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ABSTRACT 
 

Land use changes from pervious layer to impervious layer in catchment area can change the 
hydrological system. It is influence by runoff in the downstream area. The increasing of runoff 
in high land can indirect flooding disaster in low land. Develop of a model that can be use to 
predict the runoff is off injure time. The model use is KINEROS (Kinematic Runoff and 
Erosion). The aim of the study is to determine of runoff value and to calibrate the model in 
Sumpil catchment in Malang regency, Indonesia.  According to the analysis, it has been 
shown that the average runoff in Sumpil catchment is 8.04 mm for 2 years and 19.98 mm for 5 
years return period of rainfall, respectively. The depth of runoff is different in up stream and 
down stream depending the land uses, soil properties, land-slope, rainfall intensity and width 
of catchment. For 2 years return period of rainfall, the runoff value is about 10.61 to 11.51 
mm in upstream and about 6.60 to 9.01 mm in down stream, respectively. For 5 years return 
period of rainfall, the runoff value was about 20.51 to 23.82 mm in upstream and about 17.94 
to 19.51 mm in down stream, respectively. This study showed that KINEROS model was able 
to predict of runoff in small scale catchment. 
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1. INTRODUCTION 
 
Water is an essential requirement for all human activities such as for drinking, agriculture, and 
power generation. Indonesia country has the world’s fourth largest population (207.6 million 
according to the 2000 census) with over 92% being Muslim after China, India, and the United 
States. The population is comprised of nearly 300 ethnic groups that speak about 538 different 
languages and dialects. Indonesia has two seasons of climate, rain season and dry season. This 
condition, the government must be giving more attention for difference situation.  
 
In present decade, development all sector more intensive to increase of economic target. 
Development can increase not only capital income of people but also human health. In the 
another aspect, the development need more land to built infrastructure like road, building, 
market area, residential, industries estate, etc.   It was effect to changes of land use/land cover 
in many place. The land use changes from pervious layer to impervious layer in catchment 
area can change the hydrological system. It was influence of runoff in downstream area. The 
increasing of runoff in high land can indirect flooding disaster in low land. Therefore, it 
needed to development a model that can be use to predict of runoff as basin scale.  
 
 
2. OBJECTIVES 
 
The study was carried out with the following objectives: 

• To investigate the soil type characteristic 
• To predict and determine the runoff depth in catchments area 

 
 
3. BASIC THEORY 
 
The precipitation file created for the watershed can be account for variations in precipitation 
levels as on transgresses the watershed by placement of rain gauge within specific element or 
cell of the simulated. By weighting this rain gauge differently, different rainfall amount can be 
simulated over the watershed.  
 
Rainfall excess, which leads to runoff, is defined as the difference between precipitation 
amount and interception and infiltration depth. The rate at which infiltration occurs is note 
constant, but depends on the rainfall rate and accumulated infiltration amount, or the 
antecedent moisture condition of soil. One of the benefits of vegetation is that the soil water 
content is reduced by evapotranspiration. The depression in soil water content increases the 
amount of precipitation that can infiltrate into the root zone of the soil matrix. If the rate of 
rainfall is the limiting factor, then infiltration rate equals precipitation rate and no ponding 
will occur.  
 
3.1 Hortonian Overland Flow 
 
The appearance of free water on the soil surface, called pounding, gives rise to runoff in the 
direction of the local slope (Figure 1). Rainfall can produce ponding by two mechanisms, as 
outlined in the infiltration section. The first mechanism involves a rate of rainfall which 
exceeds the infiltrability of the soil at the surface. The second mechanism is soil filling, when 
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a soil layer deeper in the soil restricts downward flow and the surface layer fills its available 
porosity. In the first mechanism, the surface soil water pressure head is not more than the 
depth of water, and decreases with depth, while in the second mechanism, soil water pressure 
head increases with depth until the restrictive layer is reached. 

 
 Figure 1. Definition sjetch for overland flow 

 
Viewed at a very small scale, overland flow is an extremely complex three-dimensional 

process. At a larger scale, however, it can be viewed as a one-dimensional flow process in 
which flux is related to the unit area storage by a simple power relation:   

    mhQ .α=                                (1) 
where Q is discharge per unit width and h is the storage of water per unit area. Parameters ά 
and m are related to slope, surface roughness, and flow regime. Note that we take a larger 
scale view of this equation and do not assume literal “sheet flow”. High slopes or supercritical 
flow are not required. 
 
Numerical Solution KINEROS2 solves the kinematic wave equations using a four-point 
implicit finite difference method. The finite difference form for equation (3) is 
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where 2w is a weighting parameter (usually 0.6 to 0.8) for the x derivatives at the advanced 
time step. 
 
