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Abstract. Located in the Special Capital Region of Jakarta (DKI Jakarta), which serves as the
government capital and national capital of Indonesia, the Ciliwung River plays a major role in
Indonesia. The increasing population of the Jakarta and Bogor area has resulted in an increase in
the level of land ownership, which has had an impact on increasing areas of settlement and
decreasing green open spaces. This rapid urbanization and change in land use has directly affected
the hydrological nature of the area, causing an increase in the flooding volume in this region. This
research was conducted in four stages: hydrological analysis, hydraulic analysis, flood hazard
mapping, and flood assessment of land cover. To estimate the impact of the land cover change that
has occurred, the Soil Conservation Service Unit Hydrograph was used along with the West Java
rainfall distribution method. Hydraulic modeling uses the Hydrologic Engineering Center-River
Analysis System, with 1D for channel runoff and 2D for surface runoff. Two projected land cover
changes from a previous study and spatial plan were used to analyze design discharges. The results
found that, for every 13 km? of forest or agricultural area converted into urban or bare soil area, the
flood peak discharge, flood area, and flood volume would increase by 3.6%, 15%, and 16%,
respectively. The hydrological analysis showed that, based on historical data trends, the land cover
change in 2030 would lead to an increase in peak discharge, flood area, and flood volume of 25%,
101.7%, and 91%, respectively. However, this impact could be minimized by following Bogor
District Spatial Planning, which has a wider forest area than the future projection land cover.
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1. Introduction

The Ciliwung River Basin has a broad watershed area of 337 km?, with the length of
the main river being about 117 km, and it forms the West Flood Canal (Kanal Banjir Barat)
system, which covers more than a quarter of the total area of Jakarta. Jakarta is the city
with the largest population in Southeast Asia, at more than 10 million, and it has growth
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reaching 0.94% annually (BPS of Jakarta Province, 2020). The increasing population of the
Jakarta and Bogor area has resulted in an increase in the level of land ownership, which has
had an impact on increasing areas of settlement and decreasing green open spaces. In terms
of urban planning and land use, Jakarta fulfills less than one-third of the ideal scale of the
green environment and catchment areas needed as natural catchments in years of normal
rainfall (Setiowati et al., 2018). This poor land use is shown in several locations designed as
rain catchment areas, which are mostly used as luxury housing areas (Firman et al., 2011).
Jakarta’s rapid growth has affected the surrounding areas, particularly to the south, which
have turned agricultural areas into industrial areas (Farid et al,, 2011; Hidajat et al., 2013;
Widiatmaka et al., 2016; Moe et al., 2018). This rapid urbanization and land use change has
directly affected the hydrological nature of the area by reducing the rate of infiltration,
baseflow, and lag time and by increasing surface runoff, peak discharge, runoff volume, and
flood frequency (Hartono et al,, 2010; Ogden et al.,, 2011; Emam et al., 2016; Tellman et al,,
2016; Julian et al., 2019).

Jakarta’s open areas over the past 20 years have been followed by an increase in the
intensity and occurrence of floods, indicating a direct relationship between a reduction in
green open spaces and the exacerbation of the condition in Jakarta as one of the most
vulnerable cities facing flood disasters (Fuchs, 2010). Changes in land use and land cover
(LULC) have also indicated the effects of the frequency and characteristics of rainfall (Boysen
etal., 2014; Mitsova, 2014).In 2013, Jakarta experienced a major flood in which 124 villages
were submerged, with a total of 20 fatalities. The floods in 2013 were estimated to cause
losses of US$360 million. In addition to causing damage to the area around the river, flooding
in the Ciliwung River Basin also had a direct impact on several vital national monuments.
Nonstructural measures, such as hazard mapping and flood risk, can be very effective for
land use planning and flood damage mitigation (Marfai et al., 2015; Kuntiyawichai et al.,
2016; Darabi et al.,, 2019; Farid et al., 2020).

In this study, the river basin has been divided into three sections—upper, middle, and
downstream—based on the difference in the area slope and the availability of an automatic
water level recorder (AWLR) for the needs of the early warning system. Hydrologic
Engineering Center-Hydrologic Modeling System (HEC-HMS) software was used as a
hydrological modeling tool to produce flood hydrographs at Depok AWLR, MT. A Haryono
AWLR at the Manggarai flood gate, along with the Hydrologic Engineering Center-River
Analysis System (HEC-RAS), was used as a hydraulic modeling tool to generate the flood
inundation model in the Ciliwung River Basin. The purpose of this study was to assess the
impact of estimated changes in land cover on future flood hazards with several land cover
scenarios through changes in peak discharge, flood area, and flood volume in Jakarta. To
quantify the detailed results, the magnitude of the change in flooding was compared to the
change in forest area converted to settlement area.

