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Abstract: Simulations and modelling are often used in many studies to assess and visualise the effects
of landscape changes on environment. However, only a few studies have been conducted to assess
landscape interventions to sustain ecosystem services, including hydrological processes. This paper
presents an iterative and interactive process to generate landscape planning for the Ci Kapundung upper
water catchment area, Bandung Basin, Indonesia, based on two development scenarios. The land
change model was coupled with a hydrological model to assess the influence of land cover changes on
flood risk in Bandung Basin. The result shows that the overland flow at three observation points is
affected by the land cover, topography, and soil properties. Outputs from the iterative hydrologic sim-
ulations suggested that conifers could be planted in the proposed river buffers in the case study area to
reduce the volume of runoff flowing to the Ci Kapundung River.

Keywords: Scenarios, landscape planning, flood regulation, hydrologic modelling

1 Introduction

Geodesign can be seen as a medium for practitioners and scientists to propose spatial ar-
rangements of landscape elements to support ecosystem services. To assess and visualise the
effects of landscape changes on environment, simulations and modelling are often used in
many studies (NASSAUER & OPDAM 2008). Increasing awareness of environmental problems,
including climate change, has led to the growing number of environmental management plans
and policies. However, research to assess landscape patterns to sustain ecosystem services is
still required (COSTANZA 2008 cited in JONES et al. 2012). Specifically, a study on the impact
of land use changes on hydrological processes is needed (DEFRIES & ESHLEMAN 2004 cited
in AMATYA et al. 2013). Only a few studies have assessed the alternative landscape patterns
to sustain streamflow regimes (WU et al. 2015).

This study focuses on the assessment of potential landscape planning strategies for the Ci
Kapundung upper catchment area to regulate flooding in Bandung Basin, Indonesia. The land
cover compositions in 2015 are developed areas (13.48 %), grassland and cultivated land
(40.09 %), natural forests, forest plantations and scattered trees (46.42 %), and water bodies
(0.0001 %). Landscape elements, such as patches of specific types of vegetation, and river
buffers as green corridors, were proposed in the planning process. The novelty of the research
is in coupling a land use model with a hydrological model, so that the two interact.
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Flood regulation refers to the ecosystem service to reduce flood risk prompted by rainfall
events with high precipitation rates (STURCK et al. 2014). According to the data from Cita-
rum-Ciliwung Watershed Management Agency/BPDAS (2002), floods occurred in Bandung
Basin almost every year within the period of 1990-2002. The occurrence of floods is affected
by the flow discharge from main rivers, and the increasing rainfall rates in the region. During
La-Nina event in 1998, the total flooded area in the basin was more than 6,000 Ha (LASCO &
BOER 2006).

The analysis on land use changes in Bandung Basin (1983-2002) suggested that Ci Kapun-
dung had the highest runoff coefficient among all water catchments in the basin (HARYANTO
et al. 2007). Landsat 5 and 8 satellite images of the upper catchment in 1990 and 2015 re-
spectively indicate the land cover change from natural landscapes to developed areas in 25
years (red boxes in Figure 1).

Ci Kapundung upper
water catchment
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Fig. 1: Landsat imagery of the case study area in 1990 and 2015 (Source: United States
Geological Survey/USGS)
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2  Methods

The methodology used in this study is shown in Figure 2. Land cover maps of the Ci Kapun-
dung upper water catchment area (102.86 sq. km) in 2013, 2015, and 2017, were derived
from SPOT 6 and 7 satellite imagery. The 2013 and 2015 land cover maps were used to
simulate the future land cover composition and distribution using the Land Change Modeller
(LCM) module of Terrset software, based on different development scenarios (RANI et al.
2018). The model projected the 2017 land cover composition and configuration, which was
validated using the actual 2017 land cover map. Then, the future land cover map in 2030 was
simulated.

LCM integrates Cellular Automata and Markov model (CA-Markov) to simulate land
changes based on their surrounding and previous states of pixels, and uses multilayer percep-
tron (MLP) neural networks to generate transition potential maps (EASTMAN 2006). A set of
constraints maps, showing the area restricted to be built according to each scenario, was de-
veloped as one of the required input data for the modelling.

This paper presents an iterative and interactive process to propose large-scale landscape in-
terventions, based on the Ecological Design (ED) development scenario (i. e. protection to
the river using buffer and restriction to build in the forests and protected area). A Status Quo
(SQ) scenario, showing the current development trend in the area, was also developed as a
comparison to the preceding scenario.
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Fig. 2: Methodology used in this study

In this study, MIKE SHE hydrologic model was used to assess the impact of land cover
changes to the flood regulation in Bandung Basin; high runoff volume from the catchment
will increase the river discharges during extreme rainfall events. MIKE SHE is a physically
based hydrologic model, which was developed by the Danish Hydraulic Institute (DHI). The
model works based on the hydrological cycle, which simulates water movements, including
the evapotranspiration process, overland flow, river flow, unsaturated flow, and the saturated
flow (DANISH HYDRAULIC INSTITUTE 2017).
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Previous studies have been conducted to assess the influence of land cover changes on hy-
drological process using Cellular Automata (CA) and hydrological models. However, only a
few studies have used a coupled CA-Markov and MIKE SHE model (e. g. WIJESEKARA et
al. 2012, FARJAD et al. 2017), and none of them were conducted using a case study in Indo-
nesia.

