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ABSTRACT :Spatial modeling of flood hazards in the Tarusan Watershed of West Sumatra has the objectives
of modeling land cover changes from 2019-2029-2039, flood numerical models, and hybrid spatial models of
flood hazards. The methods used in this research are quantitative methods and field surveys to determine the
accuracy of the modeling results. The results showed that land cover changes in the Tarusan Watershed
experienced a decrease in land cover changes, namely primary forest and secondary forest land cover, while a
land cover that experienced an increase in area was oil palm land cover and fields. The numerical model of
flooding in the Tarusan Watershed shows that the peak of the flood (Qp) takes 3.12 hours, the time required
to reduce the flood discharge (Tp+0.3) is which is 7.69 hours, and the time required to reduce the flood
discharge (Tp+0.3+1.5T0.3) is 14.54 hours. The results of the hybrid spatial modeling of flood hazards in the
Tarusan Watershed from 2019 to 2039 have undergone extensive changes. Changes in the area affected by
floods from 2019 to 2029 are 323.91 ha, and changes (prediction) in the area affected by floods from 2029 to
2039 are 242.58 ha Land cover changes from 2019 to 2029 affect flood discharge by 5.65%, and land cover
changes from 2029 to 2039 affect flood discharge by 8.55%. For flood disaster mitigation efforts, it is
necessary to have information to the community living in the Tarusan Watershed that a flood disaster will
occur if the rainfall intensity is more than 50 mm/hour with a duration of 1.11 hours, then the time needed to
reach the peak of the flood is 3.12 hours, so that the community can anticipate the losses that will arise from
the flood disaster
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1. INTRODUCTION one of the triggers for flooding in addition to the
global anomaly climate factor.

Recent climate change often triggers natural Tarusan Watershed is located on the coast of
disasters such as landslides, floods, flash floods, West Sumatra Province which connects the cities
and droughts [1-4]. The increasing intensity of of Padang and Painan and Bengkulu Province. One
natural disasters is inseparable from human of the impacts of land cover changes in the
behavior toward the environment. Humans to meet Tarusan Watershed is flood disasters such as those
their needs often make changes to the environment that occurred on December 30, 2012 and May 17,
[5,6]. This causes changes in the environmental 2017 with flood water levels reaching 50 cm to
response to natural phenomena that occur [7-9]. 150 cm. Floods in the Tarusan Watershed often
Human activities to meet their daily needs often have an impact on the community, namely the
make changes to land cover which will have an inundation of settlements and agricultural land
impact on microclimate changes due to the which causes crop failure and congestion for up to
reduction in the area of primary and secondary nine hours. The impact of congestion disrupts
forests [10,11]. Reduction of forest area will have access from Padang City to the capital of the
an impact on the environment such as changes in Pesisir Selatan Regency, namely Painan, and
micro temperature, disruption of the existing water Bengkulu Province, especially for the distribution
balance in a watershed, and in the end, will have of economic goods.
an impact on natural disasters such as landslides, Given the importance of land cover in a
floods, flash floods, and droughts [12-15]. watershed as a control of environmental balance

One of the areas experiencing changes in [16-18], researchers want to analyze and model
landcover is the Tarusan Watershed. Changes in changes in land cover and their effect on flood
land cover, especially in the upstream part of the discharge that occurs in the Tarusan Watershed.
watershed, cause the soil's ability to absorb water The numerical model in this research is designed
to be smaller and the run off will be greater, this is to determine the value of the effect of land cover
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change on flood discharge, as well as determine
the time of occurrence of the peak flood discharge
and the time it takes until the flood discharge
recedes. This information is very important in
flood mitigation efforts, so that losses from flood
disasters in the Tarusan Watershed, both property
and human life losses can be reduced. The
importance of research on land cover change
models and their effect on changes in flood
discharge in the Tarusan Watershed, will provide
important information to local governments and
communities living in the Tarusan Watershed
which can be seen in the research significance

2. RESEARCH SIGNIFICANCE

Reducing the area of the forest will have an
impact on the environment. One of the impacts of
land cover change is that it will result in increased
flood discharge. In this case, the significance of the
study is to produce an e-numerical model of flood
disasters in the Tarusan Watershed that has flood
characteristics quickly and produce a land cover
change model that determines changes in flood
discharge from 2019 to 2039 spatially which is
useful for formulating policies that regulate land
cover change, especially in the upstream part of
the Tarusan Watershed and as information for
local governments and communities living in the
Tarusan Watershed for increase flood mitigation
efforts.

