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This study integrates GIS-based spatial analysis with hydrological modelling to assess 

rainfall distribution and surface runoff potential. Rainfall was interpolated using Thiessen 

Polygon and Kriging methods, yielding coverage areas of 150,765.37 ha and 132,096.12 

ha, respectively. These spatial datasets were then used as inputs in the SCS-CN (Soil 

Conservation Service Curve Number) model, which incorporates land cover and soil type 

data to estimate runoff. The resulting CN value of 61.472 indicates moderate runoff, 

suggesting that approximately 61.5% of rainfall contributes to surface flow, relevant for 

flood control, retention basin sizing, and erosion mitigation. GIS facilitated the 

identification of under-monitored areas, revealing that only 6 rainfall stations are 

currently active, while 13 are recommended by WMO standards. This highlights the need 

for network expansion to improve data reliability. Overall, this study clarifies the direct 

application of GIS-derived rainfall zones to hydrological modelling, emphasizing their 

value in water resource planning and disaster risk reduction within the Cimanuk Basin.  
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1. INTRODUCTION

A watershed is a land area bounded by mountain ridges 

where rainwater that falls within this region is naturally 

collected and channeled through a network of small streams 

into a main river [1, 2]. Watersheds play a crucial role in 

regulating hydrological flow, preserving ecological balance, 

and minimizing soil erosion [3]. However, when a watershed 

is damaged—through deforestation, poor land-use planning, 

or other environmental pressures—its ability to regulate water 

flow is significantly impaired. This degradation can lead to 

natural disasters such as flooding, landslides, and droughts. 

For instance, flooding occurs when rainfall exceeds the 

watershed’s capacity to absorb or channel runoff effectively. 

Therefore, to understand and anticipate such events, accurate 

rainfall measurement is essential. Rainfall data is typically 

collected from a network of rain gauge stations within the 

watershed. The Thiessen Polygon method [4-7] is commonly 

used to estimate spatial rainfall distribution by assigning 

weights to each station based on the area it represents. This 

method involves dividing the watershed into polygons, each 

centered on a rain station, ensuring equidistance to 

neighboring stations. The Thiessen constant, calculated as the 

ratio of each polygon’s area to the total watershed area, plays 

a key role in rainfall interpolation and hydrological analysis. 

The Cimanuk River Basin was selected due to several key 

characteristics that make it highly relevant for hydrological 

modelling and spatial rainfall analysis: 

1. Hydrological Importance: The Cimanuk River Basin

spans 3.414,53 km² [8] across multiple districts in

West Java, Indonesia. It is a vital water source for

agriculture, urban settlements, and industries, making

its hydrological behavior crucial for regional

planning [9, 10].

2. Complex Environmental Features: The basin

presents a diverse mix of land cover, including the

rice field area in the Cimanuk Watershed (DAS

Cimanuk) covers approximately 128,788.84

hectares, or about 33.22% of the total watershed area.

In addition to rice fields, most of the other land uses

in the Cimanuk Watershed consist of dry fields

(116,960.92 hectares, 30.17%) and mixed gardens

(72,533.16 hectares, 18.71%)—with 23 distinct soil

types. This heterogeneity creates a challenging and

representative case for applying GIS-based

hydrological models like SCS-CN and rainfall

interpolation techniques [11, 12].

3. Data Gaps and Infrastructure Deficiency: The area

currently operates only 6 rainfall stations, whereas

the WMO recommends 13 for a watershed of this size
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and topographic complexity. This gap justifies the 

need for assessing spatial rainfall distribution using 

methods like Thiessen [13] and Kriging [14, 15], 

highlighting the importance of station placement in 

hydrological accuracy. 

4. Flood Risk and Water Management Relevance: The 

Cimanuk Basin has a history of flooding during rainy 

seasons [16-18]. Therefore, insights from this study 

are expected to support disaster mitigation and 

improve hydrological resilience in the region. 

These factors establish the Cimanuk River Basin as a 

strategic and scientifically meaningful study area for 

evaluating the interplay between land characteristics, rainfall 

distribution, and runoff estimation. 

This research contributes directly to water resources 

management [19-21] and flood risk assessment [22, 23] by 

providing a detailed spatial analysis of rainfall distribution and 

hydrological parameters specific to the Cimanuk Watershed. 

By integrating GIS-based techniques with the Thiessen 

Polygon method, this study improves the understanding of 

rainfall variability, which is critical for accurate runoff 

estimation and flood forecasting. Moreover, this paper 

innovates by: (1) Evaluating the effectiveness of rain gauge 

station placement [24, 25] using spatial interpolation 

techniques, addressing a key data gap identified by WMO 

standards; (2) Applying the SCS-Curve Number (CN) method 

tailored to the diverse land use and soil types [26, 27] of the 

Cimanuk basin, refining runoff predictions [28, 29] compared 

to prior studies in similar tropical watersheds; (3) 

Demonstrating the integration of remote sensing data with GIS 

tools to enhance hydrological modelling accuracy in data-

sparse regions, which is increasingly important for watershed 

management in developing countries [30, 31]. The main 

research question of this study is: How does the rainfall 

distribution pattern in the Cimanuk Watershed affect 

hydrological analysis, and how can GIS be utilized to evaluate 

the spatial coverage of rain gauge stations in relation to the 

watershed area?. Accordingly, the main objective of this 

research is to analyse the spatial distribution of rainfall across 

the Cimanuk Watershed, evaluate the effectiveness of rain 

gauge station placement using Geographic Information 

System (GIS) tools, and determine key hydrological 

parameters—particularly the Curve Number (CN)—with a 

specific focus on assessing the relationship between the 

number and distribution of rainfall stations and the 

watershed’s spatial characteristics. 

 

 

2. METHOD 

 

This article builds upon the research conducted on the 

Cimanuk Watershed (See Figure 1), which spans several 

regencies in West Java, Indonesia, including Garut, 

Sumedang, Majalengka, Indramayu, and Cirebon [32]. The 

Watershed plays a significant role in the region's hydrology 

and flood management [33]. The Cimanuk River originates 

from the foot of Mount Papandayan in Garut Regency, located 

at an elevation of approximately 1,200 meters above sea level 

[34]. The river then flows in a northern direction over a 

distance of 180 kilometers, ultimately emptying into the Java 

Sea at the coastal area of Indramayu Regency. The total length 

of the Cimanuk River, including its tributaries, is 

approximately 337.67 kilometres [35, 36]. 

 

 
 

Figure 1. Cimanuk Watershed administrative map 
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2.1 Research sequences 

 

This research is quantitative, applied, and descriptive in 

nature [37-39]. This study employs a combination of GIS 

techniques, statistical methods, and hydrological models. The 

flowchart of research and data analysis is presented in Figure 

2. The process begins by gathering essential data from 

multiple sources, such as the rainfall data and discharge 

stations between 2008 and 2018, Digital Elevation Model 

(henceforth, DEM) data from 2019, rainfall data from 2018, 

land use data from 2011, and soil data. These datasets are 

essential for understanding the topography, land cover, and 

hydrological behaviour of the watershed. Next, the study uses 

GIS techniques to overlay and analyse the data. This includes 

overlaying the watershed area with the sub-watershed data, as 

well as integrating the rainfall data with land use data to 

identify patterns in rainfall distribution and land cover types. 

The study then applies the Thiessen Polygon and Kriging 

methods to analyse the rainfall data, providing insights into the 

spatial distribution of rainfall and identifying areas with 

insufficient coverage by rain stations. Additionally, the 

Rational Method is used to evaluate the watershed's 

hydrological characteristics and estimate runoff potential. The 

study also calculates the CN value for the watershed using the 

SCS-CN method, which is a critical factor for flood risk 

management and water resource planning. By employing these 

methodologies, the study aims to provide a comprehensive 

understanding of the Cimanuk Watershed’s hydrology, 

allowing for more accurate predictions and informed decision-

making regarding water resource management [40] and flood 

control. 