3.2 Open Channel Flow 
 
As with overland flow, the kinematic equation describing channel flow is solved by the four 
point Newton-Raphson iteration method. Inputs into channel flow can occur from other 
channels or overland flow entering the channel from the end or sides. Direct rainfall input into 
the channel is not accounted for. Utilizing the kinematic assumption, the relationship between 
the cross-sectional area of the channel and discharge is as follows: 

ARQ m .. 1−= α                  (3) 
where R is the hydraulic radius of the channel and A is the cross-sectional area of the channel. 
The cross-sectional area of the channel can be approximated as either circular or trapezoidal. 
Sufficiently large side slopes for the channels can be selected so that simulation of a 
rectangular channel is also possible. For the watershed under study, no sewer or piping 
systems existed to channel water flow, thus all channels were simulated as trapezoidal. Again, 
parameters dependent upon surface conditions, m and a, were determined using Manning’s 
equation:  
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where s is slope and n is Manning’s roughness coefficient. The appropriate Manning’s n value 
is dependent upon the channel material and shape. 
 
3.3 Erosion and Sediment Transport 
 
 KINEROS account for two distinct type of sediment erosion: erosion caused by raindrop 
impact and erosion resulting from surface water flow. Erosion caused as a result of surface 
flow can be upland erosion or channel erosion. Deposition resulting from decreased surface-
flow velocities when going through larges water bodies, such as ponds, is accounted for as 
well.  
 
The model developers report that the following mass balance equation is used to model 
sediment movement along the watershed: 

( )txe
x

QC
t

AC
txq ss ,

)()(
),( −

∂
∂

+
∂

∂
=                     (6) 

Where A is the cross section area of flow: C is the sediment concentration: e is the rate of 
erosion in the soil: and q is the lateral sediment inflow for the channels. 
As states, erosion is caused by impact and surface flow. The sum is 

E = gz + gh                      (7) 
Where gz is splash erosion: 

gz = Cf k (h)rq.                 (8) 
and gh is hydraulic erosion. 

gh = Cg (Cmx – Cz) A                 (9) 
 
The splash erosion rate, gz, is a product of a rain splash coefficient: Cf is a reduction factor 
dependent upon water depth, K(h), Cg is the hydraulic erosion parameter: Cmx is the sediment 
load concentration at the given hydraulic and turbulent condition: and Cz is the current 
sediment load concentration.   
 
3.4 Transport Capacity  
 
Many transport capacity relations have been proposed in the literature, but most have been 
developed and tested for relatively deep, mildly sloping flow conditions, such as streams and 
flumes. Experimental work by Govers (1990) and others using shallow flows over soil have 
demonstrated relations that are similar to the transport capacity relation of Engelund and 
Hansen (1967): 
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in which  u  = velocity [L/T], 
u*  = shear velocity, defined as , ghS 

= suspended specific gravity of the particles,  
h  = water depth.[L] 
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4. STUDY AREA 
 
The Sumpil catchment area is a park of Upper Brantas River basin that located in Malang and 
Batu Regency. Sumpil catchment have 15.39 km2 and a long of river about + 7.5 km. The 
anually precipitation in study area is 1,700 mm. The main of land use are  residential, dry 
land, plantation, underbrush, irrigation land and open space (see table 4) 
 

 

 
Figure 2. Case study in Sumpil catchmen, Java Island, Indonesia 

 
 
5. METHODOLOGY 
 
The procedure of study make simple within three steps: 
 

 Pre-Fieldwork 
This step included:  
 collection of existing data and information about the study area from previous work  
 literature review about land cover changed;  
 digitizing of counture map and drainage patern map 
 rainfall and disharge data from 1990 to 1999   

 Fieldwork 
This step included:  
 to check the location of rainfall and discharge data;  
 to collect soil samples whit hand bore. 
 to measurement of runoff depth 

 Post fieldwork 
This step involves data processing and analysis of data, as follows;  
 creating a data included land use type and soil type 
 determination of lans use and soil type 
 calibration and validation of model 
 analysis of rainfall and discharge data trend 
 running model, analysis and conclusion of research. 
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6. INPUT DATA PREPARATION 
 