3. METHODS

The method used for modeling land cover
change and flood modeling is quantitative. The
stages carried out in this modeling are preparation,
modeling, model interpretation, and modeling
accuracy test. To do land cover change modeling
and flood modeling some data are needed, as
shown in Table 1 below.

Table 1 Required data

Data Uses
Land cover in 2000,
Land cover in 2009,
Land cover in 2019
Indonesia'‘s National Seamless Digital 3D Modeling for hybrid
Elevation Model (DEM) 2022
Rain data (2009-2019) in Office of
Water Resources Management, West

Landsat of 5 (2000), Landsat of 7
(2009), Landsat of 8 (2019) in USGS

spatial models of flood

Numerical model of

. flood discharge
Sumatra Province

3.1 Analysis Model of the Land Cover Change

To determine the land cover change model, the
Marcov chain Celluler Automata formula [19] is

used which uses the assumption that future land
cover changes 4 +1, and (:+1) depend on current
conditions expressed by,.To determine the
transition matrix for land cover change, the
formula proposed by [20,21] as follows:

P1.1pl.2pl.n
P = (pij) = p2.1p2.2p2.n Q)
Pn.1pn.2pn.n

The above formula for determining the
transition matrix for land cover change can be
simplified as follows.

P(n) = p(n—1)pij )
3.2 The Model of Carrying Out Flood Disaster

In carrying out flood disaster modeling, it is
done by determining the return period of rain,
design discharge, and numerical model of
Nakayasu Synthetic Unit Hydrograph (HSS) [16,
22]. The rainfall return period was determined
using a Pearson type 11 log [17,23].

3.2.1 Pearson type 111 logs

To determine the design rain using the Log
Pearson type 111 method, the formula proposed by
[23,24] is used as follows:

LogXTr = LogX + KTr = (Slogx) 3)
Log XT = the amount of planned rainfall for the
return period T years

Log X = average value of data.

Logxi
s @)

Slog x = standard deviation.

n i— 2
Sx = /21@0+L0w 5)

KTr = frequency coefficient, which is obtained
based on the relationship between the value of Cs
and the return period T.

_ I* (Logxi-Logx)?
Cs = (n-1)(n-2).(SLogx)? (6)

EF—OF)?

()2 hit = ¥, "> )
n

EF = + (8)

Where:

(x)? hit = test statistic

OF = observed value (observed frequency)

EF = expected value (expected frequency)
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Smirnov Kolmogorov test (horizontal data test)
is used to test the horizontal deviation [5,25] using
the following formula.

A maks [(PE (x) — Pt (x)] 9)
Where:
maks = difference between theoretical and

empirical probability data

Pt (x) = data position x according to the
theoretical distribution

PE (x) = data position x according to empirical
distribution.

3.2.2 Plan debit/maximum debit

Qp = 0,00278.CIA (10)
Where:

Qp = peak discharge (m3/s)

C = runoff coefficient

I = rain intensity with flood concentration time
(mm/hour)

A =area of the river basin (ha)

3.2.3 Rain intensity
To determine the amount of rain intensity, the
Mononobe method [24] the following:

Ra4) (24)%/3

I=( YR (11)
Where:

I = rain intensity

R,, = maximum daily rainfall (mm)

t  =time of rainfall (hours)

Synthetic unit hydrograph Nakayasu method
[22] using the formula.

Tg =0,4+0,058 .L
A =0,47.(AL)*® T
Tp =Tg +0,8.Tr
T0,3 =a.Tg

To determine the ascending curve of the
Nakayasu synthetic unit hydrograph [22], the
following formula is used.

Qa=gp.(£)"

™ 12)
To determine the value of the synthetic unit
hydrograph [22], the following formula is used.

