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Abstract

This study evaluates the performance of Global Precipitation Measurement (GPM) satellite-based rainfall
data in comparison to Automatic Rainfall Recorder (ARR) data in forming rainfall distribution patterns and
assessing its impact on flood discharge simulation using the HEC-HMS model. Statistical validation was
conducted using the Pearson Correlation Coefficient, the ratio of standard deviation of observations to RMSE
(RSR), Percent Bias (PBIAS), and Mean Absolute Percentage Error (MAPE). The results show that GPM has
a strong correlation with ARR (r = 0.875) and a low RSR value (RSR= 0.256), yet it exhibits a notable negative
bias (PBIAS = —24.41%,), indicating an underestimation of rainfall values. In contrast, simulations using ARR
rainfall patterns produce peak discharges that closely match actual discharge records at the Jatigede Dam
outlet, with an average deviation of less than 3% and a MAPE of 1.17%, categorized as very good. The GPM
simulation produces peak discharges 13—16% higher than actual observations, with a MAPE of 14.53%,
which still falls into the good category. These results suggest that while ARR provides higher accuracy, GPM
remains a viable alternative source, especially in data-scarce areas, provided that appropriate calibration
methods such as bias correction are applied. This study supports future research in satellite data calibration
using machine learning and multivariate statistical approaches.
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Abstrak

Penelitian ini mengevaluasi kinerja data curah hujan berbasis satelit Global Precipitation Measurement
(GPM) dibandingkan dengan Automatic Rainfall Recorder (ARR) dalam membentuk pola distribusi hujan dan
dampaknya terhadap simulasi debit banjir menggunakan model HEC-HMS. Validasi statistik dilakukan
menggunakan Koefisien Korelasi Pearson, rasio RMSE terhadap deviasi standar observasi (RSR), Persentase
Bias (PBIAS), dan Mean Absolute Percentage Error (MAPE). Hasil menunjukkan bahwa GPM memiliki
korelasi tinggi terhadap ARR (v = 0,875) dan nilai RSR yang rendah (RSR = 0,256), tetapi menunjukkan bias
negatif yang cukup signifikan (PBIAS = —24,41%), yang mengindikasikan kecenderungan meremehkan nilai
curah hujan. Sebaliknya, simulasi debit dengan pola hujan ARR menghasilkan debit puncak yang sangat
mendekati data aktual di outlet Bendungan Jatigede, dengan rata-rata deviasi kurang dari 3% dan MAPE
sebesar 1,17% (akurasi sangat baik). Sementara itu, simulasi GPM menghasilkan debit puncak 13—16% lebih
tinggi dengan MAPE sebesar 14,53% (masih tergolong akurasi baik). Hal ini menunjukkan bahwa meskipun
ARR lebih akurat, GPM tetap dapat digunakan sebagai sumber alternatif, khususnya di wilayah minim data,
asalkan dilakukan kalibrasi terlebih dahulu. Studi ini juga mendorong penelitian lanjutan dalam
pengembangan metode kalibrasi satelit berbasis pembelajaran mesin dan pendekatan statistik multivariat.

Kata kunci: distribusi hujan, GPM, ARR, HEC-HMS, debit, validasi

Introduction infrastructure design. Rainfall distribution patterns
affect the shape and the peak of runoff discharge, so

The temporal distribution of rainfall is an important the accuracy of their selection is crucial in water
aspect of hydrological analysis, particularly in flood resources planning. In Indonesia, empirical rain
discharge  estimation and  water  control distribution patterns such as the Huff Rain
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Distribution are still widely used, especially in
conditions of limited high-intensity rainfall data and
hourly resolution.

With the development of remote sensing
technology, satellite rainfall data such as Global
Precipitation Measurement (GPM) is an important
alternative in filling the void of observational data.
GPM data has the advantage of half-hourly
temporal resolution and wide spatial coverage,
making it a promising source for hydrological
analysis in the tropics. Various studies have shown
the potential of GPM in approximating actual
rainfall values at the surface, although the accuracy
of these data is still affected by factors such as
topography and local rainfall intensity (Nurul *aini
et al., 2024);(Sharma et al., 2020).

