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Abstract

:

Indonesia has 673 peat hydrological units (PHUs) covering more than 26.5 million hectares, of which approximately 70% are located on the Kalimantan and Sumatra Islands. Merang-Kepahyang PHUs in South Sumatra cover a total area of approximately 1.094 km2, comprising three watersheds, namely Merang (360.3 km2), Buring (458.5 km2), and Kepahyang (275.3 km2). This area is globally known as a carbon (C)-rich ecosystem. However, there is still a lack of understanding of the C cycle in this area, primarily associated with land use and cover changes. This study spatially estimates belowground carbon stocks and relates them to land elevation, land use, and soil unit. To reduce inaccurate estimates, the volume of the peat is discretized by a 200 m × 200 m grid as a grid based analysis. This assessment aimed to obtain the baseline data with particular attention to provide information on the peat carbon and its spatial distribution in each watershed. We conducted field surveys and image analysis based on SPOT 6 (1.5 m/pixel with raster format 200 m/pixel) to produce interpolated data and maps of land use, soil unit, land elevation, peat thickness, and peat carbon. We found that the land elevation ranged from 1.5 to 13.0 m-MSL in Merang, from 1.1 to 13.5 m-MSL in Buring, and from 0.2 to 11.6 m-MSL in Kepahyang. Peat thickness in ranged from 1.3 m to 12.9  m  in Merang, from 0.8 m to 13.2  m  in Buring, and from 0.4 m to 11.4  m  in Kepahyang. Peat carbon was 220  M  t  in Merang, 225.8  M  t  in Buring, and 116.8  M  t  in Kepahyang. On average, peat carbon density was 6.11 kt ha−1 in Merang, 4.92 kt ha−1 in Buring, and 4.24 kt ha−1 in Kepahyang. The cumulative area covering the peat with a thickness greater than 3  m  was 334.9 km2 (93%) in in Merang, 379.4 km2 (83%) in Buring, and 193.9 km2 (70%) in Kepahyang. There is a relationship between carbon content and elevation, where most of the high carbon content is in the higher elevation. Furthermore, the trees in the secondary forest are primarily found at higher elevations, while the shrubs are located at lower elevations. This is due to water table conditions below the land surface at higher elevations, and close to land surface at lower elevations. In conclusion, these watersheds are carbon-rich areas which are worthy of conservation while a small portion (<30%) may be used for cultivation.
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1. Introduction


Indonesia has 673 peat hydrological units (PHUs) that cover approximately 26.5 million hectares, of which approximately 70% are located on the Kalimantan and Sumatra Islands. This area is globally known as a carbon (C)-rich ecosystems. Saragi-Sasmito et al. [1] estimated that 93% of the carbon in this area is stored in belowground organic peat soils. However, there is still a lack of understanding of the C cycle in this area, primarily associated with land use and cover changes.



Unfortunately, most tropical wetlands are found in developing nations which have limited funding for laboratory analyses and suitable facilities to estimate belowground carbon stocks [2]. One of the standard methods of assessing the carbon stock is derived from the peat distribution map and peat depth map. However, there are uncertainties and potential losses from conversion [3]. Beilman et al. [4] shows that the geostatistical approach has as much as 10% more peat C than mean depth calculations.



This study spatially estimates belowground carbon stocks and relates them to land elevation, land use, and soil units. To reduce inaccurate estimates, the volume of the peat is discretized by a 200 m × 200 m grid. The same discretization is also applied to land elevation, land use, and the soil map to relate them with carbon stock. Using the same 200 m × 200 m grid, the morphological characteristics of this area are analyzed in grid bases.



The morphological characteristics of the study area were unknown since various land use activities have been underway since the early 1970s. A restoration project has been launched, and field investigations have begun since 2018 mainly to collect data on the morphological characteristics of the areas. Land elevation in the study area has come from the 90 m × 90  m  DEM map from ZSL Indonesia, which is derived from the LIDAR survey and SRTM data. The land use map was developed from a combination of Landsat 8 interpretation (resolution 1.5 m/pixel) with RBI maps scale 1:50,000. The soil map and peat depth map are derived from the maps of various sources and geological maps. Field surveys were conducted to verify the land use map, soil map, and peat depth map and collect soil samples for laboratory analyses. The chemical and physical properties of the peat in the study area were analyzed in the laboratory. The study area is located in Merang-Kepahyang PHU, in South Sumatra, with a total area of approximately 1095 km2 consisting of three watersheds, namely Merang (360.3 km2), Buring (458.5 km2), and Kepahyang (275.3 km2), as shown in Figure 1.




