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ABSTRACT 

Kupang River administratively located in Batang Regency, as well as the District and City of 

Pekalongan, Central Java Province. The Kupang River irrigates the Kupang Watershed with an area are 

194.87 Km2 and the river length are 67.5 km. The Kupang watershed is in the administrative area of 3 

regencies and 1 city, that are Pekalongan City, then Batang, Pekalongan, and Banjarnegara districts.  

In general, semi-monthly rainfall ranges between 16 mm until 299 mm. The dry season go on April 

until September and the rainy season go on October until March. 

The purpose of this research is to do a calculation and analysis to get the amount of water potential 

with available data. In terms of quantity, the problem of water for agriculture especially on dry land, is 

about the water supply and distribution. Because the water supply is very dependent on the distribution of 

rainfall throughout the year which is very uneven even in the rainy season. Because of that reason the 

technology and methods that are effective, efficient, and can be applied in various regional characteristics 

are needed to meet water needs. 

Flood control is also very necessary to prevent floods that can occur at any time. Flood discharge 

plan calculated using several methods that suitable. With this we can minimize the possibility of flooding 

and be responsive in an effort to minimize the worst possibilities when the floods take place. 
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I. THE INTRODUCTION 

A. BACKGROUND 

Water is an essential natural resource, 

which is needed by humans and other living 

beings. With water, the Earth became a planet 

in the solar system that has a life. (Kodoatie 

dan Sjarief, 2002). As a hydrologycal system, 

Watershed receives input in the form of 

rainfall and then process in it accordance with 

its characteristics into the flow. Rain that falls 

in one watershed will partly fall on the surface 

of the vegetation, surface of the soil or body 

of water (Triatmodjo, 2009). 

Kupang River flows towards to the 

estuary of Pekalongan, also a meeting of 

Retno Sumilir river with the upstream of the 

Kupang river are located at the foot of Mount 

Rogojembangan - Petungkriyono.  

Kupang Watershed is part of the 

Watershed Management Unit SWP DAS 

Pemali Comal. In the northern area of Central 

Java province are passed over 3 Districts and 

1 city. The widest are in Pekalongan District 

of 53.88% (9,708.13 ha),  Batang District  

32.04% (5,774.51 ha), Pekalongan City 

14.06% (2,533.221 ha), and the smallest is 

Banjarnegara district amounted to 0.04% 

(6.332 ha). DAS Kupang position coordinates 

between 109°36'22"-109°45'49" East 

longitude and between 6°50'50''-7°12'05" 

South latitude. With the main river of Kupang 

Watershed are Kupang River with the length 

of the river 67,5 km. of Kupang River are 67,5 

km. The wide of watershed are 195,87 km².  

Hydrological analysis is one 

beginning part of analysis in the design of 

hydraulic buildings. Analysis of the hydrology 

in the development of water resources in the 

process are needed hydrological data 

consisting of rainfall data, discharge data and 

climate data.  

B. FORMULATION OF THE PROBLEM 

The problem and condition that will 

be discussed in the Hydrology Analysis  of the 

Kupang River as follows: 

1. What is the meaning of hydrological 

analysis? 

2. How is the method and calculation of 

water balance analysis? 

3. Are the potential of the water and the 

debit of the Kupang River comply the 

needs? 

4. How is the method and calculation of 

flood discharge analysis? 

C. INTENT AND PURPOSE OF THE 

RESEARCH 

The purpose of Hydrology Analysis 

research of Kupang River are: 

1. Analisys the potential availability of 

water discharge optimally to serve the 

irrigation area. 

2. Analisys of flood discharge. 

3. The result of the research are expected to 

be useful inputs and information to 

provide an overview and solution. 

D. LIMITATION OF THE STUDY 

For this thesis  limitations of the 

study raised as follows: 

• Data used in this study are: daily rainfall 

data of Kupang River. 

• The rainfall data used in this study is 

limited to only 20 years, namely from 

1998-2017. 

• Rainfall data is obtained from three 

rainfall gauge stations namely 

Pekalongan station, Doro station, and 

Wonotunggal station. 

• Calculations are limited, not counting the 

embankment planning around the river. 

