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Abstract. Peatlands have hydrological functions, one of which is water storage. Limbung Village 
experienced peatland fires, and there was drainage (canal). This research aims to determine the 
characteristics of peatland, the dynamics of groundwater levels, and the groundwater level response in the 
burned peatland. The study was carried out from September to December 2023 by measuring groundwater 
levels using monitoring wells, heavy rain using a rain gauge observing characteristic peat soil, and 
vegetation observations were made with a PSP size of 25 × 80 m. An analysis of the influence of rain 
thickness on the increase in GWL was carried out to understand the effect of canal distance on GWL 
dynamics using simple regression analysis. Results of the research show that the peat groundwater level has 
a high rain intensity of >43.64 mm, which is needed to increase the GWL. The response to the increase in 
GWL occurs more quickly at a distance of 20 m from the canal, compared to 3 points following response 
begins to decrease drastically starting from a distance of 70 m from the canal. Low vegetation density, soil 
characteristics, and the condition of the canal blocking cause different responses.  

1 Introduction 
Indonesia has the most extensive peatlands in the world, 
reaching 13,405,734 ha, spread over four islands: 
Sumatra, Kalimantan, Sulawesi, and Papua [1]. Peat is a 
pile of organic material formed from plant remains (roots, 
stems, branches, twigs, grass) that have not decomposed 
completely. Peatlands have an essential role as the world's 
largest carbon reserve and a life support system, including 
as a water source and food source, maintaining rich 
biodiversity, and controlling the global climate [3]. 
Peatlands have hydrological functions, one of which is as 
water storage. Natural peat consists of almost 90% water 
and the remaining 10% consists of rotting plant material 
[4]. Still natural (not disturbed) peat will always be wet 
and damp. 

Peat has unique characteristics, it can absorb a lot of 
water, but if the peat is damaged, it cannot absorb water 
again because peat has the property of irreversible drying 
[2] . Some types of damage to peatlands are peatland fires 
and there is artificial drainage (canals). The damage that 
occurs causes the loss of its ability to hold and absorb 
water from rain, which over time can cause the peat to dry 
out, making it very vulnerable to fire [5]. Peatland 
management for agriculture and plantations always 
reduces groundwater levels by building ditches and 
drainage channels (canals) to support plant growth [6]. 
One of the impacts of the canals will be a decrease in 
groundwater level (GWL), which will cause drought and 
peat to burn more easily [7]. Fires in peatlands can change 
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peat characteristics such as physical, chemical, and 
vegetation on the peat surface [8]. Fires in peatlands not 
only burn surface vegetation but also the interior of the 
peat, which is the growth medium [9]. 

In 2019, West Kalimantan Province experienced 
peatland fires reaching 151,919 Ha which could affect its 
function as a water retainer, source of biodiversity, as well 
as agricultural production and forest commodities [10]. 
Based on data from the Regional Disaster Management 
Agency, it appears that Kubu Raya Regency is one of the 
districts that has quite a high number of hot spots, with 
one of the sub-districts where forest and land fires occur 
quite frequently being Sungai Raya Sub-district, with 17 
cases occurring in 2019 [11]. West Kalimantan Province, 
almost every year, experiences forest and land fires; one 
of the locations of land fires is in Limbung Village [5]. 
Limbung Village is one of the priority villages for peat 
restoration located in Sungai Raya District, Kubu Raya 
Regency, West Kalimantan Province. In 2023, the first 
land fire occurred in April and continued to spread until 
the fire stopped in early October 2023. 

The peatlands in Limbung Village have been damaged 
due to fires, and there are drainage channels (canals). Fires 
on peatlands can increase soil temperature and damage the 
soil structure, and then the ash produced from the burning 
process can fill soil pores and increase soil density [12]. 
Changes that occur in peatlands due to fire will affect their 
function in storing water, one of which is affecting the 
ground water level (GWL) of peat. The increase in fires 
on peatlands has a negative influence, namely it can 
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reduce the ground water level (GWL) [13]. Monitoring 
the water level in peatlands needs to be carried out to 
determine the condition of the peat on the land. Therefore, 
it is necessary to conduct research on the response to the 
water level of burnt peatlands in Limbung Village as a 
consideration for future peatland management strategies. 
This research aims to determine the characteristics of 
peatland, the dynamics of groundwater levels, and the 
ground water level response in the burned peatland. 

2 Methodology  

2.1 Study site 

The research location is in a burned peatland in Limbung 
Village, Sungai Raya District, Kubu Raya Regency, West 
Kalimantan. The research was conducted from September 
2023 to December 2023. The Ground Water Level (GWL) 
observation point is located on a peatland that was burned 
recently in August 2023, close to a canal with a canal 
block. At the observation point, there are 4 monitoring 
wells placed on the land with the distance between the 
monitoring wells closest to the canal being 20 m and the 
distance between monitoring wells being 50 m (Figure 1). 

 

Fig. 1. Monitoring Wells Observation Location 

2.2 Data Collection 

Peatland characteristics are divided into physical, 
chemical, and biological properties. Physical factors 
include color, level of maturity, peat thickness, water 
content, bulk density, porosity, chemical characteristics, 
and soil acidity (pH). Then, the biological characteristics 
observed are the vegetation that makes up peatlands.  

