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Abstrak—Surabaya city has detailed spatial planning
documents as instruments for flood reduction. The detailed
spatial plan for the area regulates land use plans to prevent
uncontrolled land use changes that cause flooding. The research
question is "What is the efficiency of the detailed spatial plan as
an instrument for flood management in the Kedurus River
Basin?". The analysis tool is the spatial modeling of floods based
on 2D Flow Area using HEC RAS 5 software. The first step is to
build a spatial flood model using the existing condition
parameters, the next step is to apply the parameters derived
from the detailed spatial plan in the Kedurus River Basin on the
models that have been built . The result is that the
implementation of detailed regional spatial plans in the Kedurus
watershed tends not to reduce the area of flood inundation even
on the contrary increases the runoff coefficient. In the spatial
model of flooding it is known that the condition of the return
period of 20 years also shows an increase in the area of flood
inundation to 0.5-1 meters from the existing condition which
initially covered an area of 45.92 Ha to 72.38 Ha.
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[. INTRODUCTION

LOOD is a disaster that has a high frequency of
occurrence and large losses [1]. Urban flooding is caused
by urban development which causes land conversion and
results in the reduction of water catchment areas[2][3]. So
that the flood inundation area occurs. Spatial planning is a
policy that regulates a plot of land use to fit the best function,
including as an instrument of flooding. The spatial plan has
the ability to be a flood instrument because there are land use
plans and basic building coefficient plans in it [4]. land use
and building coefficient significantly influence the process of
flooding[[4][5][6][7]. Because these 2 things will have an
impact on the runoff coefficient or Run Off value [8].
Surabaya City has a flood prone area, Kedurus watershed
[4]. When extreme rainfall this region will experience a flood
inundation with a depth of up to 1 meter and a pool area of
more than 100 Ha[4]. Where Kedurus River Basin is one of
the centers of economic development in West
Surabaya[[5],[9]]. So we need a strategy to deal with flooding
in the Kedurus River Basin.The city of Surabaya already has
a detailed spatial plan namely the Regional Spatial Detail
Plan or RDTRK. The spatial plan already has legal force
through regional regulations. In addition, the spatial plan was
used as a consideration for granting a building permit.If the
approach used by the spatial plan in the Kedurus River Basin
as an instrument for flood reduction, the ideal conditions
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Figure 1. Stage 1 process flow.

expected when the spatial plan is implemented will have an
impact on reducing the area of the inundation area[[5]-
(7111071 1][12]-[13].

So the research question is “How is the performance of the
spatial plan in the Kedurus watershed in reducing the size of
the flood inundation area?”

II. METHOD

The research method used is flood spatial modeling. A
spatial model of flood will be built with the help of HEC RAS
2D Flo Area [14][15].Data input needed in this research is
Land Use Map 1: 1000
Base Building Coefficient Map Exiting 1: 1000
Land Use Plan Maps
Renacna Map of Building Base Coefficients
Terain Digital Map Model 0.33 X 0.33 Meters from Lidar
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Figure 2. Stage 2 process flow.
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The stages of the study were divided into 2 as follows:

e R

A. Stage 1: Existing Condition

Building spatial models of floods based on existing
conditions. The aim is to identify potential maps of flood
inundation areas in the use of excavated land and the basic
coefficients of existing buildings. In addition, this stage will
also validate the flood spatial model that was built.
Preparation of spatial flooding models is supplied by
identifying runoff coefficient values or Run off areas by
overlaying land use maps, land type maps and slope maps.
After the run-off value is known then an extreme rainfall
projection is calculated which may occur with the LOG-
NORMAL formula. The following LOG-NORMAL formula
is the projection of extreme rainfall.

YT = YKTS

With information:
YT: Estimated value is expected to occur with a return
period T
Y: The average value of the variate count
S: The standard deviation of the variate value
KT: Frequency factor
Input in this calculation is the maximum daily rainfall per
year from 1979 to 2020. Furthermore, it is calculated that the
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Figure 3. Map calculation of the existing Run Off condition.