Qu1>03QpQus = 0p.0,3 " (72

T0,3

(13)

0,30p>Qu>0,3QpQep=Qp.0,3" ((TZEE 0% 1

1,5T0,3

23

03°Qp>Qus Qaz = Qp. 0.3 (=22 (15)

2,0T0,3

Where:
Qp = peak discharge (m3/s)
Ro = unit rain (mm)
Tp = time of peak flood (hours)
Tr = duration of rain

= coefficient of rainwater runoff
T0.3 = time needed to reduce flood discharge

from Qp 10 0.3 Qp

Tp =Tg.0,8Tr
L<15kmtg =0.21.L 0.7
L>15km tg = 0.4 +0.058.L
L = length of main river

Tg = concentration time (hours)
Tr =0.5tg to tg (hours)
T0.3 =.tg (hours)

0.47.A.L 0.25/tg
= 2 for ordinary watershed
= 1.5 for the slow ascending hydrograph

3.3 The hybrid spatial model of flood hazard
To determine the hybrid spatial model of flood
hazard, the multiple criteria analysis is used with

the formula proposed by [25-27] as follows.

FHM = 0.1*GL+01*GM +0.1+T +

0.15L + 0.15CH + 0.1P1 + 0.3 * ID (16)
Where:

GL = geology

GM = geomorphology

T = soil type

L = slope class

CH = rainfall

PL = land cover and land cover

ID = inundation

To determine whether the modeling results are
acceptable or not, it is necessary to test the
modeling accuracy using user accuracy, producer
accuracy, and overall accuracy, using the formula
proposed by [22,28] as follows.

Useraccuracy = % * 100% (17)
Produceraccuracy = ),m *100% (18)

Xi+1

N xii

Overallaccuracy = ==+ 100% (19)
Where:
Xii = the diagonal values
Xi = the number of pixels in the i_th row
X +1i =the number of pixels in the i_th column
N = many pixels in the sample
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4. RESULTS
4.1 Model Results of the Land Cover Change

Table 2 Land Cover change model from 2019-2039

2019 2029 2039
Land cover - - -
Pixel Large (ha) (%) Pixel Large (ha) (%) Pixel Large (ha) (%)

Primery forest 168.437 15.159,33 53,45 162.499 1462491 51,57 152.132  13.691,88 48,28
Secondary forest 63.372 5.703,48 20,11 55.788 5.020,92 17,7  46.286 4.165,74 14,69
Palm Oil 38 3,42 0.01 9.000 810 2,86  27.308 2.457,72 8,67
Mangrove 40 3,6 0.01 40 3,6 0,01 40 3,6 0,01
Water body 2.494 224,46 0,79 2.494 224,46 0,79 2494 224,46 0,79
Build-up/Settlements 11.027 992,43 3,5 11.071 996,39 351 11.085 997,65 3,52
Paddy field 15.379 1.384,11 4,88 15.373 1.383,57 488  15.373 1.383,57 4,88
Dry land farming 1.755 157,95 0,56 14.446 1.300,14 458  21.986 1.978,74 6,98
Mixed gardens 52.587 4732,83 16,69  44.418 3.997,62 14,1  38.425 3.458,25 12,19
Total 315129  28361,61 100 315129  28.361,61 100 315129  28.361,61 100
Source: Data analysis 2022
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Fig.1 Model Map of land cover change for 2019, 2029, and 2039.

The land cover change model was obtained
using a driving force, including slope, elevation,
distance from the road, distance from health
facilities, distance from government center, and
distance from educational facilities. The closer to
health facilities, education, and maintenance
centers, the distance from the road, the more land
cover changes, and the higher the elevation and
steeper slopes, the less land cover changes. The
results of the modeling of land cover changes in
the Tarusan Watershed can be seen in Table 2, and
Fig 1 above. For Table 2 above shows that primary
forest land cover experienced the most changes,
namely for 2019, 2029, and 2039. The amount of
change in the primary forest from 2019, and to
2029 was 534.42 ha or 1.88%, while the change in
primary forest land cover from 2019 2029 to 2039
there will be a change of 933.03 ha or 3.29%.

