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Many watersheds in Manokwari are classified as flood-prone 
areas with a frequency of more than 1 flood per year. Limited 
rain stations and climate stations make it difficult to the zoning 
of flood-prone areas. This study aims to utilize remote sensing 
data and hydrodynamic models to zone flood-prone areas in 
watersheds (DAS). The research was conducted in the Wosi 
Watershed - Manokwari Regency - West Papua Province. The 
data used in this research is DEMNAS topographic data, Climate 
Hazards Group Infrared Precipitation with Stations (CHIRPS) data 
acquired 1996 – 2020, Sentinel 2 imagery acquired 21 September 
2020, and river maps. The peak flow in the Wosi watershed was 
analyzed using rational methods and flood hazard zoning was 
analyzed using HEC-RAS. The research showed that the Wosi 
River was not able to accommodate the peak flow at various 
return periods, consequently, the Wosi River had the potential 
for flooding every year. The results of this study are relevant to 
actual events, therefore remote sensing data and hydrodynamic 
models can be used to analyze peak flow and flood hazard 
zoning. 
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1. INTRODUCTION 
 
Floods are natural disasters that dominate disaster events in Manokwari Regency. Based 
on data and information released by the National Disaster Management Agency (BNPB), in 
the period 2011 – 2020 floods in Manokwari Regency occurred every 1 – 2 years. Flood 
events in Manokwari Regency in the period 2011 – 2020 released by BNPB are presented 
in Table 1. 
 
Table 1. Flood events in Manokwari Regency (BNPB, 2021) 
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Year 2011 2013 2014 2016 2018 2019 2020 

Flood event 1 1 1 1 2 4 2 
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The Wosi watershed is one of the flood-prone areas in Manokwari Regency. Arifin 
et al. (2019) reported that the frequency of flood events in the Wosi watershed is very 
high with an occurrence frequency of more than 1 time in 1 year. This is due to the 
very low capacity of the Wosi River, namely ± 26.99 m3/hour (Pamuji & Hardianti, 
2019). 

The government has issued several standards related to flood analysis and mapping 
of flood-sensitive areas, including the Indonesian National Standard (SNI) number 
2415/2016 concerning Procedures for Calculation of Planned Flood Discharge (SNI, 
2016) and SNI number 8197/2015 concerning Methods for Flood-Sensitive Mapping 
Scale 1:50,000 and 1:25,000 (SNI, 2015). Flood analysis and flood area mapping involve 
land physical parameters and climate parameters (SNI, 2016; 2015). The physical 
parameters of the land used in the flood analysis include topography, geology (rock 
type, physical properties of the rock, rock uniformity, soil texture, and structure), and 
land cover. While the climate parameter used in the flood analysis is rain (SNI, 2016; 
2015). 

Currently, physical parameters and climate parameters from remote sensing 
observations are available which can be used for flood analysis. Several physical and 
climate parameters resulting from remote sensing observations are presented in Table 
2, Table 3, and Table 4. 

 
Table 2. Topographic data from remote sensing observations (Mulder et al., 2011; 
Treuhaft, 2020; Badan Informasi Geospasial, 2018) 

 
Table 3. Remote sensing data from satellite observations to identify land cover 
(Department of the Interior U.S. Geological Survey, 2016; Abrams & Hook, 
2003;European Space Agency, 2015; French Space Agency, 2012) 

No Topographical Data Spatial Resolution 

1 Advanced Spaceborn Thermal Emission and Reflection 
Radiometer (ASTER) 

30 m 

2 Shuttle Radar Topography Mission (SRTM) 30 m and 90 m 
3 DEMNAS 8 m 
4 CartoSat 10 m 
5 Light Detection and Ranging (LiDAR) 1 m 
6 Interferometric Synthetic Aperture Radar (IfSAR) 5 m 
7 Sentinel – 1 5 m 
8 Radarsat 1 m – 8 m 
9 Envisat Advanced Synthetic Aperture Radar (Envisat ASAR) 25 m 

