
第 49 卷 第 8 期 

2022 年 8 月 

湖南大学学报（自然科学版） 

Journal of Hunan University (Natural Sciences） 

Vol. 49 No. 8 

August 2022 

Received: May 19, 2022 / Revised: June 13, 2022 / Accepted: July 17, 2022 / Published: August 30, 2022 

About the authors: Bambang Heri Mulyono, Doctoral Program at the Department of Water Resources Engineering, Faculty of 

Engineering, University of Brawijaya, Malang, Indonesia; Lily Montarcih Limantara, Moh Sholichin, Dian Sisinggih, Heri Suprijanto, 

Department of Water Resources, Faculty of Engineering, University of Brawijaya, Malang, Indonesia 

Corresponding authors Bambang Heri Mulyono, bambаngheri56@gmаil.com; Lily Montarcih Limantara, lilymоnt2001@gmаil.com 

Open Access Article  https://doi.org/10.55463/issn.1674-2974.49.8.23 

Verification of a Synthetic Rainfall Model Based on the ArRR and Satellite Rainfall 

Bambang Heri Mulyono
1
*, Lily Montarcih Limantara

2
*, Moh Sholichin

2
, Dian Sisinggih

2
, Heri

Suprijanto
2 

1 
Doctoral Program at the Department of Water Resources Engineering, Faculty of Engineering, University of Brawijaya, Jl. 

MT Haryono No 167 Malang, Indonesia 

2 
Department of Water Resources, Faculty of Engineering, University of Brawijaya, Jl. MT Haryono No 167 Malang, Indonesia 

Abstract: Synthetic rainfall is needed as an input in the analysis of design flood. This research intends to 

conduct the verification of a synthetic rainfall model based on the ArRR and satellite result. The rainfall data is as 

the main component in obtaining the design, detail design, operation and maintenance of effective water resource 

infrastructure. Rainfall data is often used for the analysis of flood balance, flood frequency distribution, estimation 

of river discharge, and design of water structure. However, the main constraint in designing the water resource 

infrastructure is less available rainfall data temporally and spatially. The limitation of available rainfall station 

number causes inaccuracy in analyzing the area mean rainfall. Therefore, sometimes the correlation between 

recorded data from the rainfall station and water estimation station does not show a positive and strong correlation. 

This is due to less rainfall data that are spatially representative in the watershed upstream. The verification is carried 

out in the Ciliwung Hulu watershed. The methodology consists of ArRR analysis of the two extreme rainfall events, 

then the ArRR is analyzed using the synthetic rainfall model equation that is applied for watershed areas < 750 km
2
; 

in the end, we spatially compared the satellite and observed rainfall. The analysis of the ArRR value is based on the 

formulation as follows: . The lag time that is used is 3 h based on the 

analysis of time to peak by using the Nakaysu hydrograph by assuming that the run-off coefficient is 0.35. The 

spatial comparison between satellite and observed daily rainfall on February 19, 2021, and October 28, 2021, shows 

that the rainfall distribution pattern is more similar with adding the ArRR synthetic rainfall station than with only 

using the ARR station. 

Keywords: synthetic rainfall, ArRR model, satellite, observation. 