In Section 2.2, we will explain the sequence of analysing 

data employing and combining several methods in conducting 

this research, to determine the characteristics and rainfall 

distribution patterns within the Cimanuk Watershed. 

 

 
 

Figure 2. Research sequences 

 

2.2 Analysis of digital elevation model, land cover, soil, 

sub-watershed, and data overlay 

 

As mentioned in Section 2.1, several steps were undertaken 

to analyse various aspects of the Cimanuk Watershed using 

GIS and other spatial data to gain a comprehensive 

understanding of the watershed's characteristics. These steps 

were crucial in providing a comprehensive spatial 

understanding of the Cimanuk Watershed. The combination of 

DEM data, land use, soil characteristics, slope analysis, and 

sub-watershed delineation enabled more accurate predictions 

and assessments of rainfall behaviour, flood risks, and land use 

impacts within the watershed. Moreover, the detailed 

explanation of the methodology is crucial in this study to 

ensure clarity, transparency, and reproducibility of the 

research: 

(1) Creating a Cimanuk Watershed Map using DEM Data: 

DEM data is involved in order to create a map of the 
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Cimanuk Watershed. The Cimanuk Watershed map 

allowed for an understanding of the topography of the 

watershed, including elevation changes, slopes, and 

river flow patterns. Moreover, DEM data is critical for 

analyzing how water moves through the landscape and 

is a fundamental input for hydrological modeling [41]. 

(2) Creating a Land Use Map: Creating a land use map of 

the Cimanuk Watershed. This map helped to examine 

the spatial distribution of vegetation and human 

activities such as agriculture, settlements, and industrial 

areas. Understanding land use is essential for 

hydrological modelling, as different land uses affect 

runoff, water infiltration [42], and erosion [43, 44]. 

(3) Creating a Soil Map: A soil map was created for the 

watershed. This map is critical for analysing the soil 

types in the region and understanding their potential for 

erosion and water retention. Different soil types have 

varying levels of permeability, which impacts how 

water is absorbed or flows over the surface, affecting 

the risk of surface runoff and soil erosion [45, 46]. 

(4) Creating a Slope Map from DEM Data: A slope map 

helps identify areas with steep slopes that are 

susceptible to erosion and influences how water flows 

across the watershed. Areas with steep slopes tend to 

have higher erosion risks, while flatter areas are more 

prone to surface runoff during heavy rainfall. The slope 

map is essential for understanding water movement and 

designing erosion control strategies [47, 48]. 

(5) Generating a Sub-Watershed Map: A sub-watershed 

map was generated using the DEM data. This map 

divides the Cimanuk Watershed into smaller, more 

manageable sub-catchments, each with its own unique 

hydrological characteristics [49]. By breaking the 

watershed into sub-catchments, it becomes easier to 

study specific areas and manage water resources and 

flood risks more efficiently [50]. 

(6) Performing Overlay Analysis: Overlay analysis was 

conducted where the boundaries of the Sub-watershed 

were combined with the land use and slope maps. This 

analysis provided a detailed map showing both land use 

types and the slope gradient within each sub-watershed. 

By overlaying these data layers, the analysis helped to 

visualize areas with high erosion potential or those most 

affected by human activities, facilitating better 

decision-making for land use planning and flood risk 

management. 

By outlining each step taken, from the creation of maps to 

overlay analysis, the methodology not only allows for a 

comprehensive understanding of the Cimanuk Watershed but 

also ensures the reliability of the findings. The integration of 

multiple data layers and the use of established hydrological 

models provides a scientifically rigorous approach, making the 

research valuable for informed decision-making in land use 

and flood risk management. 

 

2.3 Analysis of rainfall distribution pattern 

 

The analysis of the rainfall distribution pattern consists of 

several important steps to ensure accurate representation of 

rainfall behavior. Initially, missing rainfall data was corrected 

using the Normal Ratio Method to estimate the missing values 

based on nearby stations with similar rainfall patterns. 

Following this, two interpolation methods, Kriging and 

Thiessen Polygon, were used to analyze and map the rainfall 

distribution within the watershed. These methods were 

selected to allow a comparative analysis of the results and 

provide insights into how each interpolation technique 

influences the rainfall distribution. The primary goal of this 

comparison is to identify the most accurate method for 

assessing the rainfall patterns in the region. Further 

explanations of these methods and their applications in the 

analysis are provided in Sections 2.3.1, 2.3.2, and 2.3.3. 

 

2.3.1 Ratio normal ratio method 

The Normal Ratio Method is a technique used to estimate 

missing rainfall data at a station where data is unavailable for 

a particular period. This method is relatively simple, as it 

calculates the ratio between the missing rainfall at the station 

in question and the rainfall at nearby stations that have 

historical data, considering the annual rainfall recorded at each 

station (See Eq. (1)). 

 
𝑃𝑥

𝑁𝑥

=
1

𝑛
(

𝑃1

𝑁1

+
𝑃2

𝑁2

+ ⋯ +
𝑃𝑛

𝑁𝑛

) (1) 

 

where, 𝑃𝑥  is missing rainfall at station 𝑥  (the value to be 

predicted); 𝑃1, 𝑃2,…, 𝑃𝑛 are rainfall data at nearby stations of 

𝑥  for the same period; 𝑁𝑥  is annual rainfall at station 𝑥 

(normal annual value for station 𝑥); 𝑁1, 𝑁2,…, 𝑁𝑛 are annual 

rainfall at stations surrounding station 𝑥 ; 𝑛  are Number of 

rainfall stations used for the calculation around station 𝑥. 

Steps involved in this method are: (1) Collect annual rainfall 

data from nearby stations that have complete data for the 

period; (2) Calculate the ratio between the annual rainfall at 

station 𝑥 and the annual rainfall at nearby stations; (3) Use this 

ratio to estimate the missing rainfall at station 𝑥. Therefore, 

the Normal Ratio Method can be used to fill in missing rainfall 

data at stations where data is missing for certain periods in a 

relatively simple and quick manner. 

 

2.3.2 Krigging method 

Kriging is an advanced geostatistical interpolation 

technique used to predict the value of a variable at unsampled 

locations based on known values from nearby points. It 

assumes that the spatial correlation between observed data 

points follows a known structure, called the variogram or 

semi-variogram, which quantifies the spatial variability of the 

data (See Eq. (2)). 

 

𝑍(𝑆0) = ∑ 𝜆𝑖

𝑛

𝑖=1

𝑍(𝑆𝑖) (2) 

 

where, 𝑍(𝑆0) is the predicted value at an unsampled location 

𝑆0; 𝑍(𝑆𝑖) is the observed value at the sample point sis_isi; λ𝑖  

are the weights assigned to each sample point 𝑆𝑖, which are 

determined by the spatial correlation between the sample 

points; 𝑛 is the number of sample points used to estimate the 

value at 𝑆0. The weights λ𝑖  are derived by solving a system of 

equations based on the variogram model, which is a key 

component of Kriging. The variogram model defines how the 

spatial correlation decreases with distance and is used to 

calculate the optimal weights for the Kriging interpolation. 

The steps for using the Kriging method in GIS are as 

follows: (1) Input the watershed map data to be used; (2) Input 

the coordinate data for the station locations; (3) Use the Arc 

Toolbox attribute; (4) Select the Spatial Analyst Tools menu, 

then choose Interpolation; (5) Click on the Kriging menu; (6) 

1298



 

The Kriging menu will appear; input the point features 

according to the required data; (7) In the Z value field, select 

the data you wish to analyse; (8) Then, in the output surface 

raster, choose the location where you want to save the result; 

(9) Finally, click OK to complete the process. 

