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Abstract

:

During the dry season, extensive peatland fires in South Sumatra and another peatland in Indonesia result in environmental damage and pose health risks to humans. The Indonesian Government has implemented several measures to prevent the recurrence of these fires. One such measure involves the establishment of observation stations to monitor hydrometeorological parameters in different peatlands across Indonesia, including those in South Sumatra. To effectively control fires in South Sumatra’s peatland and minimize hotspot occurrences, it is essential to determine hydrometeorological parameters that can serve as fire control indicators. Therefore, this study aimed to investigate the relationship between groundwater levels and hotspot occurrences by analyzing groundwater level data collected from six Peat Restoration Agency stations in South Sumatra’s peatland, along with hotspot data obtained from Moderate Resolution Imaging Spectroradiometer satellite measurements. The findings reveal a significant correlation between groundwater levels and hotspots at the six stations. As the GWL increased, the number of hotspots tended to decrease, and vice versa. This means that GWL can be used as a controlling variable for hotspot emergence. To effectively minimize hotspot occurrences, it is recommended to maintain a minimum groundwater level of −0.45 ± 0.09 m in the peatland of South Sumatra.
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1. Introduction


Indonesia is home to the largest expanse of tropical peatland in Southeast Asia, encompassing approximately 20.9 million ha or approximately half of the global tropical peatland area. This peatland is situated in the Indonesian provinces of Papua, Kalimantan, Sumatra, and Sulawesi. In South Sumatra Province alone, peatland covers 1.5 million ha [1,2,3,4]. This peatland serves as a crucial reservoir for water and carbon.



The peatland in Indonesia, including that in South Sumatra, is highly prone to combustion [5,6,7]. In 1997 and 1998, 173,000 ha of peatland in southern Sumatra was burnt [8]. According to data from the National Disaster Management Agency of Indonesia in 2015, South Sumatra experienced the largest fire area in Indonesia in 2014 (8505 ha) and the second-most widespread fire in Indonesia in 2015 (144,410 ha). Indonesia’s peatlands quickly dry out during the extreme dry season. Many canals have been made to channel water from peatlands to nearby plantations, so, during the dry season, the water in the peatlands quickly runs out.



Peatland fires in Indonesia produce smog, which has detrimental effects on both human health and the environment. The primary concerns lie in human health, particularly respiratory infections. In 2015, during the peatland fires, Indonesia witnessed 19 fatalities and 500,000 cases of respiratory diseases. Another consequence of peatland fires is the emission of carbon into the atmosphere, which contributes to global warming. During the period between September and October 2015, the rate of carbon emissions reached 11.3 Tg CO2/day, representing the worst carbon emission since 1997 owing to fire incidents [9].



Severe fires in peatland primarily arise during extremely dry seasons. These seasons feature minimal rainfall, leading to a drastic decline in groundwater levels within the peatland. At the peak of the dry season, daily rainfall is below 50 mm, while, at the peak of the rainy season, it is above 150 mm. As a result, the surface soil of the peatland becomes excessively dry, thus becoming vulnerable to fires. Previous studies have demonstrated a positive correlation between lower groundwater levels and increased hotspots [10,11,12]. Nevertheless, studies on whether groundwater level can be used as a parameter for fire control are lacking. To address this knowledge gap, this study aimed to investigate the relationship between groundwater levels and hotspot occurrences by analyzing groundwater level data collected from six sampling stations in South Sumatra’s peatland coupled with hotspot data obtained from MODIS satellite measurements.




2. Materials and Methods


2.1. Study Area


In July 2017, the Indonesian Government initiated the implementation of several in situ measurement stations to monitor hydrometeorological parameters in peatland areas across the country, including South Sumatra. This measurement system, known as the Sensory Data Transmission Service Assisted by Midori Engineering Laboratory (SESAME), encompasses the monitoring of temperature, rainfall, groundwater level (GWL), and soil moisture. This integrated measurement system was established to predict and mitigate fire disasters in peatlands and is managed by the Peat Restoration Agency (BRG). BRG launched a Peatland and Water Monitoring System (SIPALAGA) in seven Indonesian provinces, including South Sumatra, at the end of 2018. SIPALAGA incorporates the SESAME measurement system “http://www.sipalaga.brg.go.id (accessed on 11 July 2023)”.