基于收割机和卫星降雨的合成降雨模型验证 

摘要：在设计洪水分析中需要综合降雨作为输入。本研究旨在对基于收割机和卫星结果

的合成降雨模型进行验证。降雨数据是获取有效水资源基础设施的设计、详细设计、运行和

维护的主要组成部分。降雨数据常用于洪水平衡分析、洪水频率分布、河流流量估算和水结

构设计。然而，设计水资源基础设施的主要限制是时间和空间上可用的降雨数据较少。可用

雨量站数量的限制导致区域平均降雨量分析不准确。因此，有时降雨站和测水站记录的数据

之间的相关性并没有呈现出正相关和强相关性。这是因为在上游流域具有空间代表性的降雨

数据较少。核查在慈利旺葫芦流域进行。该方法包括对两个极端降雨事件的收割机分析，然

后使用适用于 < 750 平方公里 的流域区域的合成降雨模型方程分析收割机；最后，我们在空

间上比较了卫星和观测到的降雨量。收割机值的分析基于如下公式：〖收割机〗_一世

=(0,026 脸书-0,307〖回覆〗_i+1,184 问_(一世+落后)/ 一个+0,693)/(C_收割机.K_收割机)。

假设径流系数为 0.35，使用中宿水文曲线分析达到峰值的时间，使用的滞后时间为 3 小时。
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卫星与观测到的 2021 年 2 月 19 日和 2021 年 10 月 28 日的日降雨量空间比较表明，与仅使

用 ARR 站相比，添加收割机合成降雨站的降雨分布模式更相似。 

关键词：合成降雨，收割机模型，卫星，观测。 

 
 

1. Introduction 

The distribution of run-off in the stream and rainfall 

behavior because of some approaches by the unit 

hydrograph method and the engineering method has 

been promoted familiarly for recent years [1]. It is not 

too easy to understand the run-off process thoroughly 

[2]. The process of rainfall-induced runoff is usually 

given in a curve shape and shows the variation of 

runoff toward the time during a given rainfall event [2].  

The rainfall data is the main component in 

providing the design, detail design, operation and 

maintenance of effective water resource infrastructure. 

Rainfall data are often used for analyzing flood balance 

[3], the flood frequency distribution [4], estimating the 

river discharge and water structure design [5]. The 

main constraint in the design of water resource 

infrastructure is less available rainfall data temporally 

and spatially. The limitation of rainfall station number 

that is available causes inaccuracy in analyzing the area 

mean rainfall [6, 7]. Therefore, sometimes the 

correlation between the recorded data in the rainfall 

station and water recorded station does not indicate a 

positive and strong correlation. This is due to less 

rainfall data that are spatially representative in the 

downstream of watershed [8]. Additionally, the usage 

of unit hydrograph as the rainfall-run-off model is often 

carried out in the practice of water resource 

infrastructure design [9, 10]. This method uses one 

value of the area mean rainfall, which will cause a 

potency of error between the simulation and observed 

discharge [12]. 

Based on the problem above, there is needed the 

synthetic rainfall that is used for correcting the area 

mean rainfall in a watershed, so the result of the 

simulation discharge can be close to the value of 

observed discharge. In this research, some flood 

hydrographs in the 10 watersheds in Indonesia are used 

to build an empirical equation for determining the 

synthetic rainfall. After the synthetic rainfall model is 

found, it is necessary to carry out the verification in the 

other watersheds that are not used for building the 

empirical model. In this research, we chose the 

Ciliwung Hulu watershed for conducting the 

verification.  

 

2. Materials and Methods 
The verification of ArRR equation is carried out in 

the Ciliwung Hulu watershed with the area of 150.55 

km
2
 and a flow length of 27.24 km, as presented in Fig. 

1.   

The analysis of the ArRR value is based on the 

following equation: 

       
                      

      
 

      

           
 

for A < 750 km
2
. 

The lag time is three hours based on the analysis of 

time to peak of the Nakayasu hydrograph. By assuming 

that the run-off coefficient is 0.35, the steps of finishing 

the research are as follows:  

1. Collecting the technical data 

The criteria of sample or data selection for the 

verification watershed are as follows: 

a. There is a hydrometry station (automatic water 

level recorder (AWLR)), and, in the surrounding 

watershed, there are automatic rainfall recorder and the 

watershed area < 300 km
2
; 

b. The watershed is not affected by the river cross-

section structure like a dam. It intends to avoid the effect 

of storage on the flood discharge. 

However, the secondary data needed are as follows: 

a. Digital elevation model national (DEMNAS); 

b. State Hydrograph from AWLR station including 

the rating curve;  

c. Hourly rainfall from ARR. 

