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ABSTRACT: Flood is capable of causing damage to residential areas, public facilities, and other infrastructure 
buildings. Areas with land use planning and land cover development that are not integrated are susceptible to 
experiencing flood and inundation problems. This is because regional development and spatial planning for public 
facilities do not consider the watershed storage capacity, leading to the inability to accommodate large amounts of 
runoff water. In Indonesia, the infrastructural and city development of Palembang requires extensive land 
reclamation because the area is an alluvial plain, characterized by swamp land. During land reclamation, storage 
capacity is considered, causing frequent floods and inundation in certain areas. Additionally, the phenomenon of 
land subsidence leads to rising river and sea water levels, which affects the low capacity of a watershed, making 
it no longer suitable. Based on the description, this research aimed to explore the watershed storage capacity to 
analyze flood problems occurring due to developments in land use and degradation through remote sensing image 
data. The analysis was carried out to evaluate changes in land cover (2014-2024) and the influence of land 
subsidence on reducing storage capacity in watershed areas to develop a flood control scenario. In this research, 
2D modeling of flood events was performed to represent different land subsidence scenarios in 2014 and 2024. To 
determine flood area and variations in water depth, 2D HEC-RAS modeling was used to simulate flood inundation 
in the watershed area. 
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1. INTRODUCTION 
 

Land deformation known as land subsidence is a 
geohazard caused by natural factors or human 
activities [1]. A factor that often occurs is the 
extraction of groundwater at a depth exceeding the 
permitted limit. Excessive water pumping in urban 
areas is caused by the need for clean water to meet the 
demand for services and trade by the population. 
Furthermore, high population growth in urban areas 
contributes to the increase in land for settlements and 
infrastructure [2], increased flooding[3,4], and 
inundation [5]. Other hazards include decreased 
capacity of the drainage system, which is no longer 
appropriate.  

Many cities in the world face land subsidence 
cases, particularly in alluvial and delta plain areas 
such as Palembang [6]. In Indonesia, Palembang is 
among metropolitan cities with significant growth 
and development in the Musi River delta area, 
characterized by mostly alluvial soil structure [7]. 
However, the expansion of the city into Tanjung Api-
api seaport is vulnerable to land subsidence, which 
can cause waterlogging or flooding due to river tides. 
Excessive land subsidence will endanger building 
structures, underground facilities, and human safety. 
One of the specific targets of the 9 evaluation 
indicators in accordance with the sub-goal of SDG 
(Sustainable Development Goals) 13.1 is 
"Strengthening and adapting capacity to threats and 

risks due to climate change". In relation to the SDG 
agenda, participation from the state is expected to 
consider risk reduction and prevention [8,9] and 
technology exploration [10]. 

The research on spatiotemporal land subsidence 
has shown that changes in land use due to direct 
human activities or basic material variables for 
reclamation affect the soil strength factor and cause 
alteration in the distribution [11,12]. Putranto et al, 
[13] stated that changes in land use in the urban fringe 
or upstream watershed significantly increased large 
runoff in the downstream urban areas. In Palembang 
City, Sarino found that the changes in land use 
contributed to 90.5% of the amount of run-off, caused 
by massive land subsidence. In a different area, 
Yustiana [14] analyzed the drainage channel in 
Rancaekek district, due to industrial development 
along the Cileunyi - Nagrek Highway route, which 
was always overpopulated by flood water. 

Climate change has caused variations in rainfall 
patterns and intensity, leading to an increase in 
extreme flood events[15]. The development of 
settlements located along alluvial land is very 
vulnerable to land deformation, which causes an 
increase in flood inundation. Therefore, mitigation to 
reduce the socio-economic impacts of increased 
floods and inundation requires the development of 
control infrastructure by implementing better 
prediction methods [16]. With the development of 
technology, flood impact reduction strategies have 
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developed, starting from the hydraulic structure 
model to floodplain management and scenario 
analysis. Flood models using sophisticated software 
and remote sensing data have also facilitated tracking 
and reducing uncertainty in producing accurate flood 
risk maps, considering the impacts of climate 
change[17]. When the discharge in an open channel 
increases, the height of the water surface also rises 
along with a high volume of water. However, when 
the flood subsides, releasing the same volume of 
water from the reservoir prolongs the downstream 
flow and reduces the flood peak. The movement of 
waves in natural channels in their design and 
prediction is resolved by flood tracking. According to 
[18], flood tracking can be modeled and solved 
mathematically with hydrological and hydraulic 
equations. 

