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Abstract

A Dam is a building structure built to hold or store water and functions to channel water for raw water, irrigation,
and hydroelectric power generation. The Margatiga Dam is the third dam located downstream of the Sekampung River
Cascade Dam series in Lampung Province. The Margatiga Dam functions to supply irrigation water and raw water
as well as flood control. To meet water needs, a water availability analysis must be conducted. This study aims to
determine the discharge of water availability in wet years, normal years, and dry years at the Margatiga Dam. In this
study, the data used is satellite rainfall data calibrated with ground station rainfall data in 2001 - 2023. The methods
used in this study are satellite rainfall data correction, potential evapotranspiration analysis using the modified
Penman method, flow discharge analysis using the F.J. Mock method, and reliable discharge analysis using the
Weibull method. The results of this study indicate that the availability of water at the Margatiga Dam in a wet year is
13.96 m¥/sec, in a normal year it is 10.34 m3/sec, and in a dry year it is 8.13 m%/sec.
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1. Introduction

A dam is a structure made of earth, rock, or
concrete built not only to hold and store water but can also
be used to hold mine waste or slurry to form a reservoir.
The reservoir itself is an artificial reservoir created by the
construction of a dam (Kementerian PUPR, 2023).

Reservoirs play a significant role and contribution
in meeting water needs during the dry season, reducing
the negative impacts of excess water volume, and
providing various benefits to people in different sectors.
To maximize their function, proper calculations regarding
the availability and demand of water in the reservoir are
necessary. Therefore, effective water management and
control are needed so that water use can support survival
by maintaining its availability. (Kalbuardhi et al., 2018).

The two main factors influencing changes in the
hydrological cycle and affecting water availability are
land use change and climate change, which include
variables such as temperature, solar radiation,
evaporation, and precipitation (Krajewski et al., 2021).
The water balance is the relationship between inflow and
outflow over some time and includes several components
such as streamflow, precipitation, evapotranspiration,
percolation, soil moisture, and groundwater storage. The
water balance can show whether there is a surplus or
deficit of water. (Byeon, 2014).
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Water availability and demand data are required to
determine the reservoir operation pattern. To meet the
water demand of the Margatiga Dam, it is important to
consider the amount of water available in the dam. The
availability of water in the Margatiga Dam comes from
the outflow of the Argoguruh Dam and the flow of water
in the Margatiga Dam Catchment Area (DTA). To
maintain the availability of water in the Margatiga Dam,
it is necessary to pay attention to the operation of the
Argoguruh Dam and the preservation of the Margatiga
Dam Catchment Area.

To calculate water availability, complete rainfall
data over a long period is required. Rainfall data from
ground stations in the Sekampung watershed are
incomplete and some data are missing. Therefore,
satellite rainfall data is used as the basis for calculating
water availability. This research aims to calculate water
availability in Margatiga Dam using satellite rainfall data
corrected with ground station rainfall data.

2. Materials and Methods
2.1  Research Location

Margatiga Dam is located in Negeri Jemanten
Village, Margatiga Subdistrict, East Lampung Regency,
Lampung Province, on the Way Sekampung River, Way
Sekampung River Basin, at coordinates 105°29'08" East -
05°1227" LS. The function of Margatiga Dam is to
supply water to Jabung Dam to meet the irrigation needs
of D.I. Jabung Kiri covering 5,638 ha and the irrigation
potential of D.I. Jabung Kanan covering 10,950 ha as well
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Figure 1. Location of Margatiga Dam

as to meet the raw water needs (BBWS Mesuji
Sekampung, 2021). The location of the Margatiga Dam is
shown in Figure 1.
2.2  Data Collection

The data used to analyze the water availability at
Margatiga Dam are from the Mesuji Sekampung River
Basin. The data required in this study include technical
data of the dam, rainfall data, climatology data, watershed
characteristics data, and discharge measurement data.
The following data are available for this study:

a.

