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Abstract: This research intends to evaluate the water availability condition and the development in the future in 

the water district of Kali Lamong Watershed, so the quantitative study that integrates the supply and demand at every 

water district is integrated from upstream until downstream, is necessary to be carried out. The methodology consists of 

comprehensive quantitative analysis to the water resources including the supply and demand in the water districts that 

have been carried out. Missed from the uncertainty that is big enough related with the development in the future, the 

water management nowadays and in the future can be seen from the analysis result of water balance potency that is 

carried out in each water district. Based on the analysis result of water balance that is carried out, there is obtained that 

the water balance in each water district gives the information about water surplus and deficit. Water deficit in the future 

is happened in the water district of Lamong Hulu, Sabeng, and Kalitemu, meanwhile the water surplus is happened in 

the water district of Lamong Tengah, Ngrembeng, and Lamong Hilir. The period of water deficit in the water district is 

very short by the small dimension. In 2100, the water deficit of Lamong Hulu water district will be about -1.024 m
3
/s, 

in the Sabeng water district - about -2.99 m
3
/s, and in the Kalitemu water district - about -2.128 m

3
/s. 

Keywords: watershed, water balance, water district, Kali Lamong. 

印度尼西亚卡利拉蒙流域水区地表水平衡潜力分析 

摘要：本研究旨在评估卡利拉蒙流域水区的水资源可利用状况及未来发展，因此有必要进行

从上游到下游整合各水区供需情况的定量研究。出去。该方法包括对水资源进行全面的定量分析

，包括已对水区的供需情况进行分析。忽略了与未来发展相关的足够大的不确定性，从各水区进

行的水平衡效能分析结果可以看出现在和未来的水管理情况。根据水平衡分析结果，得出各水区

的水平衡给出了水的盈余和亏缺信息。未来缺水发生在拉蒙葫芦、萨崩和卡利特姆水区，而水过

剩发生在拉蒙登加、恩格伦本和拉蒙希里尔水区。由于水域面积小，缺水期很短。2100年，拉

蒙乌鲁水区的缺水量约为-1.024立方米/秒，萨本水区约为-2.99立方米/秒，卡利特姆水区约为-
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2.128立方米/秒。 

关键词：分水岭，水平衡，水区，卡利拉蒙。 

 
 

1. Introduction 
To manage the water resources effectively are needed 

the assessment of detail, accurate and reliable water 

availability. There is a developed understanding that 

human intervention in a watershed and the increasing 

water demand determine the water availability now and 

in the future worldwide [1, 2]. Water resource is the base 

resource and essential for all of lifestyle that has given 

the good benefit for human as well as their socio-

economic during the centuries [3]. In the last decade, the 

scarcity of water resources has become one of the factors 

with a serious negative effect on socioeconomic 

development [4]. Many areas in the world now face 

moderate to heavy water critics due to the population 

growth, industrialization, food production processes, 

increasing life standards, and bad water management 

strategies [9]. The world population in semi-arid areas is 

more than 25%, and the water deficit is a critical problem 

that needs immediate handling [5].  

The condition of water resources in Indonesia is 

quantitatively sufficient, but spatially uneven. The water 

deficit occurs in several places, mainly in Java Island [6]. 

Water resources are needed for life. They are not only 

environmental resources for maintaining the ecological 

balance, but also strategic resources that determine the 

national design and development [7]. In recent years, 

there has been a bog contradiction between the demand 

and supply of water resources that causes the water 

deficit. In addition, due to the rapid economy and 

population growth, the water deficit becomes more 

serious, mainly in dry and semi-arid lands [8, 10]. In 

addition, the waste of water resources has worsened the 

crisis of water deficit. The fact shows that there is a 

decrease in river water production in some watersheds, 

mainly in Indonesia, which is very affected by the 

watershed characteristic changes. The biggest change 

occurred due to the land use change. The watershed 

characteristic change and increasing demand in some 

sectors (household, agriculture, industry, and 

environment) will increase the competition for water 

resource use. Decreased water availability and increased 

water demand will trigger the level of water criticality 

[11]. Nowadays, there are many reasons for threats to 

sustainable water resource management, such as water 

scarcity, drought risk due to conflicts, bad management 

of water resource systems [12], limited water resource 

distribution, lack of good water and infrastructure [13], 

complexity of water resource systems caused by 

meteorological elements, such as unpredictable variables 

such as water flow, rainfall [14], rapid increase in water 

demand for irrigation, and change in water supply as the 

reason for population growth [15]. 

The population growth in several cities/regencies such 

as Gresik, Lamongan, Mojokerto, and Surabaya caused 

increase in demand for water resources from Kali 

Lamong as the area support. Kali Lamong is one of the 

water sources for fulfilling the demand of the area 

ecosystem. Nowadays, the water of Kali Lamong is used 

for raw water, industry, and agriculture, so it has a 

critical value for society. To assess the condition of water 

availability, a quantitative study that integrates the water 

supply and demand in every water district that is 

integrated from upstream until downstream is necessary. 

A comprehensive quantitative analysis of water 

resources, including the supply and demand in the water 

district sensitive to the land cover change, has to be 

carried out. To exclude the big enough uncertainty that is 

related with the development in the future and data 

scarcity, the water management now and in the future, 

and the strong adaptive design needs the result of water 

modeling in the future by developing the scenario which 

means for medium and long term (after 2050). Realizing 

the importance of the Kali Lamong watershed in the 

context of area development, this study aims to develop a 

water balance model for assessing water supply and 

demand in the future until 2100 by combining the water 

balance model in each water district that is integrated 

from upstream to downstream.   