No Satellite Image Spatial Resolution Temporal Resolution 

1 MODIS 250 m Daily 

2 ASTER 15 m 16 day 

3 Landsat 8 15 m 15 day 

4 Sentinel 2 10 m 10 day 

5 Pléiades 0.5 m Daily 

6 IKONOS 0.82 m 3 day 

7 OrbView-3 1 m 3 day 

8 Quickbird 0.61 m 1 – 3.5 day 

9 SPOT 2.50 m 2 – 3 day 

10 GeoEye-1 0.41 m 3 day 
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Hydrodynamic models have been used extensively for flood modeling. 
Hydrodynamic models use the laws of physics to describe and replicate the movement 
of water and floods. Several hydrodynamic models commonly used in simulating water 
movement and flooding are presented in Table 5. 
 

Table 4. Rainfall data from satellite observation (National Center for Atmospheric 

Research Staff, 2020) 

 
Table 5. Hydrodynamic models for flood analysis 

No Rainfall data Spatial Resolution Temporal Resolution 
1 APHRODITE ~28 km Daily 

2 CHELSA ~1 km Monthly 

3 CHOMPS ~28 km Daily 

4 CMAP ~278 km Monthly 

5 CMORPH ~28 km Daily 

6 CPC ~56 km Daily 

7 CRU ~56 km Monthly 

8 GPCC ~56 km Daily, Monthly 

9 GPCP ~111 km Daily 

10 HOAPS ~56 km Daily, Monthly 

11 PERSIANN ~28 km Daily 

12 PREC/L ~278 km Monthly 

13 TerraClimate ~4 km Monthly 

14 TRMM ~28 km 4 hour, Daily, Monthly 

15 GPM ~10 km 4 hour, Daily, Monthly 

16 CHIRPS ~5 km Daily, Monthly 

No Hydrodynamic models  Developer 

1 MIKE Danish Hydraulic Institute (DHI) 
2 HEC-RAS U.S. Army Corps of Engineers 
3 LISFLOOD-FP Paul Bates – University of Bristol 

4 TELEMAC-2D 

Consortium: Electricite de France, Sogreah, Hydraulic 
Research Wallingford, Centre d'etudes Techniques 
Maritimes et Fluviales, Bundesanstalt fur Wasserbau, and 
Daresbury Lab. 

5 TuFlow BMT - Australia 

6 
Aquatic Ecosystem Model 
3D (AEM3D) 

Hydronumeric - Australia 

7 
Geophysical Fluid 
Dynamics Laboratory 
(GFDL) 

National Oceanic and Atmospheric Administration (NOAA) 

8 
Princeton ocean 
model  (POM) 

Universitas Princeton – Amerika Serikat 

9 
Environmental Fluid 
Dynamic Code (EFDC) 

Environmental Protection Agency (EPA) – Amerika Serikat 

  

10 
Packery Channel 
Hydrodynamic Model 
(PCH-Model)  

Conrad Blucher Institute for Surveying and Science (CBI) 

11 
Coastal Modelling System 
(CMS) 

U.S. Army Corps of Engineers 

12 
Finite Volume Coastal 
Ocean Model (FVCOM) 

Marine Ecosystem Dynamic Modelling Laboratory 
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Several researchers around the world have used remote sensing data and 
hydrodynamic models to model and zoning flood-prone areas. Sing et al. (2020) used 
Cartosat and MIKE data to identify flood vulnerability zones in the Damodar – East India 
watershed. Giustarini et al. (2015) conducted flood hazard mapping on the Severn river 
– England using LISFLOOD-FP and Envisat ASAR data. Kareem et al. (2011) used MIKE 
and SRTM data to estimate flood inundation in the Fitzroy River – Australia. Alivio et al. 
(2019) used IFSAR and HEC-RAS data for zoning flood-sensitive areas in Kalilangan - the 
Philippines. Pietroniro et al. (2001) mapped the flood depths of Lake Mamawi and Lake 
Claire in Canada using hydrodynamic models and data from Radarsat, Landsat, and 
SPOT. Besides that, Tiwari et al. (2020) used Sentinel – 1, Sentinel – 2, and CHIRPS data 
to map flood inundation in Kerala – India. Narulita & Ningrum (2018) used CHIRPS data 
to analyze flood events in Indonesia. Yu et al. (2020) monitored flooding in the Songhua 
Watershed - China using CHIRPS data and MODIS satellite imagery. Yoshimoto & 
Amarnath (2017) utilized TRMM and PERSIANN data to model and predict flood 
inundation in the Mundeni Aru Watershed - Sri Lanka. Furthermore, Faisol et al. (2020) 
use GPM data to map the potential for flooding in Manokwari District - West Papua 
Province. 