2. Study Area

The study area is located in the Ciliwung River Basin, one of 13 rivers flowing in Jakarta.
Geographically located at 106°45'E and 107°00'E and 6°05'S and 6°50'S, starting in the
Bogor Regency, the Ciliwung River flows through Bogor, Depok, and Jakarta. The length of
the main river is 120 km long, with a catchment area at the entrance of the Manggarai flood
gate of 337 km?. The topography of the basin ranges from +0 to + 900 above sea level. The
downstream part of the river basin is categorized as a low-lying area, which is one of the
reasons that is prone to flooding, while the upstream part of the river area is a plateau,
especially in the Bogor Regency, with an average slope of 10%. The upstream soil area is
dominated by hydrologic soil group (HSG) types C and C/D and is characterized by a



358 Flood Prediction due to Land Cover Change in the Ciliwung River Basin

composition of less than 50% sand and 20-40% clay, while both the middle stream and
downstream areas are dominated by HSG types D and D/D and is characterized by a
composition of less than 50% sand and > 40% clay (Ross et al., 2018). In terms of rainfall
seasonality, the basin is classified as bimodal, having a long rainy season predominantly
between the months of April and June and a short rainy season between September and
December. The average annual rainfall depth is about 1,300 mm in a normal year devoid of
extreme rainfall events due to climatic variations. Figure 1 shows the study location.
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Figure 1 Location of the study area

3. Material and Methods

This research is based on the results of land use modeling projections done by Moe et
al. (2017) and the Regional Spatial Plan (RTRW) for the Province of Jakarta and its
surroundings in the Ciliwung River Basin area. Data collection included the digital elevation
model (DEM) from the Indonesian Geospatial Information Agency, soil data from the United
States Geological Survey (USGS), rainfall data from the Meteorology, Climatology,
Geophysics Agency, and river discharge and channel geometry (Ciliwung River) provided
by the River Basin Agency of Ministry Public Works and Housings.

This research was divided into four major parts: hydrological analysis, hydraulic
analysis, flood hazard mapping, and flood assessment of land cover. By using rainfall and
land cover data, hydrological analysis was conducted to obtain the calibration and flood
design discharge that was used to generate flood maps through hydraulic analysis. The
output of flood mapping on several land cover projections was then used to analyze the
flood assessment of land cover changes. The framework of this study can be seen in
Figure 2.
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Figure 2 Framework methodology
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3.1. Land Use Model

Four land cover models were used in this analysis: actual land cover in 2009 and 2019,
and projected land cover in 2030 by local governments and according to trends in the past
30 years. The land cover was divided into five categories according to type 1 land cover
categories by the Indonesian Ministry of Forestry: forest, agriculture, bare soil, settlement,
and water body. The land cover information from 2009 and 2019 was generated using
Landsat imagery with a 30 x 30 m grid provided by the USGS.

The Depok sub-basin experienced the majority of land change dynamics. In a period of
20 years, there was an increase in the area of settlement by more than 23 km? and a
reduction in the agricultural area by 16 km?, followed by a decrease in bare soil by 13.5 km?2.
In contrast with the high dynamics of change in the Depok sub-basin, the M.T. Haryono
sub-basin experienced only a few minor changes, which were dominated by an increase in
the settlement area by 2.6 km?, equivalent to 3.2% of the total area. There was also a
decrease in the agricultural area and bare soil area of 3.2 km? and 1.7 km?, respectively. The
increase in residential area growth and decrease in bare soil area that has occurred can be
observed moving from the direction of Jakarta to the upstream of the Ciliwung River Basin.
The dynamics of the land cover of the Ciliwung River Basin can be seen in Figure 3.
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Figure 3 Land cover change in the Ciliwung River Basin

Projected land cover by local governments was based on the RTRW to reach long-term
development goals. The spatial plan for Depok City and the Bogor Regency was prepared
by considering the links between various aspects related to land cover, such as the location
of certain infrastructure development and social development. In this spatial planning, the
government ensures that sustainable development continues without sacrificing
environmental aspects. Using the SLEUTH model, Moe et al. (2017) extrapolated trends in
land cover change through land cover data from 1983 to 2002. SLEUTH stands for the
spatial inputs used in the model (i.e., land cover, excluded regions, urban land cover,
transportation, and hill shade) and is a cellular automata-based computer simulation model
that utilizes historical LULC (Zhou etal., 2019). In this model, urban growth was determined
according to the assumption that historical levels of urbanization would be maintained, and
it ignored the occurrence of social growth and infrastructure growth. Based on this
projection, Jakarta and its surrounding areas, especially the upstream region, would be fully
urbanized by 2040, assuming that no future land use controls are imposed by the
government.