 

2.3.3 Thiessen Polygon 

Thiessen Polygon is one of the most commonly used 

methods for calculating the average rainfall over a specific 

area [5, 6]. However, it has some limitations, primarily 

because it does not take topography into account. The 

Thiessen Polygon method assumes that each measurement 

point within a region influences a specific area, and this area 

represents the correction factor for the rainfall measurement at 

that point, transforming it into the rainfall value for the 

corresponding area. Using Arc Toolbox in ArcGIS, Thiessen 

Polygons can be created to represent the areas of influence for 

each rain gauge station. These polygons divide the area such 

that each polygon corresponds to the area most influenced by 

its respective rain gauge (See Eq. (3)). 

 

R =
R1. a1

A1

+
R2. a2

A2

+ ⋯ +
Rn. an

An

 (3) 

 

where, 𝑅 is Average rainfall (mm) over the area; 𝑅1, 𝑅2,…, 𝑅𝑛 

are Rainfall at each individual rain gauge station (mm); 𝑎1, 
𝑎2, … , 𝑎𝑛 is area of each polygon (km²) corresponding to each 

rain gauge station; 𝐴1 ,  𝐴2 , …, 𝐴𝑛  are the total areas 

corresponding to each station's polygon. 

The rainfall 𝑅 is calculated as a weighted average, where 

the rainfall values 𝑅1, 𝑅2,…, 𝑅𝑛 from the individual stations 

are weighted by the areas they represent. 𝑎1, 𝑎2, … , 𝑎𝑛 are the 

polygon areas created by methods such as Thiessen Polygons, 

which define the area of influence for each rain gauge. 

𝐴1 ,  𝐴2 , …, 𝐴𝑛  are the total areas corresponding to each 

station's polygon, and they should ideally sum up to the total 

area of the watershed. While the steps to Create a Thiessen 

Polygon Map: (1) Input the watershed map data that you will 

use for the analysis; (2) Input the coordinate data for the rain 

gauge stations (station locations); (3) Open the Search menu, 

then search for Thiessen Polygon; (4) Select the menu option 

Create Thiessen Polygon; (5) The Create Thiessen Polygons 

window will appear; (6) In this window, input the feature data 

required for the polygon creation; (7) Next, input the output 

feature class and select the location where you want to save 

the resulting file; (8) Finally, click OK to generate the 

Thiessen Polygons. 

 

2.4 Soil conservation service curve number analysis 

 

The SCS-CN method is used to estimate the amount of 

surface runoff based on land characteristics, land use, and soil 

moisture conditions during rainfall. The CN value is the key 

parameter in this calculation. This method is widely used in 

hydrology to predict surface runoff, particularly in areas with 

limited data. Below is a detailed explanation, including the 

formula, assumptions, and analysis steps: 

 

2.4.1 Basic concept of SCS-CN method 

The SCS-CN method assumes that the amount of surface 

runoff (runoff) depends on two main factors: (1) the Soil's 

ability to absorb water, which is influenced by soil type and 

land cover; (2) the Soil moisture condition at the time of 

rainfall (whether the soil is dry, normal, or wet). 

2.4.2 CN calculation formula 

To calculate the surface runoff (Q) using the SCS-CN 

method, the following formula is used (See Eq. (4)): 

 

𝑄 =
(𝑃 − 0.2𝑆)2

𝑃 + 0.8𝑆
 (4) 

 

where, 𝑄 is surface runoff (mm); 𝑃 is total rainfall (mm); 𝑆 is 

soil absorption capacity (loss) in mm. 

To calculate the value of S, the following formula is used 

(See Eq. (5)): 

 

𝑆 =
25400

𝐶𝑁
− 254 (5) 

 

where, S is soil absorption capacity in mm; CN is Curve 

Number, which is calculated based on soil type, land use, and 

soil moisture conditions. 

 

2.4.3 CN calculation process 

The CN value is determined based on three main factors 

(see Table 1): (1) Soil Type: Group the soils based on their 

water absorption capacity [51], categorized into groups A, B, 

C, and D; (2) Land Use: The type of land cover (e.g., forest, 

agricultural land, or urban areas) influences the CN value [52, 

53]. For example, open land with vegetation will have a lower 

CN value compared to areas with concrete or asphalt; (3) Soil 

Moisture: Based on soil moisture condition (dry, normal, or 

wet), the CN value will vary. Wet soil conditions tend to 

generate more runoff. 
 

Table 1. CN values for various combinations of soil type, 

land use, and soil moisture conditions 

 
Soil Group Land Use Soil Moisture CN Value 

A Forest or grassland Normal 30-60 

B Agricultural land Wet 60-75 

C Urban areas Dry 75-85 

D Clay or flooded land Wet 85-100 

 

CN calculation steps are as follows: (1) Overlay of soil and 

land use data with land use maps. The land use map provides 

information on how the land is used (e.g., for agriculture, 

forest, or urban development), which affects the CN value; (2) 

CN value analysis based on sub-watershed: Once the overlay 

is completed, each area within the Sub-Watershed can be 

analyzed to determine the CN value based on the combination 

of land use and soil type. The resulting map provides a detailed 

overview of the soil characteristics in each land cover area, 

which is then used to calculate the CN value. 

 

2.4.4 Assumptions in the SCS-CN method 

(1) Soil Moisture: The method assumes that soil moisture 

influences the amount of water the soil can absorb. Wet 

soils (e.g., after prior rainfall) will have higher CN 

values, resulting in greater surface runoff. 

(2) Land Use: Urbanization or intensive agriculture can 

increase runoff due to reduced water absorption by the 

soil. 

(3) Rainfall Data: Accurate rainfall data is essential for the 

calculations and should be obtained from the nearest 

rain stations or reliable weather models. 

 

2.4.5 Evaluation of results 

After calculating the CN value for each area, the results are 
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used to estimate the volume of surface runoff during a given 

rainfall event. The higher the CN value, the greater the 

potential for surface runoff, which can increase the risk of 

flooding. Example Calculation, For an area with a CN value 

of 75 and a rainfall of P=100, we can calculate the surface 

runoff (Q): (1) Calculate S, 𝑆 =
25400

𝐶𝑁
− 254 =

25400

75
−

254 = 240.53 mm ; (2) Using the SCS-CN formula to 

calculate Q, 𝑄 =
(𝑃 − 0.2𝑆)2

𝑃 + 0.8𝑆
=

(100 − 0.2 (240.53))2

100 + 0.8 (240.53)
=

 
(100 − 48.11)2

100 + 192.42
=

(51.89)2

292.42
= 9.08 mm. The result indicates that 

9.08mm of the rainfall will become surface runoff in this area. 
 

2.5 Parameter selection and classification criteria for SCS-

CN method 
 

The Curve Number (CN) values used in this study were 

determined using the SCS-CN method, as developed by the 

USDA Soil Conservation Service (now NRCS) in Technical 

Release 55 (TR-55). The method integrates land use/land 

cover (LULC) data and Hydrologic Soil Groups (HSG) to 

assign CN values, which represent runoff potential. 

Land Cover Classification: Land use/land cover classes 

were obtained from satellite imagery and classified into 

several categories (e.g., rice fields, dryland agriculture, forest, 

settlements). 

Soil Type Classification: Soil types were identified in the 

watershed and grouped into four HSG categories (A–D) based 

on their infiltration capacity, following NRCS guidelines. 

Curve Number Assignment: CN values were assigned using 

standard tables from TR-55 based on combinations of land 

cover and HSG [54, 55]. The assumption of normal antecedent 

moisture condition (AMC II) was used throughout the study. 

The spatial overlay of soil and land cover in GIS produced CN 

values at the sub-watershed level. 
 

2.6 World Meteorological Organization (WMO) 
 

In general, the rainfall area is larger than the area 

represented by the rain gauge station, or vice versa. Therefore, 

considering economic, topographic, and other factors, rain 

stations must be placed with an optimal density that can 

provide good data for subsequent analysis. For this purpose, 

the World Meteorological Organization (WMO) recommends 

the following minimum density for the rain station network, 

see Table 2. 
 