A photograph of the SESAME equipment system installed in peatland in South Sumatra is shown in Figure 1. This equipment is an integrated system consisting of rainfall, GWL, temperature, and soil moisture sensors. Temperature and rainfall sensors are placed in the box. The GWL and soil moisture sensors are installed approximately 15 cm below the soil surface. The energy source comes from a solar cell battery installed at the top of the equipment system.



This study utilized rainfall and GWL data from six BRG stations during July–October 2019, encompassing the progression of a strongly positive Indian Ocean Dipole (IOD+). An IOD+ is a natural phenomenon that occurs in the Indian Ocean which causes very minimal rainfall in most parts of Indonesia [13,14]. The names, locations, and data availability of the six BRG stations are documented in Table 1 and Figure 2. The BRG data collection period is from 1 July 2019 to 31 October 2019. The peak of the dry season in Indonesia usually occurs between July and October (JASO). Figure 2 depicts eight measurement stations belonging to BRG that are situated on peatlands in Ogan Komering Ilir (OKI) District. However, for this study, data from only six stations—stations SS1, CJ1, CJ2, PS2, PS3, and KA—were utilized owing to incomplete data from the other two stations, AR and K. Hotspot data, which were obtained from the Fire Information for Resource Management System (FIRMS) of the National Aeronautics and Space Administration (NASA), were based on the MODIS aboard the Aqua and Terra satellites, as well as the Visible Infrared Imaging Radiometer Suite (VIIRS) aboard S-NPP and NOAA 20 [15,16]. Hotspot data were obtained from NASA’s Fire Information for Resource Management System (MODIS Collection 6.1 “https://firms2.modaps.eosdis.nasa.gov (accessed on 13 July 2023)”. The hotspot data covered the period between 2001 and 2020, focusing on the dry season in Indonesia from July to October. Furthermore, precipitation data obtained from the European Centre for Medium-Range Weather Forecast (ECMWF) for 2001–2020, at a resolution of 0.25°, were used in this study.



To assess the potential impact of climate modes in the Indo-Pacific sector, dipole mode index (DMI) data were used as an indicator of tropical climate mode anomalies originating from the Indian Ocean, particularly the Indian Ocean Dipole [17,18]. The DMI was calculated as the difference in sea surface temperatures (SSTs) between the Western Tropical Indian Ocean (10° S–10° N, 50°–70° E) and the eastern Indian Ocean (10° E–Equator, 90°–110° E). Additionally, the Niño 3.4 index derived from the average SST anomalies in the equatorial Pacific (5° S–5° N, 170°–120° W) was used to indicate anomalies in the climate from the tropical Pacific, specifically the El Niño–Southern Oscillation (ENSO).




2.2. El Niño–Southern Oscillation


Changes in seawater temperature in the Pacific Ocean due to the interaction between the ocean and atmosphere (La Niña/El Niño) occur in an inter-annual cycle, the ENSO. El Niño, derived from Spanish, is a term used by fisherfolk in South America to define the appearance of an unusual ‘pool’ of warm water in the Pacific Ocean [19,20,21]. These warm pools usually appear from December until the beginning of the new year. In contrast, La Niña, also derived from Spanish, is used to explain widespread cold sea surface temperatures in South America. The evolution of El Niño and La Niña occurs every 3–7 or 8 years and significantly impacts South American fisherfolk. During El Niño episodes, fisherfolk experience a decrease in their catch, whereas La Niña episodes lead to increased fish catch. This can be attributed to the occurrence of upwelling during the evolution of El Niño and La Niña [22,23,24]. As mentioned previously, ENSO evolution comprises three phases: El Niño, La Niña, and neutral. These phases are associated with fluctuations in sea surface temperature and their interaction with the atmosphere. Hence, ENSO is also referred to as the coupling of sea surface and atmospheric temperatures [21,24,25,26].