A land cover map is used for determining the run-off 

coefficient. If there is no land cover map, it is changed by 

the satellite Landsat, which is classified using the forest 

random algorithm methodology. 

 
Fig. 1 Cilwung Hulu watershed and the location of rainfall and 

discharge stations  

 

2. The methodology that is used in analyzing is as 
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follows:  

a. To select the serial data of hyetograph and 

hydrograph for the same time to be used as the basis of 

this research;  

b. To separate the direct run-off from the base-

flow by using the straight-line method [11]; 

c. To analyze the watershed physical parameters 

that consist of area (A), main river length (L), the river 

length until the closest point to the weight point of 

watershed (Lc), river slope (S), roughness coefficient 

(n); 

d. To determine the location of the synthetic 

rainfall station by using the help of Kagan Rodda 

method; 

e. To analyze Thiessen coefficient of each rainfall 

station (before and after there is synthetic rainfall 

station); 

f. To analyze the synthetic unit hydrograph by 

using Nakayasu Synthetic Unit Hydrograph; 

g. To conduct the verification of the model.   

 

3. Results and Discussion 
Based on the Nakayasu equation, time to peak in the 

Ciliwung Hulu watershed is 2.7 h. Fig. 1 shows the 

locations of the ARR rainfall station and AWLR 

station. According to the location, the coefficient of 

Thiessen can be determined, as presented in Table 1.    

 
Table 1 Thiessen coefficient without ArRR 

Station Thiessen Coefficient 

Without ArRR With ArRR 

Gadog 0.30 0.22 

Bojong Murni 0.19 0.15 

Gunung Mas 0.51 0.34 

ArRR 0.00 0.29 

 

The evaluation of ArRR analysis is carried out to 

the two hydrographs that are on 19
th
 February 2021 and 

21
th
 October 2021. Data of rainfall and discharge on the 

two dates are presented in Table 2. 

