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This paper presents a case study comparing the lat-
est algorithm version of Global Satellite Mapping of
Precipitation (GSMaP) data with C-band and X-band
Multi-Parameter (MP) radar as high-resolution rain-
fall data in terms of localized heavy rainfall events.
The study also obliged us to clarify the spatial
and temporal resolution of GSMaP data using high-
accuracy ground-based radar, and evaluate the per-
formance and reporting frequency of GSMaP satel-
lites. The GSMaP Gauge RNL data with less than
70 mm/day of daily rainfall was similar to the data of
both radars, but the GSMaP Gauge RNL data with
over 70 mm/day of daily rainfall was not, and the cal-
ibration by rain-gauge data was poor. Furthermore,
both direct/indirect observations by the Global Precip-
itation Measurement/Microwave Imager (GPM/GMI)
and the frequency thereof (once or twice) significantly
affected the difference between GPM/GMI data and
C-band radar data when the daily rainfall was less
than 70 mm/day and the hourly rainfall was less than
20 mm/h. Therefore, it is difficult for GSMaP Gauge
to accurately estimate localized heavy rainfall with
high-density particle precipitation.

Keywords: observation characteristics, C-band radar,
X-band MP radar, GPM/GMI, GSMaP

1. Introduction

Rainfall data are important for flood/runoff analyses,
the planning of river courses and conservation of water
resources. Rainfall is measured in various ways, includ-
ing direct observations at rain-gauge stations and via re-
mote sensing and ground-based radar, such as the eX-
tended RAdar Information Network (XRAIN). Recently,
Global Satellite Mapping of Precipitation (GSMaP) has
been used to estimate global rainfall using multiple ob-
servation satellites. Thus, it is possible to provide hourly
rainfall data globally, over both land and sea. Moreover,
GSMaP data are very useful rainfall data for developing

countries with a lack of hydrological facilities.
Many researchers have been working on improving

GSMaP precipitation estimation accuracy. For exam-
ple, in studies of the development and improvement
of the GSMaP precipitation estimation algorithm, Kub-
ota et al. [1] introduced the production and valida-
tion of retrieved rainfall data obtained from satellite-
borne microwave radiometers by the GSMaP Project,
Ushio et al. [2] evaluated and compared with other high-
resolution precipitation products and the ground-based
data collected by the Automated Meteorological Data
Acquisition System (AMeDAS) near Japan, and Kubota
et al. [3] studied the verification of the relationship be-
tween data observed by observation satellites with vari-
ous sensors and precipitation. Aonashi et al. [4] suggested
that Tropical Rainfall Measuring Mission/Microwave Im-
ager (TRMM/TMI) scattering signals obtained under vari-
ous conditions should be corrected using the TRMM/TMI
precipitation extraction algorithm; accuracy was veri-
fied at a 10 mm/h rainfall threshold. Sakolnakhon [5]
studied the verification statistics used in evaluating the
rainfall estimated by satellites over Thailand during the
2000–2010 period, and Seto et al. [6] showed that al-
gorithm version 7 of the GSMaP product has improved
accuracy over version 6 in the case of extreme rainfall
estimation. Yamamoto et al. [7] incorporated an oro-
graphic/nonorographic rainfall classification scheme into
the GSMaP algorithm for passive microwave radiometers
and improved rainfall estimation over the entire Asian re-
gion. Mega et al. [8] introduced the GSMaP Gauge algo-
rithm and showed the validation of the algorithm. More-
over, Takido et al. [9] evaluated both the GSMaP prod-
ucts and Radar-AMeDAS rainfall data by spatial and tem-
poral resolution in first-class river basins in Japan. Ya-
maji et al. [10] reported an Observing System Simulation
Experiment (OSSE) on the accuracy of GSMaP caused
by increases in spaceborne precipitation radar observation
evaluated over the Japan area. Chen et al. [11] suggested
the results of the GSMaP products performance using six
purely satellite-derived global precipitation estimates over
mainland China for the period from February 2017 to Jan-
uary 2019. Satge et al. [12] reported 23 gridded precipita-
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tion datasets’ reliability across West Africa through direct
comparisons with rain-gauge measurement at the daily
and monthly time scales over a four-year period (2000–
2003).