 

2. Materials and Methods 
 

2.1. Study Location 

The study location is six water districts in the Kali 

Lamong watershed. The Kali Lamong watershed 

includes the administrative areas of Lamongan Regency, 

Mojokerto Regency, Gresik Regency, and Surabaya. The 

study location is presented in Fig. 1. 
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Fig. 1 Boundary of the service area in the Kali Lamong watershed 

 

2.2. Data 

In this study, the data used are as follows: population, 

technical irrigation area, and industry, which are sourced 

from the District Statistical Centre Institution (BPS) in 

Lamongan, Gresik, and Mojokerto Regencies and 

Surabaya. In the district BPS, the available information 

data begin from the village level, which is different if 

using the regency BPS that has district-level information. 

Water availability analysis uses the same hydrological 

data as those presented in [16]. 

 

2.3. Method 

The method that is used for analysis of water balance 

potency in each water district in the Kali Lamong 

watershed uses some approaches like water availability 

analysis, water demand analysis for some sectors 

(domestic, agriculture, and industry) that is carried out in 

each water district including the projection in the future. 

The analysis of water balance potency for each water 

district that is integrated and simultaneously carried out 

from the water district upstream to downstream can 

follow the stage scheme of analysis as presented in Fig. 

2. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2 Scheme of the water balance potential analysis  

  

2.3.1. Analysis of Water Availability  

In Indonesia, [17] and [18] define water availability as 

river discharge. However, [19] stated that water 

availability is surface water and ground water. [20] 

defined it as blue water. Most researchers analyze water 

availability using the principle of water balance with the 
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Local Inflow WD Lamong Tengah 
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hydrologic water balance. In addition, some other 

researchers use long-term discharge data to predict water 

availability. Because water availability is a natural 

phenomenon, it is often difficult to be accurately 

regulated and predicted. This is caused by spatial and 

temporal variability. Principally, the water availability 

analysis refers to the dependable discharge that is the 

minimum discharge of surface or river water with a 

certain dimension that may be reached so it can be 

utilized for some interests. For raw water requirement, 

the dependable discharge determined is 90%; however, 

for irrigation, it is 80% [21]. In this study, the dependable 

discharge or water availability is obtained from the 

previous analysis results presented in [16].     

 

2.3.2. Water Demand  

Water demand is number of waters that is needed or 

used by some sectors like domestic water need and 

industry need. 

a) Domestic Water Need  

Projection of population number in an area and in 

certain year can be carried out if there is known the level 

of population growth. Besides it, the population growth 

also depends on the Area and Spatial Plan (RTRW) in the 

regency or city. Analysis of domestic water demand is 

carried out based on the standard of water use for every 

person as presented in the Table 1. 

 
Table 1 Standard of domestic water use (Ditjen Cipta Karya, DPU, 2006, “Unit Pelayanan”, Materi Pelatihan Penyegaran SDM Sektor Air Minum 

(Peningkatan Kemampuan Staf Profesional Penyelenggara SPAM)) 

No. City category Population amount (persons) Clean water demand (l/person/day) 

1 Semi-urban (capital city of district/village) 3,000–20,000 60–90 

2 Small city 20,000–100,000 90–110 

3 Medium city 100,000–500,000 100-125 

4 Big city 500,000–1,000,000 120–150 

5 Metropolitan > 1.000.000 150–200 

 

b) Industry Water Need 

Data of industry number in each water district is 

obtained from district BPS. The industry recorded in the 

document is differentiated into four types with the 

criteria of employer number as follows: 

1) Household industry is an industry with 1-4 

employers;  

2) Small industry is an industry with 5-19 

employers; 

3) Medium industry is an industry with 20-99 

employers;  

4) Big industry is an industry with more than 100 

employers. 

For making the analysis easy, the water demand for 

industry is determined based on the employers’ number 

as follows: 

 
where: 

 - industry water need (l/ day); 

 - industry water needs per employer (l/ person/ 

day); 

 - number of employers (persons). 

 

2.3.3. Rice Irrigated Water Requirement  

Irrigation water requirement per unit irrigated area has 

been calculated for each water district in [16]. In this 

study, the cropping pattern is assumed the same as 

determined in [16] and not as a variable that will be 

changed. The irrigation water requirement is analyzed in 

every water district, and the parameter of irrigation water 

requirement is analyzed alone for each water district.       

 

3. Results and Discussion 
 

3.1. Water District  

To optimize the management of water resources, so 

the Kali Lamong watershed is divided into several water 

districts. In the report of Water Resources Management 

Plan at Sungai Bengawan Solo Area Second Stage, the 

Kali Lamong watershed is divided into six water 

districts: Lamong Hulu, Sabeng, Lamong Tengah, 

Kalitemu, Ngerembeng, and Lamong Hilir (Fig. 1). 

 

3.2. Analysis of Water Availability 

The analysis of surface water availability for each 

water district is carried out based on two approaches 

[16]: 

1. Based on the record of discharge data; 

2. Based on the rainfall-run-off model. 

The final value of water availability used for further 

analysis is the average result of the two approaches. The 

final result of dependable discharge in each water district 

can be seen in Table 2 and Fig. 3. 
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Table 2 The final value of dependable discharge in each service area [16, own study]  
WD Lamong Hulu

Jan-1 Jan-2 Feb-1 Feb-2 Mar-1 Mar-2 Apr-1 Apr-2 May-1 May-2 Jun-1 Jun-2 Jul-1 Jul-2 Aug-1 Aug-2 Sep-1 Sep-2 Oct-1 Oct-2 Nov-1 Nov-2 Dec-1 Dec-2

Q mean 4.302 5.025 5.652 4.840 5.871 5.088 4.367 2.888 2.151 1.823 1.472 1.213 0.935 0.675 0.535 0.517 0.520 0.412 0.422 0.826 0.710 1.752 2.685 3.335

Q 50% 3.634 4.650 4.832 4.027 4.995 4.779 3.924 2.285 1.707 1.430 1.107 0.924 0.757 0.586 0.479 0.377 0.336 0.302 0.272 0.323 0.310 0.925 2.006 2.581

