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Abstract—Accurate precipitation data holds immense significance in hydrological analysis. A common challenge in this field often stems
from the lack of comprehensive data availability. High-resolution satellite-based precipitation measurements covering large areas offer
a potential solution. However, disparities in the resolution of observed rainfall data can impact data accuracy. The main goal of this
study is to evaluate the accuracy of rainfall data obtained from the TRMM and GPM satellites in the Kuranji watershed. The evaluation
was conducted on the performance of the GPM IMERG-F from the Integrated Multi-satellite Retrievals for the GPM mission and the
TRMM 3B42RT on a daily scale spanning from 2015 to 2019 over the Kuranji watershed. The daily precipitation measurements were
validated using three widely used statistical metrics (R, RMSE, and RB). The precipitation detection capability (POD, FAR, and CSI)
was also considered in this assessment. The findings demonstrate that both satellite estimations exhibit a substantial correlation
coefficient (0.68 for GPM, 0.62 for TRMM) with the measurements obtained from gauges, along with an inclination to overestimate
precipitation. GPM IMERG-F and TRMM 3B42RT manifest a consistent spatial pattern in daily precipitation distribution, effectively
representing the observed precipitation distribution. The greater probability of detection (POD), critical success index (CSI), and lower
false alarm ratio (FAR) exhibited by GPM IMERG-F at varying rainfall intensities suggests its superior performance in accurately
identifying observed precipitations. This finding supports the preference for GPM IMERG-F data over TRMM 3B42RT data across
various applications, hydrology, and related disciplines in the future.
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this reason, data accuracy and long-term precipitation are
I. INTRODUCTION needed [5]. The most recent technology, satellite-based
remote sensing, can now fill the data gap left by the absence
of historical precipitation data. Precipitation information can
be obtained through satellite at any time and location. In
general, satellites provide several advantages over ground-
based rain gauges, including higher spatial and temporal
resolution, more comprehensive coverage, continuous data
recording in close to real-time, quick access, different
regimes, and less field variability. [6], [7].

Several products that measure rainfall using satellites exist,
and they have different levels of precision. Some examples
are the CPC Morphing algorithm (CMORPH) [8], Global
Satellite Mapping of Precipitation (GSMaP) [9], Tropical
Precipitation Measuring Mission (TRMM), Multisatellite
Precipitation Analysis (TMPA) [10], and others. These

In the global water cycle, precipitation is crucial [1]. It
plays a crucial role in the interplay between the hydrosphere,
atmosphere, and biosphere and offers vital information for a
wide range of uses, including managing water resources and
conducting research on the climate [2]. Therefore, the
availability of precipitation data is essential for such
applications. Some of the restrictions and issues are the
scarcity of in situ precipitation measurements, the lack of
spatially and temporally accessible precipitation observation
data, the inadequacy and incompleteness of the precipitation
time series data, the uneven distribution of the precipitation
stations, and the lack of sufficient observers [3]. The
limitation and problem is the difficulty of obtaining real-time
surface precipitation observation data, which requires an
initial check of the data before it can be used directly [4]. For
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datasets have been assessed for their work and their
usefulness for specific regions or purposes [11].

TRMM is designed to measure precipitation in tropical and
oceanic regions [12]. It was launched in 1997 with a limited
mission duration. In May 2012, Version 7 (V7) of the TRMM
Multi-satellite Precipitation Analysis (TMPA) replaced
Version 6 (V6) [13], [14]. TRMM offers data characterized
by a high spatial resolution (0.25° x 0.25°) and temporal
resolution (capturing instantaneous data every three hours),
coupled with improved accuracy [12], [15].

In April 2014, NASA and JAXA initiated the Global
Precipitation Measurement (GPM) Mission as a successor to
TRMM. GPM aims to enhance the precision, coverage, and
dynamic scope of global precipitation measurements,
enabling researchers to scrutinize alterations in precipitation
patterns [16], [17].

Many studies have indicated that GPM products
outperform TRMM systems in terms of precipitation
observation accuracy and hydrological simulation capability
in several regions of Singapore [18], the USA [19], Pakistan
[20], China [2], [21], [22], India [23], and Oman [24]. When
it comes to projecting daily precipitation, the IMERG
products outperform the TMPA products [25], with IMERG-
F being the most accurate option [26], [27], [28]. However,
except for two near real-time items in winter, IMERG's
product suite, including the monthly scale, tends to
underestimate daily precipitation across all four seasons [29].
In contrast, the 3B42RT overestimated both summer and
winter precipitation. Regarding precipitation detection
performance, TMPA products are more accurate in correctly
identifying daily precipitation events, whereas IMERG
products have fewer false detections [21], [30].