3.2. Hydrologic Modeling

Daily precipitation data were retrieved from the Indonesian Meteorological and
Geophysical Agency, along with the Ministry of Public Works and Housing. To calibrate the
hydrologic model, the data were converted into hourly precipitation and matched with
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recorded flood discharges. The calibration of each flood event was conducted at three
discharge points as measurement locations: Depok AWLR, MT; Haryono AWLR; and the
Manggarai flood gate. Each location was divided into smaller sub-basins. The daily
precipitation data were also used to estimate the precipitation of the 50-year return period.
The curve number system by the United States Department of Agriculture (1986) was used
to quantify the effect of land cover change on flooding, which was then used to calculate the
amount of infiltration that occurs. This value was obtained from the relationship between
soil composition and land cover type. The West Java Rainfall Trend and Soil Conservation
Service hydrograph unit was used as the model for the hyetograph and hydrograph
(Brotowiryatmo, 2016). The Soil Conservation Service — Curve Number (SCS-CN) method
was chosen because of its many advantages compared to other infiltration quantification
methods, especially because of its simplicity, accuracy, and ease of application (Singh et al.,
2010; Verma et al,, 2018), as further research showed that the SCS-CN method gives the
most satisfactory calibration results (Pratama et al., 2021). The hydrologic model can be
seen in Figure 4.

Some hydrological simulations were simulated with different sets of CN parameters
and with other simulation parameters of a constant value. The SCS-CN method is based on
calculating runoff from rainfall depth as seen in Equation 1:

(-1’ (1)
TP S

where Q is the direct runoff (m), P is the rainfall (m), S is the potential maximum retention
(m), and Ia is the initial abstraction (about Ia = 0.2S). Potential maximum retention was
defined by CN, as indicate by Equation 2.
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while lag time was approached using Equation 3.
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with peak discharge expressed in Equation 4.
Q, = U,AQF, (4)

where ty, is lag time (hour), L is river length (km), I is river bed slope (m/m’), Qp is peak
discharge (m3/s), A is the river basin area (km?), Q is discharge (mm), and Fp is the
lake/swamp calibrating factor.

3.3. Hydraulic Modeling

The flood hydrograph from the hydrologic analysis was used as the flow input for the
hydraulic modeling. To calibrate the hydrologic model, aerial pictures of several flooding
events were retrieved from the Jakarta Regional Disaster Management Agency and
compared to hydraulic simulation results using HEC-RAS. Hydraulic modeling uses the
HEC-RAS coupling one-dimensional (1D) method for channel modeling and two-
dimensional (2D) method for modeling land runoff. The governing equations used for 2D
HEC-RAS modeling were the continuity equation, the mass conservation equation, and the
momentum conservation equation, expressed in Equation 5, Equation 6, and Equation 7,
respectively.
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where t is time, u and v are velocity components in the x direction and the y direction, q is
the inflow or outflow flux form, u and v are the velocity in the Cartesian direction, g is the
acceleration due to gravity, v; is the horizontal coefficient of Eddy viscosity, R is the
hydraulic radius, and cr is the coefficient of friction that occurs in the channel.

The model simulation started from the upstream Ciliwung River Basin, which is located
south of Jakarta. Several lateral discharges were placed along the river. In this modeling,
calibration, validation, and flood planning used the channel cross-sectional dimensions of
2015. The accuracy of the model was measured using the Nash-Sutcliffe efficiency (NSE)
and root mean square error (RMSE) of the area of flooding, which was provided by Jakarta’s
Regional Agency for Disaster Management, and the water depth in the Manggarai flood gate
for the simulation results. The hydraulic model can be seen in Figure 4.
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Figure 4 Model setup of the study: (a) hydrologic model and (b) hydraulic model

