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Abstract  

    Flash floods hit Simangulampe Village, North Sumatra, Indonesia, on December 

1st, 2023. This incident resulted in loss of life, material damage, and environmental 

change around impacted areas. This study aims to map land cover changes due to 

flash floods and analyze the flash flood source area using remote sensing data 

integrated with GIS. Mapping was conducted using two Planet Scope images 

recorded before and after the disaster. The multispectral classification was used to 

obtain land cover maps from these images, and both of them were analyzed using 

the overlay method. 30 m SRTM DEM was used to delineate the watershed. 

Disaster source analysis assessed the extent of land cover change in the watershed 

upstream zone. The results showed a significant land cover change in the 

downstream zone due to debris material covering an area of 9.86 ha. The affected 

land cover was a built-up area of moderate and low-density vegetation. A source 

zone was found, characterized by an extent increase of bare soil upstream of 5.48 

ha.  
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1. Introduction  

     Flash floods hit Simangulampe Village, Humbang Hasundutan District, North Sumatera 

Province, Indonesia, on December 1st, 2023, damaging buildings and built-up areas. The 

heavy rains increased the water discharge of the Sibuni-buni Creek, delivered mixed 

substances, and created debris flow. These materials also buried productive agricultural land 

and changed the surrounding environment. The impact of flash floods is reflected in the land 

cover change around the affected area.  

Erosion and landslides are typical incidents strongly associated with flash floods. The 

displacement of materials eroded by water flow on steep slopes is a major trigger for flash 

floods. The runoff that occurred not only contained water but also carried various materials 

such as mud, stones, branches, wood, and all kinds of other heavy substances. Thus, it can 

significantly increase its kinetic energy and destructive forces to the surroundings [1]. Catane 

et al. [2] and Zain et al. [3] described some factors influencing this disaster's occurrence, i.e., 
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slope, soil, and rainfall. Thoha et al. [4] and Wasis et al. [5] underlined that land cover 

influences flash flood vulnerability. Rumapea et al. [6] provided another perspective where 

the high precipitation (rainfall) is the most influential factor. Reinforcing that premise, 

Modric et al. [7] explained that the characteristics of the watershed also influence the 

probability of flash flood occurrence. These characteristics are categorized as morphometric 

parameters, constant channel maintenance, and perimeter of the watershed [8], [9]. Disaster 

impact assessment is one of the most critical parts of disaster emergency response. The 

impact quantity, location, and spatial extent are the primary information that must be 

inventoried in post-disaster management [10]. Principally, the impact of flash floods in 

specific areas could be determined by assessing land cover change before and after the 

calamity. The comparison of typical information could be conducted through a map, 

revealing its spatial distribution and allowing for a specific analysis of the impact [11]. 

Remote Sensing (RS), integrated with the Geographic Information System (GIS), has 

developed rapidly as a tool for monitoring and evaluating spatial phenomena, including 

disasters. The superiority of those technologies lies in their ability to continuously record 

images at the same location or at a specific time, allowing them to provide pre and post-

disaster imagery [12]. The temporal resolution of satellite imagery allows for detecting 

changes due to disaster occurrence, whereas GIS could spatially analyze its impact. 

Planet Scope is one of the most popular satellite imagery for multitemporal analysis. Roy et 

al. [13] explained that this imagery's advantage lies in its high spatial resolution of 3 m for 

the panchromatic and 8 m for the multispectral bands. The high spatial resolution enhances 

the accuracy of object identification. Additionally, the imagery provides eight multispectral 

bands, enabling more detailed spectral analysis through vegetation, greenness, and wetness 

index indices, thus improving analytical performance [14]. 

Moreover, Planet Scope is constantly recorded in a specific location daily [15], [16]; with this 

high temporal resolution, post-disaster impact analysis can be conducted quickly. This study 

uses RS and GIS to map land cover changes resulting from flash floods. Additionally, the 

source area of the flood is an essential aspect to be examined. Therefore, this research also 

analyzes the source location of flash floods. 

 

2. Method 

2.1. Location 

     The research was conducted in the Subuni-buni Watershed, Simangulampe Village, 

Batikraja District, Humbang Hasundutan Regency, North Sumatera Province of Indonesia. It 

is located between Longitude 98°49'33.152"E 2°19'8.927"N to 98°50'57.833"E 

2°17'12.087"N (Figure 1). This watershed was affiliated with the Asahan Toba Watershed 

system, which discharges water into the world’s largest caldera, Lake Toba [17].  
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Figure 1: A satellite image of the study area location 

 

Tectonically, the study area is part of the Toba Caldera Complex, formed during the 

Quaternary period through volcanic tectonic explosive processes [18]. It is located in the 

Great Sumatra Fault Zone (GSFZ), and the area is controlled by the Semangko Fault in the 

NW to SE direction [19], [20]. This complex comprises at least three calderas: Porsea, 

Haranggaol, and Sibandang. These calderas are identified based on their associated 

formations, i.e., the Old Toba Tuff (OTT) dating back to 0.84 Ma, the Middle Toba Tuff 

(MTT) at 0.501 Ma, and the Young Toba Tuff (YTT) at 0.074 Ma. Additionally, the Samosir 

dome, formed by the uplift of lava due to residual energy after the eruption, was also present. 

