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Abstract---In the Tabalong Regency, South Kalimantan Province, many irrigation networks have not worked 

optimally. The Jaro Irrigation Area is one of these irrigation networks, the majority of available fields are planted 

with Paddy. Evaluation of irrigation water to irrigate paddy fields is very important for optimal growth and 

development of paddy. The objective of this research is to evaluate the water balance, the potential area for paddy 

field area development can be obtained by applying the optimal crop pattern. Analysis of the rainfall data used in 

this study with statistical analysis in the form of validation and correction of rainfall data. Rainfall data were 

obtained from the Tropical Rainfall Measurement Mission (TRMM) and the Meteorology, Climatology, and 

Geophysics Agency (BMKG) Jaro Station in the period 2013-2019, the data using statistical analysis obtained a 

correlation coefficient and regression equation. The regression equation is used to obtain the corrected rainfall 

value which will be used in the hydrological analysis. Water requirement analysis with several cropping pattern 

scenarios. Calculation of evapotranspiration using the Modified Penman method. The F.J. Mock method is used to 

develop the discharge value. Dependable discharge, 80%, is used to estimate water availability. Furthermore, an 

evaluation of the water balance is carried out for each scenario, and the result of information on surplus or deficit 

conditions can be obtained each month. Analysis of water demand discharge based on planting scenarios is divided 

into three. First Scenario with a high-yield paddy - a high-yield paddy according to the existing conditions at the 

research location. The second scenario is with a high-yield paddy - high-yield paddy - beans and the third scenario 

is with a high-yield paddy - paddy. According to the results of the water balance evaluation for the three scenarios, 

the potential area can be reached up to 900 ha from 850 ha with the chosen crop pattern in scenario number 2. 

Keywords---Crop pattern, DI Jaro, water availability, water balance, water demand. 

 

 

Introduction 

 

In the Tabalong Regency, South Kalimantan Province, many irrigation networks have not been used optimally 

(Sujono, 2022). One of them is the Jaro Irrigation Area, business in the agricultural sector is dominated by rice 

plants, so the need for irrigation water to irrigate rice fields is very important for rice growth. The water balance is a 

description of the evaluation of water entering and leaving a hydrological system (DAS, reservoirs, lakes, runoff) in 

a certain period (Abdul-Ganiyu et al., 2015). The water balance can be used to determine the surplus or deficit of a 

hydrological system so that further action can be taken to overcome this (Putra et al., 2018). 

In 2018, Jaro District had a rice harvest of 16,651 tons, with details of 12,750 tons of paddy rice and 3,901 tons 

of field rice. As for food crops other than rice, the biggest harvest was cassava with 275 tons. Rubber plants are 

plantation crop commodities that have the largest production in 2018, which is 6,328 tons with a planting area of 

3,229 hectares (Hidayat et al., 2022). 
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Tabalong Regency with red-yellow Podzolic soil type with sedimentary rock parent material which is easily 

eroded. The slope is dominated by land with a low slope (0-5%), the rest has a moderate slope (15-40%) and more 

than 40%. The effective soil depth averages over 90 cm (97.8%), and the soil is mostly fine-textured (Akas et al., 

2018). 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Figure I. DI Jaro, Tabalong Regency (Source PUPR Kalsel 2020) 

 

Jaro District is an administrative area of Tabalong Regency with an altitude of 1500 meters above sea level. This 

sub-district is located between 2⁰ south latitude and 166⁰ east longitude. It is bordered to the north by North 

Kalimantan Province, to the east by Muara Uya District, to the south by Muara Uya District, and to the west by East 

Kalimantan Province (Budi, 2021). 

The water balance is one of the most important aspects of the hydrological system. The water balance is a 

comparison between the potential availability of water and the demand for water in a certain place in a certain period 

(Pamadya et al., 2022; Azmeri et al., 2019). Water balance analysis studies can find out whether the amount of water 

needed is in excess (surplus) or vice versa experiences a deficiency (deficit) (Qarinur et al., 2022; Duffková et al., 

2019). By knowing these two factors, the utilization of water can be managed as well as possible (Zhao et al., 2023). 

Reliable debit or availability of discharge is a discharge that can be relied on in a river, both in the dry season and 

especially the rainy season. Several methods can be used to determine this reliable discharge, such as the empirical 

method, namely the FJ Mock method. Calculations using the FJ Mock method are based on approximate calculation 

approaches using rain data, climatology, and land cover vegetation (Sihombing et al., 2021). 