4. Results and Discussion

4.1. Calibration and Validation

To calibrate the hydrological and hydraulic models, the results of the modeling were
compared to the actual flooding in 2015. Hydrograph lag time and initial soil abstraction
were used as calibration parameters for the hydrological model, while the Manning
coefficient of the river banks and floodplains were used as parameters for the hydraulic
model. Calibration showed satisfactory results for both the hydrologic and hydraulic
models, especially in the area around the riverside. Hydrograph modeling, with a lag time
of 280 min, obtained a peak hydrograph of 117.5 m3/s, while the peak observed discharge
was 116.7 m3/s. The NSE value of the hydrologic model was 0.69, and the RMSE value was
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0.4. The NSE value of the hydraulic model was 0.562, and the RMSE value was 0.21. The
calibrated model results for the hydrograph in 2015 can be seen in Figure 5.
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Figure 5 Hydrologic model calibration for the 2015 flood event

The 1D hydraulic calibration model obtained a record maximum depth of 8.5 m at the
Manggarai flood gate, while the observation data showed a maximum depth of 8.75 m, a
difference of 0.25 m. While the flooding area for the 2D model showed a good result, there
were differences in the depth of flooding at several points on the map, which could have
been caused by differences in ground elevation and differences in the water flow direction
due to the presence of buildings. The calibrated 2D model results for flooding in 2015 can

be seen in Figure 6.
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Figure 6 2D Hydraulic calibration results for 2015 flood: (a) observation data and (b) simulation
results

4.2. Hydrologic Modeling Results

In the simulation of flood discharge in the Depok watershed with a 50-year return
period, four hydrograph models were generated: a peak discharge of 412 m3/s for the land
cover of 2009, 431 m3/s for the land cover of 2019, 451 m3/s for the land cover of 2030
based on the spatial plan, and 529 m3/s for the land cover of 2030 based on the trend. The
simulation results found that an increase in CN by 1 point caused an increase in discharge
generation in the Manggarai sub-basin by 3.6%, with an extreme discharge difference of up
to 120 m3/s between the land cover of 2009 and the 2030 trend. Adhering to the RTRW that
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was formulated, the plan slows down growth, decreasing the likelihood of a flooding impact.
The results can be seen in Figure 7.
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Figure 7 Comparison of the flood hydrograph from different land cover at the Manggarai flood gate

4.3. Hydraulic Modeling Results

The results of the flood simulation for the 50-year return period for the 2019 land cover
were 120.05 ha for the inundation area and 2.06 million m3 flood volume, which is an
increase in the volume and area of flooding by 7.61% (0.16 million m?3) and 7.32% (8.8 ha)
of the flooding estimation from 2009. The flood simulations for 2030 with land cover in
accordance with the spatial plan showed an increase in the volume and area of flooding by
18.2% (0.38 million m3) and 15.85% (19 ha), while for land cover in accordance with the
trend for 2030 showed an increase in the volume and area of floods by 101.7% (2.1 million
m?3) and 91% (109 ha). With every 13 km? of forest or agricultural area, the flood area and
volume would increase by 15%, and 16%, respectively. The flooding in the downstream
area of the Ciliwung River Basin was found to be very sensitive to the changes that occur in
the upper stream area.

For extreme land cover according to the trend in 2030, the prediction of inundated
areas would not change much according to the map of flood-prone areas. However, there
would be flood distribution at a new point. The area around the Manggarai flood gate and
the Bidara Cina sub-district would be the areas most affected, with the increase in flood
area and flood depth in projected future flood events. In the recorded historical flood
events, the trend of flooding before the Manggarai flood gate was mainly caused by the
closing of the floodgates by garbage or debris from upstream so that the gate’s capacity
decreased, whereas the simulation that was conducted showed that, even before the
closure of the Manggarai flood gate, there was flooding in the floodplain. However, based
on information from residents in several flood events, most of the floods were caused by
the inability of the river, which was already full of discharge from upstream, to receive
additional discharge from urban areas. This modeling can help conclude that, in the event
of a 50-year return period for flooding in the land cover in 2030, the trend of using water
pumps on the riverside, which are usually used as the main “weapon” to minimize the
impact of flooding, will become ineffective. The hydraulic modeling results can be seen in
Figure 8.
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Figure 8 Flooding in the Ciliwung River based on different land cover: (a) 2009, (b) 2019; (c) 2030
based on the spatial plan; (d) 2030 based on the historical trend