E. MAP OF THE WATERSHED 

 
Picture 1. Map 
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II. THE REVIEW OF LITERATURE AND 

THEORETICAL BASIS 

A. THEORETICAL BASIS 

1. Analysis 

Analysis is a systematic 

examination and evaluation of data or 

information, by breaking it into its 

component parts to uncover their 

interrelationships (Bussines Dictionary – 

Definition of Analysis). 

The general meaning of analysis 

is activities that consist of a series of 

activities such as, parse, differentiate, 

sorting anything to be grouped according 

to certain criteria and then wanted to 

connected and then interpreted its 

meaning. 

2. Hydrology 

Hydrology, scientific discipline 

concerned with the waters of the Earth, 

including their occurrence, distribution, 

and circulation via the hydrologic cycle 

and interactions with living things. It also 

deals with the chemical and physical 

properties of water in all its phases 

(Encyclopaedia Britannica). 

Hydrology is the science that 

encompasses the occurrence, distribution, 

movement and properties of the waters of 

the earth and their relationship with the 

environment within each phase of the 

hydrologic cycle.  

B. RAINFALL CALCULATION 

METHOD 

1. Thiessen Polygon Method 

This is the simplest way of simply 

dividing the measurements on all the 

rainfall stations with the number of 

stations in the region. In accordance with 

its simplicity, in this method is only 

recommended to use for a relatively flat 

area and has rain are relatively 

homogeneous and are not too rough. 

�̅� =  
𝐴₁𝑅₁ + 𝐴₂𝑅₂ + . . . +𝐴𝑛𝑅𝑛

𝐴₁ +  𝐴₂ + . . +𝐴𝑛
 

 

 

2. The Analysis of Water Frequency 

Gumble Method Tipe I 

To calculate the rainfall plan with 

the Gumble Type I distribution method, 

the empirical frequency distribution 

equation is used as follows (Soemarto, 

1999): 

𝑋т =  �̅� + 
𝑆

𝑆𝑛
 (𝑌т − 𝑌𝑛) 

𝑆 =  √
∑(𝑋ᵢ −  �̅�)²

𝑛 − 1
 

𝑌т =  −𝐼𝑛 [−𝐼𝑛 
𝑇 − 1

𝑇
] 

3. Analysis of Rainfall Intensity 

Mononobe Method 

When the rain data was available 

only in daily rainfall data, then the rain 

intensity for the duration of minutes or 

hours it can being estimated by using the 

Mononobe formula as follows: 

𝑅𝑡 = ( 
𝑅24

𝑡
 ) ( 

𝑡

𝑇
 )

⅔

 

RT = tn . Rtn . – (tn – 1) . Rt0 

C. FLOODS DISCHARGE PLAN 

Flood discharge plan is needed to 

calculate the level of security of the building 

that you want to plan, in this case the desired 

high and low level of security is indicated by 

the size of the return period used. In 

calculating the planned flood discharge, the 

method used is the Rational Flood method, the 

Haspers Method, the Weduwen Method and 

the Nakayasu Method. 

Flood Rational Method  

Rational equations are developed 

based on the assumption that the rainfall that 

occurs has uniform and evenly distributed 

intensity throughout the drainage area for at 

least equal to the concentration time (tc) 

(Suripin, 2004). 

𝑡𝑐 =  (
0,87 .  𝐿

1000 𝑠
)

0,385

 

𝐼 =
𝑅₂₄

24
 . (

24

𝑡𝑐
)

⅔

 

Q = 0,278 . C . I . A 

  

https://www.merriam-webster.com/dictionary/discipline
https://www.britannica.com/place/Earth
https://www.britannica.com/science/water
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Weduwen Method 

By using a trial and error method by 

entering the value of t, so that the value of the 

planned flood discharge will be obtained. 

