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Land use and land cover changes that occur rapidly and without proper control have the 

potential to increase runoff discharge and elevate the risk of flooding. This study is crucial 

for analyzing land cover changes that influence runoff discharge, evaluating potential 

future scenarios, and providing a scientific foundation for the formulation of policy 

recommendations. The assessment of land cover changes on surface runoff is carried out 

by observing variations in Curve Number (CN) values. The analysis and projection of 

CN values are based on corrected land cover map data and trend models. Two projection 

approaches are used: the first assumes no mitigation efforts, while the second is based on 

spatial planning strategies. The first approach yields a higher CN value and shows an 

increasing trend, with an estimated CN value of 81.52 in 2044, rising to 82.17 by 2050. 

The second approach yields a Curve Number (CN) value of 79.87 in 2044, which 

increases slightly to 79.93 by 2050 (still below 80.00). The difference in maximum runoff 

between the two approaches continues to grow, from 0.11 m³/s in 2025 to 0.51 m³/s in 

2044. Land cover changes based on spatial planning scenarios demonstrate a significant 

reduction in CN values and surface runoff. 
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1. INTRODUCTION

Changes in land cover are inevitable along with population 

growth and demands for land. This condition places additional 

hydrological stress on watershed systems. This phenomenon 

is evident in the increasing frequency of flooding observed in 

the downstream areas of the Citarum-Majalaya catchment, 

including the Majalaya urban area [1], Bandung City, 

Bandung Regency, and West Bandung Regency [2]. These 

observations represent empirical evidence that cannot be 

denied. 

Land use/cover is a dynamic component of watershed 

characteristics that directly reflects the magnitude of the 

influence of human activities [3]. Land use refers to how 

humans utilize and manage land and its resources to sustain 

their livelihoods [4]. While land cover refers to the biological 

and physical materials that exist on the land surface, both 

natural and manmade [5]. Land cover changes encompass both 

natural and man-made alterations that occur over time. Land 

use and land cover are considered to be the result of the natural 

and socio-economic aspects of an area and the accompanying 

anthropogenic manipulations in space and time [6]. Previous 

research [2, 7, 8], conducted in the upstream Citarum 

watershed, concluded that uncontrolled land use/cover will 

increase runoff discharge and significantly increase the risk of 

flood hazards as indicated by an increase in maximum river 

discharge. Increased frequency of flooding in Bandung City, 

Bandung Regency, and West Bandung Regency [2] as the 

downstream area of the Upper Citarum watershed is thought 

to be related to the intensity of land cover changes. Apart from 

the impact on flood frequency, other research [9] also 

concluded that changes in land cover contributed significantly 

to reducing low flow in the upper Citarum watershed. In other 

words, changes in residential land cover, which are rapidly 

increasing, and forest land, which tends to decrease in the long 

term, will have an impact on water availability in the Bandung 

basin area. However, this study focuses on examining how, 

and to what extent, the intensity of land cover change affects 

surface runoff, as well as projecting its future impact. 

Assessing the impact of land cover changes on surface 

runoff can be done through the approach of observing changes 

in Curve Number (CN) values. CN is an important factor in 

the Soil Conservation Service-Curve Number (SCS-CN) 

method, where in this method, the characteristics of the water 

catchment area are the basic parameters for determining 

surface runoff [10]. This method is a popular empirical method 

for estimating surface runoff from rainfall events at the 

watershed scale. CN is an integration of the influence of soil 

type, land cover, land management, hydrological conditions, 

and soil moisture conditions [11-13]. Determining the CN 

value has more accuracy if the process uses an accurate land 

cover map. The step of correcting the land cover map is 
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important to eliminate errors, until a land cover map is 

obtained according to actual conditions. The correction 

process can use the Geographic Information System (GIS) 

method, which is designed to facilitate the processing of 

spatial data and non-spatial data [10]. 

Numerous studies conducted in various regions have 

demonstrated that land cover changes, such as the conversion 

of forests to agricultural land, agricultural land to settlements, 

and both forests and agricultural areas to urban land, lead to an 

increase in built-up areas and a corresponding decrease in 

forest cover. These transformations significantly influence 

hydrological responses, resulting in increased Curve Number 

(CN) values, surface runoff, and peak flood discharge [14-17]. 

In the National Capital Region (IKN), forest-to-urban land 

conversion is projected to increase CN values by 10–15% over 

a 15-year period (2020–2035), contributing to a 10% rise in 

both peak discharge and runoff volume by 2035 [18]. 

Moreover, the conversion of every 13 km² of forest and 

agricultural land to urban areas is estimated to elevate peak 

flood discharge by 4.63% and runoff volume by 4.34% [19]. 

Supporting these findings, research in other locations also 

indicates that land cover changes affect CN values and 

baseflow discharge [20]. 

This research will explain more accurately the related 

assumption that controlled and spatially appropriate land 

use/land cover will significantly reduce the CN value and 

reduce the risk of losses due to increased surface runoff. 

Although studies regarding changes in land cover, CN values, 

rainfall and surface runoff at this study location have been 

carried out in previous research [2], this research uses land 

cover map data that has not been corrected so it is feared that 

significant errors will occur between the analysis results and 

the actual conditions of land cover and CN values. The novelty 

of this research is the analysis and projection of CN values at 

the study location using corrected land cover and land cover 

scenarios based on spatial planning, and calculating surface 

runoff predictions using rainfall data forecast using the ANN 

method. Research in the form of assessments and forecasts 

related to the impact of changes in land use/land cover has 

been carried out in another study [21], but this study focuses 

more on discussing other environmental parameters, namely 

variations in carbon availability in response to changes in land 

use/land cover. 

The main objective of this research is to analyze land cover 

changes, make projections of CN values in the Citarum-

Majalaya catchment from 2024-2050, and analyze the impact 

on surface runoff. Two projection approaches are employed. 

The first assumes that no mitigation efforts will be 

implemented regarding land cover change. The second follows 

a scenario based on spatial planning compliance. 

