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Abstract 

One of the problem in the freshwater fisheries sector is that the phenomenon of upwelling can occur 

anytime without warning signs, especially in lakes. This problem causes a failed harvest and fish 

farming business owners suffer a great loss due to the death of fish in large numbers. Upwelling 

caused by toxic substances results in increased nitrification from fish feces and remaining fish feed 

deposited at the bottom of the Lake rise to the surface quickly. Ammonia (NH3) that are in ionized 

form cause no fish around the surface of the Lake because of the lack of oxygen to meet the needs 

of hemoglobin, so oxygen cannot be bind or lack of dissolved oxygen (DO). This condition causes 

the death of a lot of fish. This research builds a monitoring system to monitor the condition of the 

temperature at the surface and at the underwater (5-20 m from the surface) of the lake and to monitor 

DO levels to check the possibility of upwelling. Temperature sensors and a DO sensor is connected 

with a microcontroller and GSM networks which are connected to the internet, which helps the fish 

farmer and related parties to monitor continuously the conditions of farmed fish. The results obtained 

by system experiment on the fish farms area (karamba) and non-fish farms area, are accurate and 

real time. 

Keywords: microcontrollers, upwelling, monitoring system, multi-sensor, dissolved oxygen, 

temperature, wireless sensor network, machine to machine communication, freshwater 

 

I. INTRODUCTION 

pwelling is the phenomenon of the rise of the cold-temperature water and its sediments from the bottom of 

the waters towards the surface waters vertically that can occur in salt water (the sea) and freshwater (Lakes) 

(Shaw, P.T., et al, 1996). On salt water (sea) which has a dynamic flow of water tendency, this phenomenon is 

lifted from the bottom towards the aquatic nutrients surface waters. While in fresh water, where water flow 

current tends to be static, this phenomenon causes the rise of toxic material i.e. fish feed and fish droppings left 

containing ammonia (NH3) from the base to the surface of the water. In fresh water, at the time of the rise of 

oxygen reduction occurred because the material is pushed by toxic gasses (NH3) thus causing a number of 

dissolved oxygen levels dropped dramatically. A certain boundary on these conditions very dangerous to fish 

because it can cause fish death from lack of DO. Some large number dead fish cases due to the upwelling cause 

huge losses, for example in 2009 in Cirata lake upwelling caused 50 tons of dead fish, in the same year at Lake 

Maninjau, West Sumatra as much 13,000 tons of dead fish, and the last case in 2015 fish farmers in Lake 

Jatibarang, suffered losses of up to 400-million-rupiah due to the death of fish caused by upwelling. 

The influential parameters to determine the potential occurrence of upwelling is the temperature difference 

between the temperature below the surface and temperature on the surface of the water and DO levels in the 
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water. Checking the parameters of temperature and DO manually and periodic is difficult to do. It needs a 

system that is able to extract the data of temperature and DO on an ongoing basis. Based on wireless sensor 

network (WSN) and machine to machine (M2M) communication and wireless sensor network, we built the 

system to monitor the below and surface temperature of the water and DO level using sensors connected to the 

microcontroller. The microcontroller is connected to the internet, so that each sensor sensing will be sent to the 

server. The data acquired and stored on the server will be sent to the end user device. The monitoring system 

was tested in an experiment environment to ensure the device goes according to design. The system that has 

been tested on experimental environments are then tested in the real environment 

II. LITERATURE REVIEW 

Freshwater upwelling generally occurs in the rainy season with low sunlight conditions and cold winds 

causing the temperature on the surface of the water to become colder (Shaw, P.T., et al, 1996) (Quibell, G., 