Q 80% 1.172 2.181 3.258 2.540 2.797 2.537 2.246 1.359 1.118 0.898 0.666 0.578 0.516 0.414 0.338 0.291 0.251 0.211 0.200 0.189 0.181 0.240 0.636 0.949

Q 90% 0.834 1.702 1.735 1.845 2.232 1.926 1.744 1.128 0.767 0.705 0.609 0.495 0.448 0.365 0.298 0.258 0.216 0.186 0.157 0.171 0.154 0.159 0.390 0.612

WD Sabeng

Jan-1 Jan-2 Feb-1 Feb-2 Mar-1 Mar-2 Apr-1 Apr-2 May-1 May-2 Jun-1 Jun-2 Jul-1 Jul-2 Aug-1 Aug-2 Sep-1 Sep-2 Oct-1 Oct-2 Nov-1 Nov-2 Dec-1 Dec-2

Q mean 10.213 12.143 13.860 11.974 14.415 11.794 10.560 6.914 4.939 4.216 3.374 2.620 2.084 1.531 1.214 1.148 1.150 0.892 0.794 1.392 1.760 3.717 5.793 7.876

Q 50% 8.608 11.458 12.330 10.420 12.836 10.574 9.272 5.342 3.925 3.560 2.682 2.285 1.872 1.479 1.210 0.950 0.836 0.730 0.617 0.652 0.799 1.752 3.656 5.518

Q 80% 2.916 5.642 7.170 6.489 6.241 5.920 4.573 2.904 2.409 1.821 1.356 1.188 1.051 0.846 0.691 0.597 0.517 0.452 0.414 0.372 0.419 0.511 1.217 2.026

Q 90% 1.900 3.824 3.903 4.736 5.414 4.119 3.321 2.261 1.631 1.286 1.125 0.933 0.907 0.712 0.580 0.510 0.428 0.388 0.343 0.340 0.311 0.331 0.679 1.158

WD Lamong Tengah

Jan-1 Jan-2 Feb-1 Feb-2 Mar-1 Mar-2 Apr-1 Apr-2 May-1 May-2 Jun-1 Jun-2 Jul-1 Jul-2 Aug-1 Aug-2 Sep-1 Sep-2 Oct-1 Oct-2 Nov-1 Nov-2 Dec-1 Dec-2

Q mean 18.688 23.923 25.826 22.299 27.367 21.617 19.754 12.887 8.947 7.591 6.149 4.930 3.812 2.836 2.228 2.073 2.014 1.674 1.491 2.321 3.410 7.314 10.961 14.350

Q 50% 15.952 22.517 23.153 17.957 22.669 20.165 16.061 10.474 7.539 6.227 4.445 4.300 3.234 2.542 2.080 1.622 1.517 1.361 1.125 1.188 1.412 3.275 7.086 9.719

Q 80% 4.950 9.660 14.116 12.170 12.435 10.795 8.351 5.573 4.457 3.235 2.353 2.164 1.900 1.627 1.263 1.096 0.951 0.859 0.754 0.704 0.732 1.002 2.181 3.302

Q 90% 3.498 6.424 6.356 8.562 9.883 7.111 6.387 4.282 2.967 2.448 2.051 1.669 1.579 1.335 1.084 0.956 0.804 0.707 0.594 0.630 0.579 0.617 1.305 2.262

WD Kalitemu

Jan-1 Jan-2 Feb-1 Feb-2 Mar-1 Mar-2 Apr-1 Apr-2 May-1 May-2 Jun-1 Jun-2 Jul-1 Jul-2 Aug-1 Aug-2 Sep-1 Sep-2 Oct-1 Oct-2 Nov-1 Nov-2 Dec-1 Dec-2

Q mean 5.703 7.923 8.128 7.046 8.894 6.816 6.342 4.098 2.852 2.399 1.983 1.673 1.234 0.964 0.726 0.655 0.619 0.569 0.537 0.735 1.192 2.523 3.661 4.440

Q 50% 4.439 7.152 6.900 5.681 7.786 6.341 4.978 3.447 2.447 1.981 1.579 1.456 1.141 0.938 0.737 0.577 0.525 0.456 0.376 0.398 0.443 1.115 2.615 2.537

Q 80% 1.824 2.624 4.056 3.301 4.204 3.124 2.429 1.863 1.479 1.102 0.753 0.665 0.586 0.477 0.389 0.338 0.294 0.255 0.225 0.204 0.210 0.331 0.655 0.888

Q 90% 1.137 1.860 1.783 2.206 3.304 2.054 1.786 1.168 1.019 0.726 0.573 0.466 0.450 0.366 0.298 0.266 0.224 0.199 0.167 0.173 0.163 0.175 0.410 0.582

WD Ngrembeng

Jan-1 Jan-2 Feb-1 Feb-2 Mar-1 Mar-2 Apr-1 Apr-2 May-1 May-2 Jun-1 Jun-2 Jul-1 Jul-2 Aug-1 Aug-2 Sep-1 Sep-2 Oct-1 Oct-2 Nov-1 Nov-2 Dec-1 Dec-2

Q mean 29.986 39.690 41.791 36.230 44.636 34.801 31.625 20.478 14.040 12.077 9.682 8.022 6.068 4.586 3.559 3.271 3.110 2.770 2.393 3.664 5.364 11.782 17.154 22.656

Q 50% 24.189 37.491 37.527 28.591 38.320 32.728 26.657 16.441 12.177 9.731 7.143 6.514 5.193 4.196 3.337 2.599 2.395 2.121 1.800 1.978 2.243 5.395 10.674 14.853

Q 80% 8.718 15.992 24.031 19.957 21.564 16.506 13.429 8.911 7.472 5.437 3.967 3.521 3.094 2.527 2.062 1.789 1.553 1.345 1.207 1.102 1.122 1.660 3.481 5.169