In Indonesia, IMERG rainfall product validation has been
carried out in a number of places, including Surabaya [31],
various stations in West Papua [32], West Nusa Tenggara
Province [33], and Bali Province [34], [35]. The results of the
study indicate that the IMERG rainfall product is highly
effective in accurately determining the occurrence or absence
of rainfall in these areas. Additionally, other studies have
emphasized the satisfactory capability of IMERG in detecting
daily rain on the Indonesian Maritime Continent (IMC) [36],
[37]. Moreover, evaluations and validations of GPM-IMERG
data have been conducted specifically for mountainous
regions, and the IMERG-F product has demonstrated
excellent performance in detecting rainfall for both daily and
hourly data [38], [39].

Multiple studies conducted in Indonesia have focused on
validating satellite precipitation products for rainfall
predictions [34], [40], [41], Pratiwi et al. [42] conducted
research where they evaluated TRMM 3B42, TRMM
3B42RT, GPM, and PERSIANN CCS satellite data. The
study revealed that the GPM satellite provided good results
for predicting observed rainfall data in the Dengkeng
watershed, specifically for the daily period, with a correlation
coefficient of 0.66. Similarly, Ginting et al. [43] compared
GPM and PERSIANN satellite data at the Kalibawang ARR
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station in the downstream area of the Progo watershed. They
used the correlation coefficient method and calculated the lag
time to assess accuracy. The study concluded that the GPM
satellite demonstrated higher accuracy than the PERSIANN
satellite data, furthermore, in the research of Marta et al. [44]
evaluated the TRMM and GPM IMERG-F satellite in the
Ngasinan Hulu watershed using the Root Mean Square Error
(RMSE), Nash-Sutcliffe Efficiency (NSE), and Relative Bias
(RB) methods. TRMM and GPM IMERG-F can be used as a
substitute for hydrological data for the Sutami Reservoir area
because the GPM IMERG-F satellite-based calibration and
validation simulations have better accuracy and performance
[45]. The GPM satellite rainfall estimation product has the
most fantastic accuracy and correlation value in the Java
Region, with a value of 0.68 when compared to the TRMM
and GSMaP satellites [46].

Previous validation activities for TRMM and GPM-
IMERG in Indonesia have been limited to small areas and
short durations. Watershed validations have primarily focused
on specific watersheds in Java, such as Dengkeng watershed
in Solo, Central Java [42], Ngasinan Hulu watershed [44],
The Sampean Baru, Bedadung and Mayang watersheds in
East Java, [47], the Citarum watershed in West Java and the
Sutami-Brantas watershed [48], and so on. Validation for
watersheds, specifically on Sumatra Island, has not been done
extensively [38]. Therefore, further validation activities are
needed to assess the performance of these satellite products,
especially in watersheds such as the Kuranji watershed in
Sumatra Island. This study evaluated the statistical forecasts
made by the TRMM 3B42RT V7 and GPM IMERG-F
satellites based on ground-based precipitation monitoring in
the Kuranji Watershed (Figure 1). This research compares and
statistically assesses the product of daily precipitation
performance from TRMM 3B42RT V7 and GPM IMERG-F,
recommending the preferred satellite to be utilized at the study
site. This evaluation is anticipated to discover a connection
between satellite rain data and field observations, allowing the
satellite data to fill in the gaps in the observed rainfall data.
The study's findings are beneficial in supporting efforts for
improving satellite rainfall products and water resource
implications.

II. MATERIALS AND METHOD

A. Study Area

The research location is in the Kuranji watershed in
Padang, West Sumatra. Geographically, the Kuranji
watershed is located at 00°48'- 00°56' North Latitude and
100°20'-100°34' East Longitude. The upper part of the Kuranji
watershed is adjacent to Padang City and Solok Regency on
the western coast of Sumatra. This region encompasses five
sub-districts: Pauh, Kuranji, Padang Utara, Nanggalo, and
Koto Tangah Subdistricts. It covers an elevation ranging up to
1858 meters above sea level and encompasses an area of
approximately 215.615 km? [49]. The Kuranji watershed map
is displayed in Figure 1.
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Fig.1 Topography of the Kuranji Watershed

B. Gauge Precipitation Observation

For this study, data on daily precipitation were collected
from gauging stations within the Kuranji watershed.
Specifically, data were collected from three observation
stations: Batu Busuk, Gunung Nago, and Limau Manis. These
daily precipitation records were acquired from the Dinas
Pengelolaan Sumber Daya Air (PSDA)/Water Resources
Management Department, West Sumatera, from 2015 to
2019. Notably, the Kuranji watershed's rain gauge station
network contributed 1826 recorded instances of rainfall.