2.3. Indian Ocean Dipole


The Indian Ocean Dipole (IOD) is a climatic anomaly that arises from the interaction between the atmosphere and sea in the Indian Ocean. IOD activity can be assessed using the dipole mode index (DMI). The DMI is defined as the difference between the sea surface temperature anomalies in the Western Tropical Indian Ocean (WTIO, 50° E–70°/10° S–10° N) and the Southeastern Tropical Indian Ocean (SETIO, 90° E–110° E/10° equator). The IOD is divided into two phases: positive and negative. The positive dipole mode is characterized by increasing sea surface temperature in the WTIO and decreasing sea surface temperature in the SETIO. This positive phase, known as IOD+, leads to minimal rainfall in Indonesia, whereas the negative phase, IOD−, has the opposite effect [19,27,28,29].



The IOD is a phenomenon characterized by alternating sea surface temperature patterns over irregular intervals. The fluctuations in sea surface temperature in the index resemble an oscillation, resulting in the western region of the Indian Ocean being warmer (positive phase) or cooler (negative phase) than the eastern region. The IOD is identified based on the difference in sea surface temperature between two regions, or dipoles, in the Indian Ocean: the eastern coast of Africa and the western waters of Indonesia, as depicted in Figure 2. Studies of the IOD phenomenon have been conducted primarily in the past two decades, and few studies discuss the IOD. As previously mentioned, the IOD is identified based on differences in sea surface temperatures in the waters east of the African coast and the western Indonesian waters. When the sea surface temperature in one of these areas becomes cooler than the norm, it generates alterations in air circulation and ocean currents between the two regions, differing from typical conditions. This change in circulation undoubtedly influences climatic conditions in Indonesia [21,30,31,32,33,34,35,36,37].




2.4. Hotspot


‘Hotspots’ are hot spots on the Earth’s surface that are an indication of forest and land fires. Hotspots are parameters derived from satellite data and are indicated as locations where forest and land fires occur. Another term that describes the point where forest and land fires occur is ‘fire spot’. Many people suggest that the large number of hotspots is an indication of fire. Hotspots can be used as an indication of forest and land fires, whether in the form of crown fires, surface fires, or ground fires. The advanced very-high-resolution radiometer of the National Oceanic and Atmospheric Administration (AVHRR-OAA) satellite, which was originally intended for climate and weather monitoring, is often used for monitoring forest and land fires because it has a sensor that can differentiate between land and sea surface temperatures. Additionally, the satellite passes over the same locations twice a day and at night, providing up-to-date data that are valuable for firefighting teams to swiftly identify and address fire incidents. NOAA satellite-derived hotspot data can be used for forecasting hotspots and smoke, detecting fire incidents, monitoring forest fires, and mapping fire vulnerability levels [10,38].



Hotspots are valuable indicators of forest fires, highlighting areas with relatively higher temperatures compared to their surroundings. AVHRR sensors detect thermal energy from the object being observed with temperatures as low as 42 °C, making satellites ideal for spotting such areas. The ability to differentiate surface temperatures on land and at sea, along with frequent revisits to the same locations, further enhances the effectiveness of hotspot detection. Moreover, these satellites offer a cost-effective solution for monitoring forest and land fires. Although hotspots provide initial information, further analysis and interpretation are crucial for a comprehensive understanding. Large and continuous clusters of hotspots serve as reliable indicators of fire activity. Hotspot data are useful when combined with other types of information. It is important to note that hotspots may have a refractive or geographic error of up to 3 km. Overall, hotspots serve as vital indicators of forest and land fires, with the surrounding areas being susceptible to fire incidents [39,40,41,42].