These studies show that the use of remote sensing data and hydrodynamic models 
have good accuracy in describing flood inundation and zoning of flood-sensitive areas 
(Alivio et al., 2019; Tiwari et al., 2020; Yoshimot & Amarnath, 2017). Based on these 
conditions, this study aims to utilize remote sensing data and hydrodynamic models for 
zoning flood-sensitive areas in the Wosi Watershed, Manokwari Regency, West Papua 
Province. 

 
2. MATERIALS AND METHODS 

 
This research was conducted in the Wosi Watershed (DAS), Manokwari Regency, West 
Papua Province. The research location was shown in Figure 1. The research steps were 
showed in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Research location 
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Figure 2. Flowchart of research  
 

In general, this research consisted of 4 (four) main stages, namely; data inventory, 
rain data extraction, data analysis, and zoning of flood-sensitive areas. The data 
inventory aimed to collect DEMNAS data, CHIRPS data recorded from 1996 to 2020, 
Sentinel 2 satellite imagery recorded on 21 September 2020, and river network maps. 
Rain data extraction aimed to extract CHIRPS maximum daily rainfall data based on the 
Wosi watershed location using the point-to-pixel method. Rain data extraction was 
done manually by recording the maximum daily rainfall data from satellite 
observations at the watershed location or done automatically using geographic 
information system software. Data analysis aimed to analyze design rainfall and design 
discharge at various return periods, namely; 1 year, 2 years, 5 years, 10 years, 25 years, 
50 years, and 100 years. Zonation of flood-prone areas aimed to map flood inundation 
using a hydrodynamic model. 

The design discharge analysis was carried out using the rational method. This was 
because the Wosi watershed has an area of ± 13.07 km2. Based on the SNI (2016) the 
Rational method was used to analyze floods in a watershed area of up to 5,000 Ha or 
50 km2. Discharge analysis based on the Rational method was calculated using the 
following equation (Bedient et al., 2013; Eslamian, 2014; Mimikou et al., 2016; Ebissa, 
2017): 

 

where Q is the design discharge (m3/second), Cf is the adjustment factor (correction) of 
the runoff coefficient, C is the runoff coefficient, I is the intensity of rainfall at the time 
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of concentration (mm/h), and A is the area of the watershed (ha). The adjustment 
factor (Cf) for each return period was presented in Table 6. 
 
Table 6. Adjustment factor (Cf) of the runoff coefficient (Eslamian, 2014; Mimikou et 
al., 2016) 

 
The coefficient of rainwater runoff (C) was calculated using the plant density approach 
with the following equation (Suhardi et al., 2020; Suhardi & Entin, 2019):  

where C is the coefficient of rainwater runoff, and VD is the plant density. 
 

Plant density was estimated using the following equation (Suhardi et al., 2020): 

where VD is plant density, and NDVI is the Normalized Difference Vegetation Index or 
normalized vegetation index. 

 
NDVI is calculated using the following equation (Liu & Mason, 2009): 

where NDVI is the Normalized Difference Vegetation Index, ρNIR is the near-infrared 
reflectance band value, and ρRED is the red band reflectance value. 
 
Meanwhile, the NDVI of Sentinel 2 satellite images is calculated using the following 
equation (The European Space Agency, 2018):  

where ρ8 is the reflectance band 8, and ρ4 is the reflectance band 4. 
 