Pooo

Rainfall data from rain stations (year 2000 -
2021)

Satellite precipitation data (year 2001 - 2023)
Climatology data (year 2019 - 2023)

Land use and Soil type data

Argoguruh Dam discharge data (year 2010 -
2023)

2.3 Stages of Data Analysis
Thisresearch performed several stages of analysis.
Figure 2 shows a flowchart of the analysis stages.
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2.4  Basic Theory
2.4.1 Satellite Rain Data Correction

Rainfall data from ground stations in the
catchment area of the Margatiga Dam are incomplete.
The limitations of rainfall data in the past can be
overcome by using the latest technology such as satellite
remote sensing. This technology provides a modern
method of rainfall data collection, allowing data to be
collected with flexibility in time and location. Some of
the advantages of this technology include higher
resolution, larger area coverage, near real-time data
availability, continuous recording, and free download of
data. (Krisnayanti et al., 2020).

Although satellite-derived hydrometeorological
data are now highly accurate and easily accessible
anytime, anywhere, their use still requires prior correction
(Nugroho & Sachro, 2024). The satellite data were
corrected based on the equation obtained from the
combination of variables that produced the largest
correlation  coefficient (R) and coefficient of
determination (R2). The equation type that produces the
largest R2 value is selected as the appropriate correction
equation for the satellite precipitation data (Maulana et
al., 2019). Various equation forms of regression methods
are considered, including linear regression, logarithmic
functions, exponential functions, polynomial functions,
and exponential functions (Jarwanti et al., 2021).

The validation method uses statistical analysis to
evaluate the accuracy of satellite rainfall data compared
to ground station data. This research uses the correlation
coefficient (R) test. This analysis is defined by the
following equation (Ramadhan et al., 2022):

nyxy-Yxxy (1)
VInZx2-Cx)2-[nXy2E )%

where n is the number of samples, x is satellite-
based rainfall, and y is observed rainfall.

The value of the correlation coefficient ranges
from -1 to +1. A close/strong correlation has a coefficient
close to -1 or +1, while a weak correlation has a
coefficient close to 0. If the correlation coefficient is
positive, then the two variables have a unidirectional
relationship. Conversely, if the correlation coefficient is
negative, the two variables have an inverse relationship.
The criteria for the value of the correlation coefficient (R)
are listed in Table 1.

Table 1. Criteria for the value of the correlation
coefficient (R)

Correlation Value Criteria
0,000 -0,199 Very weak
0,200 - 0,399 Weak
0,400 - 0,599 Sedang
0,600 - 0,799 Strong
0,800 — 1,000 Very Strong

2.4.2 Regional Rainfall
The regional rainfall analysis was performed on
the semi-monthly rainfall and number of rainy days from
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each satellite grid. To determine each grid's influence, the
DTA of the Margatiga Dam was cut with a grid line to
obtain the area of influence of each grid, which was then
multiplied by the semi-monthly rainfall of each grid.
2.4.3 Potential Evapotranspiration Analysis

Evapotranspiration is an important factor in
estimating  streamflow  from  precipitation and
climatology data using the F.J. Mock method. The
process of water loss through evaporation and
transpiration can reduce the water storage in water bodies,
soils, and plants that provide a large fraction of the
generation of streamflow (Adiningrum, 2015).

The modified Penman evapotranspiration method
is a method modified from the Penman equation by the
Food and Agriculture Organization of the United Nations
(FAO) in 1977 (Sudjarwadi, 1979). The calculation of
modified Penman evapotranspiration is shown in the
following equation:

ETy =c(Wx R, + (1 — W) x f(U) x (ea — ed)) 2)
where ETo is potential evapotranspiration
(mm/day), c is weather adjustment factor, W is solar
irradiance factor, Rn is net radiation (mm/day), f(U) is
wind speed factor, ea is saturated vapor pressure (mbar),
ed is actual vapor pressure (mbar).
2.4.4 Low Flow Discharge Analysis

The F.J. Mock method can be used to empirically
calculate the amount of minimum flow that flows in a
river. The data needed to calculate runoff using the F.J.
Mock method are precipitation data, climatology data,
area, and land use of the watershed (Limantara & Putra,
2016).

2.4.5 Reliable Discharge Analysis

The mainstay discharge is the available discharge
that can be calculated for specific purposes throughout
the year. The higher the reliability number, the lower the
resulting discharge. The mainstay discharge calculation is
used here to find the amount of discharge that is suitable
for raw water and irrigation water use. The first step in
determining the mainstay discharge is to sort the existing
discharges from largest to smallest. The calculation of the
mainstay discharge is done using the basic month method.
This method is most often used to describe the reliability
of runoff in the wet and dry seasons. The formula used is
the Weibull formula (Sosrodarsono & Takeda, 1985):

P=m/(n+1) x100% (3)
where P is the probability, m is the sequence
number of the discharge data, and n is the number of data.