2.5. Determination of Critical Value for Groundwater Level


Critical GWL was determined through statistical regression tests and t-tests to assess the correlation between groundwater levels and hotspots. The regression tests aimed to determine the coefficient of determination (r2) and the empirical equation that describes the relationship between these two parameters. The correlation coefficient I was calculated based on the coefficient of determination obtained. A t-test was employed to determine the significance of the correlation between the two equations. The t-count value was calculated based on the number of data (n) and correlation coefficient (r) at each location. The t-table value, utilizing a 95% degree of accuracy, was then obtained from a t-test table for each research location. If the t-count value exceeded the t-table value, it indicated a significant correlation between the two parameters.





3. Results


3.1. Hotspot Distribution


Figure 3 depicts the time series data for hotspots, mean precipitation, and climate indices during the dry season (J-A-S-O) from 2001 to 2020. As shown in a previous study [43], peat fires in South Sumatra occurred nearly every year during the dry season in 2001–2020, varying in intensity. The three major fire events observed during the study period from 2001 to 2020 were in 2006, 2015, and 2019, with 12,118, 19,942, and 7563 fires, respectively (Figure 3a).



Peat fires have a detrimental impact on the environment, leading to haze pollution and disrupting daily activities, such as transportation and public health [9,43]. It is worth noting that the three largest fire events coincided with a lack of precipitation (Figure 3b). Specifically, in 2015, the highest number of hotspots was observed during the driest conditions with the lowest observed precipitation intensity. Previous studies have shown that Indo-Pacific climate modes, namely the IOD and ENSO, are linked to the deficit in precipitation observed across the Indonesian region [36,44]. Figure 3c,d display the IOD and ENSO indices, respectively, with the magnitude of the indices reflecting the intensity of the events. IOD events are represented by an index called the dipole mode index (DMI), namely the difference in mean sea surface temperature (SST) in the western Indian Ocean and SST in the eastern Indian Ocean. The Niño 3.4 index is the SST condition in the central Pacific Ocean. If DMI is positive, then IOD+ occurs, and, if it is negative, IOD− occurs. If Niño 3.4 is positive, then El Niño occurs, and, if it is negative, there is La Niña. It is evident that the 2006 and 2019 peat fires were associated with strong positive IOD events, whereas the 2015 fire was linked to an extreme El Niño event. The number of hotspots during the 2015 El Niño event nearly doubled (or tripled) compared to that of the 2006 (or 2019) IOD event, suggesting that the influence of El Niño was more significant. However, determining the extent to which ENSO or IOD impacts peat fire occurrence is beyond the scope of this study.



To analyze the distribution of peat fires in South Sumatra, we present distribution maps of hotspots during the peak phase of the events (J−A−S−O season) in 2006, 2015, and 2019 (Figure 4). Among these fire events, the 2019 event had the lowest number of hotspots (Figure 4c). In 2006, hotspots were spread more evenly so they appeared to be more numerous than in 2015. The hotspots appeared to be more concentrated in the eastern part of South Sumatra, as indicated by the denser concentration. As shown in Figure 2, the eastern part of South Sumatra is dominated by peatland, suggesting that severe peatland fires occurred during these three extreme dry seasons.




3.2. Dynamics of the 2019 Peatland Fires


The Indonesian Government has implemented various measures to prevent peatland fires during the dry season, particularly during extreme dry seasons. One such measure is the establishment of in situ measurement stations for hydrometeorological parameters in peatlands across the country, known as the SESAME measurement system. Fortunately, the SESAME stations in South Sumatra recorded several hydrometeorological parameters during the severe fire events in 2019. Therefore, in this section, we examine the potential role of GWL in controlling peatland fires.