The MIKE SHE model requires various datasets, such as land cover maps, precipitation rates,
surface roughness maps, and vegetation properties (e. g. Leaf Area Index (LAI), crop coeffi-
cients, and root depth) as changing variables, as well as digital elevation model (DEM) and
soil parameters as unchanging variables. All datasets were retrieved from various resources.
The DEM of the case study area was retrieved from the Indonesian Geospatial Information
Agency/ BIG. The DEM was resampled from the original resolution of 8.34 metre to 6 metre,
to match the spatial resolution of satellite imagery. Precipitation data (2013-2015) and soil
maps were collected from Water Resource Management in West Java Province/ PSDA and
Soil and the Agroclimatic Research Centre respectively. Manning’s M number of each land
cover type, ranging between 10 for thickly vegetated surface, and 100 for smooth surface,
was required to developed the surface roughness maps. LAI was estimated using allometric
equations, which were derived from other studies conducted in Indonesia or other tropical
countries. Crop coefficients and root depth of vegetation in the site were retrieved from
ALLEN et al. (1998) and DJAENUDIN et al. (2011) respectively.

In this study, water movement in the saturated zone (i. e. geological layer underneath the soil
layer) and the river flow were excluded in the hydrologic simulations. At this stage, no future
precipitation trend was projected and used in the simulation. Therefore, the results from
MIKE SHE modelling should be interpreted only based on the available datasets, which were
used in the simulations.

The projected land cover maps (2030) used the first iteration of hydrologic simulations were
previously developed using LCM, based on the Status Quo (SQ) and Ecological Design (ED)
scenarios (RANI et al. 2018). Outputs from the LCM modelling showed that the percentages
of three land cover types in the two scenarios in the future (e. g. developed areas, conifers,
and mixed forests) are almost similar. However, the distribution of land cover differs with
each scenario. The predicted land cover composition in 2030 for developed areas, grassland
and cultivated land, mixed forests, conifers, and broad-leaved vegetation in the SQ scenario
are 17.586 %, 33.950 %, 16.008 %, 16.012 %, and 16.444 % respectively, whereas the land
cover compositions in the ED scenario are 17.583 %, 31.407 %, 16.256 %, 16.009 %, and
18.744 % respectively. If the MIKE SHE model predicted a high volume of runoff (i. e. the
landscape planning could not support the flood regulation in the future) in the ED scenario,
then, the second iteration of hydrological simulation was conducted by changing the land
cover map as the input data for MIKE SHE, to retrieve the most effective land cover scenario
of case study area, which can benefit flood regulation in Bandung Basin.

In the beginning of the second iterative landscape planning process, the capacity of different
landscape elements to reduce runoff in the case study area was assessed. Firstly, a series of
flood risk simulations using the future land cover maps with different plants in the river buft-
ers (e. g. conifers, broad-leaved vegetation, and mixed forests) was performed in MIKE SHE
(process A in Figure 2). Secondly, river buffers as green corridors (minimum width of
25 metre and 5 metre in the rural and urban areas respectively) were proposed in the simula-
tion of future land cover maps under the ED scenario (process B in Figure 2). The aims for
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these processes are to retrieve information regarding the suitable types of vegetation in the
river buffer for reducing runoff in the case study area, and to simulate how river buffers can
potentially improve the flood regulation. The results were considered in the subsequent land
change simulations; river buffers with specific width and type of plant were included as part
of the proposed landscape elements in the Ci Kapundung upper water catchment area.

Three observation points (Figure 3b) were assigned in the model to record the depth of over-
land flow (as an initial phase of runoff) in 2013-2015 based on the existing land cover map
as a baseline, the simulated future land cover maps in the Status Quo (SQ), as well as the
Ecological design (ED) scenarios in the two iterative planning processes.

West Bandung regency
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Fig. 3: (a) Land cover map of case study area in 2015 (Source: object-based image classi-
fication using SPOT6 satellite images from ©Airbus DS (2015)); (b) the location of
three observation points in the case study area

3  Results and Discussion

Constraint maps for the first modelling iteration are presented in Figure 4. In the first iteration
of landscape planning for the case study area, a protected area, existing forests, areas with
steep slopes and areas near river networks are restricted to be built in the future (areas pre-
sented with brown colour in Figure 4) (RANI et al. 2018). However, existing buildings, which
were constructed before 2015 in the riparian, still remain unchanged in the future, as has been
previously specified in the LCM modelling process.

