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Abstract. Hydrological and climatological parameters in several locations on peatlands in South 

Sumatra have been measured directly by a system called Sensory data transmission Service 

Assisted by Midori Engineering laboratory (SESAME). The parameters are rainfall, temperature, 
soil moisture, and groundwater level. This research has studied the groundwater level 

fluctuations and looks for the correlation between groundwater level and soil moisture in four 

locations, namely Saleh River 1 (SR1), Saleh River 2 (SR2), Lumpur River 1 (LR1), and Lumpur 

River 2 (LR2). The results are expected to be useful for fire disaster mitigation on peatlands, 

especially in South Sumatra. Based on time series data of groundwater level, the results show 

that there has been a sharp decrease in groundwater level at locations SR1, SR2, and LR1. The 

statistic calculation results show that groundwater level has a significant correlation with soil 

moisture in four study sites. The correlation coefficients obtained for SR1, SR2, LR1, and LR2 

are r = 0.88, 0.97, 0.87 and 0.92, respectively. 

1.  Introduction 

Peatlands are water saturated soils and consist of organic material with a thickness of more than 50 cm. 

The area of tropical peatlands in the world is around 40 million hectares, of which 50% are in Indonesia. 

Peatlands in Indonesia are mainly spread on the islands of Sumatra, Kalimantan, Sulawesi and Papua. 

The area of peatlands in South Sumatra is around 8.7 million hectares [2−7]. 

     Peatland is very flammable, including in Indonesia especially in the dry season [8,9]. The impact of 
this fire incident is very detrimental to public health, especially those on the islands of Kalimantan and 

Sumatra [8, 10–12]. In an effort to mitigate fire disasters, the government of the Republic of Indonesia 

in collaboration with the Japanese government has installed a system of monitoring and direct 
measurement in the field of hydrology and climatology parameters at several locations on peatlands in 

Indonesia including in South Sumatra. This measurement system is called Sensory data transmission 

Service Assisted by Midori Engineering laboratory (SESAME) [13]. The parameters measured are 

rainfall, groundwater lever, soil moisture, and temperature. 
     Hydrological parameters that are closely related to fire events in peatlands are groundwater level and 

soil moisture [14–20]. The lower the water level and the lower the soil moisture value, the peat land will 

be more flammable [15,21]. Research related to the characteristics and correlations between these two 
parameters needs to be done in an effort to provide input for parties related to fire disaster mitigation 
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efforts. Previous research related to the correlation of climatological hydrological parameters is: a strong 

correlation between GWL and RF [22,23] , a linear correlation between GWL and SM [4], a strong 

correlation between RF and SM in low soil layers [24]. This study has examined the characteristics of 
groundwater level fluctuations and look for correlations between the groundwater level and soil moisture 

in peatlands in South Sumatra based on SESAME measurement data. 

2.  Data 

The data used in this study are groundwater level and soil moisture derived from SESAME measurement 

data for the period of July 1, 2017 to August 5, 2019. Data was collected at 4 locations namely Saleh 

River 1 (SR1), Saleh River 2 (SR2), Lumpur River 1 (LR1), and Lumpur River 2 (SR2). The coordinate 

points for the locations SR1, SR2, LR1 and LR2 are: (- 2,911, 105,082), (-2,677, 105,143), (-3.143, 
105,184), and (-3.458, 104,921). The map of study location is shown in Figure 1. 

 

 
Figure 1. Map of study location. 

3.  Methodology 

The steps of this study consist of: download data from the SESAME website, make a time series graph 

of groundwater level parameters, determine  the linear regression equation that states the relationship 
between groundwater level and soil moisture using the equations of (1) - (3), determine the correlation 

coefficient between the two parameters using equation of (4), and determine the significance of the 

correlation between the two parameters using equation (5)[25]–[30]. 

3.1.  Linier regression n  
The general form of linier regression is: 

 

                       𝑦 = 𝑎 + 𝑏𝑥,                                                 (1) 
 

               𝑎 =  
(∑ 𝑦 ∑ 𝑥2) − (∑ 𝑥 ∑ 𝑥𝑦)

𝑁(∑ 𝑥2) (∑ 𝑥)2  ,                              (2)

     

                  𝑏 =  
𝑁(∑ 𝑥𝑦)−(∑ 𝑥 ∑ 𝑦)

𝑁(∑ 𝑥2)(∑ 𝑥)2 ,                                    (3) 

 

where y is a dependent variable, x is an independent variable, a is intercept and b is slope. 

