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Abstract. The dynamic changes of aquatic ecosystem have an important role in order to maintain
the sustainability of peat land ecosystem. The aquatic ecosystem is the main supply of freshwater
in the Barito basin region, contribute to the water quality for consumption and production, habitat
for aquaculture. Therefore, the spatial modelling of inundation changes is a pre-requisite for
future peat land management. This study employed GIS and Remote Sensing techniques to
monitored land cover/land use changes for observed inundation in Barito basin, South Borneo,
Indonesia using multispectral satellite data obtained from Landsat at 1994, 1996, 2013 and 2015
respectively. The Barito peat basin areas, based on object dominance, were classified into five
cover classes/dry land use compilation namely swamp bushes, open areas, transportation, galam
vegetation (Melaleuca sp) and water bodies. The truth value was 88.48% for Overall Accuracy
and 0.8 for Kappa which belonged to the substantial category. Land cover/land use resulting
from spatial analysis showed a significant increase in water bodies totally 24% from 14% in
1994. Inundations that were close to the Barito river flow had a typical permanent compared to
those that were far from the river. Regarding inundations throughout the season contributed to
the management and development of the socio-economic area.

1. Introduction
Peat land was an aquatic ecosystem that was unique from the ecological and economic context
simultaneously both locally and globally. The use of peat land as a tangible ecosystem service had
resulted in economic growth of the community as providers of fresh water [1], biological resources,
food, recreation, and purification [2,3,4]. Furthermore, the intangible sector was as a retarding basin,
global soil carbon storage, and bio-geochemical mechanisms in the environment [5,6].

South Kalimantan with an area of 38,744 km?, had the largest peat land potential of around 35,548.4
hectares located in North Hulu Sungai Regency [7]. This ecosystem was part of the retarding basin of
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the Barito river when the intensity of rainfall increased. The inundation dynamics in Peatland had a real
impact on the sustainability of this ecosystem. Changes in inundation area were influenced by natural
factors and land use for human purposes. Low rainfall and the limited overflow of the Barito River as a
natural factor caused a reduction in inundation area. Population growth required food and land
conversion for economic needs as contributors to land change. The extent of potential inundation
periodically had an impact on the regional database for planning and controlling activities in
aquaculture, animal husbandry, fishing, agriculture and water conservation.

Periodic mapping of inundations was useful in an optimal and sustainable management plan [8]. The
application of remote sensing data combined with GIS had been used to classify and map land cover
status as well as patterns of global inundations movement [9]. Spatial analysis of cover changes had
been carried out partially so that the pools obtained are only temporary. Whereas to monitor the pattern
of inundation dynamics related to land use activities, multi-temporal spatial data was needed [10]. The
use of this data as a solution in mapping the pattern of dynamics of standing water at the study site.
Therefore, this research used multi-temporal spatial data between 1994, 1996, 2013 and 2015 to monitor
the dynamics of land changes in the distribution of inundation in the Barito basin ecosystem.

2. Methodology

2.1. Study site

The selected study location (Area of Interest) was based on the Barito river eco-region and the Negara
river. This research had been conducted in the administrative area of North Hulu Sungai Regency, with
Paminggir, Danau Panggang, Tabukan and Babirik Districts (figure 1). The selected area was 43,275.38
hectares based on the delineation technique with coordinates of 2°1'37" to 2°35'58" South Latitude and
between 114°50'58" to 115°50'24" East Longitude consists of 63 villages, most in Babirik District.

2.2. Materials and Methods

Materials that were used as Landsat Image in July 1994 and 1996, 2013 and 2015 at June (row path
125/61, 117/62 with <10% cloud cover obtained from http://earthexplorer.usgs.gov/dan land use maps
of Hulu Sungai Utara). Spatial data in the dry season between June and July as a minimum inundation
condition with the influence of major rainfall and river runoff, so that the main pattern of inundation in
the ecosystem of the Barito basin peat land was apparent. The selection of the year was closely related
to the El Nino phenomenon in Indonesia and the availability of image data. The processing process
during the research used equipment such as ArcGIS, ENVI, QGIS, Google earth and GPS. Processed
with a supervised classification approach.