Preliminary results from the first hydrologic simulation showed that the volume of runoff
generally increases at the three observation points in 2030. The simulated depth of overland
flow during the day with the highest precipitation rate in 2013-2015 at the first observation
point is 14.584 mm. This value is similar to the predicted runoff volume at the same point
using the projected 2030 land cover based on the Status Quo (SQ) (i. e. 14.576 mm), and is
higher than the volume from the 2030 land cover in the Ecological Design (ED) scenarios
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(i. e. 11.697 mm). At the second point, the overland flow in 2015, in the SQ and ED scenarios
is estimated at 11.764 mm, 11.511 mm, and 12.244 mm respectively. The depth of overland
flow at the third observation point is also slightly similar; flow in 2015, in the SQ and ED
scenarios are 17.863 mm, 16.463 mm and 17.146 mm.

From the initial results, it can be seen that the higher value of overland flow at the third
observation point in 2015 and 2030 (both scenarios) can be caused by the steeper slope in the
area (12.65%), compared with the other two points. The third observation point is located in
the area with high soil composition of clay (52.07 %). The lower overland flow at the first
point in the ED scenario can be caused from the land cover in the area (i. e. broad-leaved
vegetation). In the ED scenario, river buffers were proposed, and it is expected that the land
cover would change from grassland and cultivated land, to broad-leaved trees in 2030.

L 0o R
L

(b)

Fig. 4: (a-b) Constraints maps showing areas restricted to development of new settlements
and agriculture in the first iteration (RANI et al. 2018)

The outputs from hydrologic simulations to test the capacity of the three vegetation types to
reduce the runoff, as seen in Table 1, were considered in the second planning iteration. The
compositions of vegetation in the simulated future land cover map under the ED scenario
have been altered before the maps were used in the hydrologic simulations. In this case, the
compositions and distributions of developed areas, grassland and cultivated land, and water
bodies were unaltered. Thus, each land cover map only has one type of vegetation (either
conifers, broad-leaved vegetation, or mixed vegetation) outside the grassland and cultivated
land, in each respective run of the MIKE SHE simulation. The vegetation properties for the
newly generated land cover map (e. g. LAI, crop coefficient, root depth) and Manning’s M
values were assigned based on the existing data. The new land cover compositions for devel-
oped areas, grassland and cultivated land, and other vegetation (which could be conifers,
broad-leaved vegetation, or mixed vegetation in each simulation run) are 17.583 %, 31.407 %,
51.009 % respectively.
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Table 1: Simulated depth of overland flow (mm) from the projected land cover map (2030)
with single type of vegetation

Vegetation Depth of overland flow (mm)
Point 1 Point 2 Point 3
Conifers 14.162 11.765 17.148
Broad-leaved vegetation 14.473 11.769 17.339
Mixed vegetation 5.074 11.768 17.265
Dominant soil types: clay silt clay
Slope degree: 4.76° 10.68° 12.65°

The results suggested that conifers could potentially be planted in the proposed river buffers
in the case study area, because the overland flow from the site is predicted to be lower than
the runoff when broad-leaved and mixed vegetation are assigned as the vegetation in the case
study area. Each type of vegetation has different properties, such as LAI, root depth, and crop
coefficients, as well as surface roughness, which contribute to its capacity to reduce runoff.
For example, conifers have higher LAI (Leaf Area Index) than the broad-leaved and mixed
vegetation in the case study area, thus affecting the lower depth of overland flow from the
site with conifers as the single type of vegetation (Table 1). According to ZHENG et al. (2018),
plants with higher LAI have higher interception loss (i. e. the portion of precipitation that is
evaporated to the atmosphere or is absorbed into the plant (MERRIAM 1960)). The information
regarding the vegetation type and the width of river buffer, was used in the development of
the final stage of landscape planning for the case study area (Figure 5).

(b)

Fig. 5: (a-b) Vegetation with high LAI in river buffer as landscape element in the second
planning iteration
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4 Conclusion

An interactive and iterative planning process was conducted in this research to assess poten-
tial landscape elements, which can effectively reduce runoff in the Ci Kapundung upper wa-
ter catchment area. In this study, river buffers are proposed in the case study area, as a meas-
ure to control the Ci Kapundung River discharges. Conifers are recommended as a type of
vegetation in the river buffers because they can effectively reduce the runoff given the exist-
ing site characteristics in the case study area (e. g. topography, land cover, and soil proper-
ties), and the weather conditions (e. g. precipitation) in the simulation time period. It is sug-
gested that the future precipitation trend in the catchment area is generated based on the his-
torical data and is included in the hydrologic simulations, to provide a better recommendation
for landscape planning in the area.

The scale of the case study site, addressing land use change around a watershed, is a typical
geodesign problem. The non-linear and iterative process to provide information for the land-
scape interventions is fundamentally similar to the geodesign framework (BRIAN DEAL &
PAN 2017 cited in GU et al. 2018). The novel solution of addressing the problem of land cover
changes resulting in flooding through an interactively coupled land change and hydrology
model proves a promising planning approach. It is suggested that similar solutions could be
adopted for other geodesign processes.
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