Data collection for soil physical characteristics is 
carried out by taking soil samples. Soil sampling was 
carried out using two methods: disturbed soil samples and 
undisturbed soil samples. Disturbed soil samples were 
taken to observe the color of the soil and the level of soil 
maturity. Disturbed soil samples from peatlands are then 
taken to the laboratory for observation. Undisturbed soil 
samples were taken to calculate water content, porosity, 
and bulk density. Soil samples were taken in 3 layers, 

namely depths of 0-20 cm, 21-40 cm, and 41-60 cm. 
Undisturbed soil samples from peatlands are coated with 
aluminum foil and then taken to the laboratory for oven 
drying. In addition, soil data was collected directly at the 
observation location using a quick probe to obtain the pH 
and thickness of the peat. 

Vegetation observations were carried out to analyze 
the composition and cover of fire-affected land. The plot 
design for collecting data on peatland characteristics can 
be seen in, observations were made on a Plot Sample 
Permanent (PSP) measuring 25 m x 80 m to obtain an area 
of 2,000 m2, then the research instruments were placed in 
the center [14]. In the PSP, all vegetation data on the 
growth levels of poles and trees is recorded to analyze 
vegetation structure. Data includes tree type, total height, 
free branch height, most expansive canopy height, 
diameter, coordinates (x, y), and canopy width. Data 
collection on seedling and sapling growth rates was also 
done by placing 5 nested plots. Nested plots consist of 

 

 

plots measuring 2 x 2 m to observe seedlings and 5 x 5 m 
to observe saplings. In the nested plot the data taken 
includes the type and number of individuals (Figure 2). 

 
Fig. 2. Vegetation Data Collection Design and Peat 
Characteristics 

Ground Water Level Data (GWL) was obtained from 
observations of 4 monitoring wells carried out from 23 
September to 24 December 2023 for one monitoring well 
(SP1) belonging to BRGM and 23 November to 24 
December or three additional monitoring wells (SP2, SP3, 
SP4) in the fire area. The distance between the Ground 
Water Level (GWL) observation holes is 50 m. 
Observations are made every 2 days, but the data may be 
taken if it rains before 2 days. GWL data collection was 
conducted in the 08.00 – 09.00 WIB time range. 

Rainfall observations are carried out using a manual 
rain gauge, an ombrometer, which is installed around the 
monitoring well observation location. One rain gauge was 
used for this purpose. The rain gauge is placed at a height 
of approximately 120 cm from the ground, far from 
vegetation disturbance and not under any shade, so it is 
not affected by indirect rain. The data recorded is the 
diameter of the funnel and the amount of rain collected in 
the bottle, then the thickness of the rain at that location 
will be obtained. 

2.3 Data Analysis 

The recapitulated water level and rainfall data were then 
analyzed using a simple Microsoft Excel regression 
graph. A regression graph between rain thickness 
(independent variable) and water level (dependent 
variable) was carried out to see the magnitude of the 
influence of rain thickness on the increase in ground water 
level in burned peatlands. This analysis aims to analyze 
the magnitude of changes in response to groundwater 
levels at each observation point. 

3 Result and Discussion 

3.1  Characteristics of peat soil 

Burned peatland in Limbung Village observed physical 
and chemical characteristics to get information on the 
condition of the soil peatland. Peatland characteristics are 
the shape and structure of peatland that can determine the 
flowing and fluctuating water process. The physical 

characteristics of the burned peatland research location 
can be seen in Table 1. 

Table 1. Physical Characteristics of the Peat Land 
Used by the Limbung Village Fire 

 
Source: primary data analysis  
 The burned peatland in Limbung Village is located in 
the Hydrological Unit Peat Punggur Besar River – Kapuas 
River.  Based on Table 1, the level of peat maturity in ex-
fire peatlands from a depth of 0-20 cm consists of hemic-
capric with a brownish-black to black peat color. At a 
depth of 20-40 cm, the peat maturity level consists of 
hemic-sapric with a brownish-black peat color. Then, the 
peat matures at 40-60 cm depth, consisting of hemic-fibric 
with a dark brown peat color. The level of maturity on the 
land shows that the closer you get to the ground surface, 
the more mature the peat looks. Fires that occur in 
peatlands can spread below the surface of the soil and then 
burn the organic peat material, making the peat more 
mature and blacker in color. The peat found on the surface 
(top layer) is generally relatively more mature because the 
decomposition process is faster. Peatland fires can 
increase the peat oxidation process, accelerating the peat 
soil decomposition process, thereby increasing peat 
maturity and causing soil compaction [15]. This is in line 
with research by Ishikura [16] , which states that peat 
decomposition will increase in peat that experiences a 
decrease in groundwater levels. The deeper the 
groundwater level, the higher the rate of soil compaction 
due to decomposition, which causes the peat to become 
shallower over time. 
 The thickness of the peat at the research location is 
included in the intense peat category. Based on the results 
of measurements using a peat drill at a depth of 306 cm, 
mineral soil has been reached. According to Sudrajat & 
Subekti [17], generally, thick peat ecosystems have fibric 
maturity. Decomposition is still incomplete, thin to 
medium peat categories have hemic to sapric maturity 
because some peat has experienced advanced 
decomposition. Fires that occur result in changes in 
maturity levels. The top layer, which should be composed 
of fibric peat, has changed to hemic and sapric peat. The 
layers are lost due to burning and eventually become 
smoother. If not treated, Peat damage like this will result 
in a reduction in the amount of peat, which will become 
thinner every year over time. 
 Peat has a vast capacity to store and absorb water 
compared to mineral soil. The composition of peat 
dominated by organic materials means that peat can 
absorb large amounts of water. In ex-fire peatlands at the 
research location, the water content values obtained 
ranged from 94.07% - 419.60%. It found that the water 
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because some peat has experienced advanced 
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maturity levels. The top layer, which should be composed 
of fibric peat, has changed to hemic and sapric peat. The 
layers are lost due to burning and eventually become 
smoother. If not treated, Peat damage like this will result 
in a reduction in the amount of peat, which will become 
thinner every year over time. 
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compared to mineral soil. The composition of peat 
dominated by organic materials means that peat can 
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content will increase as the depth of the peat increases and 
the rarer the peat becomes. The low water content is 
caused by high groundwater levels, which makes the peat 
dry and the decomposition process faster. Large fires 
cause peat to become drier, thus changing its properties to 
water-repellent (hydrophobic). The depth of the soil layer 
can determine the volume of groundwater storage. The 
deeper the soil layer, the higher the groundwater content. 
This is because the more profound the soil layer, the lower 
the peat maturity, which makes the soil able to hold more 
water [18]. The mature type of sapric peat has a more 
minor water-holding capacity but has a more substantial 
water holding capacity than hemic and fibric peat [19]. 