Rainfall intensity (I) is calculated using the following Monobe equation (Kamiana, 2011; 
National Standardization Agency, 2016; Saputra et al., 2018; Sofia & Nursila, 2019): 

No Return period (T)  (year) Adjustment factor (Cf) 

1 1 1.00 

2 2 1.00 

3 5 1.00 

4 10 1.00 

5 25 1.10 

6 50 1.20 

7 100 1.25 

 (2) 

                VD = 37,705 NDVI – 1,596  (3) 

 (4) 

 (5) 

 (6) 
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where I is the intensity of rainfall at the time of concentration (mm/h), R24 of the 
designed rainfall (mm), and tc is the time of concentration (h). 
 
The designed rainfall (R24) was analyzed using the normal distribution with the 
following equation: 

where R24 is the design rainfall at the t-year return period, σ is the standard deviation 
(standard deviation) value of the maximum daily rainfall, µ is the average maximum 
daily rainfall value, and Kt is the reduction variable. The reducing variable (Kt) for each 
return period was presented in Table 7. 
 
Table 7. Reducing variable (Kt) in the Normal Distribution 

 
Concentration time (tc) is the time required for rainwater to flow from the farthest 

point to the outlet. Concentration time was calculated using the following Kirpich 
equation (BSN, 2016; Thompson, 2006; Hingray et al., 2015; Mimikou et al., 2016): 

where tc is the concentration-time (min), L is the length of the main river (m), and S is 
the slope of the main river. The main river slope (S) was calculated using the following 
equation (Mimikou et al., 2016): 

where H is the elevation difference (height) on the main river, namely the difference in 
elevation between the farthest point and the outlet (m). 

 
Zonation of flood-sensitive areas was analyzed using the HEC-RAS software. HEC–

RAS uses the energy equation as a basis for analysis. The energy equation used is as 
follows (US Army Corps of Engineers, 2016): 

 (7) 

Return Period (T) Probability (P) Reducing variables (KT) 

year     

1.00 0.99 -3.05 

1.25 0.80 -0.84 

1.67 0.60 -0.25 

2.00 0.50 0 

2.50 0.40 0.25 

5 0.20 0.84 

10 0.10 1.28 

20 0.05 1.64 

50 0.02 2.05 

100 0.01 2.33 

 (8) 

 (9) 

 (10) 
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where Y1 and Y2 are the depth of water at sections 1 and 2 (m); Z1 and Z2 are riverbed 
height from datum (m); V1 and V2 are average speed over the channel cross-section 
(m/s); α1 and α2 are speed coefficient; g is earth gravitation coefficient (m/s2); and he is 
high energy loss (m). 
 
3. RESULTS AND DISCUSSION 
 
Based on the interpretation of CHIRPS data, the maximum daily rainfall in the Wosi 
watershed in the period 1996 – 2020 is 32 mm – 73 mm with an average (µ) of 53.07 
mm, a standard deviation (σ) of 12.35 mm, and evenly distributed normally with a 
skewness coefficient (α) of 0.076. The maximum daily rainfall and the distribution of 
rain data in the Wosi watershed estimated by CHIRPS data are presented in Figure 3 
and Figure 4. 
 
 
 
 
 
 
 
 
 
 

Figure 3. Maximum daily rainfall in the Wosi watershed 

 

 

 

 

 

 

 

Figure 4. Distribution of maximum daily rainfall data in the Wosi watershed  
 

 
 
 
 
 
 
 
 
 

 
Figure 5. Graph of the design rainfall for the Wosi watershed at various return 
periods 
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Design rainfall in the Wosi watershed is 15 mm in the 1-year return period, 53 mm 
in the 2-year return period, and 63 mm in the 5-year return period. The design rainfall 
for the Wosi watershed for a return period of 1 year to 100 years based on CHIRPS 
data analysis and the normal distribution method is presented in Figure 5. 