This research holds significant practical value, particularly 

in the fields of land use planning and flood risk management. 

In the context of land use planning, this study provides 

quantitative information on the relationship between land 

cover changes and Curve Number (CN) values, which directly 

influence surface runoff volume. This information can serve 

as a foundation for land use planning decisions, such as 

preventing the conversion of green spaces into built-up areas 

in regions with high CN values, identifying priority 

conservation zones, and developing simulations of future land 

use change scenarios. In terms of flood risk management, the 

findings of this study enable more accurate surface runoff 

estimations by using CN values adjusted for land cover 

dynamics. Consequently, flood-prone areas can be identified 

more precisely by combining land cover change data with the 

increased potential for runoff. 

 

 

2. MATERIALS AND METHODS 

 
2.1 Study area 

 

 

 
 

Figure 1. The study area and the rainfall station distribution 
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The study location is a catchment area of the Citarum-

Majalaya stream gauging station (around 204.52 km2) and is 

part of the upstream Citarum sub-watershed (around 269.43 

km2). The catchment is geographically located between 

7°3'1.96"-7°14'33.1"S and 107°37'50.7"-107°48'40.8"E, and 

administratively is part of the Bandung District, West Java 

Province, Indonesia. The distribution of the catchment area is 

in 6 subdistricts, namely the majority are in Kertasari 

Subdistrict (33.5%), Pacet Subdistrict (30.8%), Ibun 

Subdistrict (26.6%), and a small portion is in Majalaya 

Subdistrict, Pangalengan Subdistrict, and Paseh Subdistrict. 

The location of the catchment in Bandung District can be seen 

in Figure 1. 

 

2.2 Land cover 

 

The land cover map of the study location was created and 

corrected using the ArcGIS 10.7.1 software application for 

2000 to 2021. The basic data in shapefile format from 2000-

2021 was obtained from the Ministry of Environment and 

Forestry of the Republic of Indonesia. Land cover map data is 

corrected before being used further for land cover change 

analysis. Corrections are carried out for validation and to avoid 

errors in interpretation, so that land cover data is obtained with 

good accuracy. The land cover maps of the study area before 

correction, for the years 2000 and 2021, are presented in 

Figure 2. 

Land use/cover and conservation structures (water and soil) 

greatly influence surface runoff [22], and in this research will 

be more on discussing the effect of land cover changes on 

runoff. Analysis of land cover changes in this location was 

carried out for 22 years (2000-2021). The land cover of this 

location was classified based on SNI 7645-2010 concerning 

land cover classification [23], namely forest, shrubs, 

plantation, settlements (built environment), open land, water 

bodies, dryland farming, and ricefields. Land cover influences 

identifying flood-prone zones and directly impacts infiltration 

rates [24]. Impervious surfaces in the settlement (built 

environment) can increase runoff and reduce water infiltration 

[25]. This analysis is conducted to obtain information on the 

pattern of change for each type of land cover, which becomes 

the basis for projecting changes and estimating CN values. 

 

 
(a) 2000                                                                                  (b) 2021 

 

Figure 2. The land cover maps of the study area before correction 

 

This study will also analyze the variation in land cover 

between 2000-2021, which is divided into several phases, 

namely 2000, 2006, 2012, 2018, and 2021. Variations in land 

cover changes are quantified using the dynamic degree of 

single land cover k and the dynamic degree of comprehensive 

land use 𝐿𝑐. The K reflects the level of annual variation in the 

area of a type of land between the initial and final phases, and 

𝐿𝑐  reflects the comprehensive annual variation level of the 

area of all land types. The positive K and 𝐿𝑐 value indicate that 

the area of land cover type increases, and if the value is 

negative, then the area of land cover type decreases. The 

greater the absolute value of K and 𝐿𝑐, the more significant the 

variation. The K and 𝐿𝑐  value can be calculated using the 

Turner method [4, 26], with the formula as in Eqs. (1) and (2).  
 

𝐾 =
𝑈𝑏 − 𝑈𝑎

𝑈𝑎

×
1

𝑇
× 100%  (1) 

𝐿𝑐 =
∑ |𝑈𝑏𝑖 − 𝑈𝑎𝑖|

𝑛
𝑖=1

2 ∑ 𝑈𝑎𝑖
𝑛
𝑖=1

×
1

𝑇
× 100% (2) 

 
where, Ua and Ub are the area of land type in the initial and 

final phases; T is the length of the sample period (unit: year); 

𝑛 is the number of land types in the study area. 

 
2.3 Rainfall 

 
Rainfall analysis in this study utilizes precipitation data 

collected from three rainfall stations located around the study 

area, namely the Cibeureum Station (area of influence: 87.8 

km²), the Cipaku-Paseh Station (area of influence: 84.4 km²), 

and the Situ Cisanti Station (area of influence: 31.6 km²). The 

spatial distribution of these stations, the availability of data, 

and their respective areas of influence are illustrated in Figure 
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1 and summarized in Table 1. The rainfall data were obtained 

from the Hydrology and Water Environment Center, 

Directorate General of Water Resources, Ministry of Public 

Works and Housing, Republic of Indonesia. Due to the spatial 

and temporal variability of rainfall, it is necessary to express 

the data in the form of regional rainfall, which in this study is 

calculated using the Thiessen polygon method (Figure 3). For 

analytical purposes, the regional daily rainfall data were 

subsequently converted into monthly values, with the average 

rainfall for the period 2000–2021 presented in Figure 4. 

 

Table 1. Rainfall data availability 

 
Rainfall Station Longitude Lattitude Data Availability Influence Area 

Cibeureum 107.677 -7.192 2002-2021 41.40% 

Cipaku-Paseh 107.764 -7.057 2002-2021 43.10% 

Situ Cisanti 107.661 -7.208 2014-2021 15.50% 

 
 

Figure 3. The rainfall station and the Thiessen Polygon 

 

 
 

Figure 4. The monthly average regional rainfall 

 

2.4 Hydrologic soil group 

 

The Hydrologic Soil Group (HSG) map of the study area is 

derived from the broader HSG map of the Citarum Watershed. 