C. Satellite Precipitation Products

The TRMM 3B42RT V7 daily and GPM-IMERG final run
daily precipitation products were used in this study as the two
types of satellite precipitation products. The Tropical Rainfall
Measuring Mission (TRMM) is a tropical precipitation
measurement mission designed jointly by the Japan
Aecrospace Exploration Agency (JAXA) and the National
Aeronautics and Space Administration (NASA). TRMM
Multi-Satellite Precipitation Analysis (TMPA) is a product
created by combining multi-satellite (microwave and infrared
satellites) and GPCC monthly gauge precipitation, and
additional information about TMPA is available [50].
TRMM-3B42V7, part of the TMPA product line,
encompasses a latitude range spanning from 50°N to 50°S.
This specific version offers a resolution of 0.25° for its data.
[27]. Among the TMPA (TRMM Multi-satellite Precipitation
Analysis) products, the version 7 daily-scale 3B42 (post-
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processing) and 3B42RT (real-time) versions, introduced in
May 2012, have garmered notable attention in hydro-climatic
research. The real-time version, 3B42RT, employs data from
the TRMM Combined Instrument (TMI) for the preceding 30
days to calibrate its measurements. This product is available
around 8 hours after the satellite's data collection [21]. [18].

The IMERG-Final Version 06 (IMERG-F V06) dataset
requires validation. Within the realm of IMERG data, three
distinct types exist. IMERG-F is the recommended choice for
research endeavors and applications such as weather
forecasting, slope monitoring, and hydrological modeling
[25]. This study used PrecipitationCal data because the
quality is superior in quantifying surface rainfall. The IMERG
has a time resolution of 30 minutes and a spatial resolution of
0.1° (equal to 11.1 km). The TRMM 3B42RT and GPM
IMERG-F datasets were sourced from the NASA website,
accessible at https://giovanni.gsfc.nasa.gov/.

D. Methodology

Comparing precipitation values between Satellite
Precipitation Products (SPPs) and ground-based observations
necessitates careful consideration due to the inherent disparity
in spatial scales between the two datasets. This aspect holds
particular significance since Satellite-Based Precipitation
Products (SPPs) provide precipitation values at a grid scale
(0.1° for GPM-IMERG and 0.25° for the TRMM products
examined in this study), while measurements from
precipitation gauges offer point-scale precipitation data [51].
One common approach involves upscaling point-based



precipitation data derived from gauges to match the grid size
of SPPs. This upscaling can be achieved through spatial
interpolation or simple averaging. The pixel-to-pixel
evaluation method [52], [53] embodies this concept.
However, it's worth noting that interpolation can introduce
uncertainties due to factors like gauge density, systematic
errors, and variations in interpolation techniques [18], [54]. In
our research, we adopted a straightforward averaging
approach to scale up point-based gauge precipitation data to
align with the grid scale of both GPM-IMERG and the
TRMM products. When evaluating these two Satellite-Based
Precipitation Products (SPPs), our analysis specifically
concentrated on grids that encompassed at least one
precipitation gauge. Grids lacking coverage from any
precipitation gauges were omitted from the evaluation process
[37], [55].

Our analysis of the existing literature revealed that several
researchers have successfully compared and validated TRMM
and GPM-IMERG products with observational data. This is
done using descriptive statistical indices, which are widely
used in research [18], [22], [56], [57], The assessment of
TRMM 3B42RT V7 and GPM IMERG-F performance
involved two distinct forecasting tests: a general evaluation
using continuous statistical matrices, and an assessment of
their ability to detect rainfall using categorical statistical
matrices. Within these indices, the calculation of correlation
coefficient (R), Root Mean Square Error (RMSE), and
Relative Bias (RB) holds prominent usage in the realm of
continuous statistical matrices. The following equation
determines these three continuous statistical matrices' values
[58] [591]:

nYxy—-Yx Ly

R =
JIn 2x2-C 0?2 nZy*-Cy)?] M
n —)2
RMSE = /W )
SR (x-y)
RB = ==— 3)

where n denotes the number of samples, x is the amount of
precipitation as determined by the satellite, and y is the data
from the observed rain gauge.

The correlation coefficient (R) ranges from -1 to 1 and is
used to determine the linear correlation between satellite
precipitation estimates and field measurements. A correlation
that is less is indicated by a number that is closer to zero. Root-
mean-square error (RMSE), a measure of the error rate and
general quality of satellite data, is used to determine the
degree of dispersion between satellite-measured precipitation
and actual precipitation [60]. A lower RMSE number denotes
improved satellite data performance. The systematic bias of
satellite precipitation in comparison to measuring data is
measured by relative bias (RB). When the RB value was
positive, it meant that the satellite had measured the
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precipitation higher than the rain gauge, whereas when it was
negative, it meant the opposite [36], [61].

