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Abstract— Flooding is one of the many environmental problems that occur in some watersheds (DAS) in Indonesia. Based on Lusi 

Utama's research (2019), is the large level of debit in SUB-watersheds Arau-the city of Padang, which is calculated based on land use that 

causes flooding. For this reason, it is necessary to reduce the flooding that occurred in the Arau Watershed by managing the area and land 

use that is ideal. Some of the results of research on floods occur as a result of human behavior, namely by changing the function of 

infiltration land into developed land. There was a high increase in flooding in Padang City from 2008 - 2018. This shows the condition of the 

Watershed (DAS) is bad, causing floods and sedimentation. By using a map of the earth and analyzed with the Argis X, obtained extensive 

maps and land use. Thiessen and Gumbel methods for calculating planned rainfall is used. The amount of discharge due to land use is 

analyzed by Rational methods. Analysis of discharge that occur due to rainfall will be compared with discharge obtained from land use. If 

the discharge due to rainfall is greater than the discharge due to land use, it is necessary to adjust the area and type of land use that can 

reduce flooding. The area and type of land use arrangement called the land use model is to reduce flood, the largest green land required is 

50.21% in the Lubuk Paraku, and the smallest is 7.32% in the Sekayang. 

 
Index Terms—Model, Land use, Discharge, Watershed, Rainfall. 
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1 INTRODUCTION 
 
Run off in the Padang City Arau Watershed is an event 
caused by the inadequate cross-sectional capacity of the 
river to flow the existing discharge. Based on the research 
of Lusi Utama that the amount of discharge contained in 
the Arau sub-watershed based on land use is: The Batu 
Putih sub-watershed is 4.28m3/second, Batang Arau is 
17.95m3/second, Jirak is 15.83m3/second, Padang Idas is 6.78 
m3/ second, Lubuk Kilangan is 22.63 m3/second, Lubuk 
Paraku is 13.63 m3/second, Gadut is 13.98 m3/ second, 
Indarung is 26.002 m3/second, Aia Baringin is 9.14 
m3/second, Luwung is 12.64 m3 /second, Gayo is 25.07 
m3/second, Sikabau Kacik is 27.18 m3/second, and Sekayang 
Gadang is 11.99 m3/second [1]–[3].  

Run off is part of the rainwater that flows on the 
surface of the ground toward rivers, lakes, or oceans. With 
changes in land cover and loss of catchment areas, the 
chance of rainwater to be retained and seep into the ground 
will be smaller, resulting in increased flood discharge, 
which in turn will increase flooding [4]–[7]. That most 
urban areas that experience flooding, are areas that have 
flat topographic characteristics and low slope, and have 
physiography in the form of floodplains.  

In general, the factors that cause flooding can be in the 

form of climatological factors, land subsidence, changes in 

land use and an increase in population [8]–[10]. Land use 

changes that often occur are the conversion of a catchment 

area into a built area. This cannot be avoided because most 

of the floodplain areas have the potential as a place / 

location for the development of cities, industries, economy, 

and settlements [11], [12]. An increase in the number of 

people who need space also triggers an increase in this 

change. All this will increase surface run off which can 
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eventually cause flooding due to decreased drainage and 

infiltration capacity. In Indonesia there are estimated to be 

1.96 million ha of flood area [13], [14]. The phenomenon of 

flooding is an indication of an error in the use of watershed 

land. Land use conditions often still do not pay attention to 

land conservation, especially its suitability for land use [15], 
 

[16]. Damage to the watershed can be seen from the 

reduced ability of land to absorb water when it rains, which 

results in disruption of the hydrological cycle [15], [17]. 

From studies [9], [18]–[21] that have been carried out based 

on the parameters of the causes of flooding in the 

watershed and in public spaces, that the cause of flooding 

that is often investigated is due to changes in land use. But 

how much land is used that causes flooding has not been 

done research. For this reason [33,40] [22], [23], it is 

necessary to determine the size and type of land that must 

be maintained to reduce flooding and sedimentation. 
 

For the city of Padang, the SWP DAS (Watershed 

Management Area Unit) located in the capital of West 

Sumatra Province is the SWP Arau watershed, which 

consists of the Batang Arau watershed, Batang Kuranji 

watershed and Batang Air Dingin Watershed [24]–[26]. 

Throughout 2008 - 2018 these three watersheds showed 

high run off coefficient (flood). One of the efforts to tackle 

the spread of potential flood risks is to understand the 

characteristics of flood plain areas [27], [28]. The area of the 

floodplain can be evaluated based on land use. 