From the interpretation of DEMNAS topographic data and river network maps, the 
length of the main river in the Wosi watershed is ± 8.43 km and the slope of the main 
river is ± 0.038. The Wosi watershed topographic map is presented in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Topographic map of the Wosi watershed  
 

Based on the interpretation of Sentinel 2 imagery, the NDVI value in the Wosi 
watershed is in the range of -0.16 to 0.86. While the value of the coefficient of 
rainwater runoff is in the range of 0.69 – 0.99 with an average value of 0.75. The 
Sentinel 2 image recorded on September 21, 2020 is presented in Figure 7. Meanwhile, 
the NDVI values and the water runoff coefficient in the Wosi DAS are presented in 
Figure 8, Figure 9, and Figure 10. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Sentinel 2 satellite imagery recorded on 21 September 2020 
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Figure 8. NDVI values in the Wosi watershed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Distribution of rainwater runoff coefficients in the Wosi watershed  
 

 
 
 
 
 
 
 
 
 

Figure 10. Graph of runoff coefficient in the Wosi watershed 
 

The intensity of rainfall in the Wosi watershed based on the characteristics of the 
watershed is 5 mm/h for a 1-year design rainfall, 16 mm/h for a 2-year design rainfall, 
and 19 mm/h for a 5-year design rainfall. Rainfall intensity in the Wosi watershed for 
return periods of 1 year to 100 years is presented in Figure 11. 
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Figure 11. Rainfall intensity in the Wosi watershed at various return periods  
 

The water discharge entering the Wosi River is estimated at 12.83 m3/second for a 
1-year return period, 44.18 m3/second for a 2-year return period, and 52.81 m3/
second for a 5-year return period. The design discharge in the Wosi watershed for the 
return period of 1 year to 100 years is presented in Figure 12. 
 
 
 
 
 
 
 
 
 
 

Figure 12. Graph of the Wosi watershed designed to discharge at various return 
periods 
 

Based on the results of hydrodynamic analysis using HEC-RAS, the Wosi River is 
unable to accommodate the design discharge at various return periods, so it has the 
potential to flood every year. The results of the flood analysis in the Wosi watershed 
based on the hydrodynamic model are presented in Figure 13 to Figure 15. In the 1-
year return period (Figure 13) the area that has the potential to be flooded is ± 17.56 
ha, in the 2-year return period (Figure 14) the area that has the potential to be flooded 
± 22.61 ha, and ± 23.89 ha at the 5 year return period (Figure 15). The overlay of flood 
inundation in the Wosi watershed at a return period of 1 to 5 years is presented in 
Figure 16. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 13. Flood inundation map of the Wosi watershed at 1 year return period  
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Figure 14. Flood inundation map of the Wosi watershed at 2 year return period  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15. Map of the flood inundation of the Wosi watershed at the 5-year return 
period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Flood inundation map of the Wosi watershed at a return period of 1 to 5 
years 
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The results of this study are relevant to research conducted by Pamuji & Hardianti 
(Pamuji & Hardianti, 2019) that the capacity of the Wosi River is very low, namely 26.99 
m3/hour so the Wosi River will not be able to accommodate the design discharge in 
the 1 year return period. Besides that, the results of this study are also relevant to the 
results of research conducted by Arifin et al. (2019) who reported that the frequency of 
flood events in the Wosi watershed is more than 1 time in 1 year. 
 
4. CONCLUSIONS AND SUGGESTIONS 
 
Based on the analysis of remote sensing data and hydrodynamic models, the Wosi 
River is unable to accommodate the design discharge at various return periods. In the 1
-year return period the area that could potentially be flooded was ± 17.56 ha, in the 2-
year return period the area that was potentially inundated was ± 22.61 ha, and ± 23.89 
ha in the 5-year return period. This is relevant to several studies which state that the 
capacity of the Wosi River is very low and it experiences flooding every year. So that 
remote sensing data and hydrodynamic models can identify and map flood-affected 
areas very well compared to actual events. However, the results of this study still need 
to be validated by ground checks in flood-affected areas. 
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