1. Assumption t (tc) 

2. Reduction Coefficient (ᵦ) 

𝛽 =
120 +

𝑡0 + 1
𝑡0 + 9

 .  𝐴

120 .  𝐴
 

3. Rainfall Intensity (q) 

𝑞 =
67,65

𝑡0 + 1,45
 

4. Run-off Coefficient (α) 

𝛼 = 1 −
4,1

𝛽 .  𝑞 + 7
 

5. Concentration of Time (t) 

𝑡 =
0,476 .  𝐴

3
8⁄

(𝛼 .  𝛽 .  𝑞)
1

8⁄  .  𝑖
1

4⁄
 

6. Repeat Period (Qn) 

𝑄𝑛 =  𝛼 . 𝛽 . 𝑞 . 𝐴 .
𝑅₂₄

240
 

Hasper Method 

To use this method a nomogram-

nomogram has been prepared which states the 

relationship between various variables 

contained in formulas. By using these 

nomograms, calculations can be done quickly. 

1. Concentration of Time (t) 

𝑡 = 0,10 .  𝐿0,8 .  𝑖−0,3 

2. Reduction Coefficient (ᵦ) 

1

𝛽
= 1 +

𝑡 + 3,70 .  10−0,4𝑡

𝑡2 + 15
.
𝐴0,75

12
 

3. Run-off Coefficient (α) 

𝛼 =
1 + 0,012 .  𝐴0,70

1 + 0,075 .  𝐴0,70
 

4. Rainfall Plan (Rt) 

𝑅𝑡 =
𝑡 .  𝑅24

𝑡 + 1
                       

 Rt = 0,707 .  R24√𝑡 + 1 

5. Rainfall Intensity (q) 

𝑞 =
𝑅𝑡

3,6 .  𝑡
 

6. Flood Discharge (Q) 

𝑄 = 𝛼 .  𝛽 .  𝑞 .  𝐴 

Nakayasu Method 

This method is based on the effective 

distribution of rainfall every hour, then to 

spread rain done the calculation of distribution 

and effective rainfall every hour, the 

calculation is done based on the curve up, 

means that debit approaching the top of the 

graphics, and the down curve which means a 

debit slowly or rapidly leaving the top 

hydrograph graphs, from results then get the 

hydrograph graph. 

𝑄𝑝 =
𝐴 . 𝑅₀

3,6 . (0,3 . 𝑇𝑝 + 𝑇₀, ₃)
 

III. RESEARCH METHODOLOGY 

A. METHOD OF RESEARCH DATA 

The methods used in this research is 

qualitative method which means tend to use 

inductive approach to analysis. In this 

research, the data obtained in several ways: 

1. Looking for a various data such as the 

primary data and secondary data to related 

institution (in this case DINAS 

PUSDATARU Pemali - Comal) 

2. The study of literature as literature review 

either from a various books or journals or 

internet. 

3. Process and analyse all the data who 

already obtained. Then taking the 

conclusions and suggestions of the results 

study of the thesis. 

B. TYPES AND SOURCES DATA 

1. Technical Data 

 Manual Rainfall Data obtained 

rainfall daily record during the last 

twenty years, in some rainfall post 

around the area of Kupang River. 

 Watershed Map used in the 

calculation of average rainfall in 

the area around the river. 

 Kupang River Morfology Data. 
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C. FRAMEWORK 

 
Figure 2. Framework 

IV. ANALYSIS AND DISCUSSION OF THE 

PROBLEMS 

A. WATERSHED DETERMINATION 

The area is known by using the 

thiessen polygon method at three rain station 

locations in the map of watershed area. Then 

connecting the lines between all the stations 

so that its form a triangle, then look for the 

weight lines of the second lines, that is the 

lines that devides two exact same and 

perpendicular lines and then connect the third 

weight lines from the triangle so as to make a 

center of gravity that will form a polygon. 

 
Figure 3. Watershed Area 

 

Table 1. Large Catchment Area 

 

B. THE RAINFALL ANALYSIS 

The rainfall data that was displayed 

are already grouped in every two weeks. 

These the average of high monthly rainfall for 

each station can be seen in the table below: 

 
Figure 4. Rainfall Data Wanotunggal 

C. THE ANALYSIS OF POTENTIAL 

WATER 

The Analysis of Potential Water 

divided into two kind that are when rain fell to 

the rain or measure tool and the rain that fell 

directly  into a rice field. To calculate the 

potential of water the rainfall data at one 

station multiplied by the area of the rice fields 

in the water catchment area of the station. 