The map data, provided in shapefile format, were obtained 

from the Oak Ridge National Laboratory Distributed Active 

Archive Center (ORNL DAAC), NASA [27]. The HSG map 

specific to the study area (Figure 5) was generated through a 

Geographic Information System (GIS) process, involving an 

intersection between the study area boundary (Citarum-

Majalaya catchment) and the HSG map of the Citarum 

Watershed. Subsequently, an overlay analysis was performed 

between the HSG map and the land cover map of the study 

area to generate Hydrologic Response Unit (HRU) data. These 

HRU data serve as the basis for calculating the composite 

Curve Number (CN) values within the study area. 

HSG classification based on soil texture class, along with 

runoff potential, is presented in Table 2 [27]. The four standard 

classes, namely A, B, C, and D, correspond to soils with low, 

moderately low, moderately high, and high runoff potential, 

respectively. Wet soils have high runoff potential (regardless 

of texture) due to the presence of a groundwater table within 

60 cm of the surface [27]. Wet soils have a dual HSG (e.g., 

HSG A/D): they can act as HSG A or HSG D depending on 

drainage conditions or groundwater levels. This usually occurs 

when the surface soil has high infiltration characteristics (HSG 

A), but the subsoil has very low permeability (HSG D), which 

can cause water to pool or drain slowly. 

 

 
 

Figure 5. The HSG map of the study location 

 

Table 2. HSG classification based on soil texture class 
 

HSG Soil Texture Class 
Runoff 

Potential 

A Sand Low 

B Sandy loam, loamy sand Moderately low 

C 
Clay loam, silty clay loam, sandy 

clay loam, loam, silty loam, silt 
Moderately high 

D Clay, silty clay, sandy clay Hight 

A/D Sand Hight 

B/D Sandy loam, loamy sand Hight 

C/D 
Clay loam, silty clay loam, sandy 

clay loam, loam, silty loam, silt 
Hight 

D/D Clay, silty clay, sandy clay Hight 
Source: Study [27]. 
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2.5 Methods 

 

This research calculates the CN value and its projections 

using two approaches. The first is the assumption that there is 

no effort (do nothing) related to land cover control and 

planning, and the second is the land cover change scenario 

based on the spatial pattern plan. The projected CN value for 

the first approach (do nothing) uses a trend model from the 

observed CN value and uses a scenario land cover change 

trend model to calculate the scenario CN. 

The novelty of this research is the analysis and projection of 

CN values at the study location using corrected land cover and 

land cover scenarios, as well as calculating surface runoff 

predictions using forecast rainfall data using the ANN method. 

The output of this research is surface runoff information based 

on scenario CN values and CN do nothing values. The output 

from these two approaches is then compared and analyzed. 

The results of this research can be used as recommendations 

for regional officials in formulating policies related to the 

preparation of spatial plans and natural resource management 

in their region. The research stage diagram is presented in 

Figure 6. 

 

 
 

Figure 6. Flow chart of research stages 

 

2.5.1 Analysis of changes in curve number   

Curve number (CN) value describes the soil's ability to 

infiltrate and turn excess rain into surface runoff. The CN 

value of a watershed or catchment depends on the soil type and 

land cover. For catchments that consist of several soil types 

and land covers, composite CN can be used to estimate direct 

runoff using the following calculation method [28, 29]. 

 

𝐶𝑁 =
∑ 𝐴𝑖𝐶𝑁𝑖

∑ 𝐴𝑖

 (3) 

 

where, CN is the composite CN value, 𝐴𝑖 is the subcatchment 

area i, and 𝐶𝑁𝑖 is the CN value of catchment area i. CN values 

range from 1 (minimum) to 100 (maximum) depending on the 

hydrological soil group HSG), land use/cover type, and 

previous soil moisture conditions [30]. Changes in the CN 

value of the study location were analysed from 2000 to 2021. 

Examples of overlay maps of land cover in 2021 and HSG are 

presented in Figure 7. The CN values for several HRU 

conditions are presented in Table 3 [31-33]. 
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Figure 7. The HRU maps 

 

Table 3. CN value for the hydrologic response unit 

 
Type of Land Cover HSG 

 A B C D 

Forest:     

- Poor forest cover 

(Rare plants) 
45 66 77 83 

- Forest cover is good 25 55 70 77 

Plantation:     

- Bad condition 57 73 82 86 

- Fair condition 43 65 76 82 

- Good condition 32 58 72 79 

Settlement 89 92 94 95 

Drayland farming 64 75 83 85 

Ricefield:     

- Bad condition 65 76 84 88 

- Fair condition 64 75 83 87 

- Good condition 63 75 83 87 

Shrubs:     

- Bad condition 48 67 77 83 

- Fair condition 35 56 70 79 

- Good condition 30 48 65 77 

Open land:     

- Good condition (grass 

covers 75% of the area) 
39 61 74 80 

- Fair condition (grass 

covers 50-75% of the area) 
49 69 79 84 

water bodies 98 98 98 98 

 

2.5.2 Projection of CN values  

The analysis of changes in CN values in this research uses 

the trend method. This method is an analysis technique used 

to identify data patterns within a certain period and can be used 

to make predictions for the future. The model generally 

consists of a linear trend and a nonlinear trend. One of the 

advantages of the non-linear trend method is that it is excellent 

for predicting long-term data, and the forecast results are close 

to actual values [34]. The trend pattern of the CN value data 

series was detected over 22 years (2000-2021). The trend 

model for CN values can be expressed in a general equation as 

in Eq. (4), where t is time (year) and 𝑎𝑖 are model coefficients 

[35]. If n=1, then the trend has a linear pattern; if n=2 and n=3, 

then it has a quadratic and cubic polynomial pattern, 

respectively. 