Water balance simulations to determine reservoir
operating patterns are based on a certain level of
reliability of discharge. If the average discharge for a
normal year is approximately 100%, which is equivalent
to a 50% reliable discharge, then a wet year (115% of
average) would be equivalent to a reliable discharge of
less than 35%, while a dry year (85% of average) would
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Figure 3. Map of GPM Margatiga Catchment Area

be equivalent to a reliable discharge of greater than 65%
(Kementerian PUPR, 2017).

3.
3.1

Results and Discussion

Satellite Rain Data Correction

Rainfall data contained in the Margatiga Dam
Catchment Area (DTA) is recorded in 5 (five) rainfall
stations including Batu Keting Rainfall Station,
Argoguruh Dam Rainfall Station, Gunung Sari Sri Katon
Rainfall Station, Kemiling Rainfall Station, and Way
Gatel Rainfall Station.

Satellite rainfall data is also used to fill in some
gaps in the ground station rainfall records. The use of
satellite data must be corrected with ground station
rainfall data that has similar rainfall characteristics and
regions. The search for correction factors is done by trial
and error using the Mean Absolute Error (MAE)
objective function, where the error is calculated from the
difference in probability of the same rainfall event. For
this GPM satellite data is available from 2001 to 2023,
with daily rain output up to 15 daily data for water
availability analysis. Rainfall data is downloaded from
the GPM satellite through the website. The research site
consists of 5 GPM grids with a size of 28 km x 28 km as
shown in Figure 3.

Based on the available ground station rain data and
GPM satellite rain data, the correlation values for each
grid and rain post are shown in Table 2. The correlation
value between satellite data and ground station data is
calibrated based on the location and similarity of rain
characteristics between the rainfall station and the GPM
satellite grid.
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Table 2. Correlation of ground station and satellite
rainfall data

(B2 S Sis g 4
aton
GRID 1 0,69
GRID 2 0,71
GRID 3 0,39
GRID 4 0,61 0,66
GRID 5 0,47
The correlation of rainfall in Grid 2 with

Argoguruh Dam has the highest correlation value because
the Argoguruh Dam Rainfall Post is located within Grid
2.

To obtain the correction value of satellite data
against ground station data, obtained by comparing the
two data. After correcting the GPM satellite rain data with
the ground station data, the daily rain value from 2001 to
2023 is obtained for each grid. The error value of satellite
rain data between before and after correction is shown in
Table 3.

Table 3. Error value of rain data before and after
correction

Error GRID GRID GRID GRID GRID

Value 1 2 3 4 5 Mean

Before 55534 00277 00236 00200 00232  0,0238
Correction

ATler 30066 00070 00201 00082 00142 00112
Correction

Based on the error value between rain data before
and after correction, it shows a decrease in the error value
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Figure 4. Graph of 15-day rainfall at the Margatiga Dam catchment area

after correction of satellite rain data to ground station rain
data.
3.2 Regional Rainfall
The corrected satellite precipitation data is then
used to calculate the regional precipitation for each grid.
The grid influence area factor is seen based on the DTA
area within each grid. Once the coefficient of influence of
each grid on the DTA area is known, the GPM satellite
rain data for each corrected grid is multiplied by the
coefficient value. The sum of these results is the value of
regional rainfall in the Margatiga Dam DTA. The 15-day
rainfall graph for the Margatiga Dam catchment area is
shown in Figure 4.
3.3 Calculate potential evapotranspiration

The calculation of evapotranspiration using the
modified Penman method requires data on temperature,
humidity, wind speed, and sunshine duration. The climate
data used in this study was obtained from the Way
Sekampung Climatology Station. This climatological
data consists of temperature, humidity, wind speed,
sunshine duration, and evaporation. After obtaining the

value (f(t)), and extraterrestrial radiation (Ra) are then
sought.

From the value of climatological factors, the
potential evapotranspiration can be calculated. The table
of potential evapotranspiration values in the Margatiga
Dam catchment area for each month is shown in Table 4.
The potential evapotranspiration values are used to
analyze the low-flow discharge using the FJ. Mock
method.