2.3. Research Procedure

This research was conducted with the spatial analysis of remote sensing. Deleniation of study site was
being done using various digital image processing techniques. Land cover changes in the study area
were analyzed temporal period (1994, 1996, 2013, and 2015). Procedure for research in figure 2.

2.3.1. Image Processing Analysis

Processing of Landsat imagery begun with delineation of study sites based on the ecological boundaries
of the Barito River and Negara Basin water bodies. The thresholding delineation technique was then
continued with classification in the water body by dividing the image into pixels of water (dark) and soil
(bright). Histogram peaks, minimum and maximum values for water pixel segmentation, then masked
images [11]. Thresholding could be done on singles or band combinations. The characteristics of band
5 on Landsat TM were an important channel for identifying wetlands, especially swamps because of
their ability to discriminate between water and land features [12]. Channel combination 543, 654 was
the best RGB band combination for detecting peat land. The image that had been separated from the
object was used as a masking to do the cropping process so that it could be continued with classification.
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Figure 2. Research procedures.

The method of maximum likelihood classification as a classification technique that considered the
chance of pixels to be classified into certain categories [13,14]. This technique produced 5 classes,
namely water bodies, peat land shrubs, galam vegetation (Melaleuca sp), open land, and settlements.
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Explanation of class categories based on class definitions of water bodies was a pool of water including
rivers, reservoirs and open waters. Swamp bushes included shrubs, peat land bushes, and aquatic plants
whose properties had been settled. Vegetation galam (Melaleuca sp) including galam tree vegetation
only, open land was an area without vegetation and settlements located along the river, main roads,
transportation, and houses.

Distribution and extent of changes in land cover of the study area were needed as classification stages
based on the desired category. The classification system for making land cover systems used Supervised
Classification from 139 training areas assisted by ground truth check. The images collected and analyzed
include 1994, 1996, 2013 and 2015. Testing the accuracy of the results of classification analysis
techniques with Overall Accuracy (OA) and Kappa [15,16,17].

2.3.2. Spatial Analysis

Further remote sensing analysis data were classified and calculated changes in water bodies and land
cover with analysis overlay techniques. The spatial analysis referred to in this study by overlaying the
results of the classification analysis map, the administrative boundary map obtained from the Statistics
Agency in 2018 and topographical maps of Indonesia from the Geospatial Information Agency.
Calculation of the coverage of each land change class from 1994, 1996, 2013 and 2015 was spatially
analyzed with ArcGIS.

The product of this activity was in the amount of area based on class and year so that the inundation
rate could be compared, the rate of change in land and vegetation at the study site. The join operation
technique attributed to a set of data that was used together or in the same area. The resulting data set
identified new spatial relationships in the pattern of inundation in 1994, 1996, 2013 and 2015 during the
dry season.

3. Result and Discussions

Landsat imagery as the primary data source from 1994-2015 informs spatial-temporal changes to
monitor the distribution of the dynamics of surface inundation. Maps of spatial analysis results from
1994, 1996, 2013 and 2015 with annual rainfall data in figure 3. The overall accuracy and kappa
accuracy were 88.48% and 0.8. Kappa accuracy were between 0.61 to 0.8 represent substantial [17].

The results of the study showed that there was a phenomenon of trade-off towards resources. The
biggest decrease was experienced by the galam vegetation class (Melaleuca sp), while the water bodies,
shrub, open land and settlement area were increased. Vegetation Melaleuca sp shrunk from 25% to 2%,
while the class of water bodies increased from 14% to 24%. Settlements had increased significantly
since 2013 from 3% to 12%. The classification results for 1994 to 2015 were summarized in table 1.
Changes in land cover for 21 years at the study site explained the trend of increasing land use change
with economic motives as the main stimulus to anthropogenic land changes [18].