𝐶𝑁 = ∑ 𝑎𝑖𝑡
𝑖

𝑛

𝑖=0

 (4) 

 

𝑅 =
𝑛 ∑ 𝑥𝑦 − ∑ 𝑥 ∑ 𝑦

√(𝑛 ∑ 𝑥2 − (∑ 𝑥)2)(𝑛 ∑ 𝑦2 − (∑ 𝑦)2)
 (5) 

 

The first step in trend analysis is to visualize data by making 

graphs or plots of data. This is done to detect data patterns over 

time as a basis for selecting an appropriate trend model. The 

best (most appropriate) trend model is determined based on the 

R-squared (R2) statistical criteria value. The best model is the 

one with R2 closest to 1. Then, based on the selected trend 

model, the CN value for the future is projected. The R 

calculation method is presented in Eq. (5). The R value 

measures the strength of the relationship between the projected 

CN and the actual CN, and R2 measures how well the model 

fits the actual CN data. 

 

Table 4. Land cover of Bandung Regency according to the 

spatial pattern plan in 2044 
 

No. Penggunaan Lahan (kawasan) km2 % 

1 Water bodies 8.22 0.47 

2 Settlements (Built environment) 391.53 22.46 

3 Nature preserve 119.72 6.87 

4 Horticulture 135.01 7.75 

5 Protected forest 341.78 19.61 

6 Production forest 4.07 0.23 

7 Tourism 6.31 0.36 

8 Plantation 394.90 22.66 

9 Local protection 12.43 0.71 

10 Defense and security 6.77 0.39 

11 Industry 46.21 2.65 

12 Stone mining 4.55 0.26 

13 Fisheries & livestock cultivation 2.96 0.17 

14 Buru Park 10.60 0.61 

15 Crops 226.12 12.97 

17 Great forest park & Nature tourism 31.84 1.83 
 Total 1743.04 100.00 

 

The projection of CN values in this research is based on two 

approaches. The first approach is the assumption that there 

will be no efforts regarding land cover change, and the second 

is a scenario based on spatial planning. The second approach 

is created based on spatial pattern plans by the Regional 

Regulation of Bandung Regency No. 1 of 2024 concerning 

Regional Spatial Planning of Bandung Regency 2024-2044. 

Maps and data of land cover plans are presented in Figure 8 

and Table 4. Projections of CN values using the second 

approach were carried out to understand the impact of land 

cover changes on surface runoff. 

Evaluation of model performance is carried out to determine 

the model's reliability by taking into account errors from 

predicted data to actual data. Model performance is measured 

using the statistical value criteria. These values are Mean 

Absolute Percentage Error (MAPE), Nash-Sutcliffe Efficiency 

(NSE), and Root Mean Square Error (RMSE). The MAPE 

value can be calculated using Eq. (6). 

 

𝑀𝐴𝑃𝐸 = ∑ |
𝑦𝑖 − 𝑦̂𝑖

𝑦𝑖

| ×  100%

𝑛

𝑖=1

 (6) 

 
RMSE measures the standard deviation of a model's 

prediction error; a smaller value means the model performs 
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better [36]. The RMSE value is calculated using Eq. (7). NSE 

is used as an index of suitability between calculated and 

observed data. The model fits very well if the NSE value is 

equal to 1, and it is poor if it approaches -∞ [37]. The NSE 

value is calculated using Eq. (8). 

 

𝑅𝑀𝑆𝐸 = √
1

𝑛
∑ (

𝑦𝑖 − 𝑦̂𝑖

𝑌𝑖

)
2𝑛

𝑖=1

 (7) 

 

𝑁𝑆𝐸 = 1 −
∑ (𝑌𝑖 − 𝑦̂𝑖)

2𝑛
𝑖=1

∑ (𝑌𝑖 − 𝑦̅)2𝑛
𝑖=1

 (8) 

 

where, 𝑌𝑖 = observation value; 𝑦̂𝑖= model value. 

The statistical test used in validating the CN value of the 

projection results is the student's t distribution test (t-test) to 

test the suitability of the model [26, 38], and using the MAPE 

statistical value criteria (4) in testing the model performance. 

Some of the t-test formulas used are shown in Eqs. (9) and (10). 

A t-test is also employed to evaluate the differences in 

projected Curve Number (CN) values obtained from two 

distinct approaches. 
 

𝑡 =
|𝑋̅1 − 𝑋̅2|

𝜎√
1

𝑁1
+

1
𝑁2

 
(9) 

 

𝜎 = √
𝑁1𝑆1

2 + 𝑁2𝑆2
2

𝑁1 + 𝑁2 − 2
 (10) 

 

where, t: the student’s distribution (t-test); 𝑋̅𝑖: mean CN of the 

i-th sample; 𝜎: standard deviation of the population; 𝑁𝑖: size 

of the i-th sample, and 𝑆𝑖
2: variance of the i-th sample. The test 

hypothesis is two-way (H1: Actual CN ≠ Projected CN) with 

the following rejection criteria: Reject H0 if “ 𝑡𝑐𝑜𝑢𝑛𝑡  < 

−𝑡𝛼
2⁄ (𝑡𝑎𝑏𝑙𝑒) ” or “𝑡𝑐𝑜𝑢𝑛𝑡 > 𝑡𝛼

2⁄ (𝑡𝑎𝑏𝑙𝑒)".

 

 
 

Figure 8. Spatial pattern plan of Bandung Regency based on the spatial plan 2024-2044 

 

2.5.3 Forecasting monthly rainfall 

Rainfall forecasting is carried out to predict monthly rainfall 

data in the Citarum-Majalaya catchment for 23 years (2022-

2044). Then this rainfall data will be used to predict surface 

runoff discharge during that period. The rainfall forecasting 

process uses the Artificial Neural Network Backpropagation 

algorithm (ANN-BP). It is an information processing system 

with certain performance characteristics in common with 

biological neural networks [39]. It has advantages in terms of a 

small error rate and quite good generalization capabilities by 

using a training process according to weights to forecast future 

events [40]. This method was first introduced by Rumelhart et 

al. [41]. Backpropagation works is by adjusting the weight 

values backwards based on the error value in the learning 

process [42]. The outline of the stages of ANN analysis with the 

backpropagation algorithm is: (1) analyze the number of hidden 

layer neurons; (2) determine the number of output layer neurons; 

(3) initialization of weights and initial bias; (4) performance of 

network training on training data; (5) performance of network 

testing using test data; and (6) model validation.  