Furthermore, the extent of this flood plain can be 

overlapped by how much land use is built and the use of 

green land that can reduce flooding [29], [30]. 
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2. RESEARCH METHOD 
 
This problem [17] will be investigated by conducting 

surveys in the form of interviews with village officials and 
residents, directly observing existing conditions, obtaining 
information  from  the  newspaper  and  television  media, 

collecting rain data, obtaining situation maps and 

topographic maps and maps of the earth (picture) to obtain 
land area and land  use  existing  [4],  [31].  Conducting  a 
literature review related to the function and use of land that 
can cause flooding. Rainfall data is used from measuring 
the daily rainfall height using a cylindrical shape with a 
height and diameter of 14 cm which is placed in all Arau 
Watershed, by observing from 1 March 2019 to 1 April 2019. 

Rainfall data will be analyzed into rainfall plans using the 
Thiessen formula. In the calculating discharge, Rational 

method is used [32], [33], To get a map of land use and land 
area, the Argis X quantum program is used. Determination 
of sediment concentration is by means of filtering and using 
the following formula [34]: 
Cs = (b-a)/V 

 
 
 
 

3.RESULTS AND DISCUSSION 
 
A cylindrical rainfall gauge with a diameter and height of 

14 cm is used. Measured rainfall for 30 days, and obtained 

average rainfall (mm). The amount of discharge is 

calculated according to average rainfall multiplied by land 

area and is calculated based on the length of rain. 

Determine the discharge from rainfall in each SUB-

Watersheds: 
 
Sub Watershed Area of Jirak = 323.3 ha. The average height 

of rainfall measured in the field is 1.89 cm. Volume = 323.3 

x 1.89 = 611.04 ha. Length of rain 1 hour = 3600 seconds. The 

amount of Discharge = volume / duration of rain = 611.04 

ha cm / 3600 seconds = 16.97 m3/second. Furthermore, to 

calculate the discharge due to rainfall in 12 sub-watershed 

is tabulated in table 1 as follows. 

Table 1. Discharge for SUB Watershed Arau from rainfall 
 

Sub Watershed Average height Area Volume Duration of rain Discharge 
 of rainfall (cm) (ha) (ha cm) (second) (m3/second) 

Batang Jirak 1.89 323.3 611.04 3600 16.97 
Aia Baringin 0.96 565.12 542.52 3600 15.07 
Lubuk Kilangan 0.87 3161.34 2750.37 7200 38.20 
S.Gadut 1.76 741.97 1305.87 5400 24.18 
S. Indarung 1.01 2566.5 2592.17 7200 36 
S. Sekayang Gadang 3.15 338.1 1065.02 5400 19.72 
A. Luwung 1.6 749.97 1124.96 5400 20.83 

Batu Putih 0.96 132.44 127.14 3600 3.53 
A. Padang Idas 1.05 819.68 860.66 7200 11.95 
Batang Arau 0.93 1913.62 1779.67 7200 24.71 
Sikabau Kacik 0.5 899.06 449.53 1800 24.97 
S. Gayo 1.75 1810.16 3167.78 7200 44 
Lubuk Paraku 0.5 2881.84 1440.92 7200 20.01 

 

Table 2. Table for comparison of discharges due to land use and rainfall 
 

SubWatershed Discharge based on land Discharge based on field Difference in 

 use (m3/second) rainfall (m3/second) discharge(m3/second) 

Batu Putih 4.28 3.53 0.75 
    

Batang Arau 17.95 24.71 -6.76 
    

Batang Jirak 15.83 16.97 -1.14 
    

A. Padang Idas 6.78 11.95 -5.17 
    

Lubuk Kilangan 22.63 38.2 -15.57 
    

Lubuk Paraku 13.63 20.01 -6.38 
    

S. Gadut 13.98 24.18 -10.20 
    

S. Indarung 26.00 36 -10.00 
    

Aia Baringin 9.14 15.07 -5.93 
    

A. Luwung 12.64 20.83 -8.19 
    

S. Gayo 25.07 44 -18.93 
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 S. Sekayang Gadang 11.99 19.72  -7.73  
       

 Sikabau Kacik 27.18 24.97  2.21  
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Figure 1. Comparison graph of land use discharge with rainfall 

 
3.1 DETERMINING THE SEDIMENT DISCHARGE 

FROM THE ARAU SUB-WATERSHED 

 
To determine the sediment debit, water samples were 
taken and tested in the Bung Hatta University 
laboratory in Padang. From the laboratory results 
obtained the value of Cs (sediment concentration) using  

 
the formula Cs = (b-a) /, where a = filter paper weight 
(grams), b = weight of filter paper and sediment that has 
been in oven, V = volume of water (ml). 