From the multiplication results from every 

five stations are added from January to 

December in one year. 

 
Figure 5. Water Potential 

D. DEBIT REQUIREMENT 

Half-monthly or fifteen daily water 

needs are used to calculate water requirements 

based on planting area by planting area 

multiplied by the coefficients of each type of 

planting. 
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Table 2. Cropping Pattern 

 

 

Figure 6. Water Balance 

E. Gumbel Method Analysis 

To calculate the rainfall plan with the 

Gumble Type I distribution method: 

Table 3. Calculation of Rainfall Plan for Return 

Period T (Years) 

 

F. ANALYSIS OF RAINFALL 

INTENSITY WITH MONONOBE 

METHOD 

To calculate the intensity of rainfall, the 

Mononobe formula are used. 

Table 4. Effective Rainfall 

 

 

 

G. THE ANALYSIS OF FLOOD 

DISCHARGE PLAN 

1. The Analysis of Flood Rational 

Method 

Plan discharge (QT) is a discharge 

with a certain return period (T) which is 

expected to pass through a river or water 

building. To find the flood discharge plan 

can be used several methods including the 

empirical relationship between rainfall 

and runoff. 

Table 5. Calculation of Flood Rational 

Method 

 

2. The Analysis of Weduwen Method 

Table 6. The Calculation of Flood Discharge 

Plan Weduwen Method 

 

3. The Analysis of Hasper Method 

Table 7. The Calculation of Flood Discharge 

Plan Hasper Method 

 

  

MAINTENANCE 1 MONTH, PADDY 4 MONTH, PALAWIJA 3 MONTH
PADDY - PADDY - PALAWIJA

Crop

Type

I II III I II I II I II I II I II I II I II I II I II I II I II I II

Paddy 1909,3 1909,3 0 1909,3 ha 1909,3 ha

Sec Crop 0 0 1909,3

Amount 1909,3 1909,3 1909,3

1. Unit of Water Requirement Paddy 0 0 1,25 1,25 0,725 0,725 0,725 0,725 0,52 0 1,125 1,125 0,85 0,85 0,85 0,85 0,52 0 0 0 0 0 0 0

(SKA)

Sec Crop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,3 0,3 0,3 0,3 0,3 0,3

2. Water Requirement in The Field Paddy 0,0 0,0 2.386,6 2.386,6 1.384,2 1.384,2 1.384,2 1.384,2 992,8 0,0 2.148,0 2.148,0 1.622,9 1.622,9 1.622,9 1.622,9 992,8 0,0 0,0 0,0 0,0 0,0 0,0 0,0

KAS = SKA x Areal

Sec Crop 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 572,8 572,8 572,8 572,8 572,8 572,8

Amount 0,0 0,0 2.386,6 2.386,6 1.384,2 1.384,2 1.384,2 1.384,2 992,8 0,0 2.148,0 2.148,0 1.622,9 1.622,9 1.622,9 1.622,9 992,8 0,0 572,8 572,8 572,8 572,8 572,8 572,8

1,25 0,0 0,0 2.983,3 2.983,3 1.730,3 1.730,3 1.730,3 1.730,3 1.241,0 0,0 2.685,0 2.685,0 2.028,6 2.028,6 2.028,6 2.028,6 1.241,0 0,0 716,0 716,0 716,0 716,0 716,0 716,0

1,10 0,0 0,0 3.281,6 3.281,6 1.903,3 1.903,3 1.903,3 1.903,3 1.365,1 0,0 2.953,4 2.953,4 2.231,5 2.231,5 2.231,5 2.231,5 1.365,1 0,0 787,6 787,6 787,6 787,6 787,6 787,6