Studies of the use of GSMaP products in numerous
countries and regions have validated its accuracy [13–27].
Bui et al. [28] used GSMaP in the analysis of quantita-
tive rainfall estimates and runoff prediction capability at
a basin scale. Seto et al. [29] performed a 50-year value
of 48-hour rainfall amount calculated all over Japan and
the surrounding ocean using GSMaP data from 2001 to
2009. Tebakari et al. [30] used GSMaP data to clarify the
rainfall characteristics of flood disasters in regions fea-
turing low-density hydrological observations. Admojo
et al. [31] used GSMaP and other satellite-based rain-
fall data to evaluate one of the distributed hydrological
model, IFAS, in a flood event. Acierto et al. [32] used
GSMaP products and GPM data for the development of an
early flood warning system. Chen et al. [33] clarified the
input source errors of GSMaP precipitation estimates in
terms of the crucial geographic and climatic factors. Ot-
suka et al. [34] introduced the GSMaP RIKEN Nowcast
as a new GSMaP product using previous GSMaP prod-
ucts. Tashima et al. [35] showed GSMaP Gauge NRT to
be effective in demonstrating feasibilities for the monitor-
ing in Asia-Pacific regions of heavy rainfall and drought
events.

However, most studies compared and evaluated
GSMaP and related satellite data with ground-based ob-
servation data in various regions and rainfall events. In ad-
dition, most research cases that have been analyzed used
version 6 or earlier of the GSMaP algorithm; few have
studied the latest version. Moreover, few studies have fo-
cused on the difference in spatial or temporal resolution
data using localized heavy rainfall event that have caused
recent disaster. Finally, no studies have evaluated how
GSMaP accuracy is affected by direct satellite observa-
tions or the frequency of satellite inputs. Therefore, con-
sidering the improvement in the accuracy of GSMaP data
and the possibility of using it in extreme weather analyses,
research performed based on these analysis conditions is
necessary.

Through as a case study, our principal objective was to
clarify the observation characteristics of GSMaP products
using C-band and X-band Multi-Parameter (MP) radar
data, which provide high-resolution ground observational
data. In particular, we verified the precipitation estima-
tion characteristics of GSMaP based on the difference in
spatial and temporal resolution of rainfall data using re-
cent, localized heavy rainfall events. We directly com-
pared GSMaP products by the latest algorithm version
and high-resolution radar data by the passage frequency
of the microwave radiometric satellite; these data are key
to GSMaP estimates.

2. Materials and Methods

2.1. Rainfall Events
This case study has used three localized torrential rain-

fall and typhoon events cited in “Meteorological rain-
fall events that caused disasters from 1989–2020,” pub-
lished by the Japan Meteorological Agency [36]. The first
example of localized torrential rainfall was the northern
Kyushu heavy rainfall of July 2012, for which we ana-
lyzed data from July 14 of that year. The second example
was the Kanto–Tohoku heavy rainfall of September 2015,
for which we analyzed data from September 9 of that year.
The third example was Typhoon No.15 (Corney) of 2015,
which crossed the Kyushu region in late August; we ana-
lyzed the rainfall data of August 25, 2015.

2.2. Satellite and Radar Data
Our study used GSMaP products as satellite data.

GSMaP is global rainfall data observed by multiple ob-
servation satellites with various sensors, such as the
Global Precipitation Measurement/Microwave Imager
(GPM/GMI) and the Global Change Observation Mis-
sion Water/Advanced Microwave Scanning Radiometer-2
(GCOM-W/AMSR2).