Another land cover that experienced a
reduction in the area was secondary forest, where
the change in secondary forest land cover area

24

from 2019 to 2029 was 682.56 ha or 2.41%, and
changes in secondary forest land cover from 2029
to 2039 were 855.18 ha or 3.01%. More details
can be seen in the following Fig 2 below
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Fig. 2 Graph of land cover change from 2019 to
2039

The change in land cover that experienced the
most extensive increase from 2019 to 2039 was oil
palm land cover, where oil palm land cover
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increased in area from 2019 to 2029 covering an
area of 806.58 ha or 2.85%, and from 2029 to
2039 the area oil palm land cover increased by
1647.72 ha or 5.81%. Another land cover that
experienced an increase in area was the land cover
of fields, where the area of field land cover in
2019 to 2029 experienced an increase in the area
of 1142.19 ha or 4.02%, while from 2029 to 2039
the land cover of fields experienced an increase in
the area of 678,6 ha or 2.4%.

4.2 Model Results of the Carrying Out Flood

To determine the return period of rain for 100
years used the Log Pearson type 111 method which
can be seen in Table 3. Where Table 3 shows that
the planned rainfall for a return period of 100
years is in the Tarusan Watershed, where the
lowest rainfall is 142.75 mm and the highest
planned rainfall is 234.78 mm. The suitability test
of the method was carried out before calculating
the flood discharge, where the results of the
calculation of the method obtained suitability a T-
table value of 0.32 and a T-table value of 0.62,
thus the Log Pearson type 11l method can be said
to be suitable for predicting flood discharge in the
research area. To determine the planned discharge
in the Tarusan Watershed, the author uses the Log
Pearson type Il method. Before determining the
design discharge, it is necessary to know the rain

intensity, the coefficient value of drainage, and the
watershed area. More details can be seen in the
following Fig 3 and Table 3 below.

Rainfall intensity (mmthour)

1 3 5 7

@ 11 13 15 17 19 21 23 23

Duration (hour)

Fig. 3 Graph of rain intensity with 100 year return
period

Fig 3 above shows the highest value of rainfall
intensity in the Tarusan Watershed, which is 81.43
mm/hour and the lowest is 6.01 mm/hour. The
value of rain intensity will affect the amount of
flood discharge in the Tarusan Watershed. Another
factor influencing flow rate is the magnitude of the
flow coefficient value which is influenced by land
cover in watershed. The flow coefficient values in
the Tarusan Watershed due to land cover changes
can be seen in the following Table 4 below.

Table 3 Rain return period of the Pearson method Type Il

Return period Log Average Ktr S LogX Rainfall plan

2 2,16 -0,014 0,075 144,176

5 2,16 0,837 0,075 168,648

10 2,16 1,2 0,075 180,325

20 2,16 1,588 0,075 193,714

25 2,16 1,783 0,075 200,777

50 2,16 2,36 0,075 223,327

100 2,16 2,628 0,075 234,646

Source: Data analysis 2022.
Table 4 Value of the Tarusan Watershed flow coefficient in 2019, 2029, and 2039

Land cover C 2019 (%) Large 2029 C 2029 (%)Large2039 C 2039
Primery forest 0,011 0,515 0,010 0,483 0,009
Secondary forest 0,006 0,177 0,005 0,147 0,004
Palm Qil 0,000 0,028 0,003 0,087 0,008
Mangrove 0,000 0,001 0,000 0,000 0,001
Water body 0,000 0,007 0,000 0,008 0,004
Build-up/Settlements 0,010 0,035 0,011 0,035 0,010
Paddy field 0,007 0,048 0,007 0,049 0,007
Dry land farming 0,001 0,045 0,005 0,070 0,006
Mixed gardens 0,017 0,140 0,014 0,122 0,012
Total 0,052 1,000 0,055 1,000 0,060

Source: Data analysis 2022.
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Flood Discharge (m3/sec)

1 7 13 19
Duration (hour)

Fig. 4 Flood discharge hydrograph model

Fig 4 and Table 4 above shows that land cover
changes influence the flow coefficient values in
the Tarusan Watershed. The flow coefficient value
in 2019 is 0.052, in 2029 the flow coefficient value
changes to 0.055, and in 2039 the flow coefficient
value is 0.060.This change in the coefisen value of
the flow is caused by changes in land cover, where
changes in the flow coefficient values from 2019
to 2029 will affect the flood discharge by 5.65%
and the change in the flow coefficient values from
2029 to 2039 will affect the flood discharge by
8.55%. The peak flood discharge (Tp) occurred at
3,120 hours, and the flood discharge decreased by
Tp. 0.3 occurred at 7.69 hours, and a decrease in
flood discharge of (Tp+T0.3+1.5T0.3) occurred at
14.54 hours. Where also has flood characteristics
that quickly reach the peak of the flood and
quickly reach normal discharge.