2. Materials and Methods


2.1. Study Site


The study site is administratively located within the Musi Banyuasin (MUBA) Regency of South-Sumatra Province (Figure 1).



The study area borders with the Muaro Jambi Regency of Jambi Province in the north, while on the southern side, it borders with the Banyuasin Regency of South Sumatra Province. The study site can be reached by car from Palembang City, the capital of South Sumatra, within approximately 6 h, and from Muaro Jambi within approximately 3 h. The study site comprises three watersheds (WS) which are, from north to south:




	1.

	
Merang has an area of approximately 360.3 km2, and the river’s length is approximately 35 km;




	2.

	
Buring has an area of 458.5 km2 and the length of the main river is approximately 22 km;




	3.

	
Kepahyang has an area of approximately 275.3 km2, and the length of the main river is approximately 24 km.









There have been 15 forest fires in the area from 2001 to 2015 (private conversation with Kelola Sendang). Kelola Sendang was a ZSL-run project working with the Indonesian Government, communities, and the private sector across 1.6 million hectares in South Sumatra (including the study site).




2.2. Data Acquisition


2.2.1. Climate Data Acquisition


Climatic data were obtained from Kenten Station, the closest weather station managed by the National Agency of Meteorology, Climatology, and Geophysics (BMKG) in Palembang City. The station was registered by the World Meteorological Organization (WMO) with the WMO 96223. The daily data collected since 1976 are:




	1.

	
Minimum temperature (Tmn);




	2.

	
Maximum temperature (Tmx);




	3.

	
Averaged temperature (Tav);




	4.

	
Averaged air relative humidity (RH);




	5.

	
Rainfall (R);




	6.

	
Sunshine duration (SD);




	7.

	
Average wind velocity;




	8.

	
Main wind direction;




	9.

	
Maximum wind velocity.










2.2.2. Peat Data Acquisition


Data acquisition related to peat is mainly comprised of from secondary data and primary data. We have 337 soil boring points from secondary data. To refine the assessments, we surveyed an additional 69 soil boring points. Field surveys were conducted from 10 May to 25 May 2019, and from 21 June to 28 June 2019, to investigate the biophysical environments. Peat samples were taken from 31 points in Merang, 13 points in Buring, and 25 points in Kepahyang. Peat depth was measured using a sample ring mounted on metal rods, extending to the largest depth of 13  m  from the land surfaces. The sample size was 500  m  L  (diameter of 7.63 cm and height of 4 cm). From 69 soil bores, we selected 47 samples to analyze the complete physical properties. We ensured that these samples were representative of the area. Table 1 shows the eight parameters to be measured in the laboratory.



From the field, the samples were transported to and measured with the standard methods in the Soil Research Station belonging to the Ministry of Agriculture in Bogor City, West Java.





2.3. Peat Carbon Calculation


Peat carbon herein was calculated as follows [5,6]:


  P  C T  =  ∑  i = 1  n   P  C i   =  ∑  i  n  C  C i  × B  D i  × P  V i   



(1)




where   P  C T    is the total peat carbon   ( t )  ;   P C   is the peat carbon   ( t )  ;   C C   is the peat carbon content   ( t / t )  ;   B D   is the peat bulk density (t m−3);   P V   is the peat volume and i is grid number.


  P  V i  =  1 − R  F i   G  V i   



(2)







  R F   is the root fraction, and   G V   is the grid volume (   m 3   )


  R  F i  = R  D i  × P  T i  × G  A i   



(3)




where   R D   is the root density (mm−1),   P T   is the peat thickness (m), and   G A   is the grid area (m2).




