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Experiment Cov. Spatial 
resolution

Temporal 
resolution Period Publication 

period Latency Forcing

TE-
Global

JRA-55 ver. 
(baseline)

Global

0.5-deg. 
(land)
0.25-deg. 
(river)

3-hourly,
daily,
monthly

1958 - present 3-hourly: For 
the last 13 
month
daily: For the 
last 10 year
monthly: All

About 3.5 days Surface meteorological 
parameters by JRA-55

GSMaP ver. 2001 - present About 5 days Same as JRA-55 ver. except 
rainfall from GSMaP

MODIS ver. 2003 - present About 20 days Same as JRA-55 ver. except solar 
radiation from MODIS

NEXRA_128ens fcst. In prep. 2019.01 - present -- -- NICAM

TE-
Japan MSM/GPV ver.

Japan 1/60-deg.

39 hrs fcst. 2007 - present hourly: For the 
last 13 month
daily: For the 
last 10 year
monthly: All

Realtime Surface meteorological 
parameters by MSM/GPV

Satellite ver.
hourly,
daily,
monthly

2015 - present About
9~33 hrs

Surface meteorological 
parameters by MSM/GPV except 
solar radiation from Himawar-8

NEXRA_5+ens 7 days fcst. 2021.10 - present -- About 1 day NICAM

Today’s Earth versions:
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Today’s Earth Scheme

Figure. Schematic figure of TE system. 
MATSIRO (Takata et al., 2003), ILS (Nitta et al., 2014);  CaMa-Flood: http://hydro.iis.u-tokyo.ac.jp/~yamadai/cama-flood/

https://www.eorc.jaxa.jp/water/
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Today’s Earth Outputs

Figure. Hydrological variables of TE system (https://www.eorc.jaxa.jp/water/index.html). 
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7DEOH����+\GURORJLFDO�YDULDEOHV�GLVWULEXWHG�LQ�WKH�7(�*OREDO 

Model/Category Variable Name Item Name Unit 
 (netCDF) Fig 

Forcing 

rainfall GPRCT kg/m2/s 䕿 
snowfall GSNWL kg/m2/s 䕿 
eastward wind GDU m/s 䕿 
northward wind GDV m/s 䕿 
surface air temperature GDT K 䕿 
specific humidity GDQ kg/kg 䕿 
surface shortwave radiation (downward) SSRD W/m2 䕿 
surface longwave radiation (downward) SLRD W/m2 䕿 
surface air pressure GDPS hPa - 

MATSIRO 

Water 
balance 
(State) 

soil moisture (at each level) [Z1-Z6]*1 GLW kg/m2 䕿 
soil moisture (total volume) GLWtot kg/m2 䕿 
canopy water GLWC kg/m2 䕿 
snow amount GLSNW kg/m2 䕿 

Water 
balance 
(Flux) 

snow melt SNMLT kg/m2/s 䕿 
snow freeze SNFRZ kg/m2/s 䕿 
snow sublimation SNSUB kg/m2/s 䕿 
ice melt ICEMLT kg/m2/s - 
ice sublimation ICESUB kg/m2/s - 
snow & ice sublimation SSUB kg/m2/s - 
transpiration ETFLX kg/m2/s 䕿 
canopy evaporation EIFLX kg/m2/s 䕿 
canopy sublimation EISUB kg/m2/s 䕿 
soil evaporation EBFLX kg/m2/s 䕿 
soil sublimation EBSUB kg/m2/s 䕿 
total runoff (total) [W1-W2]*4 RUNOFF kg/m2/s 䕿 
base runoff RUNOFFB kg/m2/s 䕿 
surface runoff SRUNOF kg/m2/s 䕿 
runoff (lake & land) [W1-W2]*4 RUNOFFA kg/m2/s 䕿 

Heat 
balance 
(State) 

soil temperature [Z1-Z6]*1 GLG K 䕿 
snow temperature [L1-L3]*2 GLTSN K 䕿 
land skin temperature [C1-C2]*3 GLTS K 䕿 
canopy temperature [C1-C2]*3 GLTC K 䕿 

Heat 
balance 
(Flux) 

soil heat flux GFLUXS W/m2 䕿 
snow surface heat flux SNFLXS W/m2 䕿 
ground heat flux in total GFLXTL W/m2 䕿 
surface shortwave radiation (upward) SSRU W/m2 䕿 
surface longwave radiation (upward) SLRU W/m2 䕿 
sensible heat flux SENS W/m2 䕿 
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latent heat flux LTNT W/m2 䕿 
latent heat flux (evaporation) EVAP W/m2 - 