In order to obtain a good result, preparation of data input mush be accurate and followed by 
guideline procedure. Soil data for input to KINEROS model suitable from laboratory analysis 
of soil properties. In laboratory, the soil properties can determine. The results of analysis of 
soil properties presented in table 1, 2 and 3, respectively. Watershed delineation is one of the 
most commonly performed activities in hydrologic and environmental analyses. Digital 
elevation models (DEM) provide good terrain representation from which the watersheds can 
be derived automatically using GIS technology. In this step the key terrain derivatives (flow 
direction and flow accumulation grids based on the elevation grid) are computed and saved, so 
when needed for individual watershed delineation they do not have to be computed again, but 
are directly accessed. This means that these operations need to be performed only once for a 
given DEM. Base on land cover map, the land use characteristic and clasification of land 
cover can determine. To accuracy of land use data map, cros ceck in field work wold be done. 
According by soil type mape, the soil texture, soil properties, parameterisazion of soil  can 
determinate. Rainfall data was used from four rainfall gauge record namely Lowokwaru, Dau, 
Pendem and Lawang, respectively. The both of rainfall intensity and duration time of flood 
peak for 2 and 5 years return period was needed to data input for the model. 
 

Table 1. Percentage of sand content (%) 
sand content (%) in depth Land use 0 – 20 cm 20 – 40 cm 40 – 60 cm 

Residential 19.97 12.61 11.28 
Dry field 8.71 10.26 8.57 
Plantation 21.85 11.72 11.97 

Underbrush 14.12 15.44 9.00 
Irrigation land 8.61 7.62 7.65 

Open space 11.38 25.17 30.55 
 

Table 2. Percentage of  dust content (%) 
Dust content (%)  in depth Land use 0 – 20 cm 20 – 40 cm 40 – 60 cm 

Residential 52.36 49.13 45.08 
Dry field 53.94 52.08 49.36 
Plantation 40.44 39.57 38.39 
Underbrush 42.22 32.62 36.08 
Irrigation land 37.80 35.11 31.78 
Open space 65.00 41.38 32.69 

 
Tabel 3. Percentage of clay content (%) 

Clay content (%) in depth Land use 0 – 20 cm 20 – 40 cm 40 – 60 cm 
Residential 27.67 38.26 43.64 
Dry field 42.88 37.67 42.07 
Plantation 37.64 48.71 49.64 
Underbrush 43.67 51.94 54.92 
Irrigation land 53.59 57.27 60.57 
Open space 23.62 33.48 36.76 
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7. KINEROS MODEL RESULTS 
 
The importance results of model can be summarize as follows : 
 
a.    Digital Elevation Model (DEM) 

 
KINEROS model that linked with GIS facilities can be processes of Digital Elevation 
Model. Results analysis of land use and soil type in the study area was boundary of 
catchment area with divided of sub catchment into 44 sub catchment and determinate of 
synthetic river network.  
 

b. Analysis of land use map 
 

Distribution of land use in the catchment area presented in table 4.  
 

Tabel 4. Distribution of land use in Sumpil catchment 
 

Land use area  (km2) Percentage (%) 
1. Plantation 0.54 3.52 
2. Residential 3.93 25.58 
3. Open space 0.38 2.48 
4. Irrigation land 8.98 58.40 
5. Underbrush 0.88 5.75 
6. Dry land 0.64 4.21 
Jumlah 15.39 100.00 

 
c. Analysis of soil texture 

 
Analysis of soil texture and soil properties have been done in laboratory. The rerults of 
soil analyisis as input data for KINEROS model.  SMPL code (Sumpil) is the code name 
of soil type in study area. Detail of soil properties can be sen in table 5 and 6 below:  

 
Table 5. Horizontal distribution of soil properties in Sumpil catchment 

 
Sub catchment Soil type Percentage (%) 

SICL = Silty Clay Loam 10.0 
SIC   = Silty Clay 1.9 SMPL 1 
C       = Clay 88.1 
SICL = Silty Clay Loam 9.8 SMPL 2 C       = Clay 90.2 
CL     = Clay Loam 4.8 
SICL = Silty Clay Loam 26.7 
SIC   = Silty Clay 1.5 SMPL 3 

C       = Clay 67.0 
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Table 6. Vertical distribution of soil properties in Sumpil catchment 
 

Soil layer Soil type  0 – 20 cm 20 – 40 cm 40 – 60 cm 
SICL =Silty Clay Loam SICL SIC SIC 
SIC   =Silty Clay SIC C C 
CL    = Clay Loam CL SIC SIC 
C      = Clay C C C 

 
 

d. Analysis of hydrological data  
 
The results of hydrological analysis is rainfall intensity data in several return periode as 
input data for model development. Rainfall intensity data can be seen in table 7.  

 
Tabel 7. Rainfall intensity 

 
Return period R24 (mm day-1) Tp (hour) I (mm hour-1) 

2 48.50 1.48 12.95 
5 77.13 1.48 20.59 

 
 

After all data input completed to entry, the model was ready for running. Calibration for 
several parameters has been done to good performance of running model. The examples result 
of running KINEROS model was presented as table 8.   
 