2.4. Land Use Map, Soil Map, and Elevation Map


To create the land use map, we initially used the images from the SPOT 6 satellite year acquisition 2016 following Sencaki et al. [7]. SPOT 6 images have a resolution of 1.5 m per pixel. The data were interpreted and checked through field observations conducted from 10 May to 25 May 2019, and 21 June to 28 June 2019. Each instance of land use was delineated in the form of a polygon. Data in the polygon were converted into a raster format with a resolution of 200 m/pixel to be consistent with other data for analysis. ArcGIS Desktop 10.5 software analyzed the data and produced the maps. The results were displayed in the form of maps and tables. In this research, we used combined ground truth and visual inspection.



For the soil map, the data source was based on a combination of Landsat 8 interpretation (resolution 1.5 m/pixel) with the RBI maps scale 1:50,000, SRTM/DEM 30 m/pixel, maps of various sources, and the geological map [5]. Polygons were formed to delineate the soil units based on field observation for more detail and were refined with the available data. Data in the polygon were then converted to a raster format with 200 m resolution to be consistent with other data for the analysis. ArcGIS Desktop 10.5 software was used to analyze the data and produce the maps. The procedure to create the soil units map is with the ground truth through transects to find peat depth and peat maturity and then combine the results with the contour map and Landsat image to delineate the peatland area and its spread.



Elevation data were derived from LiDAR mapping [8] conducted by Kelola Sendang Project (KSP). Digital elevation model (DEM) was used to extract the data with a resolution of 100 m/pixel. Following Carless et al. [9], the data were then converted into a raster format with a resolution of 200 m/pixels to be consistent with the other data to be further analyzed. The grids were generated as follows:




	1.

	
Merang covers (40,425–40,432) m2 per grid with 8914 grids;




	2.

	
Buring covers (40,485–40,493) m2 per grid with 11,325 grids;




	3.

	
Kepahyang covers (40,619–40,626) m2 per grid with 6778 grids.









Software ArcGIS Desktop 10.5 was used to analyze and map the spatial data. The frequency and cumulative distribution of land elevations were obtained using the FREQUENCY Function available in WS Excel.




2.5. Peat Carbon Mapping


The spatial data of the peat depth were obtained from secondary data and field measurements. We had 337 soil boring points from secondary data. To refine the assessments, we surveyed an additional 69 soil boring points. The field measurement data consisted of 31 points in Merang, 13 points in Buring, and 25 in Kepayang. Field measurements were conducted from 10 Mai to 25 Mai 2019, and from 21 June to 28 June 2019. Peat depth was measured using a sample ring mounted in metal rods extending to the deepest of 13 m from the land surfaces. The data were interpolated using the inverse distance weighted (IDW) method available in the ArcGIS Desktop 10.5 software. The data were then converted into a raster format with a 200 m resolution as in the DEM.



The carbon stock was the total summation of peat carbon calculated in every grid over the whole area. The size of one grid was 200 m × 200 m. Carbon content and particle density were obtained from the measurement of peat samples relevant to the soil units. The grid area was similar to those which used land elevation and peat thickness maps. ArcGIS Desktop 10.5 Software analyzed the data and produced the expected maps. The frequency and cumulative distribution of peat maps were obtained using the FREQUENCY Function available in WS Excel.





3. Results and Discussions


3.1. Temperature


The temperature data are processed for daily minimum (  T n  ); average (  T a  ); and maximum (  T x  ) temperatures from 1976 to 2017 with the ranges of (23.6 ± 0.8) °C, (30.8 ± 1.7) °C, and (26.4 ± 0.9) °C, respectively. These three temperatures changed positively with time, with slopes of 0.03     ∘  C  /year, and 0.04     ∘  C  /year. Based on the Mann–Kendall test [10], these changes are positively significant, meaning that this area is becoming hotter with time.




3.2. Relative Humidity


The same as temperature data, the daily average relative humidity (RH) from 1976 to 2017, has a range of (86.5 ± 5.0)%. This RH changed negatively with time, having a slope of −0.11%/year. This RH change is negatively significant based on the Mann–Kendall analysis [10], meaning that this area is becoming drier.




3.3. Rainfall


For the rainfall, the annual rainfall (R) from 1976 to 2017 was in the range of (2575 ± 496) mm. This R changed positively with time, with a slope of 6 mm/year. However, this R change is not significant according to the Mann–Kendall analysis [10]. The lowest rainfall was 1606 mm in 1978 when the first El-Nino occurred, while the highest rainfall was 3714 mm in 2010.