        
Table 2 Event data on February 19, 2021 

Katulampa Rainfall

Date Time TMA Discharge TMA Discharge Date Time Gunung

PDA m3/s Bendung m3/s Mas Gadog Bojong

Katulampa (Q=22702(MA+0.21) Katulampa (Q=1.72*69.6*(H- Murni

(m) ^2.464 (m) 0.275)^3/2

Untuk 0.3<MA<3 m

19-Feb-21 0.00 0.76 21.06 0.30 0.47 18-Feb-21 7.00 0.00 0.00 0.00

1.00 0.75 20.53 0.30 0.47 8.00 0.00 0.00 0.00

2.00 0.75 20.53 0.30 0.47 9.00 0.00 0.00 0.00

3.00 0.75 20.53 0.30 0.47 10.00 0.00 0.00 0.00

4.00 0.75 20.53 0.30 0.47 11.00 0.00 0.00 0.00

5.00 0.79 22.7 0.30 0.47 12.00 0.00 0.00 0.00

6.00 1.17 50.21 0.30 0.47 13.00 3.00 1.50 0.00

7.00 1.41 74.53 0.60 22.18 14.00 41.00 11.50 0.00

8.00 1.25 57.68 0.80 45,54 15.00 8.00 4.00 16.00

9.00 1.35 67.91 1.00 73.9 16.00 1.00 1.50 0.00

10.00 1.25 57.68 0.70 33.17 17.00 1.00 1.00 0.00

11.00 1.07 41.71 0.40 5.29 18.00 0.00 0.50 0.00

12.00 1.03 38.57 0.60 22.18 19.00 0.00 0.00 0.00

13.00 0.99 35.58 0.60 22.18 20.00 1.00 0.50 0.00

14.00 0.98 34.85 0.50 12.78 21.00 0.00 0.00 0.00

15.00 0.97 34.13 0.50 12.78 22.00 0.00 0.00 0.00

16.00 0.95 32.73 0.50 12.78 23.00 0.00 0.00 0.00

17.00 0.93 31.35 0.50 12.78 19-Feb-21 0.00 0.00 0.00 0.00

18.00 0.91 30.01 0.50 12.78 1.00 0.00 0.00 2.00

19.00 0.9 29.36 0.50 12.78 2.00 0.00 0.00 0.00

20.00 0.89 28.71 0.40 5.29 3.00 0.00 0.00 0.00

21.00 0.87 27.44 0.40 5.29 4.00 0.00 1.00 1.00

22.00 0.85 26.21 0.40 5.29 5.00 6.00 1.50 0.00

23.00 0.85 26.21 0.40 5.29 6.00 6.00 31.50 8.00

7.00 11.00 21.00 2.00

8.00 2.00 0.00 1.00

9.00 7.00 1.00 0.00

10.00 3.00 0.00 0.00

11.00 2.00 0.00 0.00

12.00 4.00 0.00 0.00

13.00 0.00 0.00 0.00

14.00 3.00 0.00 0.00

15.00 0.00 0.50 0.00

16.00 1.00 0.00 0.00

17.00 0.00 0.00 0.00

18.00 0.00 0.00 0.00

19.00 0.00 0.00 0.00

20.00 0.00 0.00 0.00

21.00 0.00 0.00 0.00

22.00 0.00 0.00 0.00

23.00 0.00 0.00 0.00  
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Table 3 Event data on October 28, 2021 
28-Feb-21 9.00 0.56 11.54 28-Feb-21 9.00 0.00 0.00

10.00 0.54 11.17 10.00 0.00 0.00

11.00 0.60 13.51 11.00 0.00 54.00

12.00 1.45 79.14 12.00 19.00 1.00

13.00 1.70 111.82 13.00 14.00 106.00

14.00 1.54 90.14 1.10 89.71 14.00 0.00 27.00

15.00 1.35 67.91 1.10 89.71 15.00 0.00 38.00

16.00 1.25 57.68 1.30 124.23 16.00 0.00 18.00

17.00 1.11 44.99 0.90 59.15 17.00 0.00 1.00

18.00 1.05 40.12 0.80 45.54 18.00 0.00 0.00

19.00 1.00 36.31 0.70 33.17 19.00 0.00 0.00

20.00 0.93 31.35 0.50 12.78 20.00 0.00 0.00

21.00 0.87 27.44 0.50 12.78 21.00 0.00 0.00

22.00 0.76 21.06 0.40 5.29 22.00 0.00 0.00

23.00 0.75 20.53 23.00 0.00 0.00

0.00 0.75 20.53 0.00 0.00 0.00

1.00 0.74 20.01 1.00 0.00 0.00

29-Okt-21 2.00 0.74 20.01 29-Feb-21 2.00 0.00 0.00

3.00 0.74 20.01 3.00 0.00 0.00

4.00 0.74 20.01 4.00 0.00 0.00

5.00 0.74 20.01 5.00 0.00 0.00

6.00 0.74 20.01 6.00 0.00 0.00

7.00 0.74 20.01 7.00 0.00 0.00

8.00 0.74 20.01 8.00 0.00 0.00

9.00 0.74 20.01 9.00 0.00 0.00

10.00 0.74 20.01 10.00 0.00 0.00

11.00 0.74 20.01 11.00 0.00 70.00

12.00 0.74 20.01 12.00 0.00 0.00

13.00 0.74 20.01 13.00 1.00 0.00

14.00 0.71 18.49 14.00 0.00 0.00

15.00 0.69 17.51 15.00 0.00 0.00

16.00 0.69 17.51 16.00 0.00 1.00  
 

However, analysis of ArRR is based on the equation 

as follows (for A < 750 km
2
):  

      
                      

      
 

      

           
 

The time lag that is used is 3 h. It is based on the 

analysis of time to peak from the Nakayasu Synthetic 

Unit Hydrograph. Assuming that the run-off coefficient 

is 0.35, the analysis result of the ArRR value is 

presented in Table 4. Fig. 2 presents the flood 

hydrograph and comparison by ARR and ArRR rainfall 

on February 19, 2021. Fig. 3 and 4 present the spatial 

comparison between satellite and observed daily 

rainfall on February 19, 2021, each with and without 

ArRR. 