Q 90% 5.816 10.250 9.843 12.575 18.459 11.396 9.660 7.003 5.208 4.177 3.497 2.990 2.798 2.280 1.857 1.633 1.372 1.201 1.007 1.018 0.966 0.946 2.190 3.460

WD Lamong Hilir

Jan-1 Jan-2 Feb-1 Feb-2 Mar-1 Mar-2 Apr-1 Apr-2 May-1 May-2 Jun-1 Jun-2 Jul-1 Jul-2 Aug-1 Aug-2 Sep-1 Sep-2 Oct-1 Oct-2 Nov-1 Nov-2 Dec-1 Dec-2

Q mean 30.610 40.561 42.653 36.994 45.560 35.505 32.241 20.871 14.302 12.313 9.856 8.186 6.186 4.676 3.628 3.333 3.165 2.829 2.435 3.740 5.448 11.998 17.425 23.093

Q 50% 24.506 38.172 38.227 29.396 39.258 33.481 27.311 16.754 12.341 9.904 7.309 6.601 5.267 4.251 3.383 2.634 2.439 2.166 1.833 2.021 2.282 5.519 10.894 15.267

Q 80% 8.916 16.300 24.623 20.258 21.855 16.859 13.729 9.161 7.648 5.566 4.062 3.631 3.188 2.597 2.119 1.838 1.595 1.381 1.231 1.122 1.156 1.694 3.559 5.324

Q 90% 5.941 10.505 10.047 12.556 18.637 11.605 9.590 7.145 5.311 4.266 3.571 3.051 2.855 2.327 1.895 1.667 1.400 1.226 1.028 1.044 0.985 0.965 2.235 3.505

Year Half monthly average discharge (m3/s)

Year Half monthly average discharge (m3/s)

Year Half monthly average discharge (m3/s)

Year Half monthly average discharge (m3/s)

Year Half monthly average discharge (m3/s)

Year Half monthly average discharge (m3/s)
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Fig. 3 Dependable discharge in each water district (Own study) 

 

3.3. Water Demand 

1) Domestic Water Demand 

The analysis of population number in the water 

district is carried out based on the data of district BPS 

with the data information until village level. This is 

different from the analysis of domestic water demand 

presented in [16], in which the population number in the 

water district is analyzed based on the district BPS. For 

the village administration area is not all of them 

including in the certain water district, so the 

determination of population number is analyzed based on 

the density of population. For the analysis of water 

demand in each water district, the value of water demand 

per person is differentiated based on the development of 

each city. In this study, Gresik Regency and Surabaya is 

included in the category of medium city (115 

l/person/day), Lamongan Regency is categorized as a 

semi-urban city (75 l/person/day), while Mojokerto 

Regency is categorized as a small city (100 l/person/day). 

The classification of this category is carried out based on 

the distance to Surabaya city which the closer the 

location to the Surabaya city, so it is categorized as a big 

city. In this study, the analysis of domestic water demand 

is conducted in each water district; however, the data and 

projection of the population are conducted based on the 

analysis result from the district BPS data. Data and 

projection of population number in the future until 2100 

can be seen in Table 3. 

  
Table 3 Projection of the population number for each water district (persons) (Own study) 

No. Water District Year 

2021 2025 2050 2075 2100 

1 WD Lamong Hulu 66,934  72,824  112,878  174,961  271,189  

2 WD Sabeng 72,259  78,065  117,445  177,863  270,781  

3 WD Lamong Tengah 261,425  266,664  300,652  342,912  396,865  

4 WD Kalitemu 159,291  165,084  203,856  260,051  342,959  

5 WD Ngerembeng 462,732  471,544  527,747  591,134  662,668  

6 WD Lamong Hilir 66,934  72,824  112,878  174,961  271,189  

 

Based on the population number that has been 

obtained above, so the domestic water demand for each 

water district and the projection in the future can ba 

analyzed and the result is presented as in the Table 4. 

      
Table 4 Domestic water demand for each water district (l/s) (Own study) 

No. Water District Year 

2021 2025 2050 2075 2100 

1 WD Lamong Hulu 58.1 63.2 98.0 151.9 235.4 

2 WD Sabeng 62.7 67.8 101.9 154.4 235.1 

3 WD Lamong Tengah 302.6 308.6 348.0 396.9 459.3 

4 WD Kalitemu 184.4 191.1 235.9 301.0 396.9 

5 WD Ngerembeng 615.9 627.6 702.4 786.8 882.0 

6 WD Lamong Hilir 96.8 105.4 163.3 253.1 392.3 

 

2) Industry Water Demand  

In this study, the water demand for industry is 

analyzed based on the employer number in the industry. 

The water demand for industry employer is determined 

about 10 l/employer/day. To analyze the industry water 

demand for each water district, there is determined based 

on the industry number that is in each water district. The 

industry number in each water district is analyzed based 
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on the district BPS data with the information of industry 

number in the village level.  

However, the industry number and the estimation of 

the employer number and water demand for industry 

sectors in each water district in 2021 can be seen in Table 

5; industry water demand in the future is estimated based 

on the addition of industry number in each water district 

(Tables 6-9). 