The Toba Tuff Formation (Qvt) dominates the study area, consisting of polymictic rhyo-

dacitic rocks, heterolithic crystal-vitric ash-flow tuff, and a thin layer of airfall tuff. In the 

central zone of the caldera, the Samosir Formation (Qps) is composed of tuffaceous 

sandstone, siltstone, conglomerates, and diatomaceous materials. On the western slopes of the 

caldera rim, the Kluet Formation (Puk) is exposed and characterized by metaquartzose 

arenites, slates, and phyllites. Hanggono et al. [21] explain that the formation formed by 

volcanic tuff toba has a high amplification level and is vulnerable to mass movement due to 

seismic activity (Figure 2). 
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Figure 2: Geological setting of the study area 

 

2.2. Watershed Interpretation 

     The first stage of this research was interpreting the watershed area as a boundary of the 

analysis unit. A 30 m resolution of Shuttle Radar Topography Mission (SRTM) Digital 

Elevation Model (DEM) data was utilized to obtain slope steepness and produce hill shade 

maps to define watershed and morphology zonation. The slope map was derived from a 3D 

slope analysis and classified according to Van Zuidam's classification. The slope 

classification is a proper categorization for mass movement analysis related to landslides and 

erosion. The hill shade model emphasizes topographic effects and encourages the 

identification of watershed boundaries. Watershed morphological zonation was identified 

from slope similarity and stream order reinforced with river maps produced by accumulation 

analysis using DEMDEM accumulation analysis. 

 

2.3.  Image Processing 

     Multitemporal Planet Scope imageries were implemented in this study to determine the 

land cover change due to the flood. This study utilized Planet Scope imageries recorded on 

November 08th, 2023, as pre-disaster and December 8th, 2023, as post-disaster images. The 

multitemporal Planet Scope imageries specifications are listed in Table 1. 

 

Table 1: Planet Scope image specifications  
Parameters Specifications 

Sensor type Four-band frame imager with a split-frame VIS+NIR filter 

Spectral bands 

Blue: 455 – 515 nm 

Green: 500 – 50 nm 

Red: 590 – 670 nm 

NIR: 780 – 860 nm 

Ground sample distance (nadir) 30 m – 4.1 m (approximate, altitude dependent) 

Frame size 24 km x 16 km (approximate) 

Revisit time (temporal resolution) Daily at nadir 
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     The initial image processing was conducted using radiometric and geometric correction. 

Radiometric correction was applied to improve the spectral quality of the imagery, whereas 

geometric correction resulted in positionally accurate imageries. The radiometric correction 

implemented in the data was digital number conversion into reflectance values using the 

coefficient contained in the imagery’s metadata. This process was spectral calibration at the 

Top of the Atmosphere (TOA) reflectance level. On the other hand, the geometric correction 

applied was an image rectification method intended to equalize the positional accuracy of the 

two images.  

 

     The corrections were essential for analysis through image processing named multispectral 

classification. The land cover maps were generated from multispectral classifications 

employing a maximum likelihood algorithm for pre- and post-disaster imageries. Some Point 

of Interest (POI) samples were taken by selecting specific pixels representing land cover for 

each class object, i.e., high to low-density vegetation, water body, built-up area, and bare soil. 

 

2.4.  Land Cover Changes Analysis 

     The land cover change could be identified by overlaying land cover maps of pre- and post-

flash flood occurrence. Each land cover class was calculated and analyzed using a confusion 

matrix. In addition to the quantitative analysis of land cover change, spatial analysis was 

applied by reviewing the geographical location of the land cover changes. Determination of 

the source and affected areas was conducted by analyzing land cover change and its spatial 

association with the watershed morphological zone. 

 

3. Result 

     The delineation showed that the watershed of Sibuni-buni has an area of 487,83 ha. 

Morphologically, the watershed is divided into upper (upstream) zones of 240.05 ha, middle 

230.77 ha, and lower (downstream) zones of 17.00 ha. Stream order was an indicator of 

watershed morphology. The first and second orders developed in the upper part, where 

permanent rivers had not been formed. In the middle part, the order develops massively, 

supported by a large level of slope difference. Downstream was where the highest river order 

was formed. It was indicated by the merging of all streams into a single stream. Zoning 

watershed morphology and slope class can be seen in Figure 3. 

 

Figure 3: Watershed Morphology of Sibuni-buni Watershed 
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     The main characteristic that controls the watershed morphology is the slope difference that 

forms the river gradient. The upper part was dominated by slopes between 4 to 8 degrees. The 

middle zone had a relatively more varied slope between 8 to 57 degrees. In those parts, the 

frequency of slope changes was considerable and had a relatively rough relief compared to 

the upstream and downstream. In contrast to both, the depositional section downstream was a 

zone with the dominance of the gentlest slopes, which ranged between 0 and 4 degrees, 

Figure 4. 