2.5.4 Surface runoff 

Accurate surface runoff estimation is one of the most 

fundamental and important points for planning and managing 

water resources and assessing the environmental quality of soil 

and water [43]. Several methods are available to determine 

surface runoff, namely the rational, Green-Ampt, and SCS-CN 

methods [44]. In this study, surface runoff was calculated 

using the SCS-CN method equation (Eq. (11)) because it is 

easy to apply and considers all catchment factors that influence 

runoff [45], and is suitable for small watersheds with an area 

of ≤250 km2 [46]. This method is a popular rainfall-runoff 

model used to estimate losses and runoff directly from rainfall 

events [47]. 
 

𝑅 =
(𝑃 − 0.2𝑆)2

𝑃 + 0.8𝑆
 (11) 

 

where, P is rainfall; S is a retention parameter that describes 

the maximum potential for rainfall to be infiltrated or become 

runoff. The S value is calculated by Eq. (12). 
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𝑆 = 25.4 × (
1000

𝐶𝑁
− 10) (12) 

 

 
3. RESULTS AND DISCUSSION 

 

3.1 Land cover changes 

 

The results of the GIS analysis show several types of land 

cover in the Citarum-Majalaya catchment. Based on SNI 7645 

2010, they are classified into forest land, agriculture, 

plantations, settlements, bushes, water bodies, and open land. 

Figure 9 shows a comparison of land cover conditions in 2000 

and 2021. During this period, land cover, especially 

settlements, appears to have changed very significantly and 

relatively quickly compared to changes in other types of land 

cover. More detailed data can be seen in Table 5. The area of 

forest land shows a decreasing trend of change ( decreased of 

3.7%); Agricultural land also shows a decreasing trend of 

change (decreased of 5.7%); and residential land area data 

(built-up areas) shows an increasing trend and a very 

significant increase (an increase of 129%). The forest area in 

the location is lower than 30%. In comparison, the forest area 

must be maintained at least 30% (thirty percent) of the 

watershed or catchment area [48]. The area of forest land, 

which decreases linearly, and residential land, which continues 

to increase exponentially in the long term, will have an impact 

on water availability in the Bandung Basin. 

 

Table 5. Land cover of the Citarum-Majalaya catchment 2000-2021 

 

Years Area/Percentage 

Land Cover 

Forest Agriculture Settlements Shrubs Open Land 
Water 

Bodies 

2000 km2 59.6 130.4 8.6 2.3 3.5 0.1 

 % 29.1 63.8 4.2 1.1 1.7 0.1 

2003 km2 59.6 130.9 9.5 2.6 1.7 0.1 

 % 29.1 64.0 4.6 1.3 0.9 0.1 

2006 km2 59.4 129.6 10.8 2.9 1.7 0.1 

 % 29.0 63.4 5.3 1.4 0.9 0.1 

2009 km2 58.5 128.6 12.6 2.9 1.8 0.1 

 % 28.6 62.9 6.2 1.4 0.9 0.1 

2012 km2 58.4 128.5 13.5 1.9 2.1 0.2 

 % 28.6 62.8 6.6 0.9 1.0 0.1 

2015 km2 58.4 127.7 15.8 0.6 1.8 0.2 

 % 28.5 62.5 7.7 0.3 0.9 0.1 

2018 km2 57.6 126.0 18.7 0.9 1.2 0.2 

 % 28.2 61.6 9.1 0.4 0.6 0.1 

2021 km2 57.4 122.9 19.8 3.8 0.3 0.2 

 % 28.1 60.1 9.7 1.9 0.2 0.1 

 

 
(a) 2000                                                                                    (b) 2021 

 

Figure 9. Land cover of the Citarum-Majalaya catchment 

 

Figure 10 shows the trend in land cover changes over a 

period of 22 years from 2000-2021. The analysis uses 

corrected land cover map data from the Ministry of 

Environment and Forestry. Figure 10(a) shows the trend of 

forest land change, which decreases linearly, even though the 

rate of change is relatively small. The exponential trend in 

Figure 10(b) shows a very rapid increase in residential land 

cover over time, and Figure 10(c) shows a decreasing trend in 
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changes in agricultural land cover following the quadratic 

equation. Other land cover, such as shrubs and open land, 

appears to be fluctuating and does not show a particular pattern. 

Changes in land cover are dynamic, along with changes as a 

result of increasing demands for land. 

The analysis of land cover changes in this study yielded 

results that differ considerably from those reported in previous 

research [2]. These discrepancies are likely attributable to the 

use of land cover maps in earlier studies that may not have 

undergone thorough spatial correction and classification 

processes. Notable differences are particularly evident in the 

patterns and extent of land cover change, especially within the 

categories of built-up areas (settlements), forest, and 

agricultural land. 

Previous studies have indicated that land cover changes 

over specific time periods tended to be minor and lacked a 

consistent pattern. For instance, residential land cover 

remained relatively stable over a 12-year period (2000–2012), 

followed by a slight decline between 2012 and 2014. However, 

the reliability of these dynamics is questionable, given that 

field observations indicate a rapid increase in population 

accompanied by the expansion of socio-economic activity. 

Similarly, forest cover during the 2000–2009 period and 

agricultural land between 2000 and 2006 appeared relatively 

constant, which does not correspond with observed field 

dynamics. In contrast, the analysis based on land cover maps 

that have undergone correction processes reveals a more 

logical and systematic pattern of change, as illustrated in 

Figure 10. Over a 21-year period (2001–2021), forest cover 

exhibits a linear trend, while residential and agricultural land 

display exponential and quadratic polynomial trends, 

respectively. A comparison of the impact of land cover 

changes on Curve Number (CN) values is presented in Figure 

11.  
 