 

Table 8. Results sample of running KINEROS Model 
 

Plane Element 3 
Contributing area = 159.1021 ha  
Water balance: 

         ------------------------------------------------------------------------------------- 
          Rain   : 27.66053 cu m     17.38540 mm 

Inflow  :         0.00 cu m       0.00000 mm 
Infiltration  : 10.12200 cu m     6.36195 mm 
Time infiltration :             20.00      min  
Infiltration rate :                           0.318 mm min-1    
Stored  :         0.89 cu m      0.00056 mm 
Out   : 17.51596 cu m      11.010     mm 
Error   :         0.08 % 

 
 
Results simulation of KINEROS model for each sub-catchment can bee seen in table 9. below 
and Figures 3 and 4, respetively.  
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Tabel 9. The depth of runoff in each of sub catchment in Sumpil catchment 
 

The depth of runoff  (mm) No. Sub 
Catchment Area  (m2) Return period 2 year Return period 5 year 

1 1 497.711,706 11,263 23,352 
2 2 859.484,032 10,572 22,770 
3 3 1.504.408,330 11,010 23,098 
4 4 477.715,169 11,516 23,618 
5 5 296.857,678 8,268 20,472 
6 6 1.045.584,233 10,143 22,298 
7 7 378.000,764 10,912 18,056 
8 8 15.643,768 6,711 18,951 
9 9 82.867,510 7,170 19,182 

10 10 470.216,289 6,062 17,940 
11 11 31.250,000 7,550 19,577 
12 12 110.939,895 6,635 18,595 
13 13 468.580,710 6,280 18,265 
14 14 16.064,453 6,726 18,978 
15 15 52.580,051 7,478 19,515 
16 16 408.234,685 6,355 18,309 
17 17 147.252,544 6,385 18,441 
18 18 165.343,840 6,785 18,742 
19 19 457.220,924 6,749 18,603 
20 20 153.135,043 8,404 20,293 
21 21 622.832,926 8,043 19,755 
22 22 378.305,301 9,002 20,743 
23 23 11.621,094 10,492 22,324 
24 24 480.480,286 9,268 21,011 
25 25 17.812,500 7,977 19,980 
26 26 413.287,379 8,243 19,972 
27 27 110.593,347 10,630 22,430 
28 28 125.370,325 8,829 20,532 
29 29 581.635,501 6,788 18,640 
30 30 851.922,267 6,561 18,443 
31 31 139.788,755 6,950 18,978 
32 32 430.773,992 7,670 19,661 
33 33 262.925,469 7,848 19,679 
34 34 698.859,710 6,762 18,564 
35 35 401.186,142 6,140 18,085 
36 36 723.405,374 7,154 18,931 
37 37 44.592,919 6,541 18,685 
38 38 71.976,695 8,534 20,420 
39 39 102.473,240 7,092 19,142 
40 40 261.209,892 9,472 21,256 
41 41 137.001,674 9,000 20,805 
42 42 330.613,038 9,877 21,664 
43 43 165.957,907 9,568 21,352 
44 44 252.924,035 7,270 19,073 
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Figure 3. Map of runoff depth in Sumpil catchment using KINEROS Model 
(2 year return period of rainfall) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 4. Map of runoff depth in Sumpil catchment using KINEROS Model 
               (5 year return period of rainfall) 
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The runoff depth in each sub-basin is difference due to impact from many factors like 
watershed characteristic, land management, soil type, land cover and rainfall intensity. Land 
use/land cover make importance factor to determinate of runoff depth. The runoff depth 
would be lower if land cover changes from impervious soil to pervious soil type. Land slope 
and rainfall intensity contributed to make increase of runoff depth value. The increasing of 
land slope value would be effected to higher of runoff depth than normal depth value.    

 
 

8.  CONCLUSIONS 
 

Base on the research and analysis, the conclusion from the study can be summarized as 
follows:  
 

 According for analysis, it has been shown that the average runoff in Sumpil catchment 
was 8.04 mm for 2 years return period and 19.98 mm for 5 years return period of rainfall, 
respectively.  

 
 The depth of runoff was different in up stream and down stream depending on land uses, 

soil properties, land slope, rainfall intensity and width of catchment. For 2 years return 
period of rainfall, the runoff value was about 10.61 to 11.51 mm in upstream and about 
6.60 to 9.01 mm in down stream, respectively. For 5 years return period of rainfall, the 
runoff value was about 20.51 to 23.82 mm in upstream and about 17.94 to 19.51 mm in 
down stream, respectively 

 
 The main factor that have big impact in determining the runoff depth in Sumpil catchment 

are land use, land slope and rainfall intensity.   
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