3.4. Evapotrasnpiration


Finally, for evapotranspiration, the annual evapotranspiration (ET) from 1976 to 2017, which was in the range of (1587 ± 44) mm, changed positively with time, with a slope of 1 mm/year. Based on Mann–Kendall analysis [10], however, this change is not significant.




3.5. Climatic Water Balance


The climatic water balance represents the available rainwater (ARW) which is the rainfall minus the evapotranspiration (R-ET). Here, the ARW is called surplus when its value is positive or deficit when it is negative. Figure 2 shows the annual rainfall minus evapotranspiration (R-ET) from 1976 to 2017 in the range of (5084 ± 988) mm and changed positively with time, with a slope of 5 mm/year. However, this change was not significant based on the Mann–Kendall analysis [10]. The highest surplus value was 2109 mm in 2010, while the lowest deficit value was −12 mm in 2014. There were no data recorded in 1987 due to instrumental failure.




3.6. Monthly Water Balance


Figure 3 shows the average values of the monthly rainfall, evapotranspiration, and water balance for 42 years. Rainfall fluctuated widely from 85 mm in August to 349 mm in March, while evapotranspiration varied from 116 mm in June to 150 mm in October. Furthermore, the water balance fluctuated widely from −53 mm in August to 209 mm in March. Looking at the negative values of the water balance, the dry season generally starts from July to September, while the wet season starts from October to June. Water depth in the y axis of Figure 3 represents the water volume per unit area.




3.7. Wet and Dry Seasons


Wet and dry periods were determined by the values of climatic water balance computed daily [11]. The wet period (  W P  ) was determined when the values were positive for a period of days while the dry period (  D P  ) was determined when the values were negative for a period of days. Figure 4 shows patterns of   W P   and   D P   which are the averaged values over 42 years.



The graphs in Figure 4 can be interpreted here as follows:




	1.

	
Wet1 starts from the first week of January to the third week of May with a percentage of occurrence of 98% over 42 years;




	2.

	
Dry1 starts from the second week of March to the first week of May with a percentage of occurrence of 98% over 42 years;




	3.

	
Wet2 starts from the first week of May to the fourth week of August with a percentage of occurrence of 95% over 42 years;




	4.

	
Dry2 starts from the first week of September to the second week of October, with a percentage of occurrence of 64% over 42 years;




	5.

	
Wet3 starts from the second week of October to the fourth week of December with a percentage of occurrence of 57% over 42 years;




	6.

	
Wet season starts from the second week of October to the fourth week of August, but it may occasionally be interrupted by the dry period between the third week of May to the fourth week of April;




	7.

	
Dry season starts from the first week of September to the second week of October.










3.8. Available Rainwater in the Wet and Dry Periods


Table 2 shows the available rainwater during the wet and dry periods. The positive value means a surplus of the rainwater, while the negative value means a deficit of the rainwater. The rainwater was in surplus during the wet period and in deficit during the dry period. On average, the rainwater surplus during the wet period was 1646 mm, while the deficit during the dry period was −347 mm. Thus, there would be a rainwater surplus totaling 1299 mm in one year. This indicates that the studied area is abundant in water and forms a wetland or a floodplain. The rainwater surplus ought to be conserved in many forms of water reservoir in anticipation of the rainwater deficit during the dry periods.



Table 2 above also shows the rainwater gain and loss rates at the peaks of the wet and dry periods (peak rate). The highest rate of rainwater gain was 17.8 mm d−1 in Wet3, while that of the rainwater loss was −8.7 mm d−1 in Dry1. These values should be used for a structural or technical design/planning on water management to prevent flooding during the wet period and drought during the dry period.




3.9. Land Elevation Analysis


Figure 5 shows land elevation maps in the three watersheds with a full scale from 0 m to 15 m with a color-graded interval of 3 m. The higher cumulative area with higher elevation is found in the Buring watershed. The lower cumulative area with higher elevation is located in the Kepahyang watershed. Areas with higher elevation are commonly situated in the northern part of all watersheds. As a result, all streams are flowing in southward direction. Considering the elevation distribution of all watersheds and flow patterns, it is expected that the northern part of all watersheds consists of a peat dome with higher peat depth, and consequently, a higher carbon stock. The darker the color is, the higher the elevation. The lowest to highest elevations ranged from 1.5 to 12.4 m in Merang; from 1.1 to 12.4 m in Buring; and from 0.2 to 11.0 m in Kepahyang. Areas with low elevation are situated along the riverine. They are widening downstream, which might be associated with faster peat decomposition in this area due to the lower water level. The lower elevation also signifies a more insufficient carbon stock.