Hydraulic models of river flow are widely used 
for flood simulation and management through 
hydraulic variables to design flood control scenarios 
[19]. 1D models are often used to efficiently simulate 
flow in channels. Meanwhile, 2D analysis in two 
dimensions allows visualization of flood extent, water 
depth, and flow velocity, requiring significant data to 
be analyzed digitally spatially[20]. According to Liu 
and Fang [21], 3D models consider three main 
components, namely flow velocity, 1D, and 2D 
modeling data, to improve the accuracy of the 
analysis results. The accuracy of the data source is 
very important for hydraulic models and can be 
improved with various remote sensing technologies, 
such as the use of high-resolution imagery and several 
data sources from other satellite imagery. This 
method enhances the accuracy of flood risk 
assessment due to the effects of land subsidence by 
using a high-resolution Digital Terrain Model (DTM) 
to obtain watershed morphometric parameters needed 
for flood distribution mapping[22,23]. One of the 
important parameters needed in the calculation of 
hydrological analysis and flood tracking is the 
determination of the concentration time required for 
a water flow from the source to the watershed outlet. 

In this context, Sentinel 1 remote sensing imagery 
offers information for the accurate determination of 
land subsidence, land use, and fast data collection, 
essential in flood-prone areas. HEC-RAS 
(Hydrologic Engineering Center's River Analysis 
System) is also used due to the ability to perform 1D 
and 2D hydraulic calculation analysis, as well as 
integration with high-resolution DTM data to 
improve the accuracy of elevation change parameters 
and flood risk estimates [24]. Additionally, Sentinel 1 
remote sensing imagery is effective for measuring 
and quantifying land subsidence [25,26]. This is 
particularly relevant for Lambidaro downstream sub-
watershed in Palembang City where land subsidence 
has been significant. Over the past decades (2019-
2024), the Lambidaro sub-watershed has experienced 
a cumulative height change of -40,1 to - 50 cm in the 

watershed area [27], characterized by an insignificant 
riverbed channel. 

 
2. RESEARCH SIGNIFICANCE 

 
Lambidaro river subsystem is among the 21 river 

subsystems that form flow patterns in Palembang city 
[28]. In addition to the low topography of (1.0 m to 
14.5 m) msl, this area has the potential for significant 
land subsidence, around -30 – 40 cm in the period 
2023-2024 [29]. In 2018, the number of flood 
locations increased with a depth of  20 to 50 cm and 
a duration of ± 10 hours. This shows the need to 
address the problem of flooding and inundation by 
considering changes in land use, drainage ability, the 
condition of soil, precipitation, the intensity of 
rainfall, and adaptation to land subsidence.  

 
3. DATA AND METHOD 
 
3.1 Land Use 
 

The left Lambidaro river subsystem, with an area 
of 29,489 Km2, has different morphometric 
characteristics from the others. Based on the flow 
pattern, it is divided into two river subsystems, 
namely the left and right Lambidaro, which meet in 
the downstream area and flow into the Musi River. 
The morphometric characteristics of the left 
Lambidaro river subsystem are shown in Fig. 1 and 
Table. 1, with land use dominated by shrubs, trees, 
fields, and forests accounting for 78.80%. 
Meanwhile, swamps, ponds, lakes, and rivers are 
21.20%, showing potential for infrastructure and 
settlement development.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Land use map and infiltration coefficient values 
of the left Lambidaro river sub-system area 



International Journal of GEOMATE, April, 2025 Vol.28, Issue 128, pp.92-99 

94 
 

Until the end of 2024, the occupation of swamp 
land for the central government area, education, and 
settlements will become wider by filling in swamps. 
Settlement development mainly occurs along the 
main road/outer ring road of Palembang City (Musi 2 
to Jambi). The Lambidaro river sub-system has a 
varying height of less than 2.5 m and 14 m above 
mean sea level (MSL) in the downstream and 
upstream estuary areas, respectively. The slope 
gradient is dominated by less than 3%, and the 
condition of the river is still natural. However, some 
rivers in the upstream part of the watershed have been 
normalized by strengthening the banks. 
 