Provision of irrigation water that is not appropriate, whether it is excess or deficiency will harm the growth of 

rice plants, so the discharge of irrigation water needs must be calculated and adjusted to the available irrigation area 

(Hariyadi, 2020). For this reason, optimizing maximum yields in DI Jaro with an evaluation of the available water 

balance. The purpose of this research is to evaluate the water balance in the Jaro Irrigation Area so that the potential 

area for land development can be obtained by applying the right cropping pattern (Singh et al., 2001; Martínez-

Casasnovas et al., 2005). 

 

Method 

 

The data used in this study is TRMM (Tropical Rainfall Measurement Mission) rainfall data obtained by accessing 

the site on the internet page, namely https://giovanni.gsfc.nasa.gov/giovanni from 2000-2019. Observational rainfall 

data were obtained from Jaro rain gauge data for 2013-2019 and the climatological data used was in the form of 

monthly data for 2000-2019, namely air humidity, air temperature, wind speed, and solar radiation obtained from the 

BMKG (Geophysics and Climatology Meteorology Agency). at Syamsudin Noor station. Before being used for data 

analysis, it is necessary to validate and correct TRMM rainfall data for 2000 – 2019 with observation posts using the 
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Correlation Coefficient method which produces a determination value and continues data correction by selecting the 

regression equation with the highest determination value. The regression equation used is linear, geometric, 

logarithmic, and exponential regression (Gichamo et al., 2022; Ezuar et al., 2018). The criteria for the determination 

value (R2) according to Setyorini & Hardaningrum (2020), is a very low interpretation is 0.00-0.199, Low is 0.20-

0.399, moderate is 0.40-0.599, strong is 0.60-0.799 and very strong is 0.80-1.000. After correcting the rainfall data, 

the data can be used in the analysis of rainfall in the calculation of the water balance. 

Oldeman's classification is based on the amount of water needed by plants, especially rice (Ikhwali et al., 2022; 

Canet-Martí et al., 2023). In the Oldeman climate classification, wet months are determined when rainfall is more 

than 200 mm/month, dry months when rainfall is less than 100 mm/month, and humid months when rainfall is 

between 100-200 mm/month according to Oldeman (Qarinur et al., 2022; Ariyani et al., 2020). Calculation of the 

potential evapotranspiration value using the Penman formula Modification and effective rainfall for rice based on the 

KP-01 formula (2013), namely Re paddy = (R80 x 0.7) and pulses = (R80 x 0.5) observation period, R80 value is 

rainfall The mainstay is obtained from the Weibull equation. 

Discharge analysis for calculating water availability uses the F.J. Mock method. The mainstay discharge is the 

minimum discharge of the river with the probability that the discharge is fulfilled in the percentage of 80% 

(Duffková et al., 2019; Liu et al., 2020). Analysis of water needs based on KP-01 with the calculation of water 

demand discharge based on planting scenarios (number of growing seasons and cropping pattern). Supporting data 

are evapotranspiration (ETo), calculation of effective rainfall (Re), planting area, cropping pattern, and TRMM 

climatological data. Water balance analysis with a comparison of water demand and water supply discharges, water 

demand discharge based on planting scenarios, and water availability discharges is the flow rate of the F.J. Mock 

method. If there is a water deficit, a change in the cropping pattern or a change in the schedule is made (Döll et al., 

2003; Huber et al., 2011). 

 

Results and Discussion 

 

Data validation and correction 

 

Rainfall validation and correction analysis was carried out using monthly TRMM rainfall data locations in DI Jaro 

monthly correlated with monthly rainfall data observed for the Jaro rain post for a period of 7 years from 2013 - 2019 

Table 1. Regression Equation and Determination Value (R2) of Rainfall and Air Temperature TRMM. 

 

Table 1 

Regression equation values and TRMM rainfall determination values 

 

Month Regression Equation 
Determination Value Interpretation 

(R²)  
January y = 0.4562x + 167.18 0.60 Strong 

February y = 0.9907x + 52.69 0.76 Strong 

March y = 0.244x + 238.72 0.09 Very low 

April y = -0.2809x + 334.2 0.07 Very low 

May y = 0.7091x + 21.487 0.85 Very strong 

June y = 0.266x + 143.59 0.11 Very low 

July y = 0.4623x + 56.881 0.62 Strong 

August y = -0.0527x + 132.52 0.00 Very low 

September y = 0.6999x + 19.728 0.42 Currently 

October y = 0.6112x + 58.495 0.70 Strong 

November y = 0.1101x + 272.16 0.05 Very low 

December y = -0.0487x + 323.77 0.00 Very low 

 

From the results of Table 1 above the correlation between rainfall data from January to December in 2000 – 2019 

TRMM rainfall data and observation data obtained a very strong coefficient of determination in May with a value 

of 0.85. The coefficient of determination is strong in January, February, July, and October with a value of 0.60 – 

0.76. The coefficient of determination is moderate in September with a value of 0.40 – 0.42. The coefficient of 

determination is very low in March, April, June, August, November, and December with a value of 0.00 – 0.09. 