However, most research on the validation of GPM
data against surface rainfall data still focuses on
daily to monthly scales (Narulita, 2016). Studies
that specifically analyze GPM rainfall distribution
on a sub-hourly time scale and compare it with
design distribution patterns such as ARR are very
limited. In fact, differences in temporal distribution
patterns can significantly affect discharge
calculations, so a comprehensive evaluation of
GPM distribution patterns is needed if they are to be
used for hydrological design analysis (Tunas &
Tanga, 2000).

For example, research in the Cikapundung
Upstream watershed shows that the use of rainfall
distribution methods that do not match local
characteristics can lead to considerable deviations
in peak discharge estimates. (Christian et al., 2017).
This finding reinforces the importance of selecting
the right rainfall distribution pattern, as errors in this
stage can directly impact the accuracy of hydraulic
design and flood risk management. In addition, the
study in Bekasi and Belitung Island emphasized that
each region has a unique rainfall pattern, so a locally
calibrated rainfall distribution approach is needed to
make the hydrological analysis results more
representative ((Ginting, 2022);(Narulita, 2016)).

Other studies have also shown that when hourly
rainfall data is not available, the use of empirical
rainfall distribution patterns can be an alternative
solution for flood discharge simulation. Studies in
the Jurug watershed show that the Mononobe
method is more suitable than the Alternating Block
Method (ABM) in producing realistic peak
discharges. (Pratiwi & Satria Negara, 2023). This
confirms that the selection of a rainfall distribution
method depends not only on the availability of data
but also on the suitability of rainfall pattern
characteristics to the conditions of the study area.
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However, studies that not only compare the rainfall
distribution from GPM and ARR but also test its
impact directly on the simulated discharge results,
which are then validated with field observation
data, are still very limited in number. This research
gap needs to be filled so that the use of GPM data
can truly be optimized in water resources planning
in Indonesia. By juxtaposing the three key elements
of rain distribution from high-resolution GPM data,
ARR-designed rain distribution, and actual
discharge data from field recording, it is expected
that a comprehensive picture of the accuracy and
effectiveness of the satellite-based rain distribution
approach can be obtained.

Based on this background, this study aims to
analyze and compare rain distribution patterns from
half-hourly GPM data and ARR empirical patterns
to determine which method produces more accurate
and reliable discharge estimations for hydrological
design. Both types of distribution patterns will be
used in hydrological simulations to calculate the
planned discharge in the Jatigede Dam Catchment
Area (DTA), and then the results are validated with
actual recorded discharge data. Thus, the results of
this research are expected to make a real
contribution in enriching the reference of rain
distribution techniques in Indonesia as well as
strengthening the basis for decision-making in the
management and mitigation of
hydrometeorological disaster risk.

Methods

The methodology of this research was centered on
a comparative analysis using hydrological
simulations within the Jatigede Dam catchment.
This analysis was designed to evaluate the
performance of two distinct rainfall distribution
patterns: one derived from GPM satellite data and
the other representing the ARR empirical patterns
commonly used in Indonesia. The selection of the
Jatigede Dam catchment was based on the
complexity of its hydrological characteristics and
the availability of adequate rainfall and discharge
recording data required for the analysis.

The main data used consists of two groups, namely
satellite-based rainfall data and surface rainfall data.
Satellite data was obtained from the Integrated
Multi-satellitE Retrievals for GPM (IMERG) Final
Run product managed by NASA. The products used
were GPM_3IMERGDF 06 for daily resolution
and GPM 3IMERGHH vO07 for half-hourly
resolution. These data are downloaded from the
NASA Giovanni portal and include spatially
distributed precipitation information at 0.1° x 0.1°
resolution. (G. Huffman et al., 2020).
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Meanwhile, observational rainfall data was
collected from six Automatic Rainfall Recorder
(ARR) stations managed by the Cimanuk-Cisadane
River Basin Center (BBWS). The stations include
ARR Cikajang, Bayongbong, Leuwingitis,
Sadawangi, Darmaraja, and Jatigede. Each ARR
station is associated with the nearest GPM grid
based on location coordinates, namely Grids 5, 9,
10, 17, 22, and 27, so that the comparison between
GPM data and ARR data is done in the same area
spatially. The complete study location can be seen
in Figure 1. This process ensures the validity of the
spatial representation between the two types of data
and avoids distortion of results due to location
mismatches.
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Figure 1. Study location