1,05 0,0 0,0 3.445,7 3.445,7 1.998,5 1.998,5 1.998,5 1.998,5 1.433,4 0,0 3.101,1 3.101,1 2.343,1 2.343,1 2.343,1 2.343,1 1.433,4 0,0 827,0 827,0 827,0 827,0 827,0 827,0

l/s 0,0 0,0 3.445,7 3.445,7 1.998,5 1.998,5 1.998,5 1.998,5 1.433,4 0,0 3.101,1 3.101,1 2.343,1 2.343,1 2.343,1 2.343,1 1.433,4 0,0 827,0 827,0 827,0 827,0 827,0 827,0

l/s 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

l/s 50,0 50,0 3.495,7 3.495,7 2.048,5 2.048,5 2.048,5 2.048,5 1.483,4 50,0 3.151,1 3.151,1 2.393,1 2.393,1 2.393,1 2.393,1 1.483,4 50,0 877,0 877,0 877,0 877,0 877,0 877,0

Description

MT I MT II

(l/s/ha) (l/s/ha) 0,3 l/s/ha

0,2 l/s/ha

1,25 1,125

0,725 0,85

0,00 0,00

Growing 2,5

Harvest 0,5

Less Water

Land Preparation & Seeding 1,0

Treatment & Drying 0,5 Secondary Crop ± 3,5 Much Water

Time / Month Time / Month

8. Total Amount (6+7)

7. Water Requirement Etc.

6. Crop Water Requirement

5. Primary Water Requirement

4. Secondary Water Requirement

3. Tertiary Water Requirement

1909,3 ha

II Water Requirement

I

Planting Period I (MTI) Planting Period II (MTII) Planting Period III (MTIII)

Group
Planting Period

(ha) October November December Januray February March April May June July August September

TABLE 4.29 CROPPING PATTERN

I Cropping Pattern



Esa Anggriani, Saihul Anwar 

Journal of Green Science and Technology, Vol. III, No. 3, September 2019 | 303 

4. The Analysis of Nakayashu Method 

This method is based on the 

effective distribution of rainfall every 

hour, then to spread rain done the 

calculation of distribution and effective 

rainfall every hour. 

Table 8. Parameter of Synthetic Unit 

Hydrograph of Nakayasu 

 

Table 9. Design Flood for Return Period of 

Synthetic Uni Hydrogaph of Nakayasu 

 

H. THE RECAP DATA OF FLOOD 

DISCHARGE ANALYSIS 

Result of calculation results from the 

Rational Rain Method, Weduwen Method, 

Hasper Method, Nakayasu Method. 

Table 10. The Result of Discharge Plan Use 

Rainfall and Debit Data 

 

Based on all of the methods of 

calculation in flood control, to find out which 

method is most ideal for use then we calculate 

the average of all the methods that are already 

counted before. 

Obtained average results as above. 

And the value of the most approaching the 

average yield is a result of Nakayasu method. 

Therefore set the Nakayasu method will be 

used. 

V. CONCLUSIONS AND SUGGESTION 

A. CONCLUSIONS 

From all of the analysis of the 

research that have been carried out in the 

previous chapters, can be concluded that: 

1. The Large of Kupang Waterhed is 195,87 

km2 with the length of the Kupang River 

are 67,5 km. 

2. The rainy season start form October – 

March, and the sry season start from April 

– September. 

3. From the previous analysis was found that 

the highest amount of water potential was 

in first half of January 34.631,3 l/s and the 

lowest amount is in second half of August 

645,4 l/s. 

4. The method that used to find the value of 

rain distribution is Gumble method 

because this method is considered the 

most suitable for use in the research area. 

5. The method that used to calculate the 

planned flood discharge are Rational 

Flood method, the Haspers Method, the 

Weduwen Method and the Nakayasu 

Method.  And from the analysis that has 

been done, obtained the value are: 

 

6. And the value of the most approaching the 

average yield is a result of Nakayasu 

method. Therefore set the Nakayasu 

method will be used. 

7. Based analysis in this research, the 

availability of water in Kupang watershed 

can still comply the needed for plant 

periode in a year. 
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B. SUGGESTION 

Based on the result of the analysis the 

author can provides the suggestion as follows: 

1. The availability of water potential from 

three rainfall stations are expected to be 

truly optimized so it can be utilized as 

much as possible. 

2. It is expected  the results of this analysis 

can be a reference or reference for all 

parties, especially the relevant agencies. 

3. Further research is still needed so that 

hydrological analysis on the Kupang 

River can be utilized more optimally. 
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