 
Table 4 Analysis result of ArRR on February 19, 2021 

Date Time A FB Qi+lag/A Rei ArRR 

19/02/2021 9 150.55 0.20 0.00 0.15 0.00 

  10 150.55 0.20 0.01 0.00 4.91 

  11 150.55 0.20 0.19 0.00 6.37 

  12 150.55 0.20 0.49 0.19 8.45 

  13 150.55 0.20 0.53 1.19 6.65 

  14 150.55 0.20 0.78 5.11 0.40 

  15 150.55 0.20 0.44 4.35 0.00 

  16 150.55 0.20 0.15 0.34 5.29 

  17 150.55 0.20 0.23 1.30 3.97 

  18 150.55 0.20 0.21 0.51 5.46 

  19 150.55 0.20 0.14 0.34 5.23 

  20 150.55 0.20 0.13 0.68 4.44 

  21 150.55 0.20 0.12 0.00 5.78 

  22 150.55 0.20 0.10 0.51 4.59 

  23 150.55 0.20 0.09 0.06 5.45 

  24 150.55 0.20 0.08 0.17 5.14 

  25 150.55 0.20 0.02 0.00 5.02 

  26 150.55 0.20 0.01 0.00 4.92 
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Fig. 2 Flood hydrograph and comparison by ARR and ArRR 

rainfall on February 19, 2021 

 
Spatial Rainfall based on the Thiessen Rainfall Effect

Satellite Spatial Rainfall

 
Fig. 3 Spatial comparison between satellite and observed daily 

rainfall on February 19, 2021 
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Spatial Rainfall based on the Thiessen Rainfall Effect

Satellite Spatial Rainfall

 
Fig. 4 Spatial comparison between satellite and observed daily 

rainfall on February 19, 2021, without ArRR 

 

The spatial comparison between satellite and 

observed daily rainfall on February 19, 2021, shows 

that the rainfall distribution pattern is more similar with 

adding the synthetic rainfall station (ArRR) than only 

using the ARR. Table 5 presents the analysis result of 

ArRR on October 28, 2021. Fig. 5 presents the Flood 

Hydrograph and Comparison by ARR and ArRR 

Rainfall on February 28, 2021. Fig. 6 and 7 present the 

spatial comparison between satellite and observed daily 

rainfall on February 28, 2021, each with and without 

the ArRR. 

 
Table 5 Analysis result of ArRR on October 28, 2021 

Date Time A FB Qi+lag/A Rei ArRR 

28/10/2021 9 150.55 0.20 0.66 0.00 14.61 

 10 150.55 0.20 0.11 5.59 2.90 

 11 150.55 0.20 0.96 3.35 7.91 

 12 150.55 0.20 1.11 13.38 0.00 

 13 150.55 0.20 0.59 2.80 5.35 

 14 150.55 0.20 0.47 3.94 0.41 

 15 150.55 0.20 0.35 1.86 5.38 

 16 150.55 0.20 0.18 0.10 8.70 

 17 150.55 0.20 0.15 0.00 8.66 

 18 150.55 0.20 0.05 0.00 7.53 

 19 150.55 0.20 0.01 0.00 7.03 

 20 150.55 0.20 0.01 0.00 6.98 

 21 150.55 0.20 0.00 0.00 0.00 

 22 150.55 0.20 0.00 0.00 0.00 

 23 150.55 0.20 0.00 0.00 0.00 

 24 150.55 0.20 0.00 0.00 0.00 

 25 150.55 0.20 0.00 0.00 0.00 

 26 150.55 0.20 0.00 0.00 0.00 
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Fig. 5 Flood hydrograph and comparison by ARR and ArRR 