The data processing stage in this study begins with
a data collection process that includes three main
sources, namely GPM satellite rainfall data, ARR
rain distribution patterns, and field recording
discharge data. GPM data was downloaded in two
time resolutions, namely daily and half-hourly,
through the GPM IMERG Final Run product
(GPM _3IMERGDF 06 and GPM 3IMERGHH
v07). The six ARR stations used cover the Jatigede
Dam  catchment area, namely Cikajang,
Bayongbong, Leuwingitis, Sadawangi, Darmaraja,
and Jatigede.

After the extraction process, the GPM and ARR
data were arranged in the form of hyetographs based
on half-hourly time resolution, in order to visualize
the temporal characteristics of rain distribution.
Next, a comparison was made between the actual
rain distribution pattern from GPM and the ARR
design distribution pattern divided into four
quartiles (Q1, Q2, Q3, and Q4). This step was
carried out to evaluate the suitability of the shape
and time of the rain peak between the two data
sources.

To strengthen the analysis, rainfall data from both
sources were then used as input for flood discharge

simulation in the HEC-HMS model. This
simulation aimed to observe how differences in
temporal rainfall distribution patterns influence the
resulting hydrograph characteristics, especially the
timing and magnitude of peak discharge. The
results of this modeling process serve as an
important reference in assessing the potential
impact of using satellite-based rainfall data for
hydrological design, particularly in areas where
ground station data is limited or sparse. This
research process can be seen in Figure 2.
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Figure 2. Research flow chart

Each rainfall event is analyzed by normalizing the
duration of the event, by comparing the cumulative
time to a certain interval to the total duration of rain.
The rainfall data used in the analysis of rain
distribution patterns, are rainstorm data with rain
intensity > 50 mm/hour. (Huff, 1990). This step
produces a cumulative time ratio, which represents
the proportion of time to the total duration of
rainfall events. Meanwhile, the rainfall depth at
each interval is also normalized by dividing it by the
total rainfall during one event, resulting in a
cumulative rainfall ratio with a maximum
value of 1.

Cumulative rainfall calculation is done using the
following formula in Equation 1. (Harto, 1993).

()

Description P+ is cumulative rainfall ratio (unitless,
0-1 scale), Pj is rain depth in period j (mm), ¥} is
Accumulated rainfall in period I, Ptotal is total

i
P x= —szj:l

Ptotal
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rainfall in one event

This normalization process aims to allow the
comparison of distribution patterns between rainfall
events of different durations and intensities. After
the normalization process is performed, each
rainfall event of similar duration is averaged to
describe the general characteristic distribution.

The next step is the classification of rainfall
distribution patterns based on the Huff method.
(Huff, 1990), by grouping rainfall events into
Quartile 1 to Quartile 4, depending on when the
peak rainfall intensity occurs during the duration of
the event. Quartile 1 indicates the peak occurs at the
beginning of the duration, while Quartile 4 indicates
the peak occurs at the end of the rainfall event. If
the peak rainfall occurs in the first quarter of the
total duration of the event, then the event is
categorized as Quartile 1 (Q1). If the peak occurs in
the second quarter, then it falls into Quartile 2 (Q2),
and so on up to Quartile 4 (Q4).

This classification is done by identifying the time of
occurrence of the highest rainfall intensity in an
event, then comparing it with the standard
distribution pattern of the Huff quartiles. After the
grouping is done, for each quartile, the average
value of the rainfall distribution of all events
included in the category is calculated. So that the
rainfall distribution of ARR data and GPM data is
obtained.