According to Balai Dam (2019) if the correlation coefficient value is <0.60, then the rain post cannot be used to 

calculate flood discharge at the dam, however, for this research, it will continue to correct TRMM rainfall data. 
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Average rainfall 

 

Analysis of changes in rainfall using corrected rainfall data. The data comes from the TRMM location in DI Jaro. 

The average rainfall value using corrected rainfall data can be seen in Table 2 below: 

 

Table 2 

Average monthly rainfall value 

 

Month 
Rainfall 

2000-2019 

Jan 281.97 

Feb 277,84 

Mar 300.78 

Apr 234.54 

May 124,37 

Jun 176,16 

Jul 87.50 

Aug 122.39 

Sept 44,32 

Oct 108.35 

Nov 233,46 

dec 306,37 

 

Average monthly rainfall data with maximum rainfall in December 306.37 mm and minimum in September 44.32 

mm. Another parameter to determine changes in rainfall patterns is the shift in wet months, humid months, and 

dry months with Oldeman's classification. The results of the analysis can be seen in Figure 1. below: 

 

 
                                Wet Moon                          Moist Moon               Dry Moon 

 

Figure 2. The shift of wet, wet, and dry months 

 

Effective Rainfall 

 

Effective rainfall is for Re padi and Re Palawija in DI Jaro using the corrected 15 daily average monthly TRMM 

data. The value of Rice Paddy and Rice Palawija is based on semi-monthly reliable rainfall data (R₈₀). The Weibull 

method is to sort from small to large. The results of calculating the effective rainfall for 15 days can be seen in 

Figure 2. as follows: 
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Figure 3. Re Paddy and Re Palawija 

 

The results of the calculation of Re paddy for 15 days the maximum value is in February 1 and 2 with a value of 6.79 

mm/day while the minimum value is in August 1 and 2 with a value of 1.03 mm/day. The results of the calculation of 

Re palawija for 15 days in 2000 - 2019 the maximum value is on February 1 and 2 with a value of 7.59 mm/day 

while the minimum value is on August 1 and 2 with a value of 2.08 mm/day. 

 

Potential evapotranspiration 

 

Calculation of potential evapotranspiration at the Jaro DI research site using the Modified Penman method. The 

climatological data parameters used from this method are the average monthly BMKG climatology, namely relative 

humidity (Rh), wind speed (U), solar radiation n/N, and air temperature (T). ETo calculation results, the maximum 

value in September is 4.33 mm/day, and the minimum value in June is 2.80 mm/day. The daily ETo value has 

increased and decreased in certain months. January to February increased by 0.47 mm/day, February to March 

decreased by 0.20 mm/day, March to April decreased 0.35 mm/day, April to May decreased by 0.08 mm/day, May to 

June decreased by 0.39 mm/day, June to July increased 0.37 mm/day, July to August increased 0.72 mm/day, August 

to September increased 0.44 mm/day, September to October decreased 0.30 mm/day, October to November 

decreased 0.11 mm/day, November to December decreased 0.04 mm/day. 

 

Table 3 

Results of potential evapotranspiration (ETo) 

 

Month 
ETo 

mm/day 

Jan 3.53 

Feb 3.82 

Mar 3,62 

Apr 3,27 

May 3,19 

Jun 2.80 

Jul 3,17 

august 3.89 

Sept 4,33 

Oct 4.03 

Nov 3.92 

dec 3.88 
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Re Padi 7,46 7,46 10,59 10,59 7,53 7,53 6,43 6,43 5,28 5,28 4,76 4,76 3,67 3,67 2,92 2,92 3,36 3,36 4,70 4,70 5,75 5,75 7,00 7,00

Re Palawija 5,33 5,33 7,56 7,56 5,38 5,38 4,60 4,60 3,77 3,77 3,40 3,40 2,62 2,62 2,08 2,08 2,40 2,40 3,35 3,35 4,11 4,11 5,00 5,00
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Analysis of water needs 

 

Analysis of the water needs of DI Jaro according to the scenario of the cropping pattern so that the water needs of the 

rice fields are met according to the planting area of 850 Ha. Scenario 1 is superior rice - superior rice with MT 1 

scheduled for land preparation in October with a January harvest schedule, and MT 2 scheduled for land preparation 

in February with a harvest schedule in May. Scenario 2 is superior rice - superior rice - secondary crops with MT 1 

scheduled for land preparation in January with an April harvest schedule, MT 2 scheduled for land preparation in 

May with a harvest schedule in September, and MT 3 scheduled for land preparation in October with schedule 

harvest in December. Scenario 3 is superior rice – ordinary rice MT 1 is scheduled for land preparation in October 

with a January harvest schedule, MT 2 is scheduled for land preparation in February with a harvest schedule in May. 