River 
river flow [W1-W2]*4 RFLOW m3/s 䕿 
river water [W1-W2]*4 GDRIV kg/m2 䕿 
river storage [W1-W2]*4 GDRIVL kg/m2 - 

Others 

snow covered fraction SNRAT - 䕿 
albedo ALB - - 
snow albedo [A1-A3]*5 GLASN - 䕿 
soil potential [Z1-Z6]*1 GPSI Pa 䕿 
dust density in snow [L1-L3]*2 CDSTM ppmw 䕿 
water flux atmosphere to land WA2L m/s 䕿 
water flux land to river WL2R m/s 䕿 
soil ice (at each level) [Z1-Z6]*1 GLFRS m/m 䕿 
soil ice (total volume) GLFRStot kg/m2 䕿 
land water WLND m 䕿 
inland water sinkbudget BUDIND kg/m2/s - 
distributed water sinkbudget RBUDIND kg/m2/s - 
ground water input WINPT kg/m2/s - 
lake sh SHLK cm - 
lake surface temperature TSIL ι� - 

CaMa-Flood 

river discharge RIVOUT m3/s - 
river water storage RIVSTO m3 - 
river water depth RIVDPH m 䕿 
river flow velocity RIVVEL m/s - 
floodplain flow (discharge) FLDOUT m3/s - 
floodplain water storage FLDSTO m3 - 
floodplain water depth FLDDPH m 䕿 
flood area FLDARE m2 䕿 
flood fraction FLDFRC - 䕿 
water surface elevation SFCELV m 䕿 
total discharge (RIVOUT + FLDOUT) OUTFLW m3/s 䕿 
total storage (RIVSTO + FLDSTO) STORGE m3 䕿 
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6HH�7DNDWD�HW�DO���������IRU�PRUH�GHWDLOV� 

3. &��DQG�&��UHSUHVHQW�WKH�RXWSXWV�IRU�VQRZ�IUHH�FDQRS\�DQG�VQRZ�FRYHUHG�FDQRS\��UHVSHFWLYHO\� 
4. :��DQG�:��UHSUHVHQW�WKH�YDOXHV�UHJDUGLQJ�ZDWHU�DQG�LFH��UHVSHFWLYHO\� 
5. $���$��DQG�$��UHSUHVHQW�WKH�VQRZ�DOEHGR�RI�YLVLEOH��QHDU�LQIUDUHG�DQG�LQIUDUHG�DUHD��UHVSHFWLYHO\� 
 

 

 

 

 

4

https://www.eorc.jaxa.jp/water/

mailto:wma@iis.u-Tokyo.ac.jp
https://www.eorc.jaxa.jp/water/


wma@iis.u-tokyo.ac.jp MA et al. @ EGU22-6731, 2022-05-26

Ø Typhoon Hagibis, 2019
Ø Flood Forecasting, an application of TE
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Courtesy of Hibino k. (Univ. Tokyo), Today’s Earth

Source: JMA

Fatalities 98 total, 7 missing

Damage $15 billion USD (2019)

Areas Affected Mariana Islands, Japan, 
Russia, Alaska

Source: Wikipedia

Damage by flood
Source: Nikkei.com

Dike Break
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Fig. Schematic of the flood forecasting system. (a) Flowchart of the flood forecasting system. 
(b) Snapshot of the system interface at 00:00 JST on Oct. 12, 2019 for Typhoon Hagibis.

Ø Methods

Lead time
River 

water level

Return period: A probability, also known 
as a recurrence interval or repeat interval. 
Alarms: forecasted river water level 
exceeds 1/200 yr return period.
Lead time: from simulation starts to the 
forecasted time when alarms appear.

Ø Flood Forecasting, an application of TE

Ma, W., Ishitsuka, Y., 
Yoshimura, K. et al., 
Applicability of a 
nationwide flood 
forecasting system for 
Typhoon Hagibis, Sci. Rep. 
2021. 
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http://apps.diasjp.net/tdjpn/training/latest/jpn.html

Ø Data preparation: forecing + observation/calibration

Meteorological 
data (JMA)

MSM-GPV (Meso Scale Model – Grid Point Value) + RDR
Prediction length: 39 hour

Model 
(UT)

MATSIRO (Land surface model) + 
CaMa-Flood (catchment-based macroscale floodplain model)
Resolution: 0.05°

Validation data 
(MLIT)

Dike break list (April 10th 9:00 am.)
(https://www.mlit.go.jp/common/001313204.pdf ) 
Geographic coordinates and timing of the dike break (DBT)
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Ø Flood Forecasting, an application of TE
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Fig. Lead time and distribution for the 142
locations. The color of the circle indicates how
much the predicted 1/200-year flood time
preceded the DBT at a given location. The size of
the circle indicates the lead time.