 
(a)                                                                                            (b) 

 
(c)                                                                                    (d) 

 

Figure 10. Land cover trends (2000-2021) (a) Forests; (b) Settlements; (c) Agriculture; (d) Shrubs and open land 
 

Table 6. Variation in land cover changes between 2000-2021 
 

Study Phase 
Single Land Cover Type Dynamic Index K Comprehensive Land 

Forest Agriculture Settlements Shrubs Open Land Water Bodies Cover Type Dynamic Index Lc 

2000-2006 -0.06 -0.10 4.26 4.35 -8.57 0.00 0.23 

2006-2012 -0.28 -0.14 4.17 -5.75 3.92 16.67 0.26 

2012-2018 -0.23 -0.32 6.42 -8.77 -7.14 0.00 0.42 

2018-2021 -0.12 -0.82 1.96 107.41 -25.00 0.00 0.67 
 

During 2000-2021, various types of land cover experienced 

changes in varying degrees. The results of data processing on 

variations in land cover changes in the 2000, 2006, 2012, 

2018, and 2012 phases are presented in Table 6. 

The rate of comprehensive land cover dynamics for each 

phase tends to increase. Sequentially, it is 0.23% from 2000 to 

2006, 0.26% from 2006 to 2012, 0.42% from 2012 to 2018, 

and 0.67% from 2018 to 2021. Based on the rate of single land 

cover dynamics, the largest variation sequentially occurs in 

open land, which is -8.57% (2000-2006), water bodies are 

16.67% (2006-2012), shrubs are -8.77% (2012-2018), and 

shrubs is 107.41 (2018-2021). Based on the overall rate of 

single land cover dynamics for each phase, it is known that 

forest and agricultural land in each phase have variations that 

tend to decrease, while settlements have variations that tend to 

increase. Shrubs and open land have higher levels of variation 

than other types of land cover and tend to be uncertain. 
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Figure 11. CN comparison 
 

3.2 CN changes 
 

The CN value over 22 years (2000-2021) in a three-year 

time interval, and the changing trend can be seen in Figure 12. 

The CN value over time appears to change at varying rates and 

follows certain patterns. Visually, it appears that the changes 

have a linear trend, but if identified more carefully, it will be 

closer to a quadratic trend pattern and has an R2 value that is 

closer to 1, namely 0.994, while the linear trend has an R2 

value is 0.989. The quadratic trend model for the CN value of 

the Citarum-Majalaya catchment is expressed in the form of 

Eq. (13). 

 

𝐶𝑁 = 0.009𝑡2 −  0.009 𝑡 +  79.223 (13) 

 

where, t is time (year) and CN is the predicted CN value on the 

trend line. 

 

 
 

Figure 12. CN value trend of the Citarum-Majalaya 

catchment (2000-2021) 

 

The increase in the CN value in the period 2000-2006 

appears relatively less significant, namely only ranging 

between 79.23-79.26. However, in the following time period 

between 2009-2021, the increase in the CN value was more 

significant, ranging from 79.26 to 79.7. The pattern of changes 

in CN values is relevant to patterns of land cover change, in 

particular changes in the area of forest land cover, settlements 

(built environment), and agriculture. The decrease in the area 

of forest land and agricultural land and the increase in the area 

of residential land (built environment) have an effect on 

increasing the CN value. Regarding the trend in CN values, 

previous research concluded that in the period 1999-2016, the 

CN values in the Citarum-Majalaya catchment tended not to 

change. The increase in maximum discharge in this study was 

more influenced by the increase in rainfall. This is suspected 

to have an influence due to the use of uncorrected land cover 

maps. 

The differences in land cover change dynamics, as 

compared to previous studies, also influence the variability of 

the Curve Number (CN) values. In the present study, CN 

values derived from land cover maps that underwent a 

correction process exhibit a more stable pattern of change, 

following both linear and quadratic trends. In contrast, CN 

values reported in earlier studies tend to be lower and display 

inconsistent fluctuations. These patterns are illustrated in 

Figure 11. 

 

3.3 Projection of CN value 
 

The projection of the CN value of the Citarum-Majalaya 

catchment was made over 29 years (2022-2050). It’s 

calculated using Eq. (9) through two approaches. The first 

assumes that there is no action was taken related to land cover 

control and planning during that period. The second is a land 

cover scenario based on the 2024-2044 spatial pattern plan 

[49]. 

The land cover scenario was created based on Law no. 

42/1989 concerning forestry, which explains that the 

minimum forest area that must be maintained is 30% of the 

watershed area [48]. It’s also based on the spatial pattern plan 

by the Bandung Regency Spatial Plan for 2024-2044 [49]. 

Projections assume that land cover in 2044 will be based on 

the spatial pattern plan and will become a reference for land 

cover scenarios in other years. Based on spatial pattern plan 

map data (Figure 6), it is known that there are several plans for 

designated areas in the catchment in 2044. For analysis 

purposes, they are grouped into six (6) groups of land cover 

plans (Table 7). Area plans for horticulture, food crops, and 

livestock are grouped into agricultural area plans; Protected 

forest areas, nature reserves, and natural tourism parks are 

grouped into forest areas; and planned areas for rural 

settlements, urban settlements, tourism, and industry are 

grouped into built-up areas (settlements). 
 