This study used four types of GSMaP product. The first
is GSMaP MVK, which is the rain-gauge non-adjusted
rainfall data estimated by combining the data derived
from Passive Microwave and Infrared radiometers. The
second product is GSMaP Gauge. This product is based
on the GSMaP MVK and adjusted with global rain-gauge
analysis data supplied by the National Oceanic and At-
mospheric Administration (NOAA). The third product is
GSMaP RNL, which is re-analyzed GSMaP MVK data.
The fourth product is GSMaP Gauge RNL, which is rain-
gauge data (derived from GSMaP RNL data). The data
making in detail of these products already has been shown
by a previous study [4].

We used GSMaP RNL and GSMaP Gauge RNL in an-
alyzing the rainfall event of July 14, 2012, and GSMaP
MVK and GSMaP Gauge in analyzing the rainfall events
of August 25 and September 9, 2015. In addition, we
wished to analyze by version 7 of the latest GSMAP algo-
rithm, but the data were only available after March 2014.
Therefore, the rainfall event of July 14, 2012, used ver-
sion 6 of the GSMaP algorithm, while the other events
used version 7. The minimum latitudinal and longitudi-
nal spatial resolutions of GSMaP were both 0.1◦, and the
temporal resolution was one hour. In addition, the de-
tailed specification of each version of GSMaP algorithm
has already been shown by a previous study [37].

The C-band radar at 26 sites throughout Japan is op-
erated by the Ministry of Land, Infrastructure, Trans-
port and Tourism (MLIT). The precipitation estimation
method of this radar is based on the Z–R relationship,
and radar-estimated data was calibrated with reference to
data from rain-gauge stations. The spatial resolution of
the data was 1 km, and the temporal resolution was 5 min.

The X-band MP radar (also operated by the MLIT,
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Fig. 1. Location map of the study area with mesh data of both radars and GSMaP, point of rain-gauge stations by NOAA, (A) is
northern Kyushu region and (B) is Kanto region. The dark area of these maps is showing a high-accuracy observation area of X-MP
respectively.

hereinafter referred to as X-MP) is currently installed at
39 sites throughout Japan; we used the composite data of
X-MP. The precipitation estimation was quantitated using
the Z–R and KDP–R relationships based on the threshold
values of specific differential phases (called the KDP val-
ues). The spatial resolution was 250 m, and the tempo-
ral resolution was 1 min. The technical characteristics
of these radars already have been shown in a previous
study [38]. Missing data from areas of radio wave extinc-
tion were not corrected using alternative observation data.
This study used rainfall data within a 30-km radius of each
radar site because previous studies [39, 40] reported that
these data were very accurate.

Figure 1 shows the analysis areas of the northern
Kyushu and Kanto regions in this study. Localized torren-
tial rainfall was analyzed in both regions; typhoon rain-
fall was analyzed only in northern Kyushu. All analyses
employed only GSMaP data and those of both ground-
based radars. In addition, the location of rain-gauge sta-
tions by NOAA is added to Fig. 1. GSMaP Gauge RNL
and GSMaP Gauge were calibrated to GSMaP RNL and
GSMaP MVK using rainfall data by NOAA.

2.3. Analysis Methods of GSMaP and Radar Data
We compared GSMaP to C-band radar and X-MP data

as various spatial and temporal resolutions using two
methods. First, we compared GSMaP data to observa-
tional radar data; this was done to clarify the observational

features of the three datasets, which differed in terms of
spatial and temporal resolution. We then re-analyzed the
radar data using the method of the previous study [41],
which smooths radar rainfall data to the resolution af-
forded by GSMaP. Fig. 2 shows the method to simply
recalculate the radar data to the same temporal and spa-
tial resolutions as GSMaP. The mesh data of GSMaP and
the radars shown in Fig. 1 and at least 50% of all available
radar data were used to create the GSMaP grid.