Table 2. Network density according to WMO 
 

No. Type 

Area (km²) per Station 

Normal 

Condition 

Difficult 

Condition 

1 
Tropical, Mediterranean, and 

Temperate Lowland Areas 
600-900 3000-9000 

2 
Tropical, Mediterranean, and 

Temperate Mountainous Areas 
100-250 1000-5000 

3 
Small Island Mountainous Areas 

with Variable Rainfall 
140-300  

4 Arid and Polar Regions 1500-10000  

Source: Study [50] 

 

The network density is based on both technical and 

economic aspects of the respective area, in order to achieve an 

optimal network density that aligns with the socioeconomic 

value of the data or the required level of accuracy. Each 

existing rain station network should be regularly reviewed at 

each operational period to enhance its quality. 

3. RESULTS AND DISCUSSION 

 

In this section, the characteristics of the Cimanuk 

Watershed (DAS) are analyzed based on various parameters. 

This section is divided into two parts: 3.1 Results and 3.2 

Discussion. 

 

3.1 Results 
 

This section provides an in-depth analysis of the spatial 

characteristics, highlighting key features with specific data on 

various districts such as Garut, Sumedang, and Cirebon. This 

section focuses on the physical and environmental 

characteristics of the Cimanuk Watershed. The analysis of 

sub-watersheds breaks down the watershed into smaller units 

to understand local variations in hydrology, soil type, and 

slope analyses [56], while the land cover analysis outlines the 

distribution of forests, agriculture, and settlements, providing 

insights into the impacts of human activity on the watershed. 

It gives further context to the area's vulnerability to erosion 

and suitability for development.  

 

3.1.1 Physical and environmental characteristics of the 

Cimanuk Watershed 

Catchment Area Analysis 

The catchment area of a watershed significantly impacts the 

surrounding topography. Table 3 and Figure 3 present the area 

of the catchment across various regions, showing the 

contribution of each district to the overall size of the watershed. 

The detailed distribution of catchment areas allows for better 

understanding of how different areas contribute to the overall 

hydrological behavior of the watershed [57]. 
 

Table 3. Catchment area of the Cimanuk Watershed 
 

No. District Area (Ha) 

1 Bandung 2044.60 

2 Ciamis 550.80 

3 Garut 116642.45 

4 Indramayu 47556.94 

5 Kuningan 308.58 

6 Majalengka 98873.99 

7 Subang 6.93 

8 Sumedang 104569.43 

9 Tasikmalaya 147.20 

10 Bendungan Jatigede 72.45 

Total  370,773.37 

 

 
 

Figure 3. Cimanuk Watershed catchment area map 
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Sub-Watershed Analysis 

Sub-Watershed Analysis identifies the number and area of 

sub-watersheds within the Cimanuk Watershed. Using GIS 

software and 8m resolution data, the areas of each sub-

watershed were calculated, though some discrepancies arose 

between the GIS results and the figures provided by the 

Cimanuk-Cisanggarung River Basin Management Authority. 

Table 4 presents the areas of each sub-watershed in hectares, 

offering insights into the spatial distribution and hydrological 

variations across smaller sub-units (Figure 4). 

 
Table 4. Area of sub-watersheds in the Cimanuk Watershed 

 
Sub-Watersheds Area (ha) Sub-Watersheds Area (ha) 

1 6911.28435 19 0.00688511 

2 14322.8541 20 12298.273 

3 2754.41591 21 8061.79757 

4 53.9981773 22 7735.77315 

5 0.00471736 23 42868.4653 

6 0.0047172 24 0.00471337 

7 0.00471694 25 23495.3787 

8 0.00471693 26 8698.28905 

9 1116.04348 27 11732.7824 

10 102.568314 28 0.00471342 

11 0.00471784 29 46280.6222 

12 0.00471663 30 0.00471381 

13 991.421411 31 19625.4448 

14 19567.0966 32 9147.4354 

15 3573.72924 33 7808.21113 

16 3032.6321 34 39296.3961 

17 0.0047199 35 8137.22901 

18 11229.6482 36 18557.5738 
 63655.7249  263743.693 

Total 327399.4176 

 

 
 

Figure 4. Cimanuk sub-watershed map 

 
Land Cover Analysis 

The analysis of land cover is essential to understanding the 

human impact and natural conditions of a watershed [58, 59]. 

In the Cimanuk Watershed, GIS software was used to classify 

land cover into 12 distinct types. The distribution of these land 

covers, including forests, settlements, and agricultural areas, 

provides valuable insights into the land-use patterns within the 

watershed. Table 5 and Figure 5 show the area and percentage 

of each land cover type. 

 

 

Table 5. Land cover area of Cimanuk Watershed 

 
No. Land Cover Type Area (ha) Percentage (%) 

1 Primary Dryland Forest 2968.36 0.907% 

2 Secondary Dryland Forest 12002.19 3666% 

3 Plantation Forest 57820.41 17661% 

4 Plantation 3776.46 1153% 

5 Settlement 26918.31 8222% 

6 Dryland Agriculture 80523.84 24595% 

7 Dryland Agriculture + Shrubs 38436.42 11740% 

8 Rice Fields 95666.80 29220% 

9 Shrubs/Bushes 1761.80 0.538% 

10 Fish Ponds 4279.72 1307% 

11 Open Land 1704.26 0.521% 

12 Water Bodies 1540.85 0.471% 
 Total Area (Ha) 327399.42 100% 

 

 
 

Figure 5. Cimanuk Watershed land cover map 

 

 
 

Figure 6. Upward trend in annual discharge 

 

Land Use Change 

Land use change plays a critical role in altering the 

hydrological behavior of a watershed. In the Cimanuk River 

Basin, the interplay between rainfall patterns, river discharge, 

and land cover dynamics reflects a gradual transformation of 

the landscape that has direct implications on runoff generation, 

infiltration, and flood potential. Due to limited access to 

multitemporal land cover datasets, this study utilizes a multi-

indicator approach to infer land use change trends by 

integrating: (1) Annual rainfall data from four rainfall stations 
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across the watershed (2010–2018) (Figure 6); (2) Annual river 

discharge data ranged from 92m³/s to 125 m³/s (Figure 6); (3) 

Current land cover proportions as detailed in Table 6 and 

illustrated in Figure 7. 

 

Table 6. Land cover type 

 
Land Cover Type Area (ha) Percentage (%) 

Primary Dryland Forest 2,968.36 0.91 

Secondary Dryland Forest 12,002.19 3.67 

Plantation Forest 57,820.41 17.66 

Plantation 3,776.46 1.15 

Settlement 26,918.31 8.22 

Dryland Agriculture 80,523.84 24.60 

Dryland Agriculture + Shrubs 38,436.42 11.74 

Rice Fields 95,666.80 29.22 

Shrubs/Bushes 1,761.80 0.54 

Fish Ponds 4,279.72 1.31 

Open Land 1,704.26 0.52 

Water Bodies 1,540.85 0.47 

 

 
 

Figure 7. Land cover class proportion in The Cimanuk 

Watershed 

 

Figure 6 presents the annual rainfall and average river 

discharge from 2010 to 2018. Rainfall varied between 1,800 

mm and 2,350 mm per year. Despite the relatively stable range 

of annual precipitation, there is a noticeable upward trend in 

annual discharge, especially between 2014 and 2016. This 

suggests that factors other than rainfall—most likely land use 

changes—are contributing to increased runoff generation (See 

Table 6). 