1992). Temperature in the cold surface causes the density of water at the surface to become more severe. If the 

density of water at the surface is heavier than the density of water at the bottom, upwelling would happen 

because the water on the surface of the water will shift the bottom waters. In the process of rising water from 

the bottom to the surface, the material in the bottom water will go up. Material on the bottom of the water is 

formed from sinking fish feed and fish feces. In freshwater material in the bottom waters tend to be toxic because 

it contains NH3, H2S and NO2 (tseng2014). Symptoms of freshwater upwelling are indicated from physical 

parameters, biological parameters, and chemical parameters. Physical parameters are shown on the change of 

water that become clearer due to the mass death of plankton and the temperatures differences in surface to 

bottom water are significant and drastic. Biological parameters are shown on the phenomenon of plankton at 

the surface of the water, for examples flagella plankton (Gymnodinium, Paramaecium, etc.). Chemical 

parameter indications are the DO decline drastically to 1-2 mg/L and increased levels of NH3, H2S and NO2. 

The reduction of DO causes aquatic biota having difficulty to breath. These conditions coupled with increased 

levels of NH3 drastically. At a certain conditions, fish and other aquatic biota can die suddenly. 

Upwelling monitoring system has been developed by researchers. Upwelling monitoring system using 

satellite have been developed by Weeks et al. The study conducted monitoring in the upwelling indicated salted 

water (sea) in the area of Benguela (Weeks, S. J., et al., 2004). Satellites take algae growth pattern pictures from 

ocean waters. Algae is a plant which utilizes ammonia to grow. By observing the pattern of growth of algae 

territories indicating upwelling occurrence possibilities can be specified. In another study conducted by Bakker 

et al (Bakker, D. C., et al, 2001) observation are taken at post upwelling events by considering some components 

such as changes and variability of sea level on the terms of CO2, temperature and fluorescence levels. After a 

great upwelling events in the Atlantic Ocean in 1997 it was found that there was a significant change in 

temperature and levels of fluorescence. 

Both previous researches is an example of a study conducted in salted water (sea), whereas in the case of 

freshwater very few research has been done, considering the impact that occurs in fresh water can get worse 

depending on the pattern of the fish farm. Based on research conducted by Puebla (Puebla, O., 2009), fish in 

freshwater and seawater has a different character. At freshwater, fish tend to be more able to adapt to 

environmental changes compared with the fish in the waters of the sea water. However, based on research Tseng 

et al (Tseng, YF, et al, 2014) in fresh water because flow of water tends to be static, toxic substances from fish 

feces, residual fish food, and fish carcasses will accumulate and will go up to the surface when upwelling occurs 

and the substance is toxic to fish. While in the ocean waters toxic substances tend to decompose or spread 

following the ocean currents. 

The use of satellite technology for monitoring upwelling is still not implemented in Indonesia because 

implementation and operational costs are very expensive. Besides the characters of fresh water and sea water is 

quite different, especially related to the growth of algae which is the object of observation satellites. The most 

relevant technology is using sensor and WSN. WSN technology is already widely implemented in various fields. 

For example, in the areas of health, WSN is used as a monitoring tool such as health research conducted by 

(Milenković, A., et al, 2006), on the study WSN is applied to monitoring the health of people by medical 

doctors. The example in the field of smart home research (El-Basioni, B. M. M., et al, 2013) integrates biometric 
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with control devices in a house. WSN can also be applied to the detection of forest fires as research conducted 

by (Yu, L. et al, 2005, September). 

Detection and monitoring systems for upwelling based on WSN technology has been carried out by 

Bondarenko et al (Bondarenko, O., et al, 2007, October). In the study, the authors implement WSN to collect 

temperature data in the form of 3-D (temperature sensor array). Implementation of this research is the area of 

the northwest of the Great Barrier Australia (GBR). In another study, Bondarenko et al, (Bondarenko, O., et al, 

2007, December) utilizes the data from previous studies to observe and gather plankton correlated with patterns 

to detect and monitor the presence of upwelling in the area of implementation. Pompili et al (Pompili, D., et al, 

2006, September) utilizes acoustic sensors that are integrated with WSN to find the ideal value of the number 

of sensors needed to obtain optimum sensing results to detect upwelling. 

 

From the literature review, most WSN implementations for detection or monitoring are carried out at sea. In 

this research a system is developed to monitor water temperature conditions (surface and bottom waters) as well 

as DO levels, where both parameters are key parameters to detect the possibility of upwelling in freshwater. 