Figure 4. Flood Inundation Map Exising Conditions based on Flood
Depth.

ulu:
' High: 354747

Lene: DOOS999E

5 B TTK SAMPEL
SUMBER UM
@ Berita Online
@somp 208

M ” T,

Figure 5. RMSE Model Validation.

rainfall is not absorbed by the land which has the potential to
become flooded with the Run off value that has been
obtained. Then from that value the peak discharge is
calculated using Synder's Synchronous Synthetic Feed.
Furthermore, the manning coefficient map is made based on
the existing land use map. Synthetic unit hydrographs,
manning coefficient maps and topographic maps that have
been made are entered in the HEC-RAS software with 2D
Flow Area models. This process will produce a map of the
potential for inundation in the Kedurus River Basin. The map
will be validated with a flood historical field measurement
point and a Cross Validation will be performed. Stage 1
process flow can see Figure 1.
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Table 1.
Rainfall calculation may not be absorbed into the ground when a
return of 20 years in existing conditions

Thick Rain .
On Rain
NO Percentage 20 vears Return that
y . not infiltrated the soil
Period
t-1 11.78 16.95 0.00
t-2 49.74 71.59 39.59
t-3 30.49 43.89 11.89
t-4 6.33 9.11 0.00
t-5 1.05 1.52 0.00
t-6 0.44 0.63 0.00
t-7 0.18 0.25 0.00
143.94 51.48
Table 2.
Flood Inundation Area Exising Conditions based on Flood Depth
20 Years
Flood Depth Ha %
Low 0-0.1 42.33 1.53
Medium 0.1-0.5 115.78 4.19
High 0.5-1 67.27 2.43
Extrem 1-1.5 3.50 0.13
Total Flood Inundation Area 228.88 8.27

Area of Research 2,766.08

Table 3.
Rainfall calculation table may not be absorbed into the ground when
a 20-year return conditions the plan
Thick Rain

On Rain
NO  Percentage 20 years Return that
. not infiltrated the soil
Period
t-1 11.78 16.95 0
t-2 49.74 71.59 41.09
t-3 30.49 43.89 13.39
t-4 6.33 9.11 0
t-5 1.05 1.52 0
t-6 0.44 0.63 0
t-7 0.18 0.25 0
143.94 54.48
Table 4.
Flood Inundation Area Plan Conditions based on Flood Depth
20 Years Return Period
Flood Depth Spatial Plan
Ha %
Low 0-0.1 42.04 1.52
Medium 0.1-0.5 109.58 3.96
High 0.5-1 72.38 2.62
Extrem 1-1.5 2.40 0.09
Area Of Flood Inundation 226.41 8.19

Area of Research 2,766.08

B. Stage 1: Spatial Plan Condition

After obtaining a valid spatial flood model and an existing
flood inundation map. An evaluation of the plan conditions
of the spatial plan in the Kedurus watershed was carried out
with a spatial flood model that was created. The results will
be compared with the existing flood inundation map to see
the changes. From the spatial model of floods made in phase
1, changes will be made to the land use plan data and the basic
building coefficient plan. These changes will have an impact
to recalculate several modeling stages. The recalculation was
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Figure 6. Map calculation of Run Off Plan conditions.

Figure 7. Inundation Flood Plan Conditions.

Table 5.
Comparison table of flood inundation area per class depth of planned
and existing conditions

20 Years Return Period
Flood Dept Existing Plan
Ha % Ha %
Low 0-0.1 42.01 1.52 42.04 1.52
Medium 0.1-0.5 11598 4.19 109.58 3.96
High 0.5-1 45.92 1.66 72.38  2.62
Extrem 1-1.5 3.24 0.12 240 0.09
Total Flood Inundation Area  228.88 8.27 22641 8.19
Area of Research 2,766.08

carried out on the identification of the Run Off value because
it changed the existing land use map and the basic coefficient
map of the existing building into a land use plan map and a
map of the basic building coefficient plan. Changes in the
value of run off cause changes in rainfall that are not absorbed
into the ground and change the peak discharge. Changes in
peak discharge have an impact on the results of different
flood inundation maps. After the flood inundation map is
obtained at the condition of the plan it will be compared with
the results of the flood inundation map at the existing
condition. Stage 2 process flow can see Figure 2.

III. RESULT

In order to adjust the research stages, the results and
discussion will be listed according to the research stages in
the research methodology.



IPTEK Proceedings Series No. (6) (2020), ISSN (2354-6026)

The 6" International Seminar on Science and Technology (ISST) 2020

July 25% 2020, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia

Qp =20.90 m3/det

Qp = 22.12 m3/det

Figure 8. Comparison map of flood inundation area per class depth of planned and existing conditions

A. Stage 1: Existing Condition

In the first stage of spatial modeling of flooding with the
input of existing land use maps and the basic coefficient map
of the existing buildings results in a Run Off coefficient of
0.36. From this value it means that when it rains 36% of
rainfall will not be absorbed into the ground. Map calculation
of the existing Run Off condition can see Figure 3.