 
Table 5 Industry water demand in 2021 

No. Water District 2021 

Number of industries Estimation of the employer number Industry Water Demand (l/s) 

Light Moderate Big Light Moderate Big Light Moderate Big 

1 WD Lamong Hulu 1,066  - - 10,660  - - 1.234 0 0 

2 WD Sabeng 98  - - 980  - - 0.113 0 0 

3 WD Lamong Tengah 166  - - 1,660  - - 0.192 0 0 

4 WD Kalitemu - - - -  - 0.000 0 0 

5 WD Ngerembeng 228  - - 2,280  - - 0.264 0 0 

6 WD Lamong Hilir 18  - - 180  - - 0.021 0 0 

 
Table 6 Industry water demand in 2025 

Water District 2025   

Number of industries Estimation of the employer number Industry Water Demand (l/s) Total 

Light Moderate Big Light Moderate Big Light Moderate Big 

WD Lamong Hulu 1,279      12,792      1.481 0 0 1.481 

WD Sabeng 118      1,176      0.136 0 0 0.136 

WD Lamong Tengah 199      1,992      0.231 0 0 0.231 

WD Kalitemu 5      50      0.006 0 0 0.006 

WD Ngerembeng 274  1    2,736  60   0.317 0.007 0 0.324 

WD Lamong Hilir 22  1    216  60   0.025 0.007 0 0.032 

 
Table 7 Industry water demand in 2050 

Water District 2025 Total 

Number of industries Estimation of the employer number Industry water demand (l/s) 

Light Moderate Big Light Moderate Big Light Moderate Big 

WD Lamong Hulu 1,535    15,350      1.777 0 0 1.777 

WD Sabeng 141    1,411      0.163 0 0 0.163 

WD Lamong Tengah 239    2,390      0.277 0 0 0.277 

WD Kalitemu 6    60      0.007 0 0 0.007 

WD Ngerembeng 328  1   3,283  60   0.380 0.0069 0 0.387 

WD Lamong Hilir 26  2  1  259  120  100  0.030 0.0139 0.012 0.055 

 
Table 8 Industry water demand in 2075 

Water District 2025 Total 

Number of industries Estimation of employer number Industry Water Demand (l/s) 

Light Moderate Big Light Moderate Big Light Moderate Big 

WD Lamong Hulu 1,842      18,420      2.132 0 0 2.132 

WD Sabeng 169      1,693      0.196 0 0 0.196 

WD Lamong Tengah 287      2,868      0.332 0 0 0.332 

WD Kalitemu 7      72      0.008 0 0 0.008 

WD Ngerembeng 394  2  1  3,940  120 100 0.456 0.0139 0.0116 0.481 

WD Lamong Hilir 31  2  1  311  120 100 0.036 0.0139 0.0116 0.061 

 
Table 9 Industry water demand in 2100 

Water District 2100 Total 

Number of industries Estimation of the employer number Industry Water Demand (l/s) 

Light Moderate Big Light Moderate Big Light Moderate Big 

WD Lamong Hulu 2,210    22,105      2.558 0 0 2.558 

WD Sabeng 203    2,032      0.235 0 0 0.235 

WD Lamong Tengah 344    3,442      0.398 0 0 0.398 

WD Kalitemu 9  1  1  86  60 100  0.010 0.007 0.012 0.029 

WD Ngerembeng 473  3  2  4,728  180 200  0.547 0.021 0.023 0.591 

WD Lamong Hilir 37  3  2  373  180 200  0.043 0.021 0.023 0.087 

 

3.4. Rice Field Water Demand 

 

3.4.1. Need Field Requirement (NFR) 

The NFR in the rice field area for each water district 
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is obtained from [16] (Table 10). 

 
Table 10 Water demand per unit of the irrigation area (l/s/ha) for each water district [16] 

No Service Area Des I Des II Jan I Jan II Feb I Feb II Mar I Mar II Apr I Apr II May IMay II Jun I Jun II Jul I Jul II Aug I Aug II Sep I Sep II Oct I Oct II Nov I Nov II

1 WD LAMONG HULU 0.90 0.94 0.96 1.25 0.49 0.47 0.23 0.07 0.91 1.15 1.15 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.91 0.69 0.31

2 WD SABENG 1.03 0.99 0.78 1.30 0.71 0.48 0.27 0.20 1.01 1.22 1.20 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.91 0.70 0.36

3 WD LAMONG TENGAH 1.05 1.02 1.00 1.35 0.75 0.49 0.34 0.23 1.08 1.22 1.17 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.92 0.72 0.43

4 WD KALITEMU 1.06 0.98 0.98 1.35 0.71 0.46 0.29 0.20 1.06 1.20 1.17 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 0.96 0.92 0.71 0.41

5 WD NGEREMBENG 1.01 1.07 0.88 1.24 0.72 0.49 0.43 0.28 1.08 1.17 1.22 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.92 0.72 0.36

6 WD LAMONG HILIR 1.03 1.05 0.93 1.26 0.76 0.52 0.42 0.34 1.09 1.19 1.24 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.92 0.74 0.40  
 

3.4.2. Irrigation Area 

The irrigation area that is further analyzed is the area 

for technical and semi-technical irrigation for each water 

district. However, the rice field area that has been 

elaborated for each village in each water district can be 

seen in Table 11. 

 
Table 11 Irrigated rice area in the Lamong watershed 

No. Water district Irrigated rice area (ha) 

1 WD Lamong Hulu 147.6 

2 WD Sabeng 443.6 

3 WD Lamong Tengah 0.8 

4 WD Kalitemu 294 

5 WD Ngerembeng - 

6 WD Lamong Hilir - 

 

Based on the data above, the most rice field area that 

is irrigated is in the Sabeng water district and the least is 

in the Lamong Hilir and Ngerembeng water districts. The 

irrigation area in each water district is used to analyze the 

water demand for irrigation in each water district.  

 

3.4.3. Irrigation Water Requirement 

The increasing of irrigation area is carried out in the 

rained irrigation area that becomes as technical irrigation. 

Based on the analysis result in the previous research, the 

rice field area is still much wider than the irrigated area. 

The increasing of irrigated rice-field area is projected 

about 50% from the previous area, so the irrigation water 

requirement can be determined below. 