3.2.  Linier correlation 

The mathematical formula for calculating the value of the correlation coefficient (r) is: 
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               𝑟𝑥𝑦 =  
1

𝑁−1
∑

(𝑥𝑖−𝑥)−(𝑦𝑖−𝑦)

𝑠𝑥𝑠𝑦

𝑁
𝑖=1 ,                              (4)

    

where sx and sy are standard deviation for each variables of (x, y).  
   

3.3.  t test  

The equation for calculating the value of t test is 

                                                                   𝑡 =  𝑟𝑥𝑦√
𝑛−2

1−𝑟𝑥𝑦
2  ,                                                                                         (5) 

where rxy is the correlation coefficient obtained and n is the amount of data.  If the t test value is greater 

than t table then the correlation between the two variables is significant. 

4.  Result and discussion 

A time series graph of fluctuations in groundwater level values in the four study sites is shown in Figure 
2. The results of statistical calculations on linear regression equations and correlation coefficients are 

shown in Figure 3. 

 

 
Figure 2. The time series graph of groundwater level data on  

four location of research: LR1, SR1, LR2, and SR2. 

 
      Figure 2 shows a sharp decrease in groundwater level values in 3 study sites SR1, SR2, and LR1. 

Whereas in LR2 the value of GWL did not decrease significantly. This decline began to occur in 

November 2018 for the SR1 location, in February 2019 for SR2, and September 2018 for LR1. The 

decline in the value of groundwater level is likely due to the lack of rainfall from the end of 2018 until 
October 2019. The decline in the value of this ground level can also occur due to the creation of illegal 

canals that drain water from peatlands into a plantation [5]. In order to understand the exact cause, 

further comprehensive research is needed on this incident. 
Figure 3 shows the correlation coefficient (r) value between groundwater level and soil moisture for 

the four study sites that are r = 0.88, 0.97, 0.87 and 0.92 respectively for SR1, SR2, LR1, and LR2. All 

r values obtained are close to 1 and this indicates a strong correlation between the two parameters. The 

t test that was carried out resulted in the value of t test = 48.37, 116.80, 47.81, and 63.96 for SR1, SR2, 
LR1, and LR2, respectively. This study uses 725 data, 2 variables, and degrees of freedom 0.05 so that 

the value of t table = 1.96 is obtained. Because the t test values for the four study sites are greater than 

the t table values, the correlation between groundwater level and soil moisture at the four locations is 
significant. To predict groundwater level values based on soil moisture values, we can use equations in 

Figure 3 that are  y = 19.029x + 125.21, y = 22.622x + 88.977, y = 29.162x + 120.94, and y = 63.152x 
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+ 111.6, respectively for SR1, SR2, LR1, and LR2, where y is groundwater level and x is soil moisture. 

Statistical results are summarized in Table 1. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3. The linier regression graph of relationship between groundwater level and soil moisture 

on four location of research: (a) SR1, (b) SR2, (c) LR1, (d) LR2. 

 
     Table 1. The summary of the results of statistical calculations 

Parameter SR 1 SR 2 LR 1 LR 2 

r 0.88 0.97 0.87 0.92 

t test value 48.37  116.80 47.81 63.96 
t table value 1.96 1.96 1.96 1.96 

Correlation significant significant significant significant 

5.  Conclusion 

The analysis shows that there has been a sharp decline in groundwater levels at the sites of Saleh River 
1, Saleh River 2, and Lumpur River 1This sharp decrease was due to minimal rainfall in the period. 

There is a possibility of this decline due to the canal which is near the measurement station that causes 

the peatland water level to fall, so that further research is needed to examine the cause of this sharp 
peatland water level drop. It has also been found that there is a significant correlation between 

groundwater level and soil moisture in the four research locations so that the empirical linear regression 

equation that has been obtained can be used to predict groundwater level values based on soil moisture 

values and vice versa. 

y = 19.029x + 125.21
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