 

Figure 4: Slope class of Sibuni-buni Watershed 

 

Pre-disaster land cover was dominated by low-density vegetation with an area of 144.85 ha, 

followed by medium and high-density vegetation with 129.94 ha and 122.86 ha (Figure 5). 

The area was mainly utilized as a production forest and mixed gardens. Bare soil has an area 

of about 82.21 ha, dominated by agricultural and unutilized land. The built-up area was the 

narrowest land cover, with an area of about 6.04 ha. Built-up land was distributed in the area 

around the downstream of the watershed. The area has intensive residential development 

because it is a tourist area with the main attraction of Lake Toba Beach.  

 

Figure 5: Land cover before the flash flood 
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     The flash floods generally altered the study area's land cover, Figure 6. Spatially, these 

changes occurred in the middle zone and downstream (lower) part of the watershed.  

 

 

Figure 6: Land cover after flash flood 

 

      Bare soil became a land cover that experienced a large increase; at least the increase of 

bare soil was 8.96 ha or equivalent to 9.71% of the area before the flash flood. The expansion 

includes 1.76 ha of built-up area, 4.69 ha of low-density vegetation, 1.93 ha of moderate-

density vegetation, and 0.57 ha of high-density vegetation, Table 2. 

 

Table 2: Land cover change pre and post-flash flood 
  Post-Flash Flood 

 Land Cover 

Built

-Up 

Area 

Bare 

Soil 

Water 

Body 

Low-

Density 

Veg 

Moderate 

Density 

Veg 

High 

Density 

Veg 

Total 

(ha) 

P
re

-F
la

sh
 F

lo
o

d
 

Built-Up Area 4.27 1.76     6.04 

Bare Soil  82.21     82.21 

Water Body   1.93    1.93 

Low-Density Veg  4.69  140.16   144.85 

Moderate Density Veg  1.93   128.01  129.94 

High Density Veg  0.57    122.28 122.86 

Total (ha) 4.27 91.17 1.93 140.16 128.01 122.28 487.83 

 

4. Discussion 

     Flash floods caused debris material to be transported by the run-off. The event was 

followed by deposition in the downstream area, previously dominated by built-up land cover 

and settlements. The resulting depositional material forms a colluvial fan. The form was 

characterized by unsorted material, such as large rocks, gravel, and sand, and tree trunks even 

accompanied it; the spatial distribution of land cover changes is shown in Figure 7. 



Prihantarton et al.                                 Iraqi Journal of Science, 2025, Vol. 66, No. 12, pp: 5831- 5840 

 

5838 

 

Figure 7: Flash flood impacted area and source area. 

 

     The effect was reflected by the skyrocketing extent of bare soil with 9.86 ha in the 

downstream area. Thus, these areas are then defined as flash flood-impacted areas. Based on 

the results of the analysis, the extent of the built-up area shrunk by 1.65 ha. In addition, low 

and medium-density vegetation utilized as agricultural land decreased by 2.76 ha and 1.72 ha. 

Details of the land cover affected by the flash flood are presented in Table 3.  

Unlike the downstream zone, the central part of the watershed has an extent of increasing 

bare soil to 5.48 ha. It means that these areas lost land cover due to erosion and landslides. 

Previously, there was 2.90 ha of bare soil in that area. Low-density vegetation was eliminated 

with 1.74 ha, followed by high-density vegetation with 0.52 ha. This reduction was in line 

with the denudational process. This phenomenon occurred in the watershed with large relief 

roughness and dominant slopes between 35-55 deg. Based on the synthesis, the area was 

defined as the source of flash flood material or erosion-affected area (Table 3). 

 

Table 3: Land cover change in source zone and affected zone 

Land Cover Source Area Impacted Area 

Bare soil 2.90 3.67 

Built up area 0.12 1.65 

High-density vegetation 0.52 0.06 

Low-density vegetation 1.74 2.76 

Moderate density vegetation 0.21 1.72 

Total (ha) 5.48 9.86 

 

     The study of land cover dynamic changes in the area provides information on variations in 

quantity and spatial distribution. Using the morphological watershed approach can ease the 

task of separating the source and depositional or disturbed regions of a flash flood event. 

Comprehending land cover change data and this information’s location adds essential and 

valuable information to the reconstruction programs after disasters. 
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5. Conclusion  

     Flash Flooding in the downstream zone of the Sibuni-buni watershed, Simangulampe, 

especially flash floods, has majorly altered land cover of around 9.86 ha. The area affected by 

the disaster was covered by built-up areas with moderate and low-density vegetation, and the 

principal use of land was covered by aggravated vegetation and agricultural lands. This debris 

material was collected from middle watershed morphological zones with a coverage of 

5.48ha that had been greatly eroded. This is evidenced by the change in land use patterns 

whereby areas with low-density vegetation cover and bare ground were cleared. 
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