• Accurate predicted locations: 130, which is 
91.6% of 142 real flooded locations (MLIT).

• TPWR, true-positive with DBT record 
(successfully predicted, 80 spots).

• TPNR, true-positive without DBT record (50 
spots).

• FNNR indicates false-negative sites with no 
DBT records (blue diamonds, 8 spots). 

• FNWR indicates false-negative locations with 
DBT records (blue crosses, 4 spots). 
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values used for generating !ood alarms. Here, the Gumbel  distribution23–27 was applied because of its better "t-
ting for extreme value analysis, such as values of extreme !ood  events26,28.

�������
����������ƪ������������������ƪ��������Ǥ� Figure 1 shows the procedures of this forecasting system 
and a screenshot of the interface featuring Typhoon Hagibis. $e red pins are !ood alarms that occurred at 00:00 
JST on October 12 (Fig. 1b). $ese alarms are updated every 3 h. For each alarm, a hydrograph is archived to 
show the exact !ooding alarms for 1/10-, 1/50-, 1/100-, and 1/200-year return periods (Fig. 1c). To obtain the 
forecasting results, we "rst applied numerical modeling to a 39-h forecasting dataset comprising MSM-GPVs to 
force the land surface model  MATSIRO29 and the hydrological model CaMa-Flood30. $en, the estimated river 
water depth was analyzed via comparison with the return period. In this study, we chose locations with a return 
period of 200 years as forecast locations because the occurrence of !ood levels in major Japanese rivers is typi-
cally set to once during a 100–200-year event (Fig. 1b,c). $is method was "rst tested by Yoshimura et al.20, who 
assessed six river predictions in 2003 and 2004 using the previous version of the MSM-GPV dataset, in which 
18-h predictions were made every 6 h.

����Ǧ����������Ǥ� To evaluate the forecasting performance, we obtained the dike-break times (DBTs) for 
all !ood locations. We used dike breaks to represent all locations where !ooding might occur with various 
inundation patterns related to the time of levee or river dike breakage. To obtain DBTs, we collected o%cial 
reports, issued by the MLIT (https:// www. ktr. mlit. go. jp/ kisha/ index 00000 134. html), of JMA disaster prevention 
information in XML format (http:// agora. ex. nii. ac. jp/ cps/ weath er/ river/), as well as information from Twitter 
and personal websites. According to the public broadcaster Nippon Hoso Kyokai (NHK) and the MLIT, there 
were !oods at 142 locations. Among these !ood locations, only 80 records of DBTs could be found. $is "nding 
indicates that proper records were lacking for many of the !oods or inundations that were identi"ed.

$e classi"cation scheme for predicted and !ooded locations of Typhoon Hagibis are shown in Fig. 2. $e 
predicted locations are locations with a more than 1/200-year-!ood alarm issued by the !ood forecasting system, 
and the !ooded locations are areas where !oods actually occurred. With reference to the DBT records, true posi-
tives (TPs), correctly forecasted locations, were further classi"ed as true positives with DBT records (TPWRs) 
and true positives with no DBT records (TPNRs). Among the unsuccessfully predicted !ood locations, only 
those with DBT records (FNWRs) were veri"able. $ose locations determined to be incorrectly predicted with 
no DBT record (FNNRs) could not be veri"ed by location, but they were traceable via !ood reports.

Figure 3 compares the forecasted 1/200-year !ooding times and DBTs. We considered the following three 
outcomes: TPWR, FNNR, and FNWR. To compare the time di&erences between each predicted 1/200-year 
!ooding time and DBT, we plotted these as color-gradient circles (Fig. 3). $e circle size indicates the lead time 
for a given location, and the redness of the circles indicates the di&erence between the predicted 1/200-year 
!ood time and the DBT. In the "gure, locations with longer lead times are generally concentrated in the upper 
and middle reaches of rivers, where most !ooding originate. We performed additional temporal analysis for 
the TPWR sites and found that the average lead time for the predicted 1/200-year !ood time was approximately 
32.75 h. Moreover, the predicted 1/200-year !ood time was on average approximately 8.53 h earlier than the DBT, 
indicating that the predicted !ood time was earlier than the real !ood time. Because the goal of this system is to 
generate longer lead times, we argue that it is reasonable to accept this advancement, which is helpful because it 
allows more time for further evaluation and decision-making, such as for evacuation and disaster preparation.