The system consists of an end node (temperature sensor and DO sensor), gateway / server node 

(Microcontroller), HSDPA / GSM modem as a connector to the Internet, and devices for end-user interface 

applications (smartphones, desktop). 

 

A. DO 

 

DO is the dissolved oxygen concentration in water, it is the necessary oxygen to support aquatic organisms. 

Water DO originate from the diffusion from the atmosphere and from the results aquatic plant photosynthesis 

such as algae, seaweed, and other aquatic plants. The number of dropouts depend on temperature, pressure, and 

salinity (Wetzel, R. G., 2001). When the water temperature change becomes higher, the DO levels will fall as 

shown in Figure 1. DO levels will also drop if the salinity increases so DO levels in fresh water will be 20% 

higher when compared with sea water at the same temperature and the same pressure (Langland, M., & Cronin, 

T., 2003). On the surface of the water, DO levels can reach 100% or the same as the DO levels in the air. Getting 

to the bottom of the water, DO levels in the water decrease due to the respiration of aquatic organisms and 

microbial decomposition (Fondriest Environmental, inc., 2014). 

 

Other conditions that affect DO levels are respiration and photosynthesis of aquatic plants (Fink, J. C. (2005, 

August)). In one day, the highest DO level is near sunset because during the day photosynthesis occur, while 

the lowest levels of DO is before sunrise as shown in Figure 2. The waters with DO levels less than the standard, 

can lead to the disturbed growth of aquatic organisms. In upwelling conditions, DO levels go down to 1-2 mg/L 

(Send, U., et al., 2012). 

 
 

Fig. 1. Correlation between the levels of dissolved oxygen with temperature in the sea water and fresh water (Fondriest Environmental, 

inc., 2014) 
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Fig. 2. Photosynthesis impact to the levels of DO in 24 hours (Fondriest Environmental, inc., 2014) 

 

B. Water Temperature 

 

Temperature is one of the important factors to assess water quality. The water temperature may be used as 

consideration when we determine the water quality parameters such as metabolic rates and photosynthesis 

production, compound toxicity, dissolved oxygen and other dissolved gas concentrations, conductivity and 

salinity, oxidation reduction potential (ORP), pH, and water density (Gao, Q. (2006, November)). Factors that 

affect the temperature of the water is the sunshine, atmospheric conditions, turbidity, confluence, and man-

made Influences. For freshwater areas in Indonesia, the average temperature is between 27°C - 30°C (Umar, 

C., 2010). 

 

III. SYSTEM DESIGN 

A. General Overview of the upwelling monitoring system 

 

In general design of the system is described in the block diagram in Figure 3. The process that occurs in the 

monitoring system is reading, updating, and graphics display. The reading process performed by the sensor and 

sent to the microcontroller. Updates of data occurs on the server / gateway. Graph display can be accessed by 

end users through the Internet.  
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Fig. 3. Upwelling system Model 

 

The monitoring system consists three main components: end nodes, gateway / server, and end-user 

applications. At the end, nodes place three sensors, which consists of a DO sensor and two temperature sensors. 

The temperature sensor is placed in two places, namely surface water and bottom waters (sensor cable length 

is 10 meters). DO sensor is placed at the same depth with temperature sensor. The sensors are connected to a 

microcontroller that is placed on the buoy as shown in Figure 4. For the needs of electric power, the 

microcontroller is powered by batteries and solar panels. The data read by the sensor will be stored on the 

microcontroller and then sent to the gateway / server through the Internet. For internet connection, the 

microcontroller is connected with HSDPA modem / GSM. Data will be sent to the server every 30 seconds. 