First, we compared the GSMaP data to both radar
datasets to explore the effects of differences in the tempo-
ral and spatial resolutions of precipitation on the GSMaP
data. GSMaP rainfall data are based on brightness temper-
ature by GPM/GMI and some observation satellites. We
focused on the GPM/GMI, which is one of the composed
satellites of GSMaP. The GPM/GMI is a multi-frequency,
multi-polarized, conical, scanning microwave radiometer
that estimates precipitation by evaluating rainfall and ther-
mal radiation from the ground. In addition, GPM/GMI
observation provides important data because of this data
has affected precipitation estimation of the other GPM
Constellation Satellites.

Second, we compared the GSMaP data to radar data
directly observed by the GPM/GMI when it was over
the study area. This analysis used the rainfall event of
September 9, 2015, and additionally analyzed the out-
comes when the GPM/GMI passed over the region of
analysis both once and twice. The purpose of this analysis
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Fig. 2. Schematic diagram how to recalculate the radar data to the same temporal and spatial resolutions as GSMaP, (i) is temporal
resolution and (ii) is spatial resolution.

Fig. 3. Scatter plots of daily rainfall of GSMaP RNL and
both radars on July 14, 2012.

was to clarify how the estimation accuracy of the GSMaP
data was affected by the observation area and frequency
of the GPM/GMI passes over the analysis area.

Finally, we compared GSMaP data to the maximum,
minimum, and average values of X-MP data included at
the GSMaP grid where the daily rainfall of the C-band
radar was the largest value on September 9, 2015, in the
analysis area.

3. Results and Discussion

Figures 3 and 4 show scatter plots of daily rainfall

Fig. 4. Scatter plots of daily rainfall of GSMaP Gauge RNL
and both radars on July 14, 2012.

by the GSMaP RNL, GSMaP Gauge RNL, C-band radar
and X-MP on July 14, 2012. As shown in Fig. 3, GSMaP
RNL tended to underestimate rainfall compared to both
the C-band radar and X-MP. In particular, when the
GSMaP RNL rainfall was over 50 mm/day, the variance
with respect to rainfall recorded by the radars was signif-
icantly larger than when the rainfall amount was lower.

Figure 4 shows that GSMaP Gauge RNL also under-
estimated rainfall compared to the radars. However,
when the GSMaP Gauge RNL rainfall was less than
70 mm/day, the variation with respect to the radars was
low; the data were distributed adjacent to the y = x line,

Journal of Disaster Research Vol.16 No.4, 2021 789



Hayashi, Y., Tebakari, T., and Hashimoto, A.

Fig. 5. Scatter plots of daily rainfall of GSMaP Gauge sep-
arated observed by GPM/GMI once or twice per on Septem-
ber 9, 2015.

reflecting corrections imparted by the rain-gauge data.
When rainfall exceeded 70 mm/day, the analyses were
similar to the result of Fig. 3; this was also the case
when other GSMaP MVK and GSMaP Gauge rainfalls
were studied. One possible reason is that it was affected
by the observation distribution of the rain-gauge station
by NOAA used for the GSMaP Gauge data correction, as
shown in Fig. 1. Therefore, even if there was not a heavier
daily rainfall event, such as 50 or 70 mm/day, the GSMaP
data might need to use carefully for using runoff and flood
analysis.

Figure 5 shows scatter plots of daily rainfall of
GSMaP Gauge and C-band radar by GPM/GMI status
(the satellite was over part of the study area at once or
twice on September 9, 2015). When the daily rainfall
of GSMaP Gauge was under 70 mm/day, the GPM/GMI
data recorded on both satellite passes were very simi-
lar to the C-band radar data. However, this was not the
case when rainfall was heavier. GSMaP Gauge under-
estimates C-band radar data, and a previous study [42]
showed a similar result. Therefore, it is difficult to ob-
serve accurately against localized heavy rainfall using mi-
crowave radiometer, expected that the GMI and GSMaP
estimation algorithm will be more improved. More-
over, the GSMaP Gauge data derived during a single
GPM/GMI pass and double were similar result compar-
ing with C-band radar data, because the precipitation dis-
tribution was spatially and temporally interpolated using
GSMaP data of one-hour ago and the cloud-moving vec-
tor by infrared radiometer of the geostationary meteoro-
logical satellite, such as “Himawari” when the GPM/GMI
could not perform direct observations. GPM/GMI obser-
vation frequency is therefore highly significant when rain-
fall is under 70 mm/day but is less affected when rainfall
is heavier with cumulonimbus clouds.