 
Table 12 Irrigation water requirement in 2021 

No Service Area Jan I Jan II Feb I Feb II Mar I Mar II Apr I Apr II May I May II Jun I Jun II Jul I Jul II Aug I Aug II Sept I Sept II Oct I Oct II Nov I Nov II Dec I Dec II

1 WD LAMONG HULU 3.32 4.50 5.42 3.64 4.34 3.79 3.20 1.08 0.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.54 1.81 3.84 3.49

2 WD SABENG 4.88 4.11 3.50 3.49 4.03 2.67 2.36 0.47 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.44 1.39 2.71 3.06

3 WD LAMONG TENGAH 2.93 3.63 3.19 3.43 3.41 2.46 1.73 0.53 0.63 0.01 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.33 0.77 2.55 2.75

4 WD KALITEMU 3.14 3.64 3.54 3.70 3.86 2.70 1.84 0.64 0.60 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.42 0.94 2.47 3.11

5 WD NGEREMBENG 4.01 4.56 3.41 3.46 2.67 2.03 1.75 0.93 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 1.40 2.86 2.34

6 WD LAMONG HILIR 3.61 4.39 3.13 3.22 2.71 1.49 1.63 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 1.02 2.71 2.52  
 

Table 13 Irrigation water requirement in 2025 

No Service Area

Irrigated 

rice area 

(ha)

Dec I Dec II Jan I Jan II Feb I Feb II Mar I Mar II Apr I Apr II May I May II Jun I Jun II Jul I Jul II Aug I Aug II Sept I Sept II Oct I Oct II Nov I Nov II

1 WD LAMONG HULU 6,445       0.90 0.94 0.96 1.25 0.49 0.47 0.23 0.07 0.91 1.15 1.15 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.91 0.69 0.31

2 WD SABENG 5,760       1.03 0.99 0.78 1.30 0.71 0.48 0.27 0.20 1.01 1.22 1.20 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.91 0.70 0.36

3 WD LAMONG TENGAH 9,297       1.05 1.02 1.00 1.35 0.75 0.49 0.34 0.23 1.08 1.22 1.17 1.24 0.94 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.92 0.72 0.43

4 WD KALITEMU 11,236      1.06 0.98 0.98 1.35 0.71 0.46 0.29 0.20 1.06 1.20 1.17 1.24 0.74 0.73 0.64 0.46 1.28 1.28 1.33 1.33 0.96 0.92 0.71 0.41

5 WD NGEREMBENG 4,417       1.01 1.07 0.88 1.24 0.72 0.49 0.43 0.28 1.08 1.17 1.22 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.92 0.72 0.36

6 WD LAMONG HILIR 112          1.03 1.05 0.93 1.26 0.76 0.52 0.42 0.34 1.09 1.19 1.24 1.24 0.95 0.73 0.64 0.46 1.28 1.28 1.33 1.33 1.15 0.92 0.74 0.40  
 

Table 14 Irrigation water requirement in 2050 

No Service Area

Irrigated 

rice area 

(ha)

Des I Des II Jan I Jan II Feb I Feb II Mar I Mar II Apr I Apr II Mei I Mei II Jun I Jun II Jul I Jul II Aug I Aug II Sept I Sept II Okt I Okt II Nov I Nov II

1 WD LAMONG HULU 332.2 0.298 0.311 0.319 0.416 0.163 0.155 0.077 0.025 0.301 0.383 0.381 0.412 0.317 0.243 0.212 0.152 0.424 0.424 0.443 0.443 0.383 0.302 0.229 0.104

2 WD SABENG 998.0 1.026 0.986 0.778 1.294 0.710 0.483 0.269 0.204 1.003 1.222 1.201 1.238 0.951 0.730 0.636 0.458 1.272 1.272 1.332 1.332 1.151 0.910 0.702 0.362

3 WD LAMONG TENGAH 15.0 0.016 0.015 0.015 0.020 0.011 0.007 0.005 0.003 0.016 0.018 0.018 0.019 0.014 0.011 0.010 0.007 0.019 0.019 0.020 0.020 0.017 0.014 0.011 0.007

4 WD KALITEMU 661.5 0.698 0.649 0.649 0.894 0.468 0.304 0.191 0.133 0.704 0.796 0.775 0.821 0.492 0.484 0.422 0.303 0.843 0.843 0.883 0.883 0.633 0.608 0.467 0.275

5 WD NGEREMBENG 0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 WD LAMONG HILIR 0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
 

Table 15 Irrigation water requirement in 2075 

No Service Area

Irrigated 

rice area 

(ha)

Des I Des II Jan I Jan II Feb I Feb II Mar I Mar II Apr I Apr II Mei I Mei II Jun I Jun II Jul I Jul II Aug I Aug II Sept I Sept II Okt I Okt II Nov I Nov II

1 WD LAMONG HULU 498.3 0.447 0.467 0.478 0.624 0.244 0.232 0.116 0.037 0.452 0.575 0.571 0.618 0.475 0.365 0.318 0.228 0.635 0.635 0.665 0.665 0.575 0.454 0.344 0.157

2 WD SABENG 1497.0 1.539 1.478 1.167 1.941 1.066 0.725 0.403 0.305 1.505 1.832 1.802 1.858 1.426 1.095 0.955 0.686 1.909 1.909 1.998 1.998 1.726 1.365 1.053 0.543

3 WD LAMONG TENGAH 22.5 0.024 0.023 0.023 0.030 0.017 0.011 0.008 0.005 0.024 0.027 0.026 0.028 0.021 0.016 0.014 0.010 0.029 0.029 0.030 0.030 0.026 0.021 0.016 0.010

4 WD KALITEMU 992.3 1.048 0.974 0.973 1.341 0.702 0.456 0.286 0.200 1.056 1.194 1.163 1.231 0.738 0.726 0.633 0.455 1.265 1.265 1.324 1.324 0.949 0.913 0.700 0.412

5 WD NGEREMBENG 0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 WD LAMONG HILIR 0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
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Table 16 Irrigation water requirement in 2100 