 
Determination of the amount of sediment debit Qs = 
Cs.Q (Q = debit due to rainfall) (table 3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Graph of sediment discharge values in the Arau SUB watershed 
 

3.2  DETERMINE THE MODEL OF LAND USE TO 

REDUCE FLOODING 
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To determine the land use model, land types and land 

     

Intensity (mm / 10.32    
area will be planned that can reduce flooding in each hour)     

sub-watershed 
    

     

 
 
 
 
 
 

 

Table 4. Land Use Discharge (Sub Watershed : Padang Idas) 
 

Vegetation Area(Ha) Coeffisient Discharge 

  ( C ) (m3/second) 

Forest 479.93 0.2 2.75 
    

Sand Dunes 2.62 0.1 0.01 
    

Office space 1.36 0.5 0.02 
    

Plantation 93.95 0.15 0.40 
    

Housing 51.87 0.7 1.02 
    

Public Service 8.07 0.5 0.12 

Facilities    

Irrigated fields 84.74 0.6 1.46 
    

Shrubs 65.31 0.3 0.56 
    

River 12.52 0.7 0.25 
    

Empty land 0.33 0.2 0.00 
    

Field 18.98 0.3 0.16 
    

Total 819.68  6.78 
     
In order to flood can be reduced; land use in SUB-Watershed, 
Padang Idas is as follows: 
 
Land area for green land use is = 103.95 / 819.68 = 12.68%, 
housing area is = 120.87 / 819.68 = 14.75% and the minimum 

 
 
 
 
Table 5. Discharge after changes in land type and area that 

can reduce flooding (Sub Watershed : Padang Idas) 
 

Vegetation Area Coefficient Discharge 

 (Ha) (C ) (m3/second) 

Forest 400.93 0.2 2.30 
    

Sand Dunes 2.62 0.1 0.01 
    

Office space 1.36 0.5 0.02 
    

Plantation 103.95 0.15 0.45 
    

Housing 120.87 0.7 2.42 
    

Public Service 8.07 0.5 0.12 

Facilities    

Irrigated fields 84.74 0.6 1.46 
    

Shrubs 65.31 0.3 0.56 
    

River 12.52 0.7 0.25 
    

Empty land 0.33 0.2 0.00 
    

Field 18.98 0.3 0.16 
    

Total 819.68  6.78 
    

Intensity 10.32   

(mm / hour)    
 
Forest area is = 400.93 / 819.68 = 48.91%. For 12 sub-watershed 
is tabulated in table 6. 

 

Table 6. Land Use Models to reduce flood discharge in the Arau 
 

SubWatershed % % % % 

 Green Land Housing Forest irrigated fields 

A. Baringin 14.53 25.88 35.26 0 

A. Luwung 28.37 28.13 13.8 0 

A. Padang Idas 12.68 14.75 48.91 0 

Bt. Arau 34.94 27.55 0 0 

Lubuk Kilangan 9.91 1.52 73.11 0 

Lubuk Paraku 50.21 4.16 36.89 0 

S. Gadut 32.69 32.87 0 19.37 

S. Gayo 16.46 18.08 0 33.37 

S. Indarung 19.34 12.31 0 0 

S.Sekayang Gadang 7.32 42.29 0 8.92 

Jirak 43.76 24.44 0 0 
 

 

4. CONCLUSSION 
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The largest sediment occurs in the watershed of:Arau, 
Jirak, Gadut, Sikabau Kacik, Gayo, Indarung, A. 
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Baringin, Lubuk Kilangan, Lubuk Paraku, Luwung, 
Sekayang Gadang, Padang Idas, Batu Putih. The largest 
green land is needed in the SUB-watershed of: Lubuk 
Paraku, Jirak, Arau, Gadut, Luwung, Indarung, Gayo, 
Baringin, Padang Idas, Lubuk Kilangan and Sekayang 
Gadang. The biggest use of green land in the SUB 
Watershed is Lubuk Paraku, and the smallest in the 
Watershed Sekayang Gadang. For SUB-watershed 
Padang Idas, Lubuk Kilangan, A, Baringin, and 
Luwung, and Lubuk Paraku, the forest must be 
maintained. Sub-watersheds that do not have forests 
are expected to maintain the use of irrigated, namely 
SUB-watersheds Gadut, Gayo and Sekayang Gadang. It 
appears that the need for green land is directly 
proportional to the occurrence of sedimen 
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