Table 7. Classification of land cover types is based on the 

2044 spatial pattern plan 
 

Area Plan 
Land Area 

km2 % 

Settlements (Built environment) 27.988 13.685 

Forest 98.159 47.995 

Plantation 38.882 19.011 

Agriculture 38.334 18.743 

Water bodies 0.280 0.137 

Local protection 0.684 0.335 

Other 0.192 0.094 

Total 204.52 100.00 

 

Land cover scenarios are created using trend models for 

each type of land cover. They are based on combined data from 

actual land cover in 2000-2021 and spatial pattern plan data in 

2044. The scenario trend model for each land cover is 

presented in Figure 10. Based on the trend, a land cover 

scenario was created for 27 years (2024-2050). Scenario data 

for forest land area and other land uses for projected CN values 

are presented in Table 8. 
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Table 8. Scenario of land cover for 2024-2050 

 

Years 
Forest 

(km2) 

Settlements 

(km2) 
Plantation (km2) Agriculture (km2) 

Water Bodies 

(km2) 

2024 62.67 20.43 15.56 105.62 0.24 

2027 65.78 21.73 17.73 99.03 0.24 

2030 69.55 22.96 20.28 91.48 0.25 

2033 73.99 24.13 23.19 82.95 0.26 

2036 79.09 25.23 26.47 73.46 0.27 

2039 84.86 26.27 30.11 63.00 0.28 

2042 91.29 27.24 34.13 51.59 0.28 

2044 98.84 27.99 38.88 38.53 0.28 

2047 98.84 29.00 38.88 37.52 0.28 

2050 98.84 29.78 38.88 36.74 0.28 

 

The projected CN value based on scenarios (CNs) for 2024-

2050 is smaller than the CN value with no effort (CNd). The 

CNs value in 2044, assuming that the allotment area plan is 

realized according to the spatial pattern plan, is estimated to 

have a value of 79.87, while the CNs value is 81.51. Regarding 

the pattern of changes in CN values, it appears that CNs have 

a smaller trend of increasing value compared to the rate of 

increase in CNd values, where the CNs value in 2050 is 79.93 

(still < 80) while the CNd value is higher (82.17). A 

comparison graph of the CN values resulting from the two 

approaches can be seen in Figure 13. 

Response to the trend of changes in the CN value of the 

scenario, which is still relatively increasing, even though the 

forest area is higher than 30% of the catchment area. It is 

allegedly due to the residential area (built-up area), which also 

continues to increase according to the spatial pattern plan. 

The results of the t-test at a significance level of α = 0.05 

yielded a calculated t-value of -0.853, which is greater than the 

critical t-value of -2.15. Therefore, it can be concluded with 

95% confidence that the projected CN value is not 

significantly different from the observed CN value. This 

indicates that the CN model derived from the first approach is 

valid and can be used for future CN value projections. 

Similarly, the model performance evaluation resulted in a 

Mean Absolute Percentage Error (MAPE) of 0.18%, which is 

well below the 10% threshold, indicating excellent model 

performance in predicting CN values. Furthermore, in the 

comparison between the two different approaches, the t-test 

produced a calculated t-value of 4.98, exceeding the critical 

value of 2.15. This result suggests a statistically significant 

difference in the CN values generated by the two approaches. 

 

 
 

Figure 13. Projected CN value for the Citarum-Majalaya 

catchment in 2021-2050 

 

 
 

Figure 14. Graph of monthly rain forecasting data in 2020-2044 
 

3.4 Forecasting monthly rainfall 
 

Monthly rainfall is forecasted using the ANN-BP with 

historical data over 22 years (2001-2021). The data is divided 

into two parts: training and testing data. There are several 

proportions of training data and testing data [50], and in this 

study, the data was divided into 60% for the training process 

and 40% for the testing process. The forecasting is calculated 
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using the Simulink-Matlab R2021a application. The best 

network architecture for forecasting: one (1) input layer, one 

(1) hidden layer with six (6) neurons, and one (1) output layer. 

Plots of monthly forecasting data are presented in Figure 14. 

Based on the value of the goodness of the model using several 

statistical measurement criteria (MAPE=19.8%, RMSE=0.15 

and NSE=0.97) and the results of the model performance test 

(MAPE=45.1%, RMSE=0.29 and NSE=0.31), it was 

concluded that the forecasting results were quite good so it can 

be used to calculate surface runoff discharge. 
 

3.5 Surface runoff 
 

The impact of actual land cover change on the Curve 

Number (CN) and surface runoff volume was analyzed using 

an assumed rainfall depth of 100 mm. Land cover changes 

over a 22-year period, from 2000 to 2021 (Table 5), resulted 

in an increase in the CN value by 0.5, from 79.2 in 2000 to 

79.7 in 2021. Based on the same rainfall assumption, the 

surface runoff depth increased from 49 mm in 2000 to 50 mm 

in 2021. When converted into runoff volume using a 

catchment area of 204.52 km², the volume rose from 

10,027,141 m³ in 2000 to 10,217,258 m³ in 2021, indicating 

an increase of 190,117 m³ during this period. Furthermore, 

based on the projected CN value, which is estimated to reach 

81.51 by 2044, and assuming the same rainfall depth of 100 

mm, the surface runoff depth is projected to reach 51.9 mm. 

This corresponds to a runoff volume of 10,611,927 m³. 

Accordingly, there is a projected increase of 394,669 m³ in 

runoff volume during the period from 2021 to 2044, with a 

cumulative increase of 584,786 m³ when compared to the 

conditions in the year 2000. 

 

 
(a) The trend of differences in surface runoff 

 
(b) Maximum surface runoff 

 

Figure 15. The trend of differences in surface runoff from 

the two CN value approaches 

 

A comparative analysis of the impact of land cover change 

projections based on two different approaches was conducted 

to evaluate surface runoff, using monthly rainfall data obtained 

through forecasting. The projected monthly rainfall data, along 

with the projected Curve Number (CN) values, were used as 

inputs for the SCS-CN method to estimate surface runoff over 

a 24-year period, from 2021 to 2044. The analysis revealed 

that surface runoff calculated using CN values from the first 

approach (CNd) was consistently higher than that derived 

from the second approach (CNs). The difference in runoff 

between the two approaches showed a growing trend in line 

with the increasing disparity in CN values over time (Figure 

15). The maximum runoff generated using CNs in 2025 was 

recorded at 28.18 m³/s, while the value based on CNd reached 

28.29 m³/s, indicating a difference of 0.11 m³/s for that year. 

This difference continued to increase and reached 0.51 m³/s by 

the year 2044. 