Bulk density is related to porosity as cavities or gaps 
in the soil. The bulk density values obtained ranged from 
0.29 – 0.55 g/cm3, based on Table 1, the bulk density gets 
smaller as the peat depth increases. When a fire occurs in 
peatland, the fire can spread to the ground surface to a 
certain depth where conditions are dry. Peatland fires can 
cause the oxidation process to increase so that the peat soil 
decomposition process becomes faster. Apart from that, it 
can also be seen that the bulk density is lower in the rawer 
peat. The peat bulk density value will be lower as the raw 
(fibric) peat matures [20]. These results align with the 
results of research by Manurung [15], which shows that 
burned peatlands will experience an increase in bulk 
density and a decrease in water content and porosity. Raw 
natural peat has a lower bulk density value because it is 
composed of plant roots and tree wood, which causes 
voids in the peat. Then, high bulk density values can occur 
due to compaction [20]. The denser the peat, the weaker 
its ability to bind water [21].  

Another peat characteristic that can influence 
hydrological processes in peatlands is porosity. The 
porosity values obtained ranged from 12.54% - 83.76%, 
which shows that porosity increases with increasing peat 
depth. High levels of organic matter indicate that peat soil 
has not experienced decomposition or weathering, 
resulting in large pore spaces that affect porosity. Peat 
porosity tends to be lower for weathered peat. This is 
because peat undergoing weathering forms finer grains, 
thereby building pore space with lower total porosity [22]. 

One of the typical characteristics of petlands is that 
they have a very low pH (very acidic). The lower the pH 
value, the higher the acidity level. Peat in Indonesia 
generally has a pH value ranging from 3 – 4.5 [23]. The 
results of the pH measurements in Table 2, can be seen in 
the ex-fire peatlands of Limbung Village, the values were 
in the range of 5.1 – 6.1, which shows that the pH at the 
location of the ex-burnt peat is in the strongly acidic to 
slightly acidic category. The pH value shows the 
hydrogen ions (H) concentration in the soil. The more H 
in the soil, the more acidic the soil is. Decomposed 
organic material has reactive carboxyl and phenol groups 
which act as weak acids, which give rise to acidic 
properties in peat soil [24]. 

 
 
 
 
 

 

Table 2.Soil Acidity of Ex-Fire Peatlands 

Depth 
(cm) 

Repetition 
point pH 

Description 

0-20 

T1 6,1 Slightly acid 

T2 5,5 Strongly 
acid 

T3 5,1 Strongly 
acid 

21-40 

T1 6 Moderately 
acid 

T2 5,5 Strongly 
acid 

T3 6 Moderately 
acid 

41-60 

T1 5,1 Strongly 
acid 

T2 5,2 Strongly 
acid 

T3 6 Moderately 
acid 

Source: primary data analysis 
Soil acidity (pH) can affect the availability of soil 

nutrients and is a factor related to soil quality and a 
limiting factor for plant growth and production. When the 
soil pH reaches 5 in peatlands, it is good enough for 
agriculture, and the plant rooting media becomes more 
suitable for supporting plant growth [23]. Peatland fires 
have resulted in high pH values and increased the 
availability of specific nutrients plants need (Iswanto, 
2005 in [24]. Apart from that, a high pH value has a 
harmful impact, namely, the rate of peat decomposition 
will be too fast [25]. 

Based on Figure 3, observations of vegetation carried 
out in the burned peatland of Limbung Village found 4 
species with growth rates of saplings and poles. These 
species are dominated by fruit plants such as Rambutan 
(Nephelium lappaceum), lamtoro (Leucaena 
leucocephala), and Durian (Durio zibethinus). The 
species that grows naturally is found in 4 Acacia mangium 
trees. The presence of vegetation at the fire location is rare 
due to previous fires, leaving only vegetation close to the 
canal. 

 
(a) 

 
(b) 

Fig. 3. Profile diagram of burned peatland, vertical (a) and 
horizontal (b) 

Vegetation determines the type of peat that will form 
and the hydraulic properties of the peatland. Based on 
Table 3, the vegetation found only consists of sapling and 
pole growth levels. Tree and seedling species were not 
found in the fire area because they had been completely 
burned. The higher the growth rate, the less vegetation 

 

 

there is. The fires that occurred caused a decrease in 
species diversity and low density so the land became 
open. Peat swamp forest areas that experience repeated 
fires experience changes in stand structure, and the stand 
regeneration process does not go well. Peat swamp forests 
that experience more than 1 (one) fire will become open 
areas dominated by ferns (Stenochlaena palutris) [26]. 
Fires cause the ground to become exposed with the loss of 
litter, undergrowth, and canopy, which increases the 
temperature and evaporation rate, as well as causing the 
loss of organic material, which reduces the available 
water content [24]. 