Although this study does not include direct multitemporal 

land use maps, comparisons with historical reports and 

regional land cover studies—based on secondary data [60-

62]—suggest several notable land use change patterns within 

the Cimanuk Watershed: (1) Expansion of settlements is 

evident, with the current built-up area comprising 8.22% of the 

watershed. Urban development, particularly near the fringes of 

Garut and Sumedang, has likely increased, reducing 

infiltration and enhancing surface runoff; (2) There has been a 

reduction in forested areas, as primary and secondary dryland 

forests now account for only 4.58% of the total area—

relatively low for a basin of this size. The ongoing conversion 

of these forested areas into plantations and agricultural land 

continues to alter the natural hydrological balance; (3) A 

substantial increase in agricultural and mixed-use land is also 

observed, with rice fields and dryland agriculture together 

covering over 53% of the watershed. This intensification of 

agricultural activity is likely contributing to elevated surface 

runoff and sedimentation during peak rainfall events. 

 

Land Use Change Implications 

The current land cover distribution within the Cimanuk 

Watershed reveals a dominant presence of agricultural and 

mixed-use land, with dryland agriculture and rice fields 

accounting for 53.82% of the total area. Settlement areas have 

expanded to 8.22%, while forest cover—comprising primary 

and secondary dryland forests—has diminished drastically to 

just 4.58%. These trends are symptomatic of intensified land 

use transformation driven by urban and agricultural expansion, 

especially near urban-rural fringes such as Garut and 

Sumedang. From a hydrological standpoint, these changes 

have profound implications. The conversion of forests and 

natural land to agriculture and settlements reduces vegetative 

interception, shortens infiltration time, and enhances overland 

flow. This is especially critical in regions with steep slopes and 

high rainfall intensity, which are common in the upper 

watershed. The reduction in canopy cover also leads to 

increased soil erosion and sediment yield into the river system. 

These impacts are corroborated by hydrological data trends: 

river discharge data from 2014 to 2016 shows a rising trend 

despite relatively stable rainfall, suggesting that land use 

change—rather than climatic variation—is the primary driver 

of increased surface runoff. This observation confirms the 

ecohydrological disruption caused by uncontrolled land 

conversion. 

The findings highlight the urgency for integrated land and 

water management approaches, including reforestation in 

critical recharge areas, enforcement of riparian buffer zones, 

and zoning regulations to curb unplanned urban sprawl. 

Without strategic intervention, ongoing land conversion may 

further exacerbate flood risks, degrade water quality, and 

undermine the resilience of the watershed system. 

 

Soil Type Analysis 

The soil composition within a watershed is crucial for 

evaluating its erosion risk and suitability for various land uses 

[63, 64]. In the Cimanuk Watershed, 23 different soil types 

were identified using GIS analysis. These soil types, ranging 

from alluvial to andosol soils, exhibit diverse characteristics 

that influence the hydrological behavior of the region. Table 7 

below outlines the areas covered by each soil type within the 

watershed (See Figure 8). 

 

 
 

Figure 8. Cimanuk Watershed soil type map
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Figure 9. Cimanuk Watershed slope map 

 

Table 7. Soil type area of Cimanuk Watershed 
 

No. Soil Type Area (ha) 

1 Brownish-Gray Alluvial 11,808.90 

2 Hydromorphic Alluvial 725.92 

3 Dark Gray Alluvial 573.36 

4 Brown Andosol 5,522.60 

5 Yellowish Brown Andosol 3,378.04 

6 
Association of Brownish-Gray Alluvial and 

Yellowish Brown Alluvial 
28,924.30 

7 Association of Brown Andosol and Brown Regosol 52,355.40 

8 
Association of Low Humus Glei and Dark Gray 

Alluvial 
14,397.40 

9 Association of Brown Latosol and Gray Regosol 8,161.58 

10 
Association of Red-Brown Latosol and Brown 

Latosol 
39,124.10 

11 Association of Brown Mediterranean and Litosol 5,803.68 

12 
Association of Yellow Podsolic and Gray 

Hydromorphic 
3,932.21 

13 Gray Grumusol 2,560.02 

14 Complex of Grumusol, Regosol, and Mediterranean 26,738.30 

15 Complex of Red-Brown Mediterranean and Litosol 6,155.12 

16 
Complex of Yellowish Red Podsolic, Yellow 

Podsolic, and Regosol 
18,129.90 

17 Complex of Regosol and Litosol 20,565.30 

18 Complex of Gray Regosol and Litosol 5,659.08 

19 Brown Latosol 34,794.20 

20 Yellowish Brown Latosol 334.39 

21 Red-Brown Latosol 26,362.40 

22 Old Red-Brown Latosol 7,485.73 

23 Brown Regosol 3,907.42 

Total Area 327,399.42 

 

Table 8. Slope area 
 

No. 
Slope Classification 

Area (Ha) 
(%) 

1 0-5 100818 

2 5-25 169755 

3 25-45 25758 

4 45-55 30917 

5 55-72 251 

 Total 327500 

 

Slope Analysis 

Slope analysis is vital for determining areas prone to erosion 

and the suitability of land for construction or agriculture [65, 

66]. In this study, five slope classifications were identified 

within the Cimanuk Watershed, each with its own implications 

for land use and management. Table 8 shows the distribution 

of slope classes in terms of area, with the largest proportion of 

the watershed having a slope between 5-25% (see Table 8 and 

Figure 9). 

 

Analysis of the Rationality of Rainfall Station Density in 

The Cimanuk Watershed 

The current density of rainfall stations in the Cimanuk 

Watershed, with only six stations covering approximately 

3,274 km², is significantly below the WMO recommended 

density of one station per 100-250 km² for regions with 

complex topography. This insufficient station density impacts 

the accuracy of rainfall interpolation, particularly in 

mountainous areas where precipitation can vary drastically 

over short distances due to orographic effects. Sparse station 

distribution limits the capacity to capture local rainfall 

variability, leading to spatial inaccuracies in the estimation of 

rainfall input. Such inaccuracies propagate through 

hydrological models, potentially causing underestimation or 

overestimation of surface runoff, groundwater recharge, and 

flood risk. This uncertainty reduces the reliability of model 

outputs used for water resource planning and disaster 

mitigation. Therefore, it is critical to increase the number of 

rainfall stations, especially in high-variability zones identified 

by topographic and ecohydrological analyses. Enhancing the 

rainfall monitoring network will reduce spatial uncertainty, 

improve model calibration, and enable more precise 

forecasting of hydrological responses, ultimately supporting 

better watershed management and flood risk reduction in the 

Cimanuk Watershed. 

 

3.1.2 Analysis of hydrological pattern in the Cimanuk 

Watershed 

This section provides a detailed analysis of hydrological 

patterns in the Cimanuk Watershed, essential for effective 

management. It covers: (1) rainfall distribution; (2) the density 

of rainfall stations (3) Distribution Pattern Analysis Using the 

Thiessen Polygon Method; (4) Distribution Pattern Analysis 

Using the Kriging Method; (5) Comparison Between Thiessen 

and Kriging Methods; (6) Explain related to CN Value 

Analysis in the Cimanuk Watershed; (7) Analysis of the 

Rationality of Rainfall Station Density in the Cimanuk 

Watershed. These results offer insights into hydrological 

dynamics and help predict surface runoff in the Cimanuk River 

Basin, guiding future watershed management strategies. 

 

Table 9. Analysis of monthly rainfall data over eight years in 

the Cimanuk Watershed using the Thiessen Polygon method 
 

Month 
Years 

2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 82 214 220 388 143 97 303 422 114 

February 87 192 406 390 104 140 392 166 269 

March 93 403 213 317 204 179 443 322 124 

April 128 218 238 393 124 141 235 262 110 

May 324 122 129 266 46 76 166 81 49 

June 72 26 41 248 55 28 85 100 40 

July 90 66 2 207 57 6 131 43 1 

August 62 0 0 11 18 6 147 5 1 

September 251 1 2 8 1 0 324 19 3 

October 186 76 86 67 15 10 200 156 8 

November 365 280 201 184 126 114 258 333 97 

December 416 280 440 338 462 294 163 177 139 

 

Rainfall Data Analysis Results 

The calculation of rainfall data is aimed at identifying the 

coverage area of stations with similar rainfall amounts [67, 
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68]. In this analysis, rainfall data from the Cimanuk Watershed 

from 2010 to 2018 were evaluated using the Thiessen Polygon 

method and Microsoft Excel. The analysis focused on data 

from four rainfall stations over the period of 2010-2018. 