3.4  Low Flow Discharge Analysis

The calculation of synthetic discharge using the FJ
Mock method requires some data, namely watershed area,
open land area (m), infiltration coefficient (i),
groundwater flow recession factor (k), minimum soil
moisture, maximum soil moisture (SMC), and initial soil
moisture. Some parameters used in the FJ Mock analysis
are as follows:

m =30
Soil Moisture Capacity (SMC) =200 mm
Infiltration Coefficient (i) =0,60(0<i<1)

Groundwater flow recession factor (k) = 0,50 (0 <k < 1)

climatological data, the values of saturated vapor pressure Heavy rainfall flow factor (PF) =10%
(ea), solar irradiation factor (W), temperature function
Table 4. Potential evapotranspiration value
Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[Sea;]”’ated vapor pressure mbar 37,75 38,17 3806 3875 393 37,22 37,8 3826 37,07 3895 3881 3851
Real vapor pressure [ed] mbar 34,73 37,02 36,16 36,81 37,33 3462 3591 3635 3531 37,78 34,15 33,89
E\‘g weighting factor for Rn 077 077 077 077 077 077 077 077 077 077 078 077
Alr temperature and altitude 023 023 023 023 023 023 023 023 023 023 023 023
factors [1 - W]
Temperature function [f (t)] 163 1634 1633 1639 1643 1625 163 1634 1632 164 164 1637
[Egga’te"esma' iy mm/day 1507 155 157 149 144 108 1094 1246 1456 1609 1642 16,81
Potential Evaporation [ET*] ~ mm/day ~ 324 24 348 394 437 342 320 32 451 477 52 475
Potential mmiday 356 2,65 348 354 393 307 296 32 496 525 572 523

Evapotranspiration [ETo]
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Figure 5. Low flow discharge graph of FJ Mock method

The results of the FJ Mock method discharge
calculation are assumptions and cannot be calibrated
because there is no AWLR discharge data available for
Margatiga Dam. The calculated discharge using the FJ
Mock method is shown in Figure 5.

3.5 Inflow discharge of Margatiga dam

The inflow of the Margatiga dam, apart from the
water flowing from the Margatiga catchment area (DTA),
also receives additional runoff from the Argoguruh dam.
The Argoguruh Dam discharge is the difference between
the available discharge and the discharge. The Margatiga
Dam inflow scheme is shown in Figure 6.

Available Argoguruh Dam discharge data starts
from 2010 - 2023. From the results of the calculation of
the FJ Mock low-flow discharge and the Argoguruh Dam
runoff data, the amount of the Margatiga Dam inflow
discharge is obtained. The inflow discharge at the
Margatiga dam is the sum of the low-flow discharge of

the FJ Mock DTA of the Margatiga dam and the
Argoguruh dam discharge data.
3.6  Reliable Discharge Analysis

The analysis of reliable discharge using the base
month method is almost identical to the flow
characteristic method. This method is most commonly
used because the reliability of the flow is calculated from
January to December. The basic month method is better
able to describe the reliability in the dry season and the
rainy season.

The calculation of the mainstay discharge
probability using the Weibull method is by sorting the
discharge data from the largest to the smallest order for
every 15 days from 2010 to 2023. In this study, the
classification of flow discharge has a probability value in
wet years (65%), normal years (50%), and dry years
(35%). The graph of Margatiga Dam mainstay discharge

Margatiga Dam
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Figure 7. Graph of mainstay discharge

for the wet year, normal year, and dry year is contained
in Figure 7.

Figure 7 shows that the average mainstay
discharge of Margatiga Dam for a wet year is 13.96
m3/det, a normal year is 10.34 m3/det, and a dry year is
8.13 m3/det. For the maximum value of the mainstay
discharge of the Margatiga Dam for the wet year is 36.63
m3/det, the normal year is 27.99 m3/det, and the dry year
is 24.73 m3/det. The minimum value of the mainstay
discharge of the Margatiga dam for a wet year is 0.63
m3/det, a normal year is 0.28 m3/det, and a dry year is 0.02
m3/det.

4. Conclusion

Based on the results of the analysis, the
availability of water in Margatiga Dam varies according
to the hydrological conditions. The average mainstay
discharge obtained is 13.96 m3/det in wet years, 10.34
m3/det in normal years, and 8.13 m3/det in dry years. The
discharge decreased in the dry season and increased in the
wet season. These results show the importance of optimal
water management to maintain the availability of water
resources in Margatiga Dam.
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