rainfall on October 28, 2021 

 
Spatial Rainfall based on the Thiessen Rainfall Effect

Satellite Spatial Rainfall

 
Fig. 6 Spatial comparison between satellite and observed daily 

rainfall on October 28, 2021 

 
Spatial Rainfall based on the Thiessen Rainfall Effect

Satellite Spatial Rainfall

 
Fig. 7 Spatial comparison between satellite and observed daily 

rainfall on October 28, 2021, without the ArRR  
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The spatial comparison between satellite and 

observed daily rainfall on February 28, 2021, shows 

that the rainfall distribution pattern is more similar with 

adding a synthetic rainfall station (ArRR) than only 

using the ARR. 

 

4. Conclusion 
The limitation of rainfall station number causes 

inaccuracy in the analysis of area mean rainfall. 

Therefore, sometimes the correlation between the 

recorded data in the rainfall station and water recorded 

station does not indicate a positive and strong 

correlation. This is caused by less rainfall data that are 

spatially representative in the downstream of 

watershed. The verification of ArRR equation is carried 

out in the Ciliwung Hulu watershed with the area of 

150.55 km
2
 and a flow length of 27.24 km. The 

analysis of ArRR is based on the equation as follows: 

      
                      

      

 
      

           
. 

This equation is for A < 750 km
2
. Lag time that is 

used is 3 h based on the analysis of time to peak by 

using the Nakayasu equation by assuming the run-off 

coefficient is 0.35. The spatial comparison between 

satellite and observed daily rainfall on October 19, 

2021, and February 28, 2021, shows that the rainfall 

distribution pattern is more similar when adding the 

synthetic rainfall station (ArRR) than when only using 

the ARR. 

 

References 
[1] KAMILA D., LIMANTARA L.M., BISRI M., and 

SOETOPO W. Alpha Modeling of Nakayasu Synthetic Unit 

Hydrograph for Part of Watersheds in Indonesia. 

International Journal of Recent Technology and 

Engineering, 2019, 8(4): 5509-5514. 

https://doi.org/10.35940/ijrte.d8972.118419   

[2] KAMILA D., LIMANTARA L. M., BISRI M., and 

SOETOPO W. The limiting physical parameters of 

Nakayasu Synthetic Unit Hydrograph. International Journal 

of Innovative Technology and Exploring Engineering, 2019, 

8(6C2): 30-33. https://www.ijitee.org/wp-

content/uploads/papers/v8i6c2/F10060486C219.pdf  

[3] PRIYANTORO D., & LIMANTARA L. M. Conformity 

evaluation of synthetic unit hydrograph (case study at 

upstream Brantas sub-watershed, East Java Province of 

Indonesia). Journal of Water and Land Development, 2017, 

35: 173–183. https://doi.org/10.1515/jwld-2017-002  

[4] MUCHLIS A., LIMANTARA L. M., BISRI M., and 

SHOLICHIN M. Design flood of the Mahakam Lake 

cascade for reducing the flood downstream. Journal of 

Southwest Jiaotong University, 2021, 56(4): 279-287. 

https://doi.org/10.35741/issn.0258-2724.56.4.23  

[5] BRUNNER M. I., FURRER R., SIKORSA A. E., 

VIVIROLI D., SEIBERT J., and FAVRE A. C. Synthetic 

design hydrographs for ungauged catchments: a comparison 

of regionalization methods. Stochastic Environmental 

Research and Risk Assessment, 2018, 32(7): 1993–2023. 

https://doi.org/10.1007/s00477-018-1523-3  

[6] AALTO J., KÄMÄRÄINEN M., SHODMONOV M., 

RAJABOV N., and VENÄLÄINEN A. Features of 

Tajikistan’s past and future climate. International Journal of 

Climatology, 2017, 37(14): 4949–4961. 

https://doi.org/10.1002/joc.5135  

[7] ADHIKARY S. K., YILMAZ A. G., and MUTTIL N. 

