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1. INTRODUCTION 

Flooding is one of the deadliest and most costly natural disasters worldwide, with its frequency increasing due to a 

combination of extreme rainfall and other contributing factors such as storm surges (Fang et al. 2021; Harrigan et al. 2023). 

The interaction between Indonesia’s abundant rainfall and its physical environmental conditions contributes to the 

frequent occurrence of floods across the country (Fitra et al. 2024). Studies have also shown that the impacts of this 

disaster can be exacerbated by human activities, such as urbanization and unsustainable land management, which reduce 

the capacity of ecosystems to absorb water and regulate river flow (Gao et al. 2020; Jiang et al. 2022). According to data 

from the National Disaster Management Agency (BNPB), Indonesia experienced 8,143 flood events between 2014 and 2023 

(BNPB, 2024). Flooding is a complex hydrological phenomenon significantly influenced by soil characteristics, particularly 

soil moisture and texture. Flood events are shaped by multiple interrelated factors, including topography, 

hydrometeorology, geology, soil properties, and human activities (Afsari et al. 2022; Safiah Yusmah et al. 2020; Yamamoto, 

et al. 2021). 

Topographic factors play a crucial role in flood dynamics (Aziza et al. 2021). Slope and landform shape can influence the 

flow and accumulation of water during rainfall events (Al Fauzi 2022). For instance, steep slopes can cause rapid runoff, 

thereby increasing the likelihood of flash floods, whereas flatter areas may experience prolonged flooding due to slower 

drainage (Amaliah & Syabandi 2023; Basri et al. 2022). Additionally, the configuration of river networks and their capacity 

to convey runoff are critical factors in determining flood severity (Basri et al. 2022; Gabriels et al. 2020). The Topographic 

Wetness Index (TWI) is a crucial metric in hydrology that quantifies how topography influences the accumulation and 

movement of water across the landscape (Fatah et al. 2022; Khumaeroh & Sari 2024; Wardana 2024). TWI serves as a 

fundamental tool in hydrology, providing insights into the interaction between topography and hydrological processes. This 

method enables the cartographic representation of the spatial distribution of hydrological conditions (Fitra et al. 2024). 

The utilization of Digital Elevation Model (DEM) data in assessing the Topographic Wetness Index (TWI) is a vital 

aspect of hydrological modeling and landscape analysis. TWI is essential for understanding how water moves across the 
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landscape, particularly in predicting areas vulnerable to flooding (Gao et al. 2021; Maina et al. 2022). Conducting TWI 

analysis using high-resolution DEM enhances the spatial accuracy of flood risk assessment, thereby enabling more precise 

decision-making in flood management and mitigation strategies (Astagneau et al. 2021; Jafarzadegan et al. 2021). The 

results of TWI analysis can provide valuable information on flood potential, which can be utilized to raise awareness for 

disaster preparedness as part of disaster risk reduction efforts (Vignesh et al. 2021). 

This case study was conducted in Pangkalpinang City, located in the Bangka Belitung Islands Province, which 

experiences periodic flood inundation. According to a study on flood vulnerability in Pangkalpinang City, spatial analysis 

using overlay methods and the Analytic Hierarchy Process (AHP) revealed that most areas exhibit moderate to high flood 

vulnerability, with land use being the dominant factor contributing approximately 40% to this vulnerability (Fitriansyah et 

al. 2024). The primary objective of this study is to evaluate the effectiveness and reliability of the Topographic Wetness 

Index (TWI) in assessing flood vulnerability levels. Additionally, the study aims to identify priority areas for flood 

management in Pangkalpinang City. Flood hazard mapping is a crucial geographical application for managing 

environmental disasters, especially in tropical regions where flood risks are exacerbated by climatic factors and human 

activities (Vignesh et al. 2021). The expected outcomes of the TWI analysis are intended to serve as a basis for stakeholder 

decision-making and proactive actions during flood events in Pangkalpinang City.   

 

2. RESEARCH METHOD 

This study was conducted using a quantitative approach with data analysis employing the Topographic Wetness Index 

(TWI) method. High TWI values indicate areas prone to water accumulation due to supportive topography, suggesting a 

higher potential for flooding. The relationship between TWI and flood risk has been demonstrated in various scientific 

studies linking topography with hydrological response (Halabisky et al. 2023; Larson et al. 2022). This method utilizes 

raster data derived from DEM, which is then converted into slope information through spatial analysis tools. Subsequently, 

flow accumulation is analyzed using Watershed Delineation Tools (WDT) (Miardini & Saragih 2019). High flow 

accumulation values indicate greater volumes of water accumulated in the respective cells (Vignesh et al. 2021). Beven and 

Kirby (1979), as cited in Hojati & Mokarram (2016), proposed the primary formula used in the calculation of TWI as 

follows: 

𝑻𝑾𝑰: 𝑰𝒏 (𝜶/ 𝐭𝐚𝐧 𝜷) 