3.10. Land Uses Mapping


The types and coverage areas of land uses found in Merang, Buring, and Kepahyang are shown as in Figure 6. In general, there were five land uses in the forms of: 1. shrubs; 2. young acacia; 3. grown acacia; 4. oil palm; and 5. secondary forests.



Shrubs were the primary vegetation in the three watersheds, followed by acacias. However, the forests in Buring and Kepahyang occupied a small portion of the areas. Primary forests were cleared by logging concessions years ago and then naturally replaced by wild trees that formed the secondary forests. These areas are concentrated in the higher elevations where the water levels below land surfaces fluctuate with time. These aerobic-anaerobic conditions of the soils allow the trees to grow correctly.



Shrubs predominantly cover the lower elevations where the water levels were usually closer to the surfaces, faced waterlogging problems, and formed floodplains. Due to these conditions, trees are challenging to grow.



Acacia and oil palm were mainly planted in areas previously occupied by secondary forests where the water level fluctuations were more manageable. Acacia is more water tolerant than oil palm concentrating in the lower regions. Grown acacia was found in Merang in approximately 13.8 km2 (4%) but will spread as the young acacia is planted in all watersheds. Oil palm only existed in Merang for approximately 49.2 km2 (14%) and seemingly will be unchanged.



There are problems in the Merang area, such as many people having planted oil palm and extracted wood from the Merang forest. In the southern part of Merang, there is a burned area with intense stagnant water conditions that are difficult to drain. Current land use is bushes and shrubs. Forest, shrubs, and young acacia land uses dominate the study area. Forest occupies peat dome in the northern part. Shrub might have dominated the area after a fire incident in 2015 as pioneer vegetation.




3.11. Soil Units Mapping


Types and their coverage areas of soil units in the three watersheds are shown as in Figure 7. There were ten soil types in which Organosol was the major soil unit in the three watersheds. Organosol sapric was the largest area in Merang (60.5%) and Kepahyang (26.6%), whereas Organosol Hemic was the largest area in Buring (39.2%). Kambisol covered a small part of the areas in the northern part.



Kambisol is categorized as recently formed mineral soil with less developed horizons. Gleisol humic dominated the lower regions in the southern part of all watersheds. Gleisol humic is classified as mineral soil covered by thin peat layers with frequent inundations; mineral soil’s color is usually gray due to periodic inundation. Meanwhile, peat soils dominated up to 96% to 99% of all watersheds. All peat soils in the area are categorized as Organosol hemic-saprist ranging from medium to high maturities. Problems that are dominated in this location include:




	1.

	
Physical properties, such as low bulk density (  B D  ) (<0.1 g cm−2), water saturation with high conductivity, subsidence, irreversible and flammable, so that plants will collapse easily.




	2.

	
Chemical properties, the soil is very acidic, the content of macro-phosphorus nutrients, potassium, and exchange-based and micronutrients, especially   Z n   and   C u  , are very low.









The northern part of all watersheds, forming peat domes, possess the highest belowground carbon stocks. Most of the peat soils in these regions are mature peats (hemist-saprist).




3.12. Peat Properties Analysis


Table 3 shows eight parameters of the peat properties measured in the 47 points in Merang, Buring, and Kepahyang. Table 3 shows the minimum, maximum, average, and deviation of each parameter. In the detailed data, the parameter changed with the location (soil unit) and depth, but   O M   and   C O   were relatively more stable (each with 2% Std.), so their averaged values might be acceptable to represent the whole area.



On the other hand,   B D   will also be used to calculate the peat carbon fluctuation (up to 35%), and accordingly, it might not be suitable to use its average value. The relationship between   B D   and   P O R   is relatively linear, with    R 2  = 0.64  , in   P O R = − 2.67 B D + 0.7872  . This equation may be practically helpful for calculating   P D  , which is very difficult and time-consuming to measure.