Optimal design of rain gauge network in the Middle Yarra 

River catchment, Australia. Hydrological Processes, 2015, 

29(11): 2582–2599. https://doi.org/10.1002/hyp.10389  

[8] JUWONO P. T., LIMANTARA L. M., and AMRIE S. 

The Effect of Land Use Change to the Depth and Area of 

Inundation in the Bang Sub-Watershed-Malang-Indonesia. 

International Journal of GEOMATE, 2019, 16(53): 238-244. 

https://doi.org/10.21660/2019.53.96946  

[9] HIDAYAT A., LIMANTARA L. M., SOETOPO W., and 

SISINGGIH D. Alpha parameter modeling of Nakayasu 

Synthetic Unit Hydrograph based on the watershed shape 

factor. Journal of Hunan University Natural Sciences, 2022, 

49(1): 31-37. https://doi.org/10.55463/issn.1674-2974.49.1.5  

[10] WULANDARI E., LIMANTARA L. M., 

ANDAWAYANTI U., and SUHARTANTO E. Model of 

Alfa Parameter Development at Nakayasu Synthetic Unit 

Hydrograph Based on the Watershed Physical Characteristic 

in Some Parts Watershed of Java Island. Technology Reports 

of Kansai University, 2020, 62(4): 1711-1720. 

https://www.kansaiuniversityreports.com/article/model-of-

alfa-parameter-development-at-nakayasu-synthetic-unit-

hydrograph-based-on-the-watershed-physical-characteristic-

in-some-parts-watershed-of-java-island  

[11] LIMANTARA L. M. Hydrology engineering. Penerbit 

Andi, Yogyakarta, 2018. 

[12] MURDHIANTI A., LIMANTARA L. M., JUWONO P. 

T., and SISINGGIH D. Equivalence of Rainfall Type and 

Maximum Discharge to the Drainage Channel Capacity. 

Journal of Southwest Jiaotong University, 2021, 56(5): 485-

493. https://doi.org/10.35741/issn.0258-2724.56.5.44   
 

 

参考文: 

[1] KAMILA D. 、 LIMANTARA L.M. 、 BISRI M. 和 

SOETOPO W. 印度尼西亚部分流域的便宜的合成单元水

文线的 Alpha 建模。国际最新技术与工程杂志 , 2019, 

8(4): 5509-5514 。

https://doi.org/10.35940/ijrte.d8972.118419 

[2] KAMILA D.、LIMANTARA L. M.、BISRI M. 和 

SOETOPO W. 便宜的合成单元水文线的极限物理参数。

国际创新技术与探索工程杂志 , 2019, 8(6C2): 30-33. 

https://www.ijitee.org/wp-

content/uploads/papers/v8i6c2/F10060486C219.pdf 

[3] PRIYANTORO D., & LIMANTARA L. M. 合成单元水

道线的符合性评估（印度尼西亚东爪哇省布兰塔斯上游

子流域的案例研究）。水与土地开发学报，2017，35：

173-183。https://doi.org/10.1515/jwld-2017-002 

[4] MUCHLIS A.、LIMANTARA L. M.、BISRI M. 和 

SHOLICHIN M. 设计玛哈坎湖梯级洪水以减少下游洪水

。 西 南 交 通 大 学 学 报 , 2021, 56(4): 279-287. 