The discharge simulation in this study was carried
out using HEC-HMS software version 4.12, which
is specifically designed to simulate the hydrological
response of a watershed to rainfall inputs. The
software allows modeling of various components of
the hydrological system, such as the transformation

of rainfall into surface runoff, in-channel flow
propagation, and the incorporation of discharge
from sub-watersheds. The HEC-HMS model was
chosen for its ability to handle various rainfall
scenarios and its flexibility in incorporating input
data from various sources, including satellite data
such as GPM.

In the initial stage of the simulation, the main
parameters of the model were collected and
determined. Parameters such as watershed area,
time of concentration (Tc), land slope, main stream
length, and Curve Number (CN) are obtained
through spatial analysis using Geographic
Information Systems (GIS), DEM (Digital
Elevation Model) images, and references from
relevant literature and secondary data. (Nageswara
Rao, 2020). Curve Number is determined based on
land use classification and soil type, which
represents the infiltration capacity and surface
runoff potential of an area. (Kincl et al., 2021). The
parameters of the physical condition of the Jatigede
watershed can be seen in Table 1, and for the HEC-
HMS model used, it can be seen in Figure 3.

Simulations were conducted for three main
scenarios, namely: (1) using rain distribution
patterns based on ARR data, which is commonly
used in Indonesia as a reference for hydrological
design, (2) using actual rain distribution data from
the GPM satellite with a resolution of 30 minutes,
which is arranged in the form of a hyetograph to
describe the temporal rain intensity, and (3)
comparing the simulation results of the two
scenarios with actual discharge data from field
records at the Jatigede Dam outlet. This approach
allows the evaluation of the performance of GPM
data in generating discharge plans that are
representative of real conditions.

Table 1. Parameter Model HEC-HMS

Land Cover Soil Type HSG Area CN CN S la
(km?) Composite
Open land Loam B 10.40 82
Open land Clay D 5.20 89
Dryland agriculture Loam B 403.03 71
Dryland agriculture Clay D 134.34 81
Mixed dryland farming Loam B 196.65 69
Mixed dryland farming Clay D 98.33 80
Sawah Loam B 170.35 72
Primary dryland forest Loam B 4.84 79
Secondary dryland forest Loam B 92.78 83 72.99 94.02 9:40
Forest plantation Loam B 204.24 65
Forest plantation Clay D 51.06 82
Belukar Loam B 9.16 67
Belukar Clay Loam D 0.19 83
Plantation Loam B 8.30 73
Settlement Loam B 90.32 75
Water body Clay D 34.69 98
142
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Figure 3. HEC-HMS Model 1) Single basin 2) Loss method 3) Transform method 4) TR-55

In evaluating the level of agreement between GPM
satellite rainfall data and observations from the
ARR rainfall station, three main statistical
approaches commonly used in the validation of
hydrological models and estimation data are used.
These three methods aim to measure the closeness
between the estimated results and the actual data,
both in terms of linear relationship, error rate, and
tendency of overestimation or underestimation.

First, the Pearson Correlation Coefficient (r) is used
to measure how strong the linear relationship is
between the two variables, namely, rainfall data
from GPM and data from ARR stations. The value
of this coefficient is in the range of -1 to 1, where
values close to 1 indicate a very strong positive
relationship, while values close to -1 indicate a
strong negative relationship. If the value is close to
zero, it can be concluded that there is no significant
linear relationship between the two datasets.

The calculation of the r value is performed using the
formula shown in Equation 2 (Daniel S. Wilks,
2011). Furthermore, an analysis using the RMSE-
observations standard deviation ratio (RSR) is
conducted to determine how large the mean square
deviation is between the value predicted by the
GPM data and the actual observed value of ARR. A
smaller RSR value indicates a higher level of
estimation accuracy. The formula to calculate RSR
shown in Equation 3 and Equation 4 (D. N.
Moriasi et al., 2007).

Z{il(xi— f)(yi_ 37) (2)

T =
Jz{il(xi— x)z\jz{‘;l(yz— 7)2

Description r is correlation between GPM and ARR
data, xi is ARR data in period I, yi is GPM data in

period I, x is average ARR rainfall, y is average
GPM rainfall, n is number of data.