To evaluate the SPPs' ability to detect precipitation,
categorical statistical metrics were used, specifically the
Probability of Detection (POD), False Alarm Ratio (FAR),
and Critical Success Index (CSI) [18], [62]. The POD
expresses the proportion of accurately detected precipitation
events by SPPs in respect to the total number of precipitation
occurrences. The FAR, on the other hand, evaluates the
proportion of erroneously recognized precipitation events by
SPPs out of all observed events. The CSI, which considers
both POD and FAR, provides a fairer assessment. The
threshold for precipitation days was established at 1
millimeter per day, in accordance with the rain classification
defined by the World Meteorological Organization (WMO)
[55]. These specific category statistical measurements were
calculated using the following methods:

H

POD = — 4)
F

FAR= — 5)
H

CSI = H+M+F ©)

where H stands for the count of actual rain events accurately
identified by the satellite; M represents the count of real rain
events that went unnoticed by the satellite; and F indicates the
count of rain events detected by the satellite but that didn't
actually happen. POD, FAR, and CSI range from 0 to 1, with
ideal values being 1 for POD and CSI and 0 for FAR [31],
[38], [64] .

III. RESULTS AND DISCUSSION

The daily precipitation estimates of these two satellite
products at the locations of three rain gauges were calculated
and compared to the gauge-based precipitation to assess the
quality of TRMM 3B42RT V7 and GPM IMERG-F. products.
Figure 2. demonstrates that TRMM 3B42RT V7 and GPM
IMERG-F may capture the temporal fluctuation patterns of
daily rainfall at the three rain gauges. The graph lines show a
general alignment, suggesting that the daily precipitation
measurements from the three data sources maintain
reasonable consistency and accuracy. Nevertheless, some
instances deviate from this trend. For example, in June 2016,
October 2016, January 2017, September 2017, December
2018, and December 2019. The Rain Gauge line indicates
significantly higher daily precipitation values than the TRMM
and GPM-IMERG lines. In particular, a significant difference
can be seen in the observed rainfall value >200 mm/day on
October 17, 2016, recorded at 411 mm. This difference can be
caused by various factors, including errors originating from
sensors, data retrieval algorithms, cloud characteristics,
climate variations, seasonal effects, as well as the
geographical location and topography of the observation
station [54], [65].
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Fig. 2 Comparison of the daily precipitation estimates from the satellite products TRMM 3B42RT V7 and GPM IMERG-F with the time series of rainfall

measured by rain gauges from 2015 to 2019

A. Continuous Statistical Matrices

Calculations for the correlation coefficient (R), root mean
square error (RMSE), and relative bias (RB) were used to
evaluate the precision and effectiveness of the satellite-
derived precipitation data. Figure 3 depicts a scatterplot
illustrating the daily precipitation estimates from TRMM
3B42RT and GPM IMERG-F for 2015 to 2019 across the
Kuranji watershed. Notably, the GPM IMERG-F product
displayed a higher correlation with the rain gauge data (R =
0.68), surpassing the performance of the TRMM 3B42RT
product (R = 0.62). These correlation coefficients indicate a
moderately strong correlation value (0.5-0.7) between the
satellite products and the rain gauge data. Several studies
show IMERG’s daily data has a reasonably good accuracy
(R > 0.7) are found in Bali [36], [37], Ngasinan Hulu
Watershed [46], the Sousse Mass and the Upper Draa Basins
[66], Philippines [67], and China [68], while others show a
moderate (0.5 < R < 0.7) in Shuaishui River Basin [23],
Pakistan [57], Indonesia [69], Mekong River Basin [70], and
poor correlations (R < 0.5) in Kototabang [40], Vamsadhara
River Basin (VRB) [27]. Topographical conditions and the
density of the rain gauge network influence this variability.
The accuracy of the wvalidation results increases with
increasing rain gauge density [69].