Then the results of the calculation of rainfall projections at
a 20-year return with the LOG-NORMAL formula produce a
rainfall potential of 143.94 mm / day. Furthermore, the
calculation of rainfall that is potentially not absorbed into the
ground produces a value of 51.48 mm / day. Calculation of
peak discharge results in exciting conditions showing a value
of 20.9 m3 / sec. Rainfall calculation may not be absorbed
into the ground when a return of 20 years in existing
conditions can see Table 1.

Then modeling in the HECRAS 2D Flow Area shows that
the flood inundation area is 228.88 ha or 8.27 of the Kedurus
watershed area. If viewed from the width of the flood depth
to low depth (0-0.1 meters) covering an area of 42.33 Ha,
medium depth (0.1-0.5 meters) covering an area of 115.78
Ha, high depth (0.5-1 meters) covering 67.27 Ha, extreme
depth (1-1.5 meters ) covering an area of 3.50 Ha. Flood
Inundation Area Exising Conditions based on Flood Depth
can see Table 2. Flood Inundation Map Exising Conditions
based on Flood Depth can see Figure 4.

The results of the model are then validated by cross
validation techniques by comparing the points of validation
between the results of the 2017 flood inundation map model
with flood event data in the Surabaya Drainage Management
Plan 2018 Document. The formula for calculating the
accuracy value used is RMSE (Root Mean Square Error). The
validation point used is 47 points and produces an RMSE
value of 0.046 which is considered valid because the value is
<0.1. RMSE Model Validation can see Figure 5.

B. Stage 2: Spatial Plan Condition

After obtaining an existing flood inundation map and a
valid flood spasil model. Then an evaluation of the conditions
of the plan is carried out by entering the map of the land use

plan and the map of the basic coefficient of the building in the
flood spatial model. Calculation of rainfall Run Off
coefficient value plan conditions produce a value of 0.38,
where this has increased from exciting conditions (0.36). This
can be interpreted that the condition of the plan even increases
the potential for flooding. Map calculation of Run Off Plan
conditions can see Figure 6.

In addition, the calculation of rainfall that is potentially not
absorbed into the ground shows a value of 54.48 mm / day,
the value has increased from the existing condition (51.48
mm / day). The calculation of peak discharge also
experienced the same conditions, showing a value of 22.12
m3 / second, an increase from the existing condition (20.9 m3
/ second). Rainfall calculation table may not be absorbed into
the ground when a 20-year return conditions the plan can see
Table 3.

Spatial modeling of flooding with HECRAS 2D Flow Area
under the plan shows the flood inundation area of 226.41 Ha
has decreased from existing conditions (228.88 ha). If viewed
from the depth of the flood depth in the planned conditions
for low depth (0-0.1 meters) covering an area of 42.04 Ha,
moderate depth (0.1-0.5 meters) covering 109.58 Ha, high
depth (0.5-1 meters) covering 72.38 Ha, extreme depth (1 -
1.5 meters) area of 2.40 Ha. Flood inundation area plan
conditions based on flood depth can see Table 4 and
Inundation flood plan conditions can see Figure 7.

When compared between the results of spatial modeling of
flooding between existing conditions and the condition of the
plan, the total inundation has indeed decreased from 228.88
Ha (exciting) to 226.41 Ha (Plan). However, when viewed
from the flood depth class at the high depth class (0.5-1
meter), there has been an increase from 45.92 Ha (existing)
to 72.38 Ha (planned). Comparison table of flood inundation
area per class depth of planned and existing conditions can
see Table 5 and Comparison map of flood inundation area per
class depth of planned and existing conditions can see Figure
8.

So from these conditions it can be concluded that the
performance of the spatial plan in the Kedurus watershed is
not effective enough in reducing the area of flood inundation.
it even tends to increase the potential
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IV. CONCLUSION

Based on the results and discussion, it is known that the
Kedurus watershed exciting condition has a Run Off
coefficient of 0.36 with the peak discharge of the watershed
on a 20 year return period of 20.90 m3 / sec. The results of
flood modeling show that the potential for inundation area at
the 20 year return period is 228.88 Ha. Whereas if the
condition of the plan (land use plan, basic building coefficient
plan and the planned drain capacity) produces a Runoff
coefficient of 0.38 with a peak discharge during a 20 year
return period of 22.12 m3 / sec. The results of the modeling
in the condition of the plan show that the area of inundation
at the 20th time was 228.88 Ha, decreased from 226.41 Ha in
the existing condition. So that the existing land use plan, the
basic building coefficient plan and the existing drainage plan
do not reduce the potential for flooding, it tends to increase
the potential for flooding.
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