5. Conclusions

The present study attempted to estimate the impact of land cover changes on the
evolution of flood peak discharge, inundation area, and volume in the Ciliwung River Basin,
Indonesia. HEC-HMS was used to generate a flood hydrograph to calibrate and design flood
discharges, while HEC-RAS was used as the hydraulic tool. To estimate the impact of land
cover changes that occur, the Soil Conservation Service Unit Hydrograph was used along
with the West Java rainfall distribution method. The hydrological analysis shows that land
cover change based on historical land cover trends would lead to an increase in peak
discharge, flood area, and flood volume in 2030 by 23%, 101.7%, and 91%, respectively.
However, by following Bogor District Spatial Planning, the increase in flood effects for peak
discharge, flood area, and flood volume would be 4.7%, 18.2%, and 15.85%, respectively.
With every 13 km? of forest or agricultural area converted into urban or bare soil area, the
flood peak discharge, flood area, and flood volume would increase by 3.6%, 15%, and 16%,
respectively. The results of this study demonstrate that further detailed studies on the
impact of the LULC on flood hazards are necessary, especially in urbanized areas. The study
would be useful in spatial planning and can indicate areas that are currently or potentially
flood prone and are also likely to be subject to future development. Such areas should be of
special consideration in the formation of spatial planning policy to avoid economic losses
in the future.

Acknowledgements

This research was funded by the Research and Community Services of Institut
Teknologi Bandung regarding 2020 Research Group B Research (FTSL.PN-6-05-2020). The
authors would also like to acknowledge the support given by the Ministry of Research and
Technology of the Republic of Indonesia through 2020 Applied Research and the joint
cooperation between Institut Teknologi Bandung and Huddersfield University through the
United Kingdom’s Natural Environment Research Council and Economic and Social
Research Council.



Farid et al. 365

References

Central Bureau of Statistics of Jakarta Province (BPS), 2020. Population. In DKI Jakarta
Province in Figures, 1st Edition, IPDS (eds.), Badan Pusat Statistik Provinsi Jakarta,
Indonesia, pp. 69

Boysen, L. R, Brovkin, V., Arora, V. K,, Cadule, P., de Noblet-Ducoudré, N., Kato, E., Pongratz,
], Gayler, V., 2014. Global and Regional Effects of Land-Use Change on Climate in 21st
Century Simulations with Interactive Carbon Cycle. Earth System Dynamics, Volume
5(1), pp- 443-471

Brotowiryatmo, S.H., 2016. Review of Rainfall Hourly Distribution on the Island of Java.
Journal of the Civil Engineering Forum, Volume 2(1), pp. 33-38

Darabi, H., Choubin, B., Rahmati, 0., Haghighi, A.T., Pradhan, B., Klove, B., 2019. Urban flood
risk mapping using the GARP and QUEST models: A comparative study of machine
learning techniques. Journal of Hydrology, Volume 569, pp. 142-154

Emam, A.R., Mishra, B.K., Kumar, P., Masago, Y., Fukushi, K., 2016. Impact Assessment of
Climate and Land-Use Changes on Flooding Behavior in the Upper Ciliwung River,
Jakarta, Indonesia. Water, Volume 8(12), pp. 559

Farid, M., Gunawan, B., Badri Kusuma, M.S., Habibi, S.A.,, Yahya, A., 2020. Assessment of
Flood Risk Reduction in Bengawan Solo River: A Case Study of Sragen Regency.
International Journal of GEOMATE, Volume 18(70), pp. 229-234

Farid, M., Mano, A., Udo, K., 2011. Distributed Flood Model for Urbanization Assessment in
a Limited-Gauged River Basin. WIT Transactions on Ecology and the Environment,
Volume 146, pp. 83-94

Firman, T., Surbakti, I. M., Idroes, I. C., Simarmata, H. A., 2011. Potential Climate-Change
Related Vulnerabilities in Jakarta: Challenges and Current Status. Habitat International,
Volume 35(2), pp. 372-378

Fuchs, R.],, 2010. Cities at Risk: Asia’s Coastal Cities in an Age of Climate Change. Asia Pacific
Issues, Iss. 96, pp. 1-12

Hartono, D. M., Novita, E., Gusniani, I., and Oriza, I. I. D., 2010. The Role of Water Supply and
Sanitation During Floods: Case Study of Flood Disaster in Five Regions of Jakarta.
International Journal of Technology, Volume 1, pp. 29-37

Hidajat, J. T., Sitorus, S., Rustiadi, E, Machfud, 2013. Urban Sprawl Effects on Settlement
Areas in Urban Fringe of Jakarta Metropolitan Area. Journal of Environment and Earth
Science, Volume 3(12), pp. 172-179

Julian, M.M.,, Brenning, A., Kralisch, S., Fink, M., 2019. Modelling of Hydrological Responses
in the Upper Citarum Basin Based on the Spatial Plan of West Java Province 2029 and
Climate Change. International Journal of Technology, Volume 10(5), pp. 866-875