4.3 Model Results of The Hybrid Spatial of
Flood

The hybrid spatial model results of flooding in
the Tarusan Watershed in 2019 are the area that
has a low flood hazard of 25,539.98 ha or 90.05%,
a medium hazard of 2,728.785 ha or 9.62%, and a
high flood hazard of 92.83 ha or 0.32%. The area
of flood hazard in 2029 is an area that has a low
flood hazard of 24,273.41 ha or 85.58%, a medium
flood hazard of 3,671.45 ha or 12.94%, and a high
flood hazard of 416,74 ha or 1.469%.

The flood hazard in 2039 has different from
previous years, especially in terms of area. The
area of low flood hazard in 2039 is 24.73.06 ha or
87.21%, the medium hazard is 2,968.22 ha or
10.46%, and the high hazard is 659.32 ha or
2.32%. The hybrid spatial modeling results of
flood hazards in the Tarusan Watershed from 2019
to 2039, show that there is a change in the area
affected by flood hazards, especially in areas that
have high hazards. The area of high flood hazard
from 2019 to 2029 experienced an increase in the
area of 323. 91 ha, and from 2029 to 2039 there
was an increase in the area affected by flooding by
24257 ha. The hybrid spatial model results of
flooding need to be tested for accuracy to
determine whether the modeling results are
acceptable or not. More details can be seen in
Table 5-7, and for more details, the flood model in
the Tarusan Watershed in 2019, 2029, 2039 and
the hybrid spatial model (Fig 5) are below.
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Fig. 5 Flood hazard spatial model for 2019, 2029, 2039 and map of hybrid spatial model of flood hazards

Table 5 Accuracy test of the 2019 flood hazard model

Flood hazard Low Medium High User Accuracy
Low 172 5 4 94.50
Medium 6 187 7 93.50
High 0 1 16 94.12
Producer Accuracy 96.63 96.89 59.25 -
Overall Accuracy 172+187+16=375/399 93.98

Source: Data analysis 2022.
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Table 6 Accuracy test of the 2029 flood hazard model

25, Issue 108, pp.21-29

Flood hazard Low Medium High User Accuracy
Low 169 7 6 92.85
Medium 10 183 7 91.50
High 0 2 15 88.23
Producer Accuracy 94.41 95.31 53.57 -
Overall Accuracy 169+183+15=367/399 91.98
Source: Data analysis 2022.
Table 7 Accuracy test of the 2039 flood hazard model
flood hazard Low Medium High User Accuracy
Low 165 9 8 90.66
Medium 10 183 7 91.50
High 1 2 14 82.35
Producer Accuracy 93.75 94.33 48.28 -
Overall Accuracy 165+183+14=362/399 90,73

Source: Data analysis 2022.

Testing the accuracy of the hybrid spatial model
for flood disaster in the Tarusan Watershed using
overall accuracy, the accuracy value of the hybrid
spatial model for flood disaster in 2019 was 93.98,
in 2029 it was 91.98, and in 2039 the overall
accuracy value was 90.73. Based on the results of
the accuracy test of the hybrid spatial model of
flooding in the Tarusan Watershed using overall
accuracy, it can be said to be good, so it can be said
that the results of the hybrid spatial modeling of
floods in the Tarusan Watershed are acceptable.

5 CONCLUSIONS

Based on the research results above, it can be
concluded as follows 1) The land cover change
model in the Tarusan Watershed has changed,
especially in primary forest and secondary forest
land cover experiencing a decrease, while oil palm
land cover have increased in the area; 2) The
numerical model of the flood disaster in the Tarusan
Watershed has the characteristics of flooding that
occurs quickly and quickly also experiences a
reduction in flood discharge; 3) The hybrid spatial
model of flood hazard in the Tarusan Watershed
underwent extensive changes from 2019 to 2039.
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