Where: 
𝛼: Flow accumulation 

𝛽: 𝑆𝑙𝑜𝑝𝑒 𝑠𝑡𝑒𝑒𝑝𝑛𝑒𝑠𝑠 

The application of the Topographic Wetness Index (TWI) in urban flood risk analysis is highly significant. TWI enables 

the assessment of how urban topography influences water movement and accumulation, which is crucial for predicting 

flood scenarios. Studies have shown that urban catchment areas with varying topographic indices, including TWI, exhibit 

different drainage and flooding behaviors due to their unique hydrological connectivity patterns (Fatone et al. 2021; Zhou 

et al. 2022). The role of Digital Elevation Model (DEM) in calculating the Topographic Wetness Index (TWI) cannot be 

underestimated, as the accuracy of DEM directly affects the TWI results. High-resolution DEM provides more detailed 

terrain information, enabling more precise assessments of hydrological processes. Studies indicate that low-resolution 

DEMs inadequately represent flood inundation areas, underscoring the importance of high-resolution data in both TWI 

calculations and urban flood modeling (Almagro et al. 2021; Jafarzadegan et al. 2021; Weber et al. 2021). 

In this approach, the range of TWI values is divided into five equal-sized intervals between the minimum and 

maximum values in the dataset. The method ensures that each class spans an equal range of TWI values, regardless of how 

many data points fall within each interval (Ma’rufah et al. 2024). The method used for classification of TWI as follows: 

𝑪𝒍𝒂𝒔𝒔 𝑰𝒏𝒕𝒆𝒓𝒗𝒂𝒍 
𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝑽𝒂𝒍𝒖𝒆−𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝑽𝒂𝒍𝒖𝒆

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑪𝒍𝒂𝒔𝒔𝒆𝒔 
  

Where: 

The number of classes are set by 5. 

    

3. RESULTS AND DISCUSSION 

3.1 Topography Wetness Index 

The results of the Topographic Wetness Index (TWI) analysis reveal a significant spatial distribution of flood-prone areas 

in several parts of Pangkal Pinang City, particularly in Bukit Intan, Gabek, and Rangkui sub-districts. The TWI map 

indicates that areas with high TWI values, which represent zones with greater potential for water accumulation due to 

favorable topographic conditions are predominantly located in regions that have experienced substantial land cover 

changes. In Bukit Intan, the high flood risk is primarily attributed to extensive land clearing for industrial zones, 

residential developments, and fish pond construction. These activities have significantly reduced natural vegetation cover 

and diminished the land's ability to absorb rainfall, leading to increased surface runoff (Khoirunisa 2023). 
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In Gabek, high TWI values are observed in areas that have undergone major deforestation for the establishment of new 

residential zones. The absence of sufficient drainage infrastructure in these rapidly urbanized zones further exacerbates 

flood vulnerability (Khoirunisa 2023). Meanwhile, in Rangkui, flood-prone zones are concentrated in long-established 

residential areas, suggesting that inadequate urban drainage systems continue to limit the area's capacity to handle heavy 

rainfall events. This indicates that even older urbanized areas remain susceptible to flooding without proper water 

management infrastructure (Ma’rufah et al. 2024). These findings emphasize the critical role of topographic analysis in 

urban planning, particularly for identifying priority areas for flood mitigation interventions. The use of TWI proves to be a 

valuable geospatial tool in assessing flood risk, offering essential insights that can inform climate adaptation strategies 

and disaster risk governance in urban environments. 

 

Figure 1. Topography Wetness Index in Pangkal Pinang 

 

3.2 Topography Wetness Index Interpretation 

In this study, the classification of the Topographic Wetness Index (TWI) was conducted using the class interval method, 

which divides the entire range of TWI values into five equal classes: very low, low, medium, high, and very high. This 

method enables a straightforward interpretation of flood susceptibility levels based on the accumulation and flow potential 

of surface water. The resulting TWI classification provides a spatial understanding of flood risk distribution in Pangkal 

Pinang City. Areas classified under "very low" and "low" categories are generally characterized by higher elevation or 

steeper slopes, which support rapid surface runoff and limited water retention. On the other hand, areas in the "medium" 

to "very high" categories are predominantly found in lower-lying, flatter regions, where water tends to accumulate due to 

limited drainage capacity and topographic convergence. These classifications serve as a foundation for identifying priority 

zones for flood risk mitigation and urban drainage improvement (Ma’rufah et al. 2024). 