Data is received by the server / gateway and can be accessed by end users through the user's device. 
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Fig. 4. Upwelling monitoring prototype 

B. Testing and Experiment 

To test the functionality of the monitoring system, the device was tested in a test environment. The test 

environment uses a fiber tub filled with water and placed in the open for 8 days for growing aquatic biota. For 

validation requirements, we conduct three test scenarios: 

a. Experiments on simulated ponds without adding fish and mud 

b. Experiments on simulated ponds by adding fish and mud 

c. Experiments on simulated ponds by adding fish and mud then stirring the water to check drastically 

changed DO levels. 

 

 

Fig. 5. DO experiment result using three scenarios 
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The results of the reading levels of DO and water temperature on outdoor simulations are shown in Figure 5. 

Of testing against three scenarios, results obtained in scenario (a) are the reading levels of DO and temperature 

tend to be stable. The necessary DO levels and temperatures changes began to occur in scenario (b). When the 

simulation scenario (c) is done, the system shows it’s capability to read drastic DO and temperature change. 

 

 
 

Fig. 6. Temperature experiment result using three scenarios 

 

IV. RESULTS AND DISCUSSION 

The presentation of results should be simple and straightforward. This section reports the most important 

findings, including results of statistical analysis as appropriate and comparisons to other research results. Results 

given in figures should not be repeated in tables. This is where Authors should explain in words what he/she/they 

discovered in the research. It should be clearly laid out and in a logical sequence. This section should be 

supported suitable references. 

After testing on an experimental simulation, device monitoring system was tested on Cirata lake (6 ° 42'2 "S 

107 ° 22'5" E). Cirata lake is a man-made lake intended as hydroelectricity. Aside from being a hydroelectric 

plant, most of the lake area is also used as fish farming (karamba). The other half is used as tourist destination. 

Areas for tourism are left open with no karamba. 

Monitoring system testing are performed on two areas. The test is performed to measure the effect of the 

placement of the karamba on water temperature and DO waters. The measurement results are shown in Figure 

7, Figure 8, and Figure 9. 

Figure 7 shows that the placement of the karamba, the surface temperature and the bottom waters of karamba 

area is higher than non karamba area. The average temperature of the surface waters with karamba is 0.88°C 
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higher than the average temperature of the surface waters without karamba. Figure 8 shows that the temperature 

of the bottom water with karamba is higher 0.22°C compared to the temperature of the bottom waters without 

karamba. This temperature difference is influenced by aquatic biota such as fish and aquatic plants that are 

denser in the karamba. 

Figure 9 shows the DO levels in areas with karamba are lower than the DO levels in the area without karamba. 

The average difference in DO levels in both areas is 1:58 mg/L. 

 

Fig. 7. Surface Temperature 

 

 

Fig. 8. Underwater temperature 
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Fig. 9. Dissolve Oxygen captured by System 

Based on the test data that has been done, the area has an upwelling occurrence chance, due to several factors, 

namely: higher water temperatures. When the weather changes suddenly, and the surface temperature becomes 

colder, there will be a vertical flow from the bottom of the water to the surface because of the difference of the 

density of water. The movement of water in the bottom of the water to surface waters would bring the basic 

material. Material that mostly contains NH3 will cause the DO level to drop drastically. The condition is known 

as upwelling. 

With continuous monitoring, fish farmers can determine, when some conditions allow the upwelling may 

perform the anticipation 

 

V. CONCLUSION 

Based on the functionality testing on the experimental environment, upwelling monitoring system uses 

temperature sensors and DO sensors can do detection, storage, and monitoring of temperature and DO levels 

properly. After testing the functionality, the monitoring system implemented on Cirata, with two scenarios. 

Tests are on karamba areas and on non-karamba area. The test results showed the karamba regions have higher 

water temperatures, while lower levels of DO. The difference in temperature between the karamba area and the 

non karamba area are around 0.22°C on the bottom of the water, and 0.88°C on the surface of the water. Average 

DO levels in the karamba area are lower 1:57 mg/L compared to non-karamba area. From this result, fish 

farmers can monitor the condition of karamba every day, to determine response detection responsethat allows 

upwelling condition. The next development, the monitoring system will be installed with fuzzy algorithm to 

predict the chances of upwelling. 
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