Figure 5 illustrates the time series of the monthly observed number of hotspots, precipitation, and climate indices during the 2019 J−A−S−O season. It is evident that the number of hotspots gradually increased from July to August, sharply rose in September, and then decreased in October (Figure 5a). The highest number of hotspots, observed in September 2019, coincided with the lowest recorded precipitation (Figure 5b). As the intensity of precipitation increased in October, the number of hotspots gradually decreased. As shown in an earlier section, the peatland fires in 2019 were attributed to the positive IOD event (Figure 5c) rather than the El Niño event (Figure 5d). Interestingly, the highest number of hotspots was observed before the peak phase of the IOD in October, and the number of hotspots decreased once the IOD reached its peak phase. This suggests that other factors may also play a role in controlling the increase or decrease in hotspots.



First, we examined the possible relationship between rainfall and GWL observed at the SESAME stations. Figure 6 shows the time series of observed rainfall and GWL from July to October 2019. Rainfall had an impact on the temporal variability of GWL. When there was no rainfall observed at these stations, the GWL rapidly increased at all stations. An increase in GWL indicates that GWL is rising relative to the Earth’s surface. Interestingly, even a short period of rainfall could influence GWL, as indicated by intermittent increases in GWL. For example, an immediate response of the GWL to rainfall was observed in early October 2019 at station Cinta Jaya-2. The GWL increased in response to increased rainfall and vice versa (Figure 6b).




3.3. Relationship between Groundwater Level and Hotspots in the Period July to October 2019


Figure 7 presents an overlay graph showing the relationship between GWL and the number of hotspots. The data used for this analysis were collected from July to October 2019 at six measurement stations: Cinta Jaya-1, Cinta Jaya-2, Sungai Saleh-1, Padang Sugihan-2, Padang Sugihan-3, and Karang Agung. All graphs in Figure 7a–f indicated that, in general, as the GWL increased, the number of hotspots tended to decrease, and vice versa. This suggests a clear relationship between GWL and the number of hotspots, making it possible to use GWL as a parameter for managing hotspot emergence in peatland. By maintaining groundwater at a certain level, it is expected that the occurrence of hotspots could be prevented. Therefore, it is crucial to determine the critical GWL necessary to avoid the emergence of hotspots.




3.4. Critical Value for Groundwater Level


Some graphics depicting the correlation between these two parameters is shown in Figure 8a–f. The graphs also show the empirical equations obtained and the values of the coefficients of determination. The results of the statistical analyses are presented in Table 2. In this table, n represents the number of data, r is the correlation coefficient, t signifies the t-value based on the calculations, and t is the t-value from the t-test table. As shown in Table 3, the correlation between GWL and hotspots is significant at all study locations; therefore, the empirical equations obtained can be applied in further related studies. The critical value of GWL can be calculated based on the empirical equation describing the correlation between GWL and the number of hotspots obtained. By assigning a value of Y = 0 to the empirical equation, the corresponding value of X can be obtained. In this case, the Y variable represents the number of hotspots, and the X variable represents the GWL. Statistical data calculated for critical GWL are presented in Table 3.



The data obtained from critical GWL calculations at the six study locations were averaged and analyzed with the inclusion of standard deviation. Consequently, the average critical GWL value was determined to be (−0.45 ± 0.09) m. If the GWL is lower than 45 cm, then hotspots can appear on peatlands in South Sumatra because the surface of the peatland becomes very dry, and it can easily catch fire.





4. Discussion


This research shows that, in 2006, 2015, and 2019, the average daily precipitation was minimal. In 2006, El Niño occurred, which caused a daily average precipitation of only 2.05 mm/day. In 2015 and 2019, there was an IOD+ event, which caused the daily average precipitation in 2015 to only be 1.64 mm/day and, in 2019, only 2.07 mm/day. Previous studies have shown that the Indo-Pacific climate modes, namely IOD and ENSO, have been linked to the deficit in precipitation observed across the Indonesian region [13,38].