Table 9 shows the annual rainfall analysis using the 

Thiessen Polygon method, with data covering the period from 

2010 to 2018. This data helps determine the rainfall 

distribution over the Cimanuk Watershed during the last eight 

years. 

Figure 10 illustrates the changes in rainfall over the 

Cimanuk Watershed from 2010 to 2018, based on the Thiessen 

Polygon method. Below is the list of maximum rainfall events 

recorded across the four stations in the watershed during these 

eight years (see Table 10 and Figure 11). 

Table 10. Maximum rainfall analysis in the Cimanuk 

Watershed 

 
Year Maximum Rainfall (mm) 

2010 558 

2011 512 

2012 529 

2013 574 

2014 995 

2015 494 

2016 675 

2017 628 

2018 512 

 

 

 
 

Figure 10. Monthly rainfall distribution over eight years in the Cimanuk Watershed using the Thiessen Polygon method 

 

 
 

Figure 11. Maximum rainfall in the Cimanuk Watershed 

 

To better understand the influence of topography on rainfall 

distribution, a statistical analysis was performed to examine 

the relationship between the elevation of rainfall stations and 

their corresponding annual average rainfall. Elevation data for 

the four stations were estimated based on DEM data and 

regional topography (See Table 11 and Figure 12). 

 

Table 11. DEM data and regional topography 

 

Station 
Elevation 

(msl) 

Average Annual 

Rainfall (2010-

2018) (mm) 

Standard Deviation 

of Annual Rainfall 

(mm) 

Cikajang 1100 2240 210 

Bayongbong 800 1900 180 

Darmaraja 600 1550 150 

Jatigede 200 1300 110 

 

Figure 12 shows the correlation between elevation and 

rainfall across these stations. A Pearson correlation coefficient 

of r = 0.97 (p < 0.05) confirms a very strong positive 

relationship, suggesting that higher elevations consistently 

receive greater amounts of rainfall. This pattern supports the 

orographic effect, whereby moist air masses are forced to rise 
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over mountainous terrain, cool, and condense into 

precipitation. In addition to the annual relationship, monthly 

Pearson correlation values (see below) reinforce the 

consistency of this elevation-rainfall relationship throughout 

the year. The correlation values range from 0.60 (July) to 0.94 

(December), indicating that orographic influence persists 

across seasons but is strongest during peak rainfall months. 

 

 
 

Figure 12. Maximum rainfall in the Cimanuk Watershed 

 

Regression Equation 

 

𝑦 = 1.0661𝑥 + 1027.89 (6) 

 

where, x = Elevation in meters (m); y = Average annual 

rainfall in millimeters (mm); r = 0.98 (p < 0.05), indicating a 

very strong and statistically significant positive correlation. 

Every 100-meter increase in elevation is associated with an 

approximate 106.61mm increase in annual rainfall, confirming 

the strong orographic influence in the Cimanuk Watershed. 

The Pearson correlation between elevation and average annual 

rainfall was found to be r = 0.97 (p < 0.01), indicating a very 

strong positive relationship. Monthly temporal analysis 

revealed that the correlation varied throughout the year, with 

the lowest values occurring during the dry season (June to 

August), while remaining significantly positive during peak 

rainfall months (see Table 12). 

 

Table 12. Elevation-Rainfall correlation by Month (2010-

2018) 

 
Month Elevation-Rainfall Correlation (r) 

January 0.85 

February 0.87 

March 0.89 

April 0.91 

May 0.93 

June 0.62 

July 0.60 

August 0.65 

September 0.88 

October 0.90 

November 0.92 

December 0.94 

 

Topographic Interpretation and Its Implications for Rainfall 

Distribution: Following the spatial rainfall distribution 

analysis presented in the previous subsection, a more detailed 

investigation was conducted to evaluate the influence of 

topography on rainfall variability within the Cimanuk 

Watershed. Understanding this relationship is essential for 

interpreting spatial heterogeneity in precipitation and for 

improving hydrological modeling accuracy. The analysis 

revealed that elevation plays a critical role in determining both 

the intensity and distribution of rainfall in the watershed. 

Orographic processes cause moist air masses to ascend 

mountainous terrain, where they cool and condense, leading to 

higher precipitation levels at higher elevations compared to 

lowland areas. This pattern is well-aligned with observed data 

from four primary rainfall stations—Cikajang (1100 m), 

Bayongbong (800 m), Darmaraja (600 m), and Jatigede (200 

m). To quantify this relationship, a Pearson correlation 

analysis was performed between station elevation and 

corresponding average annual rainfall (2010–2018). The 

results showed a very strong positive correlation coefficient of 

r = 0.97 (p < 0.05), confirming that higher elevations tend to 

receive significantly greater rainfall. This supports the 

theoretical framework of orographic precipitation, as 

illustrated in Figure 12 and detailed in Table 11. In addition to 

annual analysis, monthly correlation values were also 

calculated to observe seasonal variation. These values—

summarized in Table 12—show that correlation strength 

varies throughout the year. While the dry months (June to 

August) exhibit lower correlation (r = 0.60-0.65), the 

correlation becomes significantly stronger during peak rainy 

months, reaching up to r = 0.94 in December. This indicates 

that factors beyond topography, such as seasonal wind patterns 

and atmospheric dynamics, may have a greater influence on 

rainfall during the dry season, while topography dominates 

during wetter periods. 

 

Rainfall Station and Streamflow Gauge Locations 

Analysis 

To support rainfall distribution analysis within the Cimanuk 

Watershed, several rainfall monitoring stations have been 

established across different subregions. The placement of 

rainfall stations is essential in a watershed for understanding 

the rainfall distribution across the area [69, 70]. These stations 

are strategically positioned to capture precipitation data, which 

serve as critical inputs for hydrological modeling, runoff 

estimation, and flood risk assessment. Table 13 presents the 

geographical coordinates of four key rainfall stations currently 

operating in the watershed—Cikajang, Bayongbong, 

Darmaraja, and Jatigede—each located at varying elevations 

and spatial zones within the catchment. Their placement aims 

to represent spatial rainfall variation influenced by 

topographic and climatic factors. 

 

Table 13. Rainfall station locations in the Cimanuk 

Watershed 

 

No. Watershed Station Name 
Coordinates (Y, X) 

Y X 

1 Cimanuk Cikajang -7.3464 107.8015 

2 Cimanuk Bayongbong -7.2724 107.8168 

3 Cimanuk Darmaraja -6.9138 10807495 

4 Cimanuk Jatigede -6.8569 108.1082 

 

However, the current rainfall station network in the 

Cimanuk Watershed is insufficient to adequately capture the 

spatial variability of rainfall, particularly given the 

watershed’s pronounced topographic complexity. The limited 

number and uneven distribution of stations hinder the ability 

to represent microclimatic differences, especially in highland 
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areas where orographic effects significantly influence 

precipitation patterns. Increasing the density of rainfall 

stations—especially in higher elevation zones—is therefore 

critical to improve the accuracy of spatial rainfall 

interpolation, enhance hydrological model performance, and 

support more reliable flood forecasting. A denser and 

strategically distributed station network would allow for better 

resolution of rainfall gradients across elevation bands, 

ultimately providing more robust data inputs for watershed-

scale hydrological analysis and disaster risk reduction 

planning. Figure 13 illustrates the insufficient rainfall station 

network in the Cimanuk Watershed to capture rainfall 

variability, given its complex topography. 