The pattern of inundations dynamics in general increased from 1994 to 2015 by 4,666,184 hectares,
but there was a decrease in 2013 to 2015 of 10.52% with minimum rainfall conditions (figure 3 and 4).
Inundations in 1994 amounted to 14.08% in the northern part adjacent to the Melaleuca sp ecosystem
which was always flooded with extreme water conditions. As the vegetation decreased, the area was
converted into swamp and flooded shrubs for areas close to the Barito river flow. In contrast to areas far
from the river, the inundations pattern started from the loss of vegetation into swamp shrubs, then
became open land and filled with inundations. Water bodies that occurred in this zone, the inundation
ability were only temporary, it was in contrast to the areas close to river flows. Therefore, periodic
inundation increased from 14.08% (1994), 18% (1996), 22.49% in 2013 and 24.86% in 2015 (table 1).
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Figure 3. Graph of Annual Rainfall and Land use Classification of Barito Basin Peatland Ecosystem.
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Table 1. Land cover class, area extent and magnitude of change the study are between 1994 and 2015.

Land cover 1994 1996 2013
class Land (%) Land (%) Land (%) Land (%)
area area area area
(hectare) (hectar) (hectare) (hectare)

Waterbody 6,091.143 14 7,790.698 18 9,732.963 22 1,0757.327 24
Shrub 20,604.868 47 22,605.010 52 19,646.402 45 20,730.296 47
Melaleucasp 10,930.198 25  5,825.134 13  2,714.350 6 1,033.425 2
Open pit 4,655.784 10 5,635507 13 5947986 13  5,508.897 12

Settlement 993.589 2 1,419.231 3 5233.881 12  5,245.636 12
Source : primary data (1994-2015)

Open land classes increased by 12% in 2015. This increase was due to logging of Melaleuca sp and

swamp shrubs, leaving the land open without vegetation when the drought arrived. The biggest increase
in settlement was 12% in 2015, with a population of 19,593 people becoming 21,576 [19], requiring
food and shelter. The increase in the human population was the main cause of the reduction in Melaleuca
sp because the livelihoods of the local population mainly depend on this swamp ecosystem. The peat
land area near the main river had been used as a settlement and built area. Utilization as an area of
aquaculture, traditional livestock to meet needs.
Massive exploitation that occurred in the Galam vegetation (Melaleuca sp) during 1994-1996 in addition
to the high market demand for wood at that time and the construction of grazing buffalo swamps. This
fact was supported [20], the growth of woody vegetation was greater outside the grazing area by 8.8%
than in it was 4.0%. Conversion of other land used in study areas such as fish farming, livestock farming,
settlements, and agriculture as the main sources of decline in this habitat.

The ease of accessibility to standing water had consequences for total nitrogen (TN) and total
phosphor (TP) resulting from the activities of the surrounding population, fisheries, livestock, and
agriculture in peat land. The TN content is 0.234 - 1.186 mg/L and TP 0.277 to 1.025 mg/L increased
the abundance of Chlorella sp in sediments as eutrophication [21]. Deforestation also contributed to
increased surface runoff and was responsible for the flow of nutrients, sediments [22,23] in the peat land
ecosystem.

The incorporation of remote sensing applications and GIS to monitor the dynamics of changes in
land use patterns towards inundation distribution was important in this ecosystem. Overall, the accuracy
of 88.48% of the land use/land cover classification map showed that the integration of the supervised
classification with visual interpretation was an effective method for documenting changes in land use
and inundation in an area.
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4. Conclusion

The dynamics of land change in the Barito basin ecosystem from the results of remote sensing analysis
and GIS concluded that land cover/use has changed for 21 years. Monitoring of inundation distribution
had increased with changes in other land uses. The dynamics of standing water in the northern part
adjacent to Melaleuca sp were always flooded in the dry season due to the influence of the Barito river
flow. In contrast to areas far from the river, inundations that were left were temporary as the land dries
into open land. Water bodies that occurred in this zone, the inundation ability was only temporary, in
contrast to the areas close to river flows. The accuracy test on the map informed the value of 88.48%
for Overall Accuracy and 0.8 in the substantial category. Availability of season-wide inundation as a
database in the management and development of peat land areas to increase economic value and regional
welfare. The limitations of the study with Landsat images of cloud cover <10% affected the
classification process for land cover types.
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