Table 1. Calculation of CN value and infiltration 
percentage 
 

Land Use Km2 CN AxCN % Ci 
River 0,160 72 11,523 2 0,011 
Rubber 
Plantation 0,222 79 17,569 5 0,038 
Rice field 0,347 88 30,563 2 0,024 
Pond 0,365 72 26,252 2 0,025 
Road 0,380 90 34,176 100 1,288 
Garden 0,476 88 41,929 5 0,081 
Settlement 0,533 95 50,662 85 1,537 
Coconut 
Plantation 0,872 79 68,882 5 0,148 
Tree 1,769 79 139,737 5 0,300 
Forest 1,961 76 149,004 5 0,332 
Field 2,774 88 244,073 2 0,188 
Open Space 4,000 80 320,018 2 0,271 
Lake/swamp 5,726 72 412,308 2 0,388 
Thicket 9,904 77 762,579 5 1,679 
Sum 29,489  2.309,274  6,310 

 
Based on Table 1, the average CN (Composite 

Number) value and the percentage of the average 
impermeable area at the location can be calculated. 

The average CN value for the area of the rain 
catchment area is: 

 
CCA  = ∑ 𝑪𝑪𝒊𝒊 𝑨𝑨𝒊𝒊𝒏𝒏

𝒊𝒊=𝟏𝟏
∑ 𝑨𝑨𝟏𝟏𝒏𝒏
𝒊𝒊=𝟏𝟏

  = 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐.𝟐𝟐𝟐𝟐𝟐𝟐
𝟐𝟐𝟐𝟐.𝟒𝟒𝟒𝟒𝟒𝟒

  = 78,309 

CN was calculated using the conditions of land 
use, slope gradient, flow density, soil type, and the 
range of runoff coefficient values in the left 
Lambidaro river subsystem, as shown in Fig. 2 the 
combined CN value obtained is 78.309 from the 
graph of the relationship between the impervious area 
(27.67%) and the composite CN (80). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2 Graph of the relationship between impervious 
area and CN 

 
3.2 Effective Rain 
 

The Hyetograph ABM rainfall data with a return 
period of 25 years were used to calculate effective 
rainfall (Pe) using the SCS-CN method. The 
cumulative (P) calculation of losses and effective 
rainfall are shown in Fig 3. 

 
3.3 Method 
 

Sentinel 1 Satellite data processing, using the D-
InSAR method was applied to obtain land subsidence 
for the period 2014-2024. Land Subsidence was 
obtained through the integration of high-resolution 
Large Format Aerial Photographs (0.25 m) and 
satellite-based GNSS measurements. 

This was carried out by combining cumulative 
land subsidence data obtained through the D-InSAR 
method during 2014–2024. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3 Graph of the relationship between effective rain (Pe) and ABM Hyetograph rain (P) 
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The results of the hydraulic model were used to 
assess flood changes by considering the impact of 
land subsidence. Fig. 4 shows a flow diagram of the 
research methodology used and other data as input for 
modeling. Section 2 provides an explanation for the 
model. 

Section 3 explains the influence of floods to 
categorize risks based on depth. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Research flow diagram 
 
4. RESULTS AND DISCUSSION 
 
4.1. D-InSAR Data Analysis 
 

In this research, land subsidence data processed 
from Sentinel 1 Satellite imagery using the D-InSAR 
method were combined with data from the 
interpretation of Small Format Aerial Photos to 
achieve a cumulative dataset based on temporal 
deformation from 2014 to 2024. As shown in Fig. 5, 
six transverse profile lines intersected the Long 
Section 1 profile line, from the BM UNSRI-P10 
monitoring point towards BM-UNSRI-P11, in the 
Lambidaro sub-watershed. The area traversed by 
these profile lines experienced significant subsidence 
towards the center of the map, showing the center of 
Palembang City. The maximum subsidence value of 
-50 cm occurred in Palembang City along the Cross 
section 6 profile line, which was 4.68 km. Meanwhile, 
the minimum subsidence of -6 cm intersected by 
Cross section 5 and 6 profile lines, spanning 4.80 km 
and 5.03 km, respectively. 

Based on Table 2, the maximum subsidence of -
51.6 cm occurred between April 2022 to 2024, as 
shown Fig. 6 by a color that tends to range from apple 
green to dark purple.  The minimum subsidence of -
40.1 cm occurred from 2022 to 2024.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Cross-section profile of vertical displacement 
along monitoring from BM UNSRI-P11 to BM 
UNSRI-P09, in the Lambidaro river subsystem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Cross section 5 and 6 is the displacement at 
Lambidaro river sub-system during August 2014-
2024. 
 
Table 2. Vertical displacement value of Palembang 
City for the period 2014 to 2024. 
 