3.13. Peat Thickness Analysis


Figure 8 shows spatial distributions of peat thickness in Merang, Buring, and Kepahyang. Peat thickness ranged from 1.3 to 12.9 m in Merang, from 1.3 to 12.9 m in Buring, and from 1.3 to 12.9 m in Kepahyang. Compared to Buring and Kepahyang, the peat thickness in Merang was more homogeneously distributed over the western and the eastern sides of the river. In Buring, the peats on the eastern sides of the river were thicker than that on the western sides. In Kepahyang, the peats on the western side were thicker than on they were on the eastern sides, which were also more homogeneously shallow.



In all cases, the peats were shallower toward the rivers, which also meant toward the lower land elevations. The distribution of the peat thickness correlated with land uses. The areas which covered shrubs had a lower peat thickness. Furthermore, the areas along the river also had less peat thickness, which was consistent with elevation data, as discussed previously.




3.14. Carbon Stock Analysis


Figure 9 shows the spatial distributions of peat carbon and its density in the three watersheds. In the whole area, peat carbon was 220 Mt in Merang, 225.8 Mt in Buring, and 116.8 Mt in Kepahyang. Peat carbon density ranged from 0.0 to 9.11 kt ha−1 in Merang, from 0.0 to 9.11 kt ha−1 in Buring, and from 0.0 to 9.11 kt ha−1 in Kepahyang. The average peat carbon density was 6.11 kt ha−1 in Merang, 4.92 kt ha−1 in Buring, and 4.24 kt ha−1 in Kepahyang. In general, peat thickness weightily determined the peat carbon as greater peat thickness indicates more extensive carbon stock and density. Furthermore, since land elevation was strongly correlated with peat thickness, the higher land elevation was strongly correlated with the higher peat carbon.



The important findings of this assessment are resumed as follows:




	1.

	
Based on water balance analysis, the highest rate of rainwater gain was 17.8 mm d−1 in Wet3, while that of the rainwater loss was −8.7 mm d−1 in Dry1. This is an indicator that the area has potential as peatland.




	2.

	
The peat depth map in this study was derived from 337 soil boring points from secondary data and an additional 69 soil boring points from field surveys. The boring points are scattered in ten soil units. This means that each soil unit has an average of 40.6 points.




	3.

	
This study estimated that the underground peat carbon was 220.2 Mt in Merang, 225.8 Mt in Buring, and 116.8 Mt in Kepahyang. Peat carbon density ranged from 0.98 to 14.65 kt ha−1 in Merang, from 0.68 to 14.3 kt ha−1 in Buring, and from 0.0 to 9.11 kt ha−1 in Kepahyang. The average peat carbon density was 6.11 kt ha−1 in Merang, 4.92 kt ha−1 in Buring, and 4.24 kt ha−1 in Kepahyang. This value is higher than that reported by Saragi-Sasmito et al. [1], 1752(401)  M  g C/  h a  , of which 93% was stored in belowground organic peat soils. Draper et al. [12] reported that peatland pole forest is found to be the most carbon-dense ecosystem identified in Amazonia ((1391 ± 710)  M  g C/  h a  ) (note: 1  k  t C = 1000  M  g C).




	4.

	
The peat content estimation is higher than in the previous study. This could be caused by the approach to calculating the volume of the peat by the grid method. This is in line with the results from [4] which indicated that the geostatistical approach has as much as 10% more peat C than mean depth calculations.




	5.

	
Since land elevation is strongly correlated with peat thickness, the higher land elevation is also strongly correlated with higher peat carbon. Mostly in the higher land elevation, the peat is hemist-saprist. These are the mature peats that possess the highest belowground carbon stocks.




	6.

	
Secondary forest is concentrated at higher elevations, while shrub predominantly covers lower elevations. This happens because the water levels are dynamically below the land surface in the area with higher elevation. Therefore, the primary forests that were cleared by logging concessions years ago are naturally replaced by wild trees that formed the secondary forests. These aerobic-anaerobic conditions of the soils allowed the trees to grow correctly.




	7.

	
Shrubs predominantly cover the areas in the lower elevations where the water levels were usually closer to the surfaces, faced waterlogged problems, and formed floodplains. Due to these conditions, trees are challenging to grow.




	8.