Table 3. Vegetation Density 
Growth level Density (ind/2000m2) Density (ind/ha) 

Seedling 0 0 

Sapling 5 25 

Pole 2 10 

Tree 0 0 

Low vegetation density will affect the hydrological 
cycle in burned peatlands. Low density means that when 
it rains, more water falls directly to the ground surface. 
Large fires can impact increasing bulk density, reduce the 
porosity and infiltration rate of the soil, and ultimately 
affect the ability to hold water [19]. 

3.2 The dynamics of peat groundwater level 

Groundwater level measurements occurred when the 
rainy season entered Limbung Village, West Kalimantan. 
Based on Figure 4, observations were made for 3 months 
at the monitoring well (SP1) at 20 meters from the canal, 
where the deepest groundwater level reached -57.5 cm 
and the shallowest groundwater level reached -21 cm.  

 
Fig. 4. Dynamics of Ground Water Level 

According to Government Regulation Number 57 of 
2016, one indicator of damage to the peat ecosystem with 
the cultivation function is if the depth of the groundwater 
level is > 40 cm below the peat surface. There were two 
events where the groundwater level exceeded -40 cm. 
These events occurred during the transition from dry to 
rainy seasons. The measurement point 20 m from the 
canal has a shallow groundwater level and can maintain a 
water level of less than -40 cm. At this measurement 
location, restoration is carried out by building a canal 
block. The canal block that was built prevented water 
from flowing slowly, keeping the groundwater level at 
less than -40 cm. According to [7]the article, constructing 
a canal block in a functioning condition can increase the 
water level of the canal, which will affect the ground 
water level at a certain wetting radius. 

 
Fig. 5. Dynamics of Ground Water Level Based on Canal 
Distance 
 

In Figure 5, the dynamics of the groundwater level 
fluctuate following variations in rainfall and are pretty 
slow in reducing the groundwater level and can maintain 
an optimal groundwater level (less than -40 cm). Research 
conducted from September – December contained 41 rain 
events at the research location of the fire-scarred land in 
Limbung Village. The thickness of the rain ranges from 
0.1 mm – 53.64 mm, with the lowest increase in ground 
water level being 1 cm and the highest increase being 22.5 
cm. It can always raise the water level in rain events with 
a rain thickness of more than 43.64 mm. Then, a decrease 
in ground water levels can occur when there is no rain and 
when there is rain with a small thickness of rain, but the 
decrease occurs slowly (not drastically). Figure 5 shows 
the dynamics of groundwater levels from 4 measurement 
points, which have different distances from the canal. The 
average GWL from shallowest to most profound is SP1 (-
29.61 cm), SP4 (-40.32 cm), SP2 (-45.63 cm) and SP3 (-
46.42 cm). The difference in average GWL is caused by 
the area of fire burning at each point, which experiences 
differences in the intensity of land fires. Hence, the peat 
conditions are also different. A significant difference in 
averages can be seen at SP1. This point is close to the 
canal, which still had water when the fire occurred. The 
peat does not burn very profoundly because it is still 
damp. There is a canal block building that keeps the water 
available, and in that location, it becomes a source of 
water for extinguishing land fires. The difference in depth 
and height of the groundwater level is caused by the 
existence of canals and the characteristics of the peat, 
which have changed due to fire. Different fire area sizes 
will cause changes in the physical, chemical, and 
microbiological properties of peat, which can also 
indirectly affect the dynamics of water level. According 
to Triatmojo et al. [7], peatlands containing canal blocks 
minimize fluctuations in groundwater levels or stabilize 
ground. Meanwhile, peatlands without canal blocks or 
canal blocks that are not functioning can cause the ground 
water level to become more fluctuating, that is, the ground 
water level tends to be unstable. 

The dynamics of the Ground Water Level (GWL) at 
SP2, SP3, and SP4 have a more fluctuating pattern, they 
appear to have experienced a drastic decrease in GWL and 
cannot maintain the water level at less than -40 cm. 
However, rain events with large amounts of rain do not 
always raise the water level. A slight rain event does not 
make the water in the soil remain or increase. This shows 
that a large and continuous amount of rain is needed to 
keep the water level low. The level of soil saturation 
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content will increase as the depth of the peat increases and 
the rarer the peat becomes. The low water content is 
caused by high groundwater levels, which makes the peat 
dry and the decomposition process faster. Large fires 
cause peat to become drier, thus changing its properties to 
water-repellent (hydrophobic). The depth of the soil layer 
can determine the volume of groundwater storage. The 
deeper the soil layer, the higher the groundwater content. 
This is because the more profound the soil layer, the lower 
the peat maturity, which makes the soil able to hold more 
water [18]. The mature type of sapric peat has a more 
minor water-holding capacity but has a more substantial 
water holding capacity than hemic and fibric peat [19]. 

Bulk density is related to porosity as cavities or gaps 
in the soil. The bulk density values obtained ranged from 
0.29 – 0.55 g/cm3, based on Table 1, the bulk density gets 
smaller as the peat depth increases. When a fire occurs in 
peatland, the fire can spread to the ground surface to a 
certain depth where conditions are dry. Peatland fires can 
cause the oxidation process to increase so that the peat soil 
decomposition process becomes faster. Apart from that, it 
can also be seen that the bulk density is lower in the rawer 
peat. The peat bulk density value will be lower as the raw 
(fibric) peat matures [20]. These results align with the 
results of research by Manurung [15], which shows that 
burned peatlands will experience an increase in bulk 
density and a decrease in water content and porosity. Raw 
natural peat has a lower bulk density value because it is 
composed of plant roots and tree wood, which causes 
voids in the peat. Then, high bulk density values can occur 
due to compaction [20]. The denser the peat, the weaker 
its ability to bind water [21].  