https://doi.org/10.35741/issn.0258-2724.56.4.23 

[5] BRUNNER M.I.、FURRER R.、 SIKORSA A.E.、

VIVIROLI D.、SEIBERT J. 和 FAVRE A.C. 未测量流域

的综合设计水文曲线：区域化方法的比较。随机环境研

究 与 风 险 评 估 ， 2018 ， 32 （ 7 ） ： 1993-2023 。

https://doi.org/10.1007/s00477-018-1523-3 

https://doi.org/10.35940/ijrte.d8972.118419
https://www.ijitee.org/wp-content/uploads/papers/v8i6c2/F10060486C219.pdf
https://www.ijitee.org/wp-content/uploads/papers/v8i6c2/F10060486C219.pdf
https://doi.org/10.1515/jwld-2017-002
https://doi.org/10.35741/issn.0258-2724.56.4.23
https://doi.org/10.1007/s00477-018-1523-3
https://doi.org/10.1002/joc.5135
https://doi.org/10.1002/hyp.10389
https://doi.org/10.21660/2019.53.96946
https://doi.org/10.55463/issn.1674-2974.49.1.5
https://www.kansaiuniversityreports.com/article/model-of-alfa-parameter-development-at-nakayasu-synthetic-unit-hydrograph-based-on-the-watershed-physical-characteristic-in-some-parts-watershed-of-java-island
https://www.kansaiuniversityreports.com/article/model-of-alfa-parameter-development-at-nakayasu-synthetic-unit-hydrograph-based-on-the-watershed-physical-characteristic-in-some-parts-watershed-of-java-island
https://www.kansaiuniversityreports.com/article/model-of-alfa-parameter-development-at-nakayasu-synthetic-unit-hydrograph-based-on-the-watershed-physical-characteristic-in-some-parts-watershed-of-java-island
https://www.kansaiuniversityreports.com/article/model-of-alfa-parameter-development-at-nakayasu-synthetic-unit-hydrograph-based-on-the-watershed-physical-characteristic-in-some-parts-watershed-of-java-island
https://doi.org/10.35741/issn.0258-2724.56.5.44


199 

 

 

[6] AALTO J.、KÄMÄRÄINEN M.、SHODMONOV M.

、RAJABOV N. 和 VENÄLÄINEN A. 塔吉克斯坦过去和

未来气候的特征。国际气候学杂志, 2017, 37(14): 4949–

4961. https://doi.org/10.1002/joc.5135 

[7] ADHIKARY S. K.、YILMAZ A. G. 和 MUTTIL N. 澳

大利亚中亚拉河集水区雨量计网络的优化设计。水文过

程 , 2015, 29(11): 2582–2599 。

https://doi.org/10.1002/hyp.10389 

[8] JUWONO P. T.、LIMANTARA L. M. 和 AMRIE S. 邦

子流域-玛琅-印度尼西亚土地利用变化对深度和面积的

影响。国际 GEOMATE 杂志 , 2019, 16(53): 238-244. 

https://doi.org/10.21660/2019.53.96946 

[9] HIDAYAT A.、LIMANTARA L. M.、SOETOPO W. 

和 SISINGGIH D. 基于流域形状因子的中安合成单元水

文线的 Alpha 参数建模。湖南大学自然科学学报, 2022, 

49(1): 31-37. https://doi.org/10.55463/issn.1674-2974.49.1.5 

[10] WULANDARI E. 、 LIMANTARA L. M. 、

ANDAWAYANTI U. 和 SUHARTANTO E. 基于爪哇岛部

分流域流域物理特征的中安合成单元水道线阿尔法参数

发展模型。关西大学技术报告, 2020, 62(4): 1711-1720. 

https://www.kansaiuniversityreports.com/article/model-of-

alfa-parameter-development-at-nakayasu-synthetic-unit-

hydrograph-based-on-the-watershed-physical-characteristic-

in-some-parts-爪哇岛分水岭 

[11] LIMANTARA L. M. 水文工程。佩内比特·安迪，日

惹，2018 年。 

[12] MURDHIANTI A.、LIMANTARA L. M.、JUWONO 

P. T. 和 SISINGGIH D. 降雨类型的等效性和排水通道容

量的最大排放量。西南交通大学学报, 2021, 56(5): 485-

493. https://doi.org/10.35741/issn.0258-2724.56.5.44 