	
The relationship between   B D   and   P O R   is relatively linear, with    R 2  = 0.64  ,   P O R = − 2.67 B D + 0.7872  . This equation may be practically helpful for calculating   P D  , which is very difficult and time-consuming to measure.











4. Conclusions and Recommendations


In conclusion, these 3 watersheds are carbon-rich areas worthy of conservation while a small portion (<30%) may be used for cultivation. Carbon stocks from this assessment are higher than those of a similar previous study. This could be caused by the approach to calculating the volume of the peat by the grid method. There is a relationship between carbon stock and elevation, where most of the high carbon stock is at higher elevations. Furthermore, the trees in the secondary forest are primarily found at higher elevations, while the shrubs are located at lower elevations. This is due to water table conditions: it is below the land surface in higher elevations and it is close to the land surface in lower elevation.



The peat’s physical and chemical properties in this study are from 47 samples. These samples have represented all ten soil units. However, there are some limitations to having more samples because some areas in the field are under inundated conditions almost all year. For future works or recommendations, it would be better to develop a standard method for collecting and analyzing peat samples from the inundated area. During the field survey in the dry season, accessibility to the peatland is limited due to the lack of water access. However, during the wet season, although access is not the problem anymore, the samples could not be collected with the current standard method.
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Figure 1. Study-site in South Sumatra Province. 
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Figure 2. Annual rainfall minus evapotranspiration. 






Figure 2. Annual rainfall minus evapotranspiration.



[image: Sustainability 14 05473 g002]







[image: Sustainability 14 05473 g003 550] 





Figure 3. The monthly rainfall, evapotranspiration, and water balance for 42 years. 
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Figure 4. Available rainwater in the wet and dry periods. 
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Figure 5. Land elevations in Merang, Buring, and Kepahyang. 
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Figure 6. Land uses in Merang, Buring, and Kepahyang. 
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Figure 7. Soil units in Merang, Buring, and Kepahyang. Numbers 1–10 is the major soil unit. 
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Figure 8. Spatial distributions of the Peat Thickness in Merang, Buring, and Kepahyang. 
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Figure 9. Spatial distributions of the peat carbon and its density in Merang, Buring, and Kepayang. 
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Table 1. Peat parameters to be measured from the peat samples.
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	No
	Parameter
	Abbreviation





	1
	Porosity
	POR



	2
	Bulk Density
	BD



	3
	Particle Density
	PD



	4
	Ash Content
	AC



	5
	Organic Matter
	OM



	6
	C-Organics
	CO



	7
	pH
	pH



	8
	Fiber Content
	FC
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Table 2. Available rainwater during the wet and dry periods.
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Periods

	
Prob.

	
Water Depth (mm)

	
Peak Rate (mm)




	
Min

	
Ave

	
Max

	
Min

	
Ave

	
Max






	
Wet1

	
98%

	
250.1

	
556.3

	
862.5

	
4.8

	
10.1

	
15.4




	
Dry1

	
98%

	
−219.1

	
−103.6

	
12.0

	
−8.7

	
−4.6

	
−0.5




	
Wet2

	
95%

	
311.0

	
619.8

	
928.5

	
4.2

	
8.5

	
12.8




	
Dry2

	
64%

	
−397.1

	
−209.7

	
−22.4

	
−5.1

	
−3.0

	
−0.9




	
Wet3

	
57%

	
203.3

	
470.5

	
738.8

	
3.5

	
10.7

	
17.8




	
Dry3

	
12%

	
−67.6

	
−34.2

	
−0.8

	
−7.1

	
−4.4

	
−1.7











[image: Table] 





Table 3. Statistical peat properties of 47 samples in Merang, Buring, and Kepayang.
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	Parameter
	Min
	Max
	Average
	Std
	Std (%)





	POR (%)
	6
	57
	40
	13
	34



	BD (g/cc)
	0.08
	0.26
	0.14
	0.05
	35



	PD (g/cc)
	0.18
	0.28
	0.23
	0.09
	12



	AC (%)
	1
	9
	3
	2
	57



	OM (%)
	91
	99
	97
	2
	2



	CO (%)
	47
	52
	50
	1
	2



	FC (%)
	11
	58
	32
	12
	37



	pH
	4.5
	6.2
	5.4
	0.5
	10
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