Another peat characteristic that can influence 
hydrological processes in peatlands is porosity. The 
porosity values obtained ranged from 12.54% - 83.76%, 
which shows that porosity increases with increasing peat 
depth. High levels of organic matter indicate that peat soil 
has not experienced decomposition or weathering, 
resulting in large pore spaces that affect porosity. Peat 
porosity tends to be lower for weathered peat. This is 
because peat undergoing weathering forms finer grains, 
thereby building pore space with lower total porosity [22]. 

One of the typical characteristics of petlands is that 
they have a very low pH (very acidic). The lower the pH 
value, the higher the acidity level. Peat in Indonesia 
generally has a pH value ranging from 3 – 4.5 [23]. The 
results of the pH measurements in Table 2, can be seen in 
the ex-fire peatlands of Limbung Village, the values were 
in the range of 5.1 – 6.1, which shows that the pH at the 
location of the ex-burnt peat is in the strongly acidic to 
slightly acidic category. The pH value shows the 
hydrogen ions (H) concentration in the soil. The more H 
in the soil, the more acidic the soil is. Decomposed 
organic material has reactive carboxyl and phenol groups 
which act as weak acids, which give rise to acidic 
properties in peat soil [24]. 

 
 
 
 
 

 

Table 2.Soil Acidity of Ex-Fire Peatlands 

Depth 
(cm) 

Repetition 
point pH 

Description 

0-20 

T1 6,1 Slightly acid 

T2 5,5 Strongly 
acid 

T3 5,1 Strongly 
acid 

21-40 

T1 6 Moderately 
acid 

T2 5,5 Strongly 
acid 

T3 6 Moderately 
acid 

41-60 

T1 5,1 Strongly 
acid 

T2 5,2 Strongly 
acid 

T3 6 Moderately 
acid 

Source: primary data analysis 
Soil acidity (pH) can affect the availability of soil 

nutrients and is a factor related to soil quality and a 
limiting factor for plant growth and production. When the 
soil pH reaches 5 in peatlands, it is good enough for 
agriculture, and the plant rooting media becomes more 
suitable for supporting plant growth [23]. Peatland fires 
have resulted in high pH values and increased the 
availability of specific nutrients plants need (Iswanto, 
2005 in [24]. Apart from that, a high pH value has a 
harmful impact, namely, the rate of peat decomposition 
will be too fast [25]. 

Based on Figure 3, observations of vegetation carried 
out in the burned peatland of Limbung Village found 4 
species with growth rates of saplings and poles. These 
species are dominated by fruit plants such as Rambutan 
(Nephelium lappaceum), lamtoro (Leucaena 
leucocephala), and Durian (Durio zibethinus). The 
species that grows naturally is found in 4 Acacia mangium 
trees. The presence of vegetation at the fire location is rare 
due to previous fires, leaving only vegetation close to the 
canal. 

 
(a) 

 
(b) 

Fig. 3. Profile diagram of burned peatland, vertical (a) and 
horizontal (b) 

Vegetation determines the type of peat that will form 
and the hydraulic properties of the peatland. Based on 
Table 3, the vegetation found only consists of sapling and 
pole growth levels. Tree and seedling species were not 
found in the fire area because they had been completely 
burned. The higher the growth rate, the less vegetation 

 

 

there is. The fires that occurred caused a decrease in 
species diversity and low density so the land became 
open. Peat swamp forest areas that experience repeated 
fires experience changes in stand structure, and the stand 
regeneration process does not go well. Peat swamp forests 
that experience more than 1 (one) fire will become open 
areas dominated by ferns (Stenochlaena palutris) [26]. 
Fires cause the ground to become exposed with the loss of 
litter, undergrowth, and canopy, which increases the 
temperature and evaporation rate, as well as causing the 
loss of organic material, which reduces the available 
water content [24]. 

Table 3. Vegetation Density 
Growth level Density (ind/2000m2) Density (ind/ha) 

Seedling 0 0 

Sapling 5 25 

Pole 2 10 

Tree 0 0 

Low vegetation density will affect the hydrological 
cycle in burned peatlands. Low density means that when 
it rains, more water falls directly to the ground surface. 
Large fires can impact increasing bulk density, reduce the 
porosity and infiltration rate of the soil, and ultimately 
affect the ability to hold water [19]. 

3.2 The dynamics of peat groundwater level 

Groundwater level measurements occurred when the 
rainy season entered Limbung Village, West Kalimantan. 
Based on Figure 4, observations were made for 3 months 
at the monitoring well (SP1) at 20 meters from the canal, 
where the deepest groundwater level reached -57.5 cm 
and the shallowest groundwater level reached -21 cm.  

 
Fig. 4. Dynamics of Ground Water Level 

According to Government Regulation Number 57 of 
2016, one indicator of damage to the peat ecosystem with 
the cultivation function is if the depth of the groundwater 
level is > 40 cm below the peat surface. There were two 
events where the groundwater level exceeded -40 cm. 
These events occurred during the transition from dry to 
rainy seasons. The measurement point 20 m from the 
canal has a shallow groundwater level and can maintain a 
water level of less than -40 cm. At this measurement 
location, restoration is carried out by building a canal 
block. The canal block that was built prevented water 
from flowing slowly, keeping the groundwater level at 
less than -40 cm. According to [7]the article, constructing 
a canal block in a functioning condition can increase the 
water level of the canal, which will affect the ground 
water level at a certain wetting radius. 