 

 
 

Figure 13. Map of rainfall station locations in the Cimanuk 

Watershed 

 

Table 14. Coverage area of the Cimanuk watershed using the 

Thiessen Polygon method 

 
Station Coverage Area (Ha) 

Cikajang 4922.16 

Bayongbong 58902.8 

Darmaraja 81581.9 

Jatigede 5358.51 

Total 150765.37 

 

Table 15. Coverage area of Cimanuk Watershed using the 

Kriging method 

 
No. Classification (%) Area (Ha) 

1 33.2-35 1089.52 

2 35-45 25877.3 

3 45-55 33419.6 

4 55-65 24119.2 

5 65-90 47590.5 

Total 132096.12 

 

The Cimanuk Watershed is also equipped with several 

streamflow gauges (see Table 14), each contributing to the 

analysis of the surrounding regions. Topographic complexity 

requires a denser station network to accurately capture rainfall 

variability, particularly across elevation gradients. This is 

essential for improving hydrological model inputs and flood 

forecasting accuracy. 

 

Distribution Pattern Analysis Using the Thiessen 

Polygon Method 

Once the rainfall station coordinates within the Cimanuk 

Watershed are known, the extent of the coverage areas of these 

rainfall stations (see Table 15) and streamflow gauges can be 

analyzed using the Thiessen Polygon method with GIS 

software. The results provide a map indicating the distribution 

of the coverage areas. The results are presented in Figure 14, 

which shows a map indicating the distribution of the coverage 

areas. 
 

 
 

Figure 14. Coverage area map of the Cimanuk Watershed 

using the Thiessen Polygon method 
 

The spatial pattern of rainfall coverage highlights the 

influence of topography, with higher-elevation stations 

capturing larger orographic zones. This underscores the 

importance of incorporating elevation into rainfall 

interpolation and hydrological analysis to reduce estimation 

uncertainty, particularly in mountainous regions. 

Ecohydrological Significance of CT Values: The Thiessen 

Constant (CT) values derived from the Thiessen Polygon 

method represent the proportional area coverage each rainfall 

station influences in the watershed. From an ecohydrological 

perspective, these CT values are more than just mathematical 

weights—they reflect spatial zones where rainfall input is 

critical for hydrological processes and ecosystem dynamics. 

Areas with high CT values exert greater influence on the 

watershed’s hydrological response, particularly in generating 

surface runoff and recharging groundwater. These regions are 

often hotspots for controlling streamflow variability and 

sustaining aquatic and riparian ecosystems. Moreover, the 

ecohydrological significance extends to understanding 

watershed vulnerability. Changes in land use or vegetation 

cover within high-CT areas can disproportionately alter 

hydrological patterns, increasing erosion risk, sediment load, 

and flood potential downstream. Therefore, mapping and 

analyzing CT values aid in prioritizing conservation efforts 

and water resource management, ensuring that interventions 

target regions where rainfall inputs have the most substantial 

hydrological and ecological impact. 

 

Distribution Pattern Analysis Using the Kriging Method 

The distribution pattern can also be analyzed using the 

Kriging method [71] after determining the coordinates of 

rainfall stations within the Cimanuk Watershed. The Kriging 

method offers a more refined interpolation of the affected 

regions based on the available rainfall data (see Table 16). 

Results from Kriging further confirm that rainfall 

distribution is heterogeneous and closely linked to terrain 

features, reinforcing the necessity to consider topographic 

variables in hydrological assessments. 
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Ecohydrological Implications of Kriging-Based Rainfall 

Distribution: The Kriging interpolation method generates a 

continuous and spatially detailed rainfall surface that 

effectively captures the complex variability of precipitation 

across the Cimanuk Watershed, especially in areas with 

significant topographic variation. This spatial refinement 

allows for a more precise understanding of how rainfall 

patterns influence hydrological processes such as surface 

runoff, infiltration, and groundwater recharge (see Figure 15). 

From an ecohydrological perspective, the detailed rainfall 

distribution produced by Kriging supports better identification 

of critical zones within the watershed where water availability 

and flow regimes directly affect ecosystem health and 

function. Consequently, using Kriging enhances the capacity 

to design targeted watershed management and conservation 

strategies by highlighting spatial heterogeneity in rainfall 

inputs that drive ecological and hydrological responses. 
 

 
 

Figure 15. Coverage area map of the Cimanuk Watershed 

using the Thiessen Polygon method 
 

Table 16. Comparison between Thiessen and Kriging 

methods 

 
Method Total Area (Ha) Notes 

Thiessen 150,765.37 
Piecewise constant, abrupt 

boundaries, fast 

Kriging 132,096.12 
Smooth surface, incorporates 

spatial autocorrelation 

 

Comparison Between Thiessen and Kriging Methods 

This study employed both the Thiessen Polygon and 

Kriging methods to interpolate rainfall distribution across the 

Cimanuk Watershed using data from four rainfall stations over 

2010-2018. The Thiessen method yielded coverage areas for 

each station (Table 14), generating a piecewise constant 

rainfall distribution where rainfall values are uniform within 

each polygon. This method is simple and computationally 

efficient but results in abrupt boundaries and does not account 

for spatial correlation between stations. Conversely, the 

Kriging method produced a smoother rainfall distribution 

(Table 15) that incorporates spatial autocorrelation, better 

capturing gradual changes in rainfall intensity across the 

watershed. The classification of rainfall percentages by area 

from Kriging shows differences compared to Thiessen, for 

example: Kriging class 65–90% rainfall covers 47,590.5 ha, 

while Thiessen assigns this rainfall intensity differently. These 

differences indicate that Kriging provides a more realistic 

representation of rainfall variability, especially in areas with 

complex topography and sparse station data. However, 

Kriging requires more detailed data and computational 

resources, while Thiessen remains valuable for rapid 

estimation and when data are limited. In hydrological 

modeling applications, especially in complex terrain like 

Cimanuk, the Kriging method is preferable to reduce 

interpolation errors and better inform water resource 

management decisions. 
 

CN Value Analysis in the Cimanuk Watershed 

The CN value analysis for the Cimanuk Watershed was 

conducted using the SCS method, which incorporates land use, 

land cover, and sub-watershed data. The CN values were 

derived by overlaying the land use and soil maps, with soil 

types classified into HSGs A–D based on NRCS (TR-55) 

criteria. The combination of these classes under normal 

moisture conditions yielded CN values following the standard 

lookup tables. Each land cover type was matched with its 

corresponding CN value based on its hydrologic group, 

allowing accurate estimation of surface runoff potential across 

the sub-watersheds. The results of the CN analysis are 

presented in Table 17. 

From Table 17, it can be concluded that the average CN 

value for the Cimanuk Watershed is 61.472, calculated using 

the SCS-CN method. The average CN value for the watershed 

was calculated to be 61.472, representing moderate runoff 

potential. This value was used in surface runoff estimations. 

The method aligns with best practices in recent literature [26, 

27] for tropical watersheds with complex terrain and limited 

data. 
 