The CNd (do-nothing) value shows that if there are no 

efforts related to land cover control and planning, we will face 

decreasing hydrological conditions in the future. Surface 

runoff will increase rapidly from time to time, along with 

changes in catchment characteristics, especially related to land 

cover. The impact of increased surface runoff in a hydrological 

context will be felt directly and indirectly by the community. 

The impact such as increasing peak discharge and flood 

frequency, the risk of soil erosion, damage to infrastructure, a 

decrease in groundwater availability due to reduced infiltration 

capacity, degradation of water quality, and other adverse 

impacts. 

The trend changes in CN values are still relatively 

increasing, even though the forest area in the scenario exceeds 

30%. This illustrates that an integrated and comprehensive 

approach is needed in efforts to control CN values. They are 

between vegetation scenarios and other sustainable regional 

development scenarios to obtain effective results. 

Another approach that can be applied to control the CN 

value is to apply conservation methods to land that has a slope 

of more than 25%. Applying appropriate conservation 

methods with attention to slope can reduce surface runoff, 

increase infiltration, and prevent soil erosion [9]. This needs 

to be done considering that agricultural land in the catchment 

area in 2021, which has a slope > 25%, is quite extensive. 

There are around 28.43 km2 or 13.9% of the total area of the 

catchment. Whereas in 2044, assuming the spatial pattern plan 

is maximally realized will be reduced to around 10.97 km2 or 

5.4% of the total water catchment area. The decrease in 

agricultural land area occurred due to the conversion to forest 

land, especially agricultural land with a slope of > 25%. 

Conservation techniques such as swales, bund terraces, and 

bench terraces can be applied to land with a slope of > 25% to 

reduce surface runoff and prevent soil erosion [51]. 

The discussion of the relationship between corrected land 

cover changes and their impact on surface runoff, as projected 

through variations in the CN, can offer significant 

contributions to watershed management and the development 

of water resource management policies. This study presents 

three key contributions that are particularly relevant: 1) The 

utilization of spatially corrected land cover maps yields more 

accurate and representative projections of CN values, better 

reflecting actual field conditions. This improvement enhances 

the reliability of surface runoff estimations, which is essential 

for the effective planning and design of water resource 

infrastructure; 2) This study contributes to a deeper 

understanding of how land cover changes influence the 
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hydrological behavior of watersheds. Such insight is essential 

for predicting flood risks based on observed trends in land 

cover change; 3) The findings of this study may serve as a 

valuable reference for reviewing the Regional Spatial Planning 

Plan. More accurate and context-specific CN value 

information can support decision-making in regulating 

development permits, particularly in areas with high surface 

runoff potential. 

 

 

4. CONCLUSIONS 
 

Land cover dynamics exert a significant influence on the 

Curve Number (CN) value. Projections for the CN value over 

the period 2024–2044 indicate that land cover control and 

spatial planning, particularly through the implementation of 

spatial pattern plans that ensure a minimum of 30% forest 

cover within a river basin (DAS), lead to a reduction in the CN 

value. According to these projections, the CN value is 

expected to reach 79.87 by 2044 and 79.93 by 2050, remaining 

below the critical threshold of 80.00, assuming that the spatial 

pattern plan is effectively implemented in line with the 

designated land use allocations. In contrast, the second 

scenario, which does not prioritize such strict spatial planning, 

estimates a CN value of 81.52 in 2044, which increases to 

82.17 by 2050. These findings highlight the importance of 

integrated land cover planning and control, underpinned by 

appropriate spatial policies, in significantly reducing the CN 

value and mitigating associated hydrological risks. 
An increase in the Curve Number (CN) value has a direct 

effect on the rise in surface runoff. Comparative analysis 

between two different land management scenarios reveals a 

consistent upward trend in surface runoff over time. In 2025, 

the maximum runoff under the controlled CN scenario was 

recorded at 28.18 m³/second, whereas the scenario without 

intervention reached 28.29 m³/second, resulting in a difference 

of 0.11 m³/second. This disparity widens progressively, 

reaching 0.51 m³/second by 2044, and is projected to further 

increase by 2050. These results suggest that in the absence of 

land cover control and appropriate spatial planning, future 

hydrological conditions are likely to deteriorate. The projected 

increase in surface runoff poses potential risks, both direct and 

indirect, which may have significant implications for 

communities within the affected areas.  

Although the second scenario includes a forest cover 

exceeding 30% of the total watershed (DAS) area and 

incorporates various land cover control and planning measures, 

the projected Curve Number (CN) values under this scenario 

continue to exhibit an increasing trend. This indicates that the 

current efforts may not be sufficient to effectively regulate CN 

values over time. Consequently, the adoption of additional and 

more effective strategies is necessary to enhance CN control. 

One recommended measure is the implementation of land 

conservation practices, particularly on areas with slopes 

greater than 25%. Such interventions can significantly reduce 

surface runoff potential and improve the soil’s water 

infiltration capacity. 

This study yields several key insights with practical 

applications, particularly in the context of spatial and 

environmental planning. First, information on changes in the 

Curve Number (CN) resulting from land cover dynamics can 

assist spatial planners in identifying areas that are increasingly 

susceptible to surface runoff and flood hazards. Such 

information serves as a valuable basis for formulating land 

zoning policies that are more adaptive to hydrological risks. 

Second, data reflecting increased runoff responses due to land 

cover changes can inform the planning and design of drainage 

systems and spatial layouts, with the objective of minimizing 

surface runoff volumes and improving flood resilience.Third, 

the projected CN and surface runoff values can be utilized as 

inputs in the development of future flood prediction models, 

particularly those that incorporate various land cover change 

scenarios. This data and associated findings can support local 

governments in formulating regional regulations concerning 

the protection and management of river basins (DAS) or 

catchment areas, especially within the study regions. 

Further research is recommended to examine the combined 

effects of land cover scenarios based on the Regional Spatial 

Planning Plan and the implementation of conservation 

practices on areas with slopes exceeding 25%. This approach 

aims to provide a more comprehensive understanding of the 

strategies for controlling Curve Number (CN) values and 

surface runoff within the Citarum–Majalaya Catchment. 
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