 
Fig. 5. Dynamics of Ground Water Level Based on Canal 
Distance 
 

In Figure 5, the dynamics of the groundwater level 
fluctuate following variations in rainfall and are pretty 
slow in reducing the groundwater level and can maintain 
an optimal groundwater level (less than -40 cm). Research 
conducted from September – December contained 41 rain 
events at the research location of the fire-scarred land in 
Limbung Village. The thickness of the rain ranges from 
0.1 mm – 53.64 mm, with the lowest increase in ground 
water level being 1 cm and the highest increase being 22.5 
cm. It can always raise the water level in rain events with 
a rain thickness of more than 43.64 mm. Then, a decrease 
in ground water levels can occur when there is no rain and 
when there is rain with a small thickness of rain, but the 
decrease occurs slowly (not drastically). Figure 5 shows 
the dynamics of groundwater levels from 4 measurement 
points, which have different distances from the canal. The 
average GWL from shallowest to most profound is SP1 (-
29.61 cm), SP4 (-40.32 cm), SP2 (-45.63 cm) and SP3 (-
46.42 cm). The difference in average GWL is caused by 
the area of fire burning at each point, which experiences 
differences in the intensity of land fires. Hence, the peat 
conditions are also different. A significant difference in 
averages can be seen at SP1. This point is close to the 
canal, which still had water when the fire occurred. The 
peat does not burn very profoundly because it is still 
damp. There is a canal block building that keeps the water 
available, and in that location, it becomes a source of 
water for extinguishing land fires. The difference in depth 
and height of the groundwater level is caused by the 
existence of canals and the characteristics of the peat, 
which have changed due to fire. Different fire area sizes 
will cause changes in the physical, chemical, and 
microbiological properties of peat, which can also 
indirectly affect the dynamics of water level. According 
to Triatmojo et al. [7], peatlands containing canal blocks 
minimize fluctuations in groundwater levels or stabilize 
ground. Meanwhile, peatlands without canal blocks or 
canal blocks that are not functioning can cause the ground 
water level to become more fluctuating, that is, the ground 
water level tends to be unstable. 

The dynamics of the Ground Water Level (GWL) at 
SP2, SP3, and SP4 have a more fluctuating pattern, they 
appear to have experienced a drastic decrease in GWL and 
cannot maintain the water level at less than -40 cm. 
However, rain events with large amounts of rain do not 
always raise the water level. A slight rain event does not 
make the water in the soil remain or increase. This shows 
that a large and continuous amount of rain is needed to 
keep the water level low. The level of soil saturation 
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causes this condition. If the soil has a high dryness level, 
high rainfall is necessary to increase the water level of the 
peat soil. This is because rainwater needs to fill a lot of 
space in the peat. When the peat is saturated, minor to 
moderate rainfall can raise the groundwater level until it 
exceeds the ground surface [27]. 

3.3 Response Of Groundwater Level To Rainfall 

Figure 6 shows that point SP1 has the most significant 
magnitude of influence among the other points. It can be 
seen from the SP1 power regression equation that the 
resulting increase in TMA = 0.0507(P)1.1164 with R2 = 
0.4694. These results show that the thickness of rain has 
an influence of 46.94% on the increase in ground water 
level at a distance of 20 m from the canal and the rest is 
influenced by other factors. This value means that the 
thickness of the rain is one of the factors that influences 
the increase in GWL, the remaining 53.06% is influenced 
by other factors. 

 
Fig. 6. Effect of Canal Distance on Groundwater Level 
Dynamics 

The thickness of rainfall has the slightest influence on 
the increase in water level at a distance of 70 m from the 
canal (SP2), only 9.49%; the remainder is vast; other 
factors influence the increase in water level. In SP 3, the 
thickness of the rain provides an influence magnitude of 
only 28.6% and SP 4, the thickness of the rain provides an 
influence magnitude of only 12.9%. Figure 6 shows that 
the GWL increase response from the 4 points is different 
because the distance to the channel is different. The 
response to the increase in GWL occurred more quickly 
in SP 1 compared to the following 3 points. The response 
began to decrease drastically in SP 2. These results 
indicate that the distance of the observation location to the 
canal can influence variations in the depth of the water 
level in peatlands. The amount of groundwater level in 
peat is determined by the distance of the observation point 
from the drainage channel [28]. This occurs because the 
nature of water always flows to lower areas [29]. 

Rain thickness has a different magnitude of effect at 
each observation point of the GWL monitoring well in the 
burned peatland in Limbung Village. Several other things, 
namely cause the difference in response: 

3.3.1 Vegetation 

On burned peatland, the only vegetation that survives is 
near the canal, which causes the area to become open. The 
only observation point that still has vegetation is SP1 with 
low density. SP2, SP3, SP4 have similar land conditions, 
namely there is no vegetation, but the peat is still covered 
with bushes.  
 Vegetation density is related to interception and 
infiltration processes in peatlands. When it rains, the 
water will fall directly to the ground. No water will be 
retained because of the low density. More and more 
rainwater directly reaches the ground surface without any 
obstructions, which will cause soil compaction over time. 
This situation will affect soil quality regarding bulk 
density, water content, and porosity. When soil 
compaction occurs, it reduces infiltration and increases 
excess surface runoff. This will have an impact when 
there is continuous rain, which will cause puddles and 
even flooding. Apart from that, the roots of vegetation 
also influence hydrological processes in peatlands, which 
can increase water absorption and storage. When there is 
a drought, vegetation can help prevent drought because of 
the water stored in the roots. High canopy cover density 
can control net precipitation through canopy interception 
and evapotranspiration [30]. 