Kuntiyawichai, K., Dau, Q. V., Sri-Amporn, W., and Suryadi, F. X., 2016. An Assessment of
Flood Hazard and Risk Zoning in the Lower Nam Phong River Basin, Thailand.
International Journal of Technology, Volume 7(7), pp. 1147-1154

Marfai, M. A., Sekaranom, A. B.,, Ward, P., 2015. Community Responses and Adaptation
Strategies Toward Flood Hazard in Jakarta, Indonesia. Nat Hazards, Volume 75(2),
pp. 1127-1144

Mitsova, D., 2014. Coupling Land Use Change Modeling with Climate Projections to Estimate
Seasonal Variability in Runoff from an Urbanizing Catchment Near Cincinnati, Ohio.
ISPRS International Journal of Geo-Information, Volume 3(4), pp. 1256-1277

Moe, I. R, Kure, S, Januriyadi, N. F., Farid, M., 2017. Future Projection of Flood Inundation
Considering Land-Use Changes and Land Subsidence in Jakarta, Indonesia. Hydrological
Research Letters, Volume 11(2), pp.- 99-105



366 Flood Prediction due to Land Cover Change in the Ciliwung River Basin

Moe, LR, Rizaldi, A., Farid, M., Moerwanto, A.S., Kuntoro, A. A, 2018. The Use of Rapid
Assessment for Flood Hazard Map Development in Upper Citarum River Basin. MATEC
Web of Conferences, Volume 229(4), doi: 10.1051 /matecconf/201822904011

Ogden, F. L., Pradhan, N. R, Downer, C. W., Zahner, ]. A, 2011. Relative Importance of
Impervious Area, Drainage Density, Width Function, and Subsurface Storm Drainage on
Flood Runoff from an Urbanized Catchment. Water Resources Research, Volume 47, pp.
1-12

Pratama, M. L, Farid, M., Rohmat F. W., 2021. Flood Hydrograph Simulation to Estimate Peak
Discharge in Ciliwung River Basin. IOP Conference Series: Earth and Environmental
Science, Volume 708(1), doi: 10.1088/1755-1315/708/1/012028

Ross, C.W., Prihodko, L., Anchang, ].Y.,, Kumar, S.S. Ji, W., Hanan, N.P., 2018. Global
Hydrologic Soil Groups (HYSOGs250m) for Curve Number-Based Runoff Modeling. Oak
Ridge, Tennessee, USA: ORNL DAAC. Volume 5(1), doi: 10.1038/sdata.2018.91

Setiowati, R., Hasibuan. H.S., Koestoer, R.H., 2018. Green Open Space Masterplan at Jakarta
Capital City, Indonesia for Climate Change Mitigation. IOP Conference Series: Earth and
Environmental Science, Volume 200(1), pp. 1-8

Singh, P.K, Gaur, M. L., Mishra, S., Rawat, S., 2010. An Updated Hydrological Review on
Recent Advancements in Soil Conservation Service Curve-Number Technique. Journal of
Water and Climate Change, Volume 1(2), pp- 118-134

Tellman, B., Saiers. J.E., Cruz, 0.A.R., 2016. Quantifying the Impacts of Land Use Change on
Flooding in Data-Poor Watersheds in El Salvador with Community-Based Model
Calibration. Regional Environmental Change, Volume 16(4), pp. 1183-1196

United States Department of Agriculture, 1986. Estimating Runoff. In Urban Hydrology for
Small Watersheds, 2nd Edition, 29 USDA-SCS (eds.), USDA-SCS, Washington DC, US, pp.
2.1-2.8

Verma, S., Singh, P. K., Mishra, S, Jain, S. K., Berndtsson, R,, Singh, A., Verma, R. K., 2018.
Simplified SMA-Inspired 1-Parameter SCS-CN Model for Runoff Estimation. Arabian
Journal of Geosciences, Volume 11(5), pp. 1-19

Widiatmaka, Ambarwulan, W., Sudarsono, 2016. Spatial Multi-Criteria Decision Making for
Delineating Agricultural Land in Jakarta Metropolitan Area’s Hinterland: Case Study of
Bogor Regency, West Java. Journal of Agricultural Science, Volume 38(2), pp- 105-115

Zhou, Y., Varquez, A. C. G., Kanda, M., 2019. High-Resolution Global Urban Growth Projection
Based on Multiple Applications of the SLEUTH Urban Growth Model. Scientific Data,
Volume 6(1), pp. 1-10