1 . .
RSR = ;Z{il(xl — yi)? (3)
RSR = —RMSE 4)
STDEVarr

Description xi is ARR data in period I, yi is GPM
data in period I, n is number of data

Percentage Bias (PBIAS), which gives an idea of
the systematic tendency of the GPM in estimating
rainfall. A positive bias value indicates that the
GPM tends to overestimate the amount of rainfall
compared to observational data, while a negative
value indicates a tendency to underestimate.
Ideally, a bias value close to zero indicates that the
GPM estimate is very close to the observed value.
The percentage bias is calculated by the formula
that shown in Equation 5 (G. J. Huffman et al.,
2020).

):?Ll(xi—yi)

Bias = N
Zi=1

x 100% ®)

Description xi is ARR data in period I, yi is GPM
data in period I, n is number of data.
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To assess the level of performance of GPM satellite
data in representing observed rainfall data from
ARR stations, the results of statistical calculations
such as Pearson correlation coefficients, RSR
values, and percent bias need to be compared with
predetermined evaluation criteria.

These criteria aim to provide a quantitative
classification of the quality of rainfall estimates,
making it easier to interpret how well satellite data
is able to describe actual conditions in the field. This
performance classification is divided into four
levels, very good, good, satisfactory, and
unsatisfactory, with the score ranges for each
indicator detailed in Table 2.

In this study, the evaluation of the accuracy of
discharge calculations was carried out using Mean
Absolute Percentage Error (MAPE), which is a
general metric for measuring how much the
prediction error is relative to the actual value in
percentage form. MAPE is calculated by the
formula (Nabillah & Ranggadara, 2020):

MAPE = 1yn | |ﬂ
n At

| x100% 5)
At is the actual value,Ft is the predicted value, andn
is the amount of data. The interpretation of MAPE
values is generally categorized as follows: MAPE <
10% indicates excellent accuracy, 10-20% good,
20-50% fair, and >50% poor. The use of MAPE
provides an intuitive picture of model performance,
especially in the context of hydrology and river
discharge forecasting, as it allows direct
comparison between simulation results and
observed data in easily understood units.

Results and Discussion

GPM and ARR rain distribution pattern
analysis

The results of the analysis of rain distribution from
two data sources, namely Automatic Rainfall
Recorder (ARR) and Global Precipitation
Measurement (GPM), show significant differences
in their patterns and temporal characteristics. The
ARR data shows that rainfall events with a duration
of 5 hours are the most frequent in the study area
(78 events).

Therefore, the entire analysis of the ARR rain
distribution pattern is focused on rain events with a
duration of 5 hours, as shown in Figure 4.
Meanwhile, the GPM data shows that the dominant
duration of the most frequently detected extreme
rain events (storm events) is 9 hours (79 events), so
the rain distribution pattern from GPM is analyzed
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based on events with this duration, as shown in
Figure 5.

Table 2. Proximity Assessment

RSR Relative

Performance Correlation

assessment  coefficient bias
(%)
Very good 0,75-1,00 0,00 — <=+£10
0,49
Good 0,50-0,74 50-0,60 =+10-=15
Simply 0,25-0,49 60-0,69 +16—+25
Less 0,00-0,24 >0,70 > 425

Sources: (Krisnayanti et al., 2020); (Cabrera, 2009); (D. N.
Moriasi et al., 2007)

Figure 4(1) shows the 5-hour distribution of ARR
rainfall classified by the Huff method into four
quartiles and shows modest variations between
events. In Figure 4(2), the average ARR rain
distribution tends to be closest to Huff Quartile 1,
where the peak rain intensity occurs early in the
event and decreases gradually. This reflects the
early heavy rainfall characteristic of tropical
regions with localized convective systems. The
uniformity of the curve shape indicates that the
ARR data provides more structured and consistent
results, as it comes from direct recording at a single
location point. (Da Silva et al., 2021)

In contrast, in Figure 5(1), the rain distribution from
the GPM data over the 9-hour duration shows
greater variation between events. This distribution
suggests that the GPM captures highly variable
temporal dynamics of rain, with peak rain positions
that are not always at the beginning or end of the
duration. Figure 5(2) shows that the average GPM
rain distribution pattern falls between Huff Quartile
1 and Quartile 2. Visually, the shape resembles
Quartile 1 because the rain peak tends to be at the
beginning of the event, but the slope of the curve is
more gentle.