3.3.2 Peatsoil Characteristics 

The deeper the peat, the rawer (fibric) the maturity level 
appears. Based on Figure 7, the increasing depth of the 
peat impacts the water content, which also increases. The 
ability of peat to absorb and bind water with fibric 
maturity is more significant than hemic and sapric 
maturity levels, then hemic peat maturity is greater at 
absorbing and binding water than sapric peat maturity 
[19]. 

 
Fig. 7. Water content, porosity and bulk density 

Based on Figure 7, the water content becomes smaller 
towards the surface layer of peat. Bulk density is inversely 
related to the amount of water content and porosity. As 
the bulk density increases, the water content decreases. 
So, if you look at what happens due to the smaller water 
content, the porosity also becomes smaller. Minor 
porosity can occur because soil density increases, making 
the pores smaller. Forest fires cause a high decrease in 
ground water levels, resulting in soil compaction and 
decreased ground water content, which impacts high bulk 
density values [31]. The denser the peat soil, the weaker 
the soil's ability to bind water [21]. This makes it very 

 

 

easy for water to flow out of the peat because it reduces 
the ability to bind water to the peat. 

The higher bulk density value due to the effects of fire 
causes the peat porosity to become smaller. Peat porosity 
appears to be smaller the closer the peat is to the surface. 
This is related to the decreasing ability of peat to hold 
water. Differences in porosity can cause differences in the 
ability to hold water so that groundwater will flow more 
quickly towards lower areas or out into canals. Heating 
due to fire causes the peat to become hydrophobic, which 
causes its water-holding capacity to become very low. 
Previously hydrophilic peat could still have 5 – 30 times 
its weight in water [32], thereby reducing the volume of 
water that seeps into peatlands, through smaller diameter 
pores [33]. 

3.3.3 Canal Blocking  

The construction of canal blocks in peatlands helps keep 
the water in the canals from flowing out excessively, 
thereby helping maintain the ground water level in 
peatlands. Canal blocks are one of the peat restoration 
efforts that are built in drainage channels (canals) to 
minimize fires by raising the water level and water 
retention in the canals [34]. The type of canal blocking 
found at the research location is a precast concrete canal 
type, which was built in 2019. Canal blocking has a good 
impact in maintaining groundwater levels and keeping 
peatlands always wet [2].  

 
Fig. 8. Canal Blocking in the Research Location 

 Based on the results in Figure 8, the response shown 
at each observation point indicates that the presence of 
canal blocks helps increase groundwater level response 
more quickly. Canal blocking dramatically influences the 
increase in groundwater levels, which occurs up to a 
radius of 20 m from the canal. This can be seen from the 
difference in the magnitude of the influence of SP2, SP3, 
and SP4, which is quite large compared to SP1. 
 

4 Conclusion 
Burned peatlands in Limbung Village have the 
characteristics of getting closer to the surface of the peat, 
the more mature it is, followed by a blacker color, greater 
bulk density, more minor porosity, which is related to 
lower water content, as well as very low vegetation 
density and a strongly acidic pH. The dynamics of the 

ground water level (GWL) that occurs in the fire-scarred 
peatlands of Limbung Village have a fluctuating pattern 
and are only able to maintain an optimal water level (< -
40 cm) at a distance of 20 m from the canal. An increase 
in GWL can occur with significant rainfall, namely more 
than 43,64 mm. 

The distance of the canal influences the response of 
the increase in ground water level (GWL) to the thickness 
of rain. The GWL increase response occurred more 
quickly at a distance of 20 m from the canal. Compared to 
the following 3 points, the response began to decrease 
drastically, starting from a distance of 70 m from the 
canal. Low vegetation density, soil characteristics, and the 
condition of the canal blocking cause the difference in 
response. This area needs restoration to maintain the 
hydrology function in the peatland while controlling the 
groundwater level. The construction of a canal or drainage 
should be controlled so that it does not increase, and 
revegetation with species can adapt to the wetland 
condition, which also has economic value. 
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causes this condition. If the soil has a high dryness level, 
high rainfall is necessary to increase the water level of the 
peat soil. This is because rainwater needs to fill a lot of 
space in the peat. When the peat is saturated, minor to 
moderate rainfall can raise the groundwater level until it 
exceeds the ground surface [27]. 

3.3 Response Of Groundwater Level To Rainfall 

Figure 6 shows that point SP1 has the most significant 
magnitude of influence among the other points. It can be 
seen from the SP1 power regression equation that the 
resulting increase in TMA = 0.0507(P)1.1164 with R2 = 
0.4694. These results show that the thickness of rain has 
an influence of 46.94% on the increase in ground water 
level at a distance of 20 m from the canal and the rest is 
influenced by other factors. This value means that the 
thickness of the rain is one of the factors that influences 
the increase in GWL, the remaining 53.06% is influenced 
by other factors. 

 
Fig. 6. Effect of Canal Distance on Groundwater Level 
Dynamics 

The thickness of rainfall has the slightest influence on 
the increase in water level at a distance of 70 m from the 
canal (SP2), only 9.49%; the remainder is vast; other 
factors influence the increase in water level. In SP 3, the 
thickness of the rain provides an influence magnitude of 
only 28.6% and SP 4, the thickness of the rain provides an 
influence magnitude of only 12.9%. Figure 6 shows that 
the GWL increase response from the 4 points is different 
because the distance to the channel is different. The 
response to the increase in GWL occurred more quickly 
in SP 1 compared to the following 3 points. The response 
began to decrease drastically in SP 2. These results 
indicate that the distance of the observation location to the 
canal can influence variations in the depth of the water 
level in peatlands. The amount of groundwater level in 
peat is determined by the distance of the observation point 
from the drainage channel [28]. This occurs because the 
nature of water always flows to lower areas [29]. 