Hotspots always appear in varying numbers every dry season. The most hotspots appeared in 2006, 2015, and 2019. These results indicate that the presence of El Niño and IOD+ causes an increase in the number of hotspots. As shown by a previous study [39,40], the peat fires in South Sumatra were observed almost every year during the dry season with different intensities. These peat fires have a negative influence on the environment, causing haze pollution that disrupts daily activities, such as transportation, public health, and others [3,41,42].



Groundwater levels in the 2019 dry season experienced a sharp decline. This sharp decline occurred due to the IOD+ event. On 27 October 2019, at the KA station, the groundwater level decreased to a depth of −1.36 m. This sharp decline resulted in the peat soil surface being very dry, making it vulnerable to fire. In 2019, there was a massive fire in South Sumatra [35]. Figure 9 displays changes in daily GWL values of the two measurement stations in the 2019 J-A-S-O period.



This research has also provided information about the correlation between groundwater levels and hotspots. The correlation between these two parameters shows that, the lower the groundwater level, the more hotspots that appear. It was also found that the correlation between the two parameters is significant, so the empirical equation that connects the two parameters can be used for another scientific study. Based on the empirical equation, the minimum value of the groundwater level that must be maintained to minimize the emergence of hotspots is −0.45 ± 0.09 m. By maintaining a minimum GWL value of −0.45 ± 0.09 m, it is expected that the peat soil surface will not be too dry, so hotspots will not easily appear, and plants will grow well. Various efforts can be made to maintain the ideal condition of the GWL. These efforts include, for example, making canal blocks that can regulate the flow of water from peatlands to plantation areas, making channels that can channel river water into peatlands, and reforesting deforested peatlands.



One of the pivotal aspects in understanding peat fires revolves around the concept of the GWL critical point, representing the juncture at which peat undergoes irreversible desiccation, rendering it highly susceptible to combustion [45,46]. These fires commonly coincide with periods of drought, prompting various methodologies for delineating this critical threshold, including assessments based on precipitation metrics. Previous research demonstrated that, during dry seasons characterized by rainfall levels below 100 mm/month, coupled with groundwater recharge rates below 20 mm/month, peatlands become markedly predisposed to ignition [47]. Taufik et al. (2015) introduced a hydrological approach by refining the Keetch–Byram Drought Index (KBDI), which integrates localized climate adjustments and incorporates peat water table depth as a dynamic variable, resulting in the modified Keetch–Byram Index (mKBDI), which furnishes invaluable predictions regarding the GWL criticality. Extensive investigations revealed that the critical GWL stands at 0.85 m for wetland forests in South Sumatra, 0.4 m for peatlands with canal networks in Kuburaya, and 0.6 m for burnt peat substrates [48]. In this paper, we obtain a critical GWL value of around 0.45 m for canalized peatlands where similar results were obtained by Taufik et al. in 2022 [48]. The congruence observed in these findings underscores the robustness of various methodologies associated with forest and peatland fire indices, rendering them pivotal for forest fire mitigation efforts. Among these, a proposed forest fire index, reliant on meteorological parameters including wind speed, temperature, and humidity, emerges as particularly noteworthy [49,50]. Leveraging satellite technology, this index offers real-time accessibility, making it a highly valuable asset for the early detection and management of forest and peatland fires.




5. Conclusions


Between 2001 and 2020, three major fires were recorded in peatland in South Sumatra, occurring in 2006, 2015, and 2019. The most severe of these fires occurred in 2015. Severe fires occur during extremely dry seasons as a result of the natural phenomenon known as the IOD+ and/or El Niño. Notably, the extreme dry season of 2019 was primarily attributed to the IOD+ phenomenon. During this period, rainfall was minimal, leading to a significant drop in groundwater levels. Consequently, the peatland surface became excessively dry and flammable.