This suggests that the rain intensity in the GPM
increases more slowly and not as sharply as
reflected in Huff Quartile 1. This characteristic is
potentially due to the satellite estimation method
based on cloud microphysics algorithms and
passive sensors used in GPM, introducing
uncertainties in the temporal resolution as well as
the positional accuracy of the rain peak ((Da Silva
et al.,, 2021);(Prakash et al., 2018);(Tang et al.,
2016)).

The difference in distribution shape between ARR
and GPM also indicates that the data acquisition
method greatly influences the result of rainfall
representation.
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Figure 5. 1) Comparison of GPM Rain Distribution Pattern with Huff (9 hours)
2) Comparison of Average Rain Distribution Pattern of GPM with Huff (9 hours)

Point-based ARR data provides a more consistent
distribution structure, while GPM as satellite-based
spatial data shows a more diffuse pattern.
Nevertheless, the GPM distribution is still able to
show a general pattern similarity with the 1st
Quartile of the Huff method, which strengthens its
potential as an alternative rain modeling for areas
that lack direct recording data.

Validation of GPM rain distribution pattern
against ARR data

To evaluate the closeness between the GPM and
ARR rainfall distribution data, a statistical analysis
based on interpolation and time scale adjustment
was performed. The ARR data originally available
only up to the 5th hour was linearly interpolated and
extrapolated up to the 9th hour, following the
accumulated rain distribution approach, which
generally peaks at mid-period and remains constant
thereafter. (Dunkerley, 2022).

The validation results showed a Pearson Correlation
Coefficient (r) value of 0.875, which statistically

falls into the "Excellent" category (0.75-1.00). The
RSR value of 0.256 was also classified as
"Excellent" (0.00-0.49), indicating a low absolute
deviation between the two curves. However, the
PBIAS value of -24.41% indicates a significant
negative bias, which is classified as "Fair" (£16% -
+25%) based on the model performance assessment
criteria. The detailed validation results can be seen
in Figure 6.

)
Vi

PBIAS
g
M

\‘\\\ﬁ ’J“‘i

Figure 6. Polar Bar Chart Correlation,
RSR, and PBIAS
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Although the statistical values perform well
numerically, visual interpretation of the
accumulated rainfall distribution graphs shows a
striking difference in the shape of the curves. The
GPM distribution is consistently below the ARR,
indicating  that the GPM  systematically
underestimates the cumulative rainfall amount
compared to the ARR observational data, especially
in the early to mid rainy period. This calls into
question the validity of statistical indicators such as
correlation and RSR in describing absolute value
matches. High correlations in this context reflect
similarity in time trend patterns rather than a
quantitative match to rainfall totals, so their use
needs to be balanced with bias indicators such as
PBIAS as well as visual interpretation. (Chai &
Draxler, 2014).

Thus, although GPM performs well in capturing the
temporal pattern of rainfall distribution, special
attention needs to be paid to its accuracy in
estimating actual rainfall volume, especially for
hydrological applications such as flood discharge
calculation or reservoir operation. (D. N. Moriasi et
al., 2007). Although the RSR and correlation values
show good results, the GPM distribution still shows
quantitatively significant deviations. Therefore, a
calibration process between GPM rainfall data
(half-hourly resolution) and hourly ARR data is
needed to make the estimation more representative.
This also opens up further research opportunities in
developing  spatial-temporal  correction and
calibration methods for satellite data, especially in
the context of tropical regions with high rainfall
dynamics.