Rain thickness has a different magnitude of effect at 
each observation point of the GWL monitoring well in the 
burned peatland in Limbung Village. Several other things, 
namely cause the difference in response: 

3.3.1 Vegetation 

On burned peatland, the only vegetation that survives is 
near the canal, which causes the area to become open. The 
only observation point that still has vegetation is SP1 with 
low density. SP2, SP3, SP4 have similar land conditions, 
namely there is no vegetation, but the peat is still covered 
with bushes.  
 Vegetation density is related to interception and 
infiltration processes in peatlands. When it rains, the 
water will fall directly to the ground. No water will be 
retained because of the low density. More and more 
rainwater directly reaches the ground surface without any 
obstructions, which will cause soil compaction over time. 
This situation will affect soil quality regarding bulk 
density, water content, and porosity. When soil 
compaction occurs, it reduces infiltration and increases 
excess surface runoff. This will have an impact when 
there is continuous rain, which will cause puddles and 
even flooding. Apart from that, the roots of vegetation 
also influence hydrological processes in peatlands, which 
can increase water absorption and storage. When there is 
a drought, vegetation can help prevent drought because of 
the water stored in the roots. High canopy cover density 
can control net precipitation through canopy interception 
and evapotranspiration [30]. 

3.3.2 Peatsoil Characteristics 

The deeper the peat, the rawer (fibric) the maturity level 
appears. Based on Figure 7, the increasing depth of the 
peat impacts the water content, which also increases. The 
ability of peat to absorb and bind water with fibric 
maturity is more significant than hemic and sapric 
maturity levels, then hemic peat maturity is greater at 
absorbing and binding water than sapric peat maturity 
[19]. 

 
Fig. 7. Water content, porosity and bulk density 

Based on Figure 7, the water content becomes smaller 
towards the surface layer of peat. Bulk density is inversely 
related to the amount of water content and porosity. As 
the bulk density increases, the water content decreases. 
So, if you look at what happens due to the smaller water 
content, the porosity also becomes smaller. Minor 
porosity can occur because soil density increases, making 
the pores smaller. Forest fires cause a high decrease in 
ground water levels, resulting in soil compaction and 
decreased ground water content, which impacts high bulk 
density values [31]. The denser the peat soil, the weaker 
the soil's ability to bind water [21]. This makes it very 

 

 

easy for water to flow out of the peat because it reduces 
the ability to bind water to the peat. 

The higher bulk density value due to the effects of fire 
causes the peat porosity to become smaller. Peat porosity 
appears to be smaller the closer the peat is to the surface. 
This is related to the decreasing ability of peat to hold 
water. Differences in porosity can cause differences in the 
ability to hold water so that groundwater will flow more 
quickly towards lower areas or out into canals. Heating 
due to fire causes the peat to become hydrophobic, which 
causes its water-holding capacity to become very low. 
Previously hydrophilic peat could still have 5 – 30 times 
its weight in water [32], thereby reducing the volume of 
water that seeps into peatlands, through smaller diameter 
pores [33]. 

3.3.3 Canal Blocking  

The construction of canal blocks in peatlands helps keep 
the water in the canals from flowing out excessively, 
thereby helping maintain the ground water level in 
peatlands. Canal blocks are one of the peat restoration 
efforts that are built in drainage channels (canals) to 
minimize fires by raising the water level and water 
retention in the canals [34]. The type of canal blocking 
found at the research location is a precast concrete canal 
type, which was built in 2019. Canal blocking has a good 
impact in maintaining groundwater levels and keeping 
peatlands always wet [2].  

 
Fig. 8. Canal Blocking in the Research Location 

 Based on the results in Figure 8, the response shown 
at each observation point indicates that the presence of 
canal blocks helps increase groundwater level response 
more quickly. Canal blocking dramatically influences the 
increase in groundwater levels, which occurs up to a 
radius of 20 m from the canal. This can be seen from the 
difference in the magnitude of the influence of SP2, SP3, 
and SP4, which is quite large compared to SP1. 
 

4 Conclusion 
Burned peatlands in Limbung Village have the 
characteristics of getting closer to the surface of the peat, 
the more mature it is, followed by a blacker color, greater 
bulk density, more minor porosity, which is related to 
lower water content, as well as very low vegetation 
density and a strongly acidic pH. The dynamics of the 

ground water level (GWL) that occurs in the fire-scarred 
peatlands of Limbung Village have a fluctuating pattern 
and are only able to maintain an optimal water level (< -
40 cm) at a distance of 20 m from the canal. An increase 
in GWL can occur with significant rainfall, namely more 
than 43,64 mm. 

The distance of the canal influences the response of 
the increase in ground water level (GWL) to the thickness 
of rain. The GWL increase response occurred more 
quickly at a distance of 20 m from the canal. Compared to 
the following 3 points, the response began to decrease 
drastically, starting from a distance of 70 m from the 
canal. Low vegetation density, soil characteristics, and the 
condition of the canal blocking cause the difference in 
response. This area needs restoration to maintain the 
hydrology function in the peatland while controlling the 
groundwater level. The construction of a canal or drainage 
should be controlled so that it does not increase, and 
revegetation with species can adapt to the wetland 
condition, which also has economic value. 
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