This research convincingly demonstrates a significant correlation between GWL and the number of hotspots in several peatland areas in South Sumatra. As the GWL increased, the number of hotspots tended to decrease, and vice versa. This suggests a clear relationship between GWL and the number of hotspots, making it possible to use GWL as a parameter for managing hotspot emergence in peatland. Based on the study findings, it is recommended to maintain a GWL depth of −0.45 ± 0.09 m in peatland in South Sumatra to minimize the occurrence of hotspots.
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Figure 1. SESAME equipment. 






Figure 1. SESAME equipment.
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Figure 2. Map illustrating the location of the BRG stations. 
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Figure 3. Time series of (a) hotspots, (b) rainfall, (c) DMI, and (d) Niño 3.4 in year 2001 until 2020. 
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Figure 4. Distribution of hotspots in South Sumatra during the extreme dry season of J−A−S−O (a) 2006, (b) 2015, and (c) 2019. 
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Figure 5. Time series of (a) hotspots, (b) rainfall, (c) DMI, and (d) Niño 3.4 during the 2019 J−A−S−O period. 
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Figure 6. (a–d) Overlay graph of groundwater level and rainfall in the period J−A−S−O 2019. 
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Figure 7. (a–f) Overlay graph of groundwater level and hotspots in the period J−A−S−O 2019. 
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Figure 8. (a–f) Correlation between groundwater level and hotspots in the period J−A−S−O 2019. 
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Figure 9. GWL time series of two measurement stations in the period J−A−S−O 2019. 
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Table 1. Detailed information regarding the research stations, their GPS coordinates, rainfall data, and GWL data availability.






Table 1. Detailed information regarding the research stations, their GPS coordinates, rainfall data, and GWL data availability.





	
No.

	
Station

Name

	
GPS Coordinates

	
Data Availability




	
Rainfall

	
GWL






	
1.

	
S1

	
−2.911, 105.082

	
1 July 2019–31 October 2019

	
1 July 2019–8 October 2019




	
2.

	
CJ1

	
−3.492, 104.978

	
Not Available

	
1 July 2019–31 October 2019




	
3.

	
CJ2

	
−3.472, 104.965

	
1 July 2019–31 October 2019

	
1 July 2019–31 October 2019




	
4.

	
PS2

	
−3.091, 105.217

	
1 July 2019–31 October 2019

	
13 July 2019–25 September 2019




	
5.

	
PS3

	
−3.020, 105.232

	
Not Available

	
1 July 2019–31 October 2019




	
6.

	
KA

	
−2.582, 104.511

	
1 July 2019–31 October 2019

	
1 July 2019–16 October 2019











 





Table 2. Statistical data for the correlation between GWL and the number of hotspots.
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	Station Name
	n
	r
	t-Count
	t-Table
	Significance





	Sungai Saleh-1
	48
	0.82
	9.72
	2.01
	Significant



	Cinta Jaya-1
	50
	0.81
	9.57
	2.01
	Significant



	Cinta Jaya-2
	68
	0.80
	10.83
	2.00
	Significant



	Padang Sugihan-2
	42
	0.80
	8.43
	2.02
	Significant



	Padang Sugihan-3
	72
	0.75
	9.47
	1.99
	Significant



	Karang Agung
	40
	0.86
	10.39
	2.02
	Significant










 





Table 3. Statistical data for determining critical GWL.
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	Station Name
	Empirical Equation of

GWL vs. Hotspots
	Critical GWL

(m)





	Sungai Saleh-1
	Y = −7.5395X2 − 36.066X − 14.502
	−0.44



	Cinta Jaya-1
	Y = 8.3784X2 − 8.0047X − 5.6634
	−0.47



	Cinta Jaya-2
	Y = −145.5X2 − 280.9X − 112.98
	−0.57



	Padang Sugihan-2
	Y= 1.5356X2 − 18.627X − 6.3508
	−0.33



	Padang Sugihan-3
	Y = 0.0286X2 − 26.46X − 9.4431
	−0.36



	Karang Agung
	Y = −42.745X2 − 104.51X − 41.899
	−0.50
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