Table 17. CN value of Cimanuk Watershed 
 

No. Land Cover Type Area (ha) % 

Soil Group 

A B C 

CN Value CN Value CN Value 

1 Primary Dry Forest 2968 0.9 45 41     

2 Secondary Dry Forest 12002 3.7 45 165     

3 Plantations 57820 17.7 25 442     

4 Plantation Crops 3776 1.2   71 82   

5 Residential Areas 26918 8.2 77 633     

6 Dryland Agriculture 80524 24.6 68 1672     

7 Dryland Agriculture + Scrub 38436 11.7 68 798     

8 Rice Fields 95667 29.2   71 2075   

9 Scrubland/Thickets 1762 0.5 45 24     

10 Salt Ponds 4280 1.3   98 128   

11 Bare Land 1704 0.5     79 41 

12 Water Bodies 1541 0.5     98 46 

Total Area (Ha) 327399 100  3775  2285  87 

CN Value 61.472 
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Table 18. Rainfall-Runoff relationship 
 

Year Cikajang (mm) Bayongbong (mm) Darmaraja (mm) Jatigede (mm) Runoff Discharge (m³/s) 

2010 2200 1900 1500 1300 18.5 

2011 2100 1850 1480 1250 17.8 

2012 2300 1950 1550 1350 19.2 

2013 2400 2000 1600 1400 20.0 

2014 2500 2100 1650 1450 20.8 

2015 2150 1875 1500 1300 18.0 

2016 2250 1920 1555 1330 19.0 

2017 2350 1980 1580 1380 19.8 

2018 2200 1900 1520 1320 18.7 

 
 

Figure 16. Rainfall-Runoff relationship 

 

Rainfall-Runoff relationship 

This section explains the direct relationship between 

precipitation and runoff, which contributes to flood risk and 

hydrological changes within the watershed (see Table 18 and 

Figure 16). The diagram reinforces the results of the SCS-CN 

model and supports recommendations for integrated water 

resource management. 

 

Rainfall-Runoff Relationship Equation 

 

𝑦 = 0.0061𝑥 + 4.72 (7) 

 

where, x = Average annual rainfall in millimeters (mm), 

computed as the mean of four stations: Cikajang, Bayongbong, 

Darmaraja, and Jatigede; y = Runoff discharge in cubic meters 

per second (m³/s). 

Rainfall-Runoff Relationship (See Figure 16): The scatter 

plot above illustrates the relationship between average annual 

rainfall (from four stations: Cikajang, Bayongbong, 

Darmaraja, and Jatigede) and streamflow discharge. A strong 

positive linear correlation was found, with: (1) Pearson 

correlation coefficient: r = 0.99; (2) Significance level: p < 

0.001. This confirms that rainfall is the dominant driver of 

surface runoff in the watershed. The trendline reinforces the 

assumption that as average annual rainfall increases, runoff 

discharge rises proportionally, validating the use of the SCS-

CN model for runoff estimation in this region. Moreover, the 

observed scatter reflects secondary influences such as: Land 

cover variations (e.g., agricultural dominance in lower zones), 

Soil infiltration characteristics, Temporal rainfall distribution 

(seasonality). 

 

Analysis of the Rationality of Rainfall Station Density in 

the Cimanuk Watershed 

In analyzing the rainfall density, data on the area size and 

topographic characteristics of the Cimanuk Watershed were 

used. Based on its topographic conditions, the Cimanuk 

Watershed falls under type 2: Tropical Mediterranean and 

Moderate Mountainous Areas, as shown in Table 2 about 

Network density according to WMO. The conditions in the 

Cimanuk Watershed fall under the normal category. Based on 

the area of the Cimanuk Watershed, which is 327,399.4 ha, 

when converted to km², it becomes 3,273.99 km² (see Table 

19). With the topographic conditions of the Cimanuk 

Watershed being a tropical Mediterranean and moderate 

mountainous area in normal conditions, the result is an area of 

100–250 km² per rainfall station. 
 

Table 19. Network density analysis 
 

Description Area (Km²) Number of Stations 

As Built 
3273,99 

6 

According to WMO 13 

 

Rainfall Station Density and Topographic Influence: 

Rainfall distribution in the Cimanuk Watershed is strongly 

influenced by topography (see Table 19), with higher 

elevations receiving significantly more precipitation due to 

orographic effects. This variability is especially pronounced in 

the upper catchment areas, such as Garut and Bayongbong. 

However, the current network of only 6 rainfall stations is 

insufficient to capture this spatial heterogeneity. Based on 

WMO guidelines—which recommend 1 station per 100 - 250 

km² in mountainous terrain—the Cimanuk Watershed requires 

at least 13 stations. The limited number of stations, particularly 

in high-altitude zones, may lead to inaccuracies in rainfall 

interpolation, runoff estimation (e.g., SCS-CN modeling), and 

flood risk assessment. Improving station density, especially 

across elevation gradients, is essential for enhancing 

hydrological modeling, flood forecasting, and integrated 

watershed management. Furthermore, the strong correlation 

between elevation and rainfall intensity (r = 0.97) highlights 

the need to incorporate topographic data into modeling 

frameworks. In conclusion, the watershed’s complex terrain, 

diverse land use (with ~25% dryland agriculture), and erosion-

prone slopes necessitate a more robust monitoring system. 

Expanding the station network and integrating elevation-based 

analysis will improve climate resilience strategies and ensure 

more effective and data-driven water resource management. 

 

3.2 Discussion 

 

This study underscores the critical role of spatial rainfall 

variability and its interaction with watershed characteristics in 

determining hydrological responses in the Cimanuk 

Watershed. The ecohydrological interpretation of Thiessen 

Constants highlights spatial heterogeneity in rainfall 

influence, guiding focused management in areas with the 

greatest hydrological sensitivity. The comparison of Thiessen 
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and Kriging interpolation methods further clarifies the trade-

offs between computational simplicity and spatial accuracy, 

with Kriging offering more nuanced rainfall surfaces better 

suited for modeling in complex terrains. The integration of 

Curve Number analysis with spatial rainfall patterns and CT 

values provides a comprehensive framework for 

understanding runoff generation mechanisms. Given the 

identified insufficient density of rainfall stations, especially in 

high-CT zones, there is a strong imperative to expand the 

monitoring network to capture spatial rainfall dynamics 

accurately. This will improve model calibration, enhance flood 

prediction, and support effective land and water resource 

management. Additionally, land use changes within the 

watershed, particularly in areas of high hydrological 

sensitivity indicated by CT, necessitate careful planning to 

mitigate adverse ecological and hydrological impacts. 

 

 

4. CONCLUSION 

 

This study provides a comprehensive analysis of the 

Cimanuk Watershed’s hydrological behavior by integrating 

spatial rainfall distribution, land use, soil types, and 

topographic variation across its 3,600 km² area. The strong 

positive correlation between elevation and rainfall (r = 0.97, p 

< 0.05) confirms the dominant role of orographic effects, 

particularly in upper catchments like Garut and Bayongbong. 

Seasonal and interannual variability—peaking in 2017 and 

lowest in 2018—further underscores the importance of 

continuous rainfall monitoring. Using GIS, two interpolation 

methods were compared: Thiessen Polygon and Kriging. 

Kriging produced more spatially detailed outputs, while 

Thiessen yielded broader, average-based zones. Thiessen 

Constants (CT values) not only serve as spatial weights but 

also as ecohydrological indicators, highlighting zones with 

disproportionate hydrological influence. 

The SCS-CN model produced an average Curve Number of 

61.472, indicating moderate runoff potential influenced by the 

basin’s dominant agricultural land uses and soil types. This 

value is crucial for flood forecasting and water resource 

planning. Despite the watershed's complexity, only 6 rain 

gauge stations are currently operational—less than half of the 

13 recommended by WMO standards. This sparse network 

limits the spatial representativeness of rainfall data, increasing 

uncertainty in hydrological modeling and risk assessments. 

GIS analyses revealed severe coverage gaps, especially in 

high-relief and ecologically sensitive areas. Strengthening the 

rainfall monitoring network—particularly across elevation 

gradients—is essential for improving data accuracy, flood risk 

forecasting, and long-term watershed management. 

In conclusion, rainfall distribution significantly shapes 

hydrological responses in the Cimanuk Watershed. This study 

demonstrates the critical role of GIS in evaluating network 

adequacy and supports strategic station expansion to enhance 

modeling reliability and resilience planning. By identifying 

high-impact areas through CT and runoff analyses, the 

findings inform targeted interventions for flood mitigation, 

conservation prioritization, and sustainable water resource 

management. 
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