Simulation using GPM and ARR distribution
patterns

Hydrological simulations in this study were
conducted using HEC-HMS software version 4.12
with rainfall data input from two main sources,
namely Global Precipitation Measurement (GPM)
satellite data and local observation data from ARR
developed in the form of Huff distribution patterns
for Quartile 1 to Quartile 4. The GPM data, which
has a temporal resolution of half an hour, was first
converted to hourly form to match the model input
format. The simulation includes three flood return
period scenarios, namely Q5, Q10, and Q20 years,
to get an idea of the performance of each rainfall
distribution approach on the design flood discharge
results.

The simulation results show that the peak discharge
generated from the GPM rainfall distribution
pattern for the three flood return periods is 825.76
m3/s for Q5, 855.30 m3/s for Q10, and 931.25 m3/s
for Q20. When compared with the actual discharge
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recording data at the Jatigede Dam outlet, which are
715.57 m3/s for Q5, 762.14 m3/s for Q10, and
803.00 m3/s for Q20, respectively, there is a
significant difference. In contrast, simulations using
the ARR rainfall distribution pattern show results
that are much closer to actual conditions, with peak
discharges of 734.81 m3/s for Q5, 768.20 m3/s for
Q10, and 802.96 m(3)/s Q20. Details of the peak
discharge and discharge difference can be seen in
Figure 7.
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Figure 7. Graph of actual design flood
discharge, ARR, and GPM

This difference indicates that the design flood peak
discharge formed from the ARR rainfall
distribution pattern is more representative of the
actual conditions recorded in the field. This
indicates that although GPM is quite capable of
representing the shape of the temporal distribution
of rain, the intensity and total volume of rain still
show significant bias against reality. This finding is
in line with previous studies by (Yuan et al., 2017)
and (Liu et al., 2020) That highlighted the
advantages of GPM in spatial and temporal
coverage but suggested the need for bias correction
before use in quantitative simulations.

By considering these results, it can be concluded
that the rain distribution pattern developed from the
ARR data is more accurate than the GPM in
forming the design flood discharge. Based on the
Mean Absolute Percentage Error (MAPE)
calculation results, the peak discharge generated by
the ARR model shows an error value of 1.17%,
which is classified as very good accuracy, while the
GPM model produces a MAPE of 14.53%, which is
still in the good accuracy category.

This shows that although the ARR model is more
representative of actual conditions, the rain
distribution pattern from the GPM can still be used,
but with the note that the calibration process needs
to be done first. Without adjustment, the peak
discharge from the GPM shows a considerable
difference from the recorded data, making it less
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appropriate to use directly in planning. The
calibration process can be done through bias
correction approaches, such as quantile mapping or
multivariate regression methods, which have
proven effective in improving the accuracy of
satellite rainfall estimates, as shown by (FNU
Misnawati, 2022) . With the right calibration
process, GPM data has great potential to be used as
an alternative source of rainfall data in hydrological
planning in areas that lack observational data while
bridging the spatial limitations of conventional data.

Conclusion

This study concludes that the ARR empirical
rainfall distribution pattern is significantly more
accurate for simulating design flood discharge in
the Jatigede Dam catchment compared to the
pattern derived from uncalibrated GPM satellite
data. The ARR pattern produced simulations with
high precision (MAPE of 1.17%), closely matching
observed data. In contrast, the GPM-derived
pattern, despite showing a statistically good
correlation, resulted in a  considerable
overestimation of peak discharge (MAPE of
14.53%). A key finding is that GPM tends to
produce a temporal distribution that, when
modeled, creates higher discharge volumes,
highlighting a critical discrepancy for hydrological
design.

Therefore, while GPM data is a valuable alternative
for regions with limited ground observation, its
direct use for hydrological design is not
recommended without prior adjustment. Calibration
is essential to correct the overestimation bias, for
which methods like quantile mapping are highly
recommended. Future research should be directed
towards developing more robust calibration
techniques, such as machine learning models, and
integrating multiple remote sensing data sources to
enhance the reliability of satellite-based rainfall for
diverse hydrological applications.
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