 
Additionally, the research area experienced an 

uplift or maximum topographic increase in the period 

Period Vertical 
Displacement 
Palembang 
City (Cm) 

 Vertical 
Displacement 
Palembang 
City and 
surrounding 
areas (cm) 

Subsidence Uplift 
Min Max Min Max 

2014-
2016 

0 -14.1 0 +04.0 -14.1 – 10.0 

2016-
2018 

0 -11.4 0 +09.0 -11.4 – 26.1 

2018-
2020 

0 -14.7 0 +03.0 -14.7 – 3.0 

2020-
2022 

0 -13.1 0 +10.0 -13.1 – 10.0 

2022-
2024 

0 -40.1 0 +06.0 -40.1 – 51.6 
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of September 2022 to November 2024, amounting to 
+06.0 cm, as shown by a purplish blue color. This can 
be caused by several swamp fillings and the elevation 
of the Palembang-Jambi Outer Ring Road which 
passes through the left Lambidaro river sub-systems 
using reeget pavement. 
 
4.2. Synthetic Unit Hydrograph With SCS 
Method 
 

This research used dimensionless synthetic unit 
hydrograph (HSS) such as Soil Conservation Service 
(SCS), where the discharge is expressed as discharge 
(q) against peak discharge (Qp) and time (t) against 
the rise time of the unit hydrograph (Tp). When the 
Qp and the delay time for an effective rainfall 
duration are known, the unit hydrograph can be 
estimated. During the experiment, a rainfall-runoff 
simulation was carried out in the Lambidaro sub-
system area. The ABM Hyetograph rainfall data with 
a return period of 25 years were applied to calculate 
effective rainfall using the SCS-CN method. 
Discharge was expressed as (q) against (Qp) and (t) 
against the rise time of the unit hydrograph (Tp). 
When the Qp and the delay time for an effective 
rainfall duration are known, the unit hydrograph can 
be calculated. 

The parameters used in calculating the HSS-SCS 
of the left Lambidaro sub-watershed are as follows: 

 
River length (L)    = 6.54 km 
Maximum potential retention (S)  = 2,048 inch 
Average slope (Y)   = 0.05% 
Watershed area (A)   = 29.49 km2 

 
a. Time Lag (tL) or break time 

 
 𝑡𝑡𝐿𝐿 = 𝐿𝐿

0,8×(𝑆𝑆+1)0,7

1900 . 𝑌𝑌0,5  
 

= 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐
𝟎𝟎,𝟖𝟖 ×(𝟐𝟐,𝟎𝟎𝟎𝟎𝟎𝟎+𝟏𝟏)𝟎𝟎,𝟕𝟕

𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 . 𝟎𝟎,𝟎𝟎𝟎𝟎𝟎𝟎,𝟓𝟓  

 = 4,387 hour 
 

b. Time to Concentration (tc)  
 
𝑡𝑡𝑐𝑐 = 𝐿𝐿

0,8×(𝑆𝑆+1)0,7

1140 . 𝑌𝑌0,5  
  

= 6540
0,8 ×(2,048+1)0,7

1140 . 0,050,5  
  

=   7,312 hour 
 
c. Duration of rain (tr) 

𝑡𝑡𝑟𝑟 = 0,133 . tc 
 = 0,133 . 7,312 
 = 0,973 hour 

d. Time to Peak (tp) 
𝑡𝑡𝑝𝑝 = tL + 0,5 tr 
 = 4,387 + 0,5 . 0,081 

 = 4,873 
 

e. Peak discharge (Qp) 
 

Qp = 𝟎𝟎,𝟐𝟐𝟐𝟐𝟐𝟐×𝑨𝑨 
𝒕𝒕𝒑𝒑

 

     Qp = 𝟎𝟎,𝟐𝟐𝟐𝟐𝟐𝟐×𝟐𝟐𝟐𝟐,𝟒𝟒𝟒𝟒 
𝟒𝟒,𝟖𝟖𝟖𝟖𝟖𝟖

 = 1,2587 m3/s 

Based on the calculation using the SCS method, 
the peak discharge is 1.2587 m3/second for every 1 
mm of rainfall. The HSS SCS graph is shown in Fig. 
6. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig 6. SCS synthetic unit hydrograph 
 
4.3. Direct Runoff Discharge Calculation in The 
Left Lambidaro River Subsystem 
 

The calculation of direct runoff discharge is 
designed using a 25-year return period with a 10-
minute interval for eight hours. Based on the results 
of the direct runoff hydrograph, a peak discharge of 
47.472 m3/s was obtained within 30 th minute. 