Table 1. Classification for Topography Wetness Index in Pangkal Pinang 

TWI Classification Area (Ha) 

Very Low 7056.75 

Low 2290.53 

Medium 563.16 

High 57.23 

Very High 0.43 

The classification table of the Topographic Wetness Index (TWI) in Pangkal Pinang presents a detailed distribution of 

flood susceptibility based on five categories: very low, low, medium, high, and very high. According to the analysis, the 

majority of the area falls under the “very low” TWI class, covering approximately 7056.75 hectares. This suggests that a 
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significant portion of the city's landscape consists of elevated or well-drained areas with minimal potential for water 

accumulation (Ullah et al. 2024). The “low” category encompasses 2290.53 hectares, indicating areas with moderate slopes 

that still allow for relatively efficient drainage. Meanwhile, the “medium” class, with a coverage of 563.16 hectares, 

represents transitional zones where moderate water retention may occur, especially in areas with flat terrain or partial 

land cover alteration (Mukhtar et al. 2024). Notably, the “high” and “very high” classes, though covering only 57.23 

hectares and 0.43 hectares respectively, are critical as they represent locations with the highest flood vulnerability due to 

topographic convergence and potential water stagnation (Mukhtar et al. 2024). These high-risk zones are particularly 

important for targeted intervention, as they are often found in lowland areas with dense land use changes, such as 

settlements or deforested lands. The relatively small extent of the high and very high classes emphasizes the importance of 

micro-scale flood mitigation strategies in localized, yet high-impact areas. This distribution pattern highlights the pressing 

need for land use control and effective urban drainage planning in specific zones, especially where development activities 

intersect with flood-prone topography. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Interpretation for Topography Wetness Index in Pangkal Pinang 

 

3.3 Topography Wetness Index Interpretation on Settlement Area 

The interpretation of the Topography Wetness Index (TWI) as applied to settlement areas, serving as a critical indicator for 

assessing soil moisture potential and the risk of flooding or waterlogging. This analysis offers valuable insights into the 

spatial distribution of wetness conditions across residential zones, which is essential for informed urban planning and flood 

risk mitigation. By mapping the varying degrees of wetness through TWI values, vulnerable areas prone to water 

accumulation can be identified, thereby guiding effective drainage management and sustainable development strategies to 

minimize flood impacts in settlements. 

 

Table 2. Classification for Topography Wetness Index in Pangkal Pinang’s Settlement 

TWI Classification on Settlement Area (Ha) 

Very Low 4116.21 

Low 1263.51 

Medium 234.88 

High 28.42 

Very High 0.12 

 

The classification of flood vulnerability in settlement areas, based on Table 2, reveals that while most residential zones 

fall under very low and low Topography Wetness Index (TWI) categories with 4116.21 hectares and 1263.51 hectares 

respectively, indicating generally well-drained conditions. The areas with medium, high, and very high TWI values that 

have area from 234.88 hectares, 28.42 hectares, and 0.12 hectares are predominantly concentrated in the subdistricts of 
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Bukit Intan, Gabek, and Rangkui. In Bukit Intan, the high susceptibility to flooding is largely attributed to extensive land 

clearing activities for industrial development, residential expansion, and the creation of fish ponds, which drastically alter 

the natural hydrological processes and increase surface runoff. Gabek faces similar challenges, where widespread 

deforestation for new settlements has compromised the land’s ability to absorb water, thus elevating its flood risk. 

Meanwhile, in Rangkui, the dense existing built-up areas combined with inadequate drainage infrastructure exacerbate 

water accumulation during heavy rainfall events. These localized conditions emphasize the effectiveness and relevance of 

the Topography Wetness Index as a spatial analysis tool to identify flood-prone settlements, especially in regions 

undergoing rapid land use conversion. The study underscores the necessity for urban planning policies that integrate 

topographic and hydrological analyses to promote flood-resilient growth, prioritize the improvement of drainage systems, 

and mitigate flood risks in these vulnerable subdistricts.  

 

 

Figure 3. Interpretation for Topography Wetness Index in Pangkal Pinang’s Settlement Plan RTRW 2011-2030 

 

4. CONCLUSION 

The Topographic Wetness Index (TWI) analysis effectively highlights the spatial distribution of flood-prone areas in 

Pangkal Pinang City, with varying degrees of susceptibility classified using the equal interval method. The largest portion 

of land falls within the very low and low categories, indicating that much of the city benefits from topographic conditions 

that facilitate rapid drainage and minimal water accumulation. However, the presence of medium, high, and very high 

classes, although covering smaller areas, is of particular concern. These zones are located in low-lying, relatively flat 

regions and are often associated with areas experiencing rapid land use changes such as settlements, industrial 

developments, and deforestation are for new settlement. Therefore, the results underline the importance of integrating 

TWI-based spatial analysis into urban planning and disaster risk reduction strategies. Urban zones such as Bukit Intan, 

Gabek, and Rangkui require immediate attention, as they exhibit concentrated high TWI values due to unregulated land 

development and insufficient drainage infrastructure. The application of TWI provides a cost-effective and data-driven 

approach to identifying critical areas for flood mitigation efforts. Future development in Pangkal Pinang should adopt a 

more precautionary framework by considering TWI findings in zoning regulations, infrastructure design, and land 

conversion policies. These measures are crucial for enhancing the city’s resilience against recurring flood events and for 

ensuring that urban expansion does not compromise the natural hydrological balance.  
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