The overestimation of daily precipitation in both TRMM
and GPM IMERG data was accompanied by Root Mean
Square Error (RMSE) values, peaking at 22.63 mm/day for
TRMM and 22.64 mm/day for GPM IMERG. The analysis
highlighted a substantial underestimation of gauge
precipitation by both satellite-derived precipitation products.
The Relative Bias (RB) was -1.17 for TRMM 3B42RT and -
4.43 for GPM IMERG-F. When zero rainfall gauge stations
were excluded in Figure 3, the correlation coefficient (R)
remained relatively low. This outcome stemmed primarily
from the fact that the satellite sensors lack a complete record
of the entire rainfall process due to their temporal resolutions
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(30 minutes for GPM IMERG-F and 3 hours for TRMM
3B42RT), resulting in inaccurate monitoring of smaller
rainfall events [71].
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Typically, the TRMM precipitation radar (PR), which
operates at longer emission wavelengths, can detect rain rates
as low as 0.7 mm/h. The ability of GPM, which outperforms
TRMM, to monitor lighter rain (below 0.5 mm/h), solid
precipitation, and the microphysical properties of
precipitation particles is a considerable improvement [18]. As
aresult, on a daily scale, the absolute RB of GPM IMERG-F,
as shown in Figure 3, was lower than that of TRMM 3B42RT.

B. Categorical Statistical Matrices

Categorical statistical matrices were used to observe
IMERG's capability to identify daily precipitation values.
Table 2 displays the daily outcomes of three measures (POD,
CSI, and FAR) for various precipitation levels.

TABLE II

THE CATEGORICAL STATISTICAL METRICS OF DAILY PRECIPITATION
ESTIMATES BY TRMM 3B42RT AND GPM IMERG-F

Matrices TRMM 2B42RT GPM IMERG-F
POD 0.61 0.82
FAR 0.36 0.38
CSI 0.46 0.55

Generally, GPM IMERG-F consistently exhibits higher
matrices values than TRMM 3B42RT, implying that GPM
IMERG-F is a more accurate and dependable method for daily
precipitation estimation. Specifically, GPM IMERG-F, with a
value of 0.82, boasts a superior POD (Probability of
Detection) score compared to TRMM 3B42RT's 0.61. The
daily POD values in Kuranji Waterhed were better than those
found in Qujiang River Basin (0.59) [72]. This result is similar
to previous studies in Singapore (0.74-0.81) [20], and in
Pakistan (0.81) [57]. This indicates that GPM IMERG-F is
more sensitive and proficient at identifying a more significant
number of precipitation events than TRMM 3B42RT. The
FAR (False Alarm Rate) values for GPM IMERG-F and
TRMM 3B42RT, being close at 0.36 and 0.38, respectively,
suggest that both methods have similar error rates when
estimating daily precipitation. Although the FAR is lower
(0.18) in Malaysia than it was in this study, the POD for daily
rainfall is greater (0.89), and the CSl is also better (0.73) [56].
Additionally, GPM IMERG-F demonstrates a higher CSI
(Critical Success Index) value (0.46) than TRMM 3B42RT
(0.55), underscoring its superior effectiveness and efficiency
in accurately estimating daily precipitation. In Malaysia, the
POD for daily rainfall is higher (0.89), and the CSI is likewise
better (0.73) even though the FAR there is lower (0.18) than
it was in this study [56].

The GPM IMERG-F product improved performance in
identifying precipitation within the Kuranji watershed, as
evidenced by its comparatively elevated POD and CSI values.
This improvement can be attributed primarily to the
capabilities of the GPM combined Instrument (GMI) sensor,
which is adept at capturing light precipitation more effectively
compared to the TRMM combined Instrument (TMI) [71].

IV. CONCLUSION

Over the daily period from 2015 to 2019 within the Kuranji
watershed, an extensive evaluation was carried out to assess
the accuracy of rainfall data derived from TRMM and GPM
IMERG, utilizing gauge-observed data. GPM IMERG-F
generally exhibited noteworthy enhancements in observing
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rainfall contingencies compared to TRMM products. The
results showed a significant improvement in the metrics used
to evaluate the GPM IMERG-F new-generation satellite-
based rainfall product, which is consistent with findings
reported in numerous other watersheds [46], [66], [72].

Each satellite-based precipitation product exhibited
moderate correlations (with coefficients falling between 0.5
and 0.7) compared to the daily gauge-based reference
precipitation data. This observation emphasizes the critical
influence of local climatic and topographic variables on the
efficacy of these items, which is supported by data from
numerous international research. A more thorough evaluation
of the effectiveness of these satellite-based precipitation
products is urgently needed in light of these geographical
variances. Such research would offer a more comprehensive
and pertinent understanding of their efficacy worldwide. This
early analysis of TRMM and GPM IMERG results is expected
to serve as the basis for the creation of effective regional bias
correction algorithms. In the future, these algorithms will play
a critical role in boosting the dependability and usefulness of
TRMM and GPM IMERG products in various applications,
including hydrology, meteorology, and related sciences.
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