26 am 

10:48 pm – 

05:23 am 

10:42 pm 

05:22 am 

11:02 pm-

05:20 am 

0:05 am- 

05:20 am 

1:58 am – 

05:18 am 

1:56 am – 

05:19 am 

1:58 am – 

05:17 am 

1:27 am – 

05:18 am 

7 hours 36 

min 

7 hours 34 

min 

6 hours 35 

min 

6 hours 40 

min 

6 hours 

18 min 

5 hours 15 

min 

3 hours 20 

min 

3 hourrs 

23 min 

3 hours 19 

min 

3 hours 21 

min 

water 9:52 pm – 

05:34 am 

9:50 pm – 

05:32 am 

10:50 pm – 

05:00 am 

10:48 pm 

– 5:05 am 

11:15 pm- 

5:22 am 

0:48 am – 

5:22 am 

2:00 am – 

5:20 am 

1: 58 am 

5:19 am 

1:58 am-

4.58 am 

1:58 am -

5:00 am 

7 hours 42 

min 

7 hours 42 

min 

6 hours 10 

min 

6 hours 17 

min 

6 hours 7 

min 

4 hours 34 

min 

3 hours 20 

min 

3 hours 21 

min 

3 hours 3 hours 2 

min 

(d)-(a) air 05:28 am 

– 4.02 pm  

05:26 am – 

4.00 pm  

05:23 am-

3:58 pm 

05:22 am 

– 3:55 pm 

05:20 am 

– 4:58 pm 

05:20 am 

– 4 55 pm 

05:18 am 

– 5:15 pm 

05:19 am 

– 5:13 pm 

05:17 am – 

5:14 pm 

05:18 am – 

5:15 pm 

10 hours 

34 min 

10 hours 

34 min 

10 hours 

35 min 

10 hours 

33 min 

11 hours 

38 min 

11 hours 

35 min 

11 hours 

57 min 

11 hours 

54 min 

11 hours 57 

min 

11 hours 57 

min 

(d)-(c) water 05.34 am 

– 9:52 pm 

05:32 am- 

9:50 pm 

05:00 am- 

10:50 pm 

5:05 am – 

10:48 pm 

5:22 am- 

11:15 pm 

5:22 am – 

0:48 am 

5:20 am – 

2:00 am 

5-19 am – 

1: 58 am 

4:58 am- 

1:58 am 

5:00 am – 

158 am 

16 hours 

18 min   

16 hours 

18 min 

17 hours 

50 min 

17 hours 

43 min 

17 hours 

53 min 

19 hours 

26 min 

20 hours 

40 min 

20 hours 

39 min 

21 hours 20 hours 58 

min 

The area of temperature gradient dynamic (0C.hours/m) 

air Above 2.42 2,40 2,4 2,43 2,86 2,94 3,21 3,23 3,24 3,26 

Below 1.14 1,17 1,23 1,22 1,3 1,74 1,83 1,84 2,29 2,30 

Water Below 6,15 6,13 7,42 7,4 6,92 7,78 7,92 7,94 8,49 8,52 
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Discussion 
The consistency of the results of data analysis measured on two consecutive days with the same 

weather conditions, shows that the daily dynamic analysis method of water-air thermal interaction 

and TGDDA parameters can be used to characterize the local conditions of the aquatic ecosystem. 

The difference in the duration of the air-water thermal interaction zone and the TGDDA parameter 

between two adjacent measurement positions but having different ecological conditions, indicates 

that these parameters are sensitive to be used in a local scale analysis. The difference in the 

duration of the thermal interaction zone and the parameter values of TGDDA locations-1 and 2 is 

influenced by: the duration of exposure and the presence of fresh water supply. The duration of 

direct irradiation at location-1 is only around 7 hours 40 minutes due to hillside shade, while at 

location 2 it is around 10 hours 50. The conclusion from the comparison analysis results of 

locations-3 and 4 is the same as the comparison of locations-1 and 2. The effect of fresh water 

supply on thermal energy in water and air-water thermal flux, among others, was stated by Sim et 

al (2017). The effect of intensity and duration of irradiation on themal energy storage in water was 

stated by Wang et al (2019). Furthermore, thermal energy storage in water determines the thermal 

flux from water to air (Sarbu and Sebarchievici, 2018; Shinoda et al, 2019). 

Comparison of locations 5 and 6 shows that the sea water depth factor causes differences in the 

zoning duration of thermal interactions and TGDDA. Location-6 is deeper and can store more 

thermal energy than location-5 which is shallower. These results are in accordance with the results 

of research by Wang et al (2019) which states that depth will affect the eddy exchange below the 

surface which ultimately affects the thermal flux exchange between air and water. These results 

indicate that the local analysis of air-water thermal interactions guarantees more detailed 

information. Yu (2019) suggests that direct measurements of air-water thermal flux can only be 

carried out for limited or local locations. Graf (2019) suggests that the analysis of the relationship 

between irradiation and thermal storage in water must be carried out in detail both spatially and 

temporally. For ecosystem analysis and utilization of coastal waters and lakes resources, detailed 

local scale information is needed, resulting from in situ measurements (Shinoda et al, 2019). The 

local air-water thermal interaction analysis method and TGDDA parameters become a reference for 

a comprehensive ecosystem analysis. Research outputs at six locations become the basis for 

research development related to variations in water chemistry conditions and aquatic biota. 

 

Conclusion 

The air-water thermal interaction time zoning method and the TGDDA parameter can characterize 

the air-water thermal interaction conditions on a local scale. variations in the duration of the 

interaction zone and the magnitude of TGDDA between locations, proving that local ecological 

factors influence air-water thermal interactions. The dominant factors affecting the difference in 

the duration of the interaction zone and TGDDA are the duration of irradiation, the presence of 

fresh water supply and water depth. 
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Figures

Figure 1

Example of graphic of temporal function of air temperature: transect-2, mangrove forest – Talengen Bay

Figure 2

Example of graphic of spatial function of air temperature: transect-2, mangrove forest – Talengen Bay



Figure 3

Example of graphic of air temperature gradient dynamic; transect-2, mangrove forest - Talengen Bay

Figure 4

Graphic of air and water temperature gradient at location 1 and 2



Figure 5

Graphic of air and water tempeature gradient at location 3 and 4

Figure 6

Graphic of air and water temperature gradient at location 5 and 6



Figure 7

gradient dynamics and daily changes of water and air temperature, location-1