No Service Area

Irrigated 

rice area 

(ha)

Des I Des II Jan I Jan II Feb I Feb II Mar I Mar II Apr I Apr II Mei I Mei II Jun I Jun II Jul I Jul II Aug I Aug II Sept I Sept II Okt I Okt II Nov I Nov II

1 WD LAMONG HULU 747.5 0.671 0.701 0.717 0.936 0.366 0.349 0.174 0.056 0.678 0.862 0.857 0.928 0.712 0.547 0.477 0.343 0.953 0.953 0.998 0.998 0.862 0.680 0.516 0.235

2 WD SABENG 2245.5 2.308 2.217 1.750 2.912 1.598 1.088 0.605 0.458 2.257 2.748 2.703 2.787 2.140 1.643 1.432 1.030 2.863 2.863 2.997 2.997 2.589 2.048 1.579 0.814

3 WD LAMONG TENGAH 33.8 0.035 0.035 0.034 0.046 0.025 0.017 0.012 0.008 0.036 0.041 0.039 0.042 0.032 0.025 0.022 0.015 0.043 0.043 0.045 0.045 0.039 0.031 0.024 0.015

4 WD KALITEMU 1488.4 1.571 1.461 1.460 2.011 1.053 0.685 0.429 0.299 1.585 1.791 1.744 1.847 1.106 1.089 0.949 0.682 1.898 1.898 1.986 1.986 1.423 1.369 1.050 0.618

5 WD NGEREMBENG 0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 WD LAMONG HILIR 0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
 

3.5. Analysis of Water Balance Potential in the Water 

District  

Based on the water balance result, the potential of 

water resources has not been optimally used, and there is 

information about the period of water resource deficit. 

Water balance in each water district is determined for 

now (2021 and 2025) and the projection for the medium 

(2050) and long (2075 and 2100) terms. The water 

balance analysis uses water availability as 80% 

dependable discharge with the total water demand 

(domestic, irrigation, and industry). 

 

3.5.1. Potential of Water Balance in the Lamong Hulu 

Water District 

The water balance analysis result will be the surplus 

and deficit values for a year period. The water balance 

result for Lamong Hulu water district for now and the 

medium and long terms can be seen in Fig. 4. The water 

balance analysis result shows that now (2021), the deficit 

of water balance occurs for two months, in September 

and October. In 2025, the deficit of water balance will 

become longer, four months, from August to early 

November. The water balance in the medium term will 

experience a deficit, which increases because the water 

total will increase in 2050, but the deficit value will be 

higher than in 2025. For the long term, the water deficit 

will become long and big, which can be seen in 2075, 

when the water deficit is from August until the end of 

November. However, in 2100, the water deficit will be 

longer, from the end of May until early December. 
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Fig. 4 Water balance in the Lamong Hulu water district (Own study) 

 

3.5.2. Potential of Water Balance in the Sabeng Water 

District 

The water balance analysis result will be the surplus 

and deficit values over a one-year period. However, the 

water balance result in Sabeng water district for now, 

medium term, and long term can be seen in Fig. 5. The 

water balance analysis result shows that now (in 2021), 

the deficit of water balance occurs for 3.5 months, from 

August until early November. In 2025, the deficit of 

water balance will increase, with the deficit period still 

the same as in 2021. In the medium term, the water 

balance will experience a big and long deficit because the 

water demand total will become big in the future. In 

2050, the deficit of water balance will occur for seven 

months, from the end of May until early December. For 

the long term, the water deficit will be long and big, 

which is seen in 2075, when the water deficit occurs 

from May until the end of December; however, in 2100, 

the water deficit will become long, from the end of April 

until early January. 
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Fig. 5 Water balance in the Sabeng water district (Own study) 

 

3.5.3. Potential of Water Balance in the Lamong Tengah 

Water District 

The water balance analysis result will be the surplus 

and deficit values for a one-year period. The water 

balance analysis in Lamong Tengah water district for 

now and the medium and long terms can be seen in Fig. 

6. The water balance analysis result shows that in 2021, 

there was surplus of water balance. In 2025, there will be 

a short deficit of water balance for 0.5 month, in early 

November. In the medium term, the water balance will 

experience a bigger and longer deficit because the total 

water demand will increase. In 2050, the water balance 
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deficit will occur for 1.5 months, from the end of October 

until early November. In the long term, the water deficit 

will be longer, which is seen in 2075, when the water 

deficit occurs from the end of September until early 

November. However, in 2100, the water deficit will be 

longer, from the end of August until early November. 
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Fig. 6 Water balance in the Lamong Tengah water district (Own 

study) 

 

3.5.4. Potential of Water Balance in the Kalitemu Water 

District 

The analysis result for water balance in Kalitemu 

water district for now and the medium and long terms 

can be seen in Fig. 7. Based on the water balance 

analysis result, in 2021, the water balance deficit 

occurred for 3.5 months, from the end of August until 

early November. The biggest deficit occurred at about -

0.321 m
3
/s. In 2025, the water balance deficit will occur 

for 4.5 months, from the end of August until early 

December. The water balance for medium-term period 

will experience the getting bog and long deficit because 

the water demand total will increase. In 2050, the water 

balance deficit will occur for six months, from the end of 

June until early December. The highest deficit is 

approximately -0.86 m
3
/s. In the long term, the water 

deficit will become long and big, which is seen in 2075, 

when the water deficit occurs for 7.5 months, from the 

end of May until the end of December, with the biggest 

deficit of about -1.37 m
3
/s; however, in 2100, the water 

deficit will occur for nine months, from the end of April 

until early January, with the deficit of about -2,128 m
3
/s. 
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Fig. 7 Water balance in the Kalitemu water district (Own study) 

 

3.5.5. Potential of Water Balance in the Ngrembeng 

Water District 

The water balance analysis result will be the surplus 

and deficit values for a one-year period. The water 

balance results for the Ngrembeng water district for now 

and the medium and long terms can be seen in Fig. 8. 