  

 
Figure 4. Water needs 3 scenarios 

 

Analysis of water availability 

 

Analysis of water availability in Jaro DI with an area of 1016 Ha so that the mid-month water availability discharge 

value is obtained using the Mock method. To find out the 80% reliable discharge is based on a debit value that is 

close to or equal to the probability (P) value of 80%, it can be seen in Table 4. as follows: 

 

 
Figure 5. Water availability in an area of 1016 ha 
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Skenario I 0,00 0,00 0,48 0,48 0,06 0,05 0,14 0,14 0,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,76 0,24 0,24 0,00 0,00
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Water balance analysis 

 

The water balance with an area of 850 ha using the surplus and deficit of water is obtained from the results of 

reducing the discharge of water availability with water demand if the result is positive then it is a surplus and if it is 

negative then it is a deficit (Chen et al., 2010; Sun et al., 2006). From Figure 5 below, it can be concluded that the 

water deficit scenario 1 is October 1, and October 2. Scenario 2 does not have a water deficit month or all months 

have a surplus of water, meaning that the availability of water is sufficient to meet their needs. Scenario 3 water 

deficit on October 1, October 2. 

  

 
Figure 6. Water supply and water demand for 3 scenarios with a land area of 850 ha 

 

Land development water balance analysis 

 

The water balance for land development with an area of 900 ha using a surplus of water deficit is obtained from the 

results of reducing the debit of water availability with water demand if the result is positive then it is a surplus and if 

it is negative then it is a deficit (Herrera et al., 2010). From Figure 5 below, it can be concluded that the water deficit 

scenario 1 is October 1, and October 2. Scenario 2 does not have a water deficit month or all months have a surplus 

of water, meaning that the availability of water is sufficient to meet their needs. Scenario 3 water deficit on October 

1, October 2. 
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Figure 7. Water supply and water demand for 3 scenarios with a land area of 900 ha 

 

Analysis of rainfall on the water balance of DI Jaro using TRMM rainfall and air temperature data which was 

previously validated and corrected with Jaro rain post-observation data. The results of data validation using the 

Correlation Coefficient method which produces a determination value with a strong to very strong interpretation is 

then corrected using the selected regression equation value according to the largest R2 value. TRMM data after 

correction is used for rainfall analysis and water balance analysis. Changes in rainfall, namely an increase in monthly 

rainfall in the shifting months of wet, humid, and dry months. 

As a result of changes in rainfall, there is an increase in the value of effective rainfall and evapotranspiration as 

parameters in calculating water demand and availability (De Fraiture & Wichelns, 2010; Olmstead et al., 2007). 

Water demand discharge scenario 1 is a planting scenario according to existing conditions on October 1 and 2. 

Scenario 2 does not have a water deficit month or all months have a surplus of water, meaning that the availability of 

water will meet their needs. Scenario 3 in the month of the deficit on October 1 and 2. 

 

Conclusion 

 

Analysis of water demand discharge based on planting scenarios is divided into 3 scenarios. scenario 1 with a 

cropping pattern of superior rice - superior rice according to existing conditions, scenario 2 with a cropping pattern 

of superior rice - superior rice - secondary crops, and scenario 3 with a superior rice cropping pattern - ordinary rice. 

Scenario 1 discharge water demand maximum value on October 1 is 0.74 m3/s and October 2 is 0.76 m3/s, Scenario 

2 maximum value on January 1 is 0.51 m3/s and January 2 is 0. 53 m3/s, Scenario 3 maximum value on October 1 is 

0.74 m3/s and October 2 is 0.76 m3/s. Analysis of the highest peak water availability discharge occurred on January 

1 with a discharge value of 1.41 m3/s and February 1 with a discharge value of 1.19 m3/s while the minimum 

discharge occurred on September 1 of 0.08 m3/s and the month September 2 of 0.08 m3/sec. From the results of the 

data on water availability and water demand, the potential for land development and the application of the right 

cropping pattern is obtained by 50 ha with the application of the Scenario 2 cropping pattern with the MT 1 schedule 

for land preparation in January with the April harvest schedule, the MT 2 schedule for land preparation in May with 

harvest schedule in September, MT 3 land preparation schedule in October with harvest schedule in December. 
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