Fig. 6. Scatter plots of hourly rainfall of GSMaP Gauge
separated observed by GPM/GMI or not on September 9,
2015.

Figure 6 shows scatter plots of hourly rainfall by
both the GSMaP Gauge and C-band radar (as in Fig. 5),
divided into data obtained directly by GPM/GMI and
data estimated by other satellites (such as other mi-
crowave radiometers and infrared radiometer data by
the above-mentioned geostationary satellites) when the
GPM/GMI was not above the area of observation. The
GSMaP Gauge underestimated C-band radar rainfall of
over 20 mm/h (medium-intensity rainfall) whether the ob-
servations were direct or not. Therefore, observational
characteristics of the GSMaP Gauge in this event did
not vary markedly by direct/indirect observational status.
It can be seen that the GPM/GMI precipitation estima-
tion algorithm might require improvement because the
GPM/GMI observational parameters were not very accu-
rate. Moreover, hourly rainfall of GSMaP Gauge data (re-
gardless of direct or indirect observation by GPM/GMI) in
this event does not enough to quality as ground-based ob-
servation data, the application of the data for precipitation
and runoff analysis must be careful.

Figure 7 shows the time series of GSMaP MVK and
GSMaP Gauge data, the maximum, minimum, and aver-
age values of X-MP data, on September 9, 2015, and the
periods of direct (overhead) GPM/GMI observation. The
maximum, minimum, and averages of GSMaP MVK and
GSMaP Gauge data derived by direct observation were
similar to those of the X-MP. However, during heavy
rainfall, both GSMaP MVK and GSMaP Gauge underes-
timated the radar data; this was the case when GPM/GMI
observations were either direct or indirect, as reported
above for other rainfall events. Therefore, GSMaP obser-
vational features are similar to those of the X-MP when
precipitation is low, but GSMaP underestimated the radar
data when precipitation was heavy. GSMaP data must
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Fig. 7. Time series of two types of GSMaP products and
the maximum, minimum, and average values afforded by the
X-MP on September 9, 2015, indicated the period observed
by GPM/GMI was overhead the study area.

therefore be used with caution during the high-intensity
rainfall period.

4. Conclusions

This case study clarified the observation characteris-
tics of GSMaP products using C-band radar and X-MP
data, such as high-resolution radar data with heavy rain-
fall events. The results of the analyses are summarized as
follows.

(1) The observation characteristic of GSMaP Gauge
RNL, which calibrated GSMaP RNL with the rain-
gauge data was similar to that of the C-band
radar under 70 mm/day of daily rainfall, as events
with a relatively small amount of rainfall. How-
ever, GSMaP Gauge RNL has not been similar to
the radar so much when daily rainfall of over
70 mm/day, the calibration effect of the rain-gauge
data was not drastically. This was the same re-
sult as in the analysis of the typhoon event using
GSMaP MVK and GSMaP Gauge.

(2) When rainfall events at either under 70 mm/day
of daily rainfall or 20 mm/h of hourly rainfall,
the precipitation estimation of the GSMaP MVK
and GSMaP Gauge might not affect whether the
GPM/GMI directly observing and its frequency
above the analysis area.

Therefore, in the analysis conditions of this paper,
we proposed that the current GSMaP observation system
and precipitation estimation method cannot accurately ob-
serve rainfall events with localized high-intensity rainfall,
however can generally observe events with low rainfall
with good accuracy.

Finally, we consider the analyses performed in this
study to be insufficient, and more analyses of different
types are needed, and were able to suggested in this paper
where more detailed analysis is needed as future work.
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