The analysis result in Fig. 8 shows that in 2021, there 

was a longer water balance surplus period than the water 

deficit period that is only 1 month. In 2025, there will be 

almost the same condition as in 2021, when the water 

surplus was still longer than the water deficit, which 

occurred for 1.5 months, with the biggest deficit being 

about -0.208 m
3
/s. In the medium term, the water deficit 

will become long and big because the water demand total 

will increase. In 2050, the water balance deficit will 

increase to two months, from the end of October until 

November. In the long term, the water deficit will 

become long, as seen in 2075, when the water deficit 

increases to 2.5 months, from the end of September until 

the end of November. However, in 2100, the water 

deficit will increase to three months, from September 

until November. 
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Fig. 8 Water balance in the Ngrembeng water district (Own study) 

 

3.5.6. Potential of Water Balance in the Lamong Hilir 

Water District 

The water balance analysis result for this water 

district will provide information about surplus and deficit 

values for a one-year period. The water balance results 

for the Lamong Hilir water district for now and the 

medium and long terms can be seen in Fig. 9. Based on 

the analysis result in Fig. 9, the water balance 

experiences water surplus; it shows water deficit in the 

short term with the small value. In 2021, there was longer 

water balance surplus than the water deficit, which 

occurred for only 1.5 months. 2025 still shows almost the 

same as 2021, when the water surplus was still longer 

than the water deficit, which occurred for two months, 

with the biggest deficit of about -0.085 m
3
/s. The water 

balance in the medium term is similar to that in 2050; the 

water balance deficit increases to 2.5 months, from the 
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end of September until November, with the deficit being 

about -0.143 m
3
/s. In the long term, the water deficit will 

become long, which is seen in 2075, when the water 

deficit will increase to three months, from early 

September until the end of November. However, in 2100, 

the water deficit will increase to 3.5 months, from the 

end of August until November, with the biggest deficit 

being about -0.372 m
3
/s. 
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Fig. 9 Water balance in the Lamong Hilir water district (Own study) 

 

4. Conclusion  
Based on the analysis result of water balance in each 

district in Kali Lamong watershed for now until the 

projection in the future, it can be concluded as follow: 

1. The water balance in each water district has been 

determined and provides information on the water 

surplus and deficit. Water deficit in the future is 

happened in Lamong Hulu, Sabeng, and Kalitemu water 

districts, while in the other water districts, the water 

surplus still has the longer period and the deficit is still 

very small. 

2. The Lamong Hulu water district is in the 

watershed upstream and has very significant pressure to 

the water resources demand in the future. The water 

deficit will be longer and bigger, with the biggest deficit 

being about -1.024 m
3
/s. The water surplus also happens 

in the Lamong Hulu water district, and the biggest 

surplus can be 2.385 m
3
/s. 

3. The Sabeng water district has very significant 

pressure to the water resources demand in the future. The 

water deficit will be longer and bigger in 2100, with the 

biggest deficit of about -2.99 m
3
/s. The water balance 

that is presented in 2021 experiences the water balance 

deficit during 3.5 months that are from August until early 

December, however, in 2100 the water deficit starts from 

the end of April until early January.  

4. The Lamong Tengah water district has the water 

balance in the future with the water surplus period is 

longer than water deficit. The biggest water deficit is 

only about -0.159 m
3
/s. The analysis result for water 

balance in 2021 shows the water surplus. In 2025, the 

water balance deficit will only happen for 0.5 month, in 

early November. In 2050, the water balance deficit will 

happen for 1.5 months, from the end of October until 

early November. In 2075, the water deficit will happen 

from the end of September until early November; 

however, in 2100, the water deficit will be from the end 

of August until early November.  

5. The Kalitemu water district is in the watershed 

center, has an independent water availability source for 

the area itself, and experiences very big pressure due to 

the water resource demand. The water deficit will be 

longer and bigger in 2100, with the biggest deficit of 

about -2.128 m
3
/s. The analysis result for the water 

balance in 2021 shows the water deficit for 3.5 months, 

from the end of August until early November. The 

biggest deficit is about -0.321 m
3
/s. In 2025, the water 

balance deficit will be longer, for 4.5 months, from the 

end of August until early December. In 2050, the water 

balance deficit will be for six months, from the end of 

June until early December. The biggest deficit is about -

0.86 m
3
/s. In 2075, the water deficit will be for 7.5 

months, from the end of May until the end of December, 

with the biggest deficit of about -1.37 m
3
/s. However, in 

2100, the water deficit will be longer, for nine months, 

from the end of April until early January, with the biggest 

deficit being about -2,128 m
3
/s. 

6. The Ngrembeng water district is affected from 

the upstream due to the water availability. For the water 

balance in 2021 and 2025, the surplus period is longer 

than the water deficit period (only 1 and 1.5 months). In 

2050, the water balance deficit will increase to two 

months, from the end of October until November. In 

2075, the water deficit period will increase to 2.5 months, 

from the end of September until the end of November. 

However, in 2100, the water deficit will increase to three 

months, from September until November, with the 

biggest deficit being about -0.5 m
3
/s. 

7. The Lamong Hilir water district is generally 

expected to experience the water surplus in the future. In 

2021 and 2025, the water balance surplus is longer than 

the water deficit, which is only for 1.5 and 2 months. In 

2050, the water deficit will increase to 2.5 months, from 

the end of September until November, with the biggest 

water deficit of about -0.143 m
3
/s. In 2075, the water 

deficit will increase to three months, from early 

September until the end of November. However, in 2100, 

the water deficit will increase to 3.5 months, from the 

end of August until November, with the biggest deficit 

being about -0.372 m
3
/s. 
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