 

 
 
Fig 7. Direct run-off hydrograph of left Lambidaro 
river sub system 
 
4.4. Modeling With HEC-RAS 
 

In the modeling of the Lambidaro river, the left is 
divided into the upstream and downstream parts. In 
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addition to the flow scheme, there are also retention 
ponds as shown in Fig. 8. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
River geometry simulation includes river cross-

section, distance between stations (STA), location 
and height of river banks, as well as Manning, 
contraction, and expansion coefficients. 
Fig 8. New elevation and Schematic of the Lambidaro 
river sub system flow 
 
Table 3. STA channel in HEC-RAS modeling 
 

STA Channel Name 
 

STA 
start End 

Lower Lambidaro 0+000 1+100 
Midle Lambidaro  1+100 2+400 
Upper Lambidaro  2+400 4+226 
 
The results of the 2D flood simulation in the 

Lambidaro river sub system using run-off hydrograph 
data for the cross section of the lower and midle 
Lambidaro river sub system channel STA 0+00 to 
STA 2+400 are shown in Fig. 9. 
 
Table 4. Water level profile calculation of lower and 
middle left Lambidaro river sub system channel 
 

 
The HEC-RAS model simulation was conducted 

on the Lambidaro river subsystem. 

 
 
 
 
 
 
 
 
 
 
STA 0 + 00 
 
 
 
 
 
 
 
 
 
STA 1 + 100 
 
 
 
 
 
 
 
 
 
 
STA 2 + 400 
 
Fig.9 Cross section of the inundation height search 
using the HEC-RAS method 

 
Schematic of the water system network was based 

on DEM extraction with flow patterns producing river 
subsystem boundaries and drainage lines to describe 
flood runoff (Fig. 10). 

The results of inundation distribution analysis in 
the Lambidaro river subsystem are grouped into six 
classifications. These include (1) areas that are not 
inundated, as well as (2) inundated with a height of 
less than 0.25 m, (3) 0.25 - 0.5 m, (4) 0.5-0.75 m, (5) 
0.75-1 m, and (6) a height of more than 1 m. The 
results of the hydrodynamic modeling using the HEC-
RAS model which is continued with an analysis of the 
distribution of inundation that will occur with a 25-
year return period scenario are shown in Fig. 10. 

Fig. 10 shows the spatial distribution of water 
depth differences. Based on the results, the largest 
differences are concentrated in the downstream area 
due to its proximity with the highest cumulative land 
subsidence, which shows water depth ranging from 
1–2 m and velocity greater than 0.35 m/s. 

No. STA Flood Level 
Elevation (m) 

River Bank 
height (m) 

Flood 
Height 

(m) 
1 0+000 3 1 2 
2 0+100 3 1 2 
3 0+200 3 1 2 
4 0+300 3 1,5 1,5 
5 0+400 3 2 1 
6 0+500 2 2,5 0,5 
7 0+600 2 2,5 0,5 
8 0+700 1,5 1 0,5 
9 0+800 1,5 1 0,5 
10 0+900 1,5 0,5 0,5 
11 1+000 1,5 0,5 1 
12 1+100 1,5 0,5 1 
13 1+200 1,5 0,5 1 
14 2+000 1,5 0,5 1 
15 2+400 1,5 0,5 1 



International Journal of GEOMATE, April, 2025 Vol.28, Issue 128, pp.92-99 

98 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 10. Distribution of inundation in the downstream 
left Lambidaro river subsystem  
 

The maximum difference in water depth to 
approximately 2 m corresponds to the variation of 2.5 
m between the two analyzed scenarios. The most 
affected zones are mostly occupied by settlements, 
farming, and fisheries activities in the downstream 
area. Furthermore, residential areas along the Bukit 
Sejahtera outer ring road, as well as the surroundings, 
show extensive changes in inundation, predominantly 
occurring near the river in the lowlands with land 
subsidence. 
 
5. CONCLUSION 
 

In conclusion, this research showed that the 
boundary of the river subsystem flow pattern was the 
basis for analyzing the condition of the river 
subsystem structure. The results obtained were as 
follows. 
1. Based on DTM data and a pixel size of 5m x 5m, 

the morphometry of the river subsystem was 
obtained according to the actual flow pattern 
conditions in the field. 

2. The spatial relationship between changing land use, 
river morphometry, and the influence of surface 
water runoff and river tides was expressed in the 
form of inundation distribution (area and height of 
inundation) with a return period of 25 years. 

3. The control pattern of the Lambidaro river 
subsystem, with over 70% green space and 
swamps, was still very possible with a non-
structural method such as land use regulation, the 
construction of a new and larger retention pond. 
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