Moreover, 12 locations (false negatives) were not predicted, but the occurrence of !oods was recorded. Among 
these, "ve locations had DBT records (FNWR, blue crosses in Fig. 3), and seven sites had no DBT records (FNNR, 

Figure 2.  Classi"cation of !ood locations related to Typhoon Hagibis. $is "gure was generated through 
Microso' PowerPoint Version 16.47 provided by University of Tokyo.

130
80

50

8

4DBT: Dike Break Time

Fig. Classification of flood locations related to 
Typhoon Hagibis. 
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Ø Flood Forecasting, an application of TE
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• Lead time overall is approximately 32.75 h.
• On average, the predicted flood time was approximately 8.53 h 

earlier than dike-break time. 

Total alarms: 542 locations
Precision: 24.0% (130/542)

Ma, W., Ishitsuka, Y., Yoshimura, 
K. et al. Scientific Reports. 2021.
Applicability of a nationwide 
flood forecasting system for 
Typhoon Hagibis
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Figure 4.  Comparison of predicted 1/200-year !ood times and DBTs. "e vertical axis shows the location of each !ooded 
river. Each blue bar begins at the time when a 1/200-year !ood was #rst predicted by the system. "e end of each blue bar is 
the predicted !ood time. "e length of each blue bar is the lead time, which is approximately 32.75 h on average. "e orange 
bars show di%erences between the DBT and the predicted 1/200-year !ood time. "e average of these di%erences indicates 
that the predicted 1/200-year !ood time was approximately 8.53 h earlier than the DBT.

Lead time

Predicted 1/200-year Predicted 1/200-year – DBT (h)

Fig. Comparison of predicted 1/200-year flood times and DBTs. The vertical 
axis shows the location of each flooded river. Each blue bar begins at the 

time when a 1/200-year flood was first predicted by the system. 

CB

A: simulation start (1st alarm)
B: predicted 1/200-year food time
C: dike break timeA
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values used for generating !ood alarms. Here, the Gumbel  distribution23–27 was applied because of its better "t-
ting for extreme value analysis, such as values of extreme !ood  events26,28.

�������
����������ƪ������������������ƪ��������Ǥ� Figure 1 shows the procedures of this forecasting system 
and a screenshot of the interface featuring Typhoon Hagibis. $e red pins are !ood alarms that occurred at 00:00 
JST on October 12 (Fig. 1b). $ese alarms are updated every 3 h. For each alarm, a hydrograph is archived to 
show the exact !ooding alarms for 1/10-, 1/50-, 1/100-, and 1/200-year return periods (Fig. 1c). To obtain the 
forecasting results, we "rst applied numerical modeling to a 39-h forecasting dataset comprising MSM-GPVs to 
force the land surface model  MATSIRO29 and the hydrological model CaMa-Flood30. $en, the estimated river 
water depth was analyzed via comparison with the return period. In this study, we chose locations with a return 
period of 200 years as forecast locations because the occurrence of !ood levels in major Japanese rivers is typi-
cally set to once during a 100–200-year event (Fig. 1b,c). $is method was "rst tested by Yoshimura et al.20, who 
assessed six river predictions in 2003 and 2004 using the previous version of the MSM-GPV dataset, in which 
18-h predictions were made every 6 h.

����Ǧ����������Ǥ� To evaluate the forecasting performance, we obtained the dike-break times (DBTs) for 
all !ood locations. We used dike breaks to represent all locations where !ooding might occur with various 
inundation patterns related to the time of levee or river dike breakage. To obtain DBTs, we collected o%cial 
reports, issued by the MLIT (https:// www. ktr. mlit. go. jp/ kisha/ index 00000 134. html), of JMA disaster prevention 
information in XML format (http:// agora. ex. nii. ac. jp/ cps/ weath er/ river/), as well as information from Twitter 
and personal websites. According to the public broadcaster Nippon Hoso Kyokai (NHK) and the MLIT, there 
were !oods at 142 locations. Among these !ood locations, only 80 records of DBTs could be found. $is "nding 
indicates that proper records were lacking for many of the !oods or inundations that were identi"ed.

$e classi"cation scheme for predicted and !ooded locations of Typhoon Hagibis are shown in Fig. 2. $e 
predicted locations are locations with a more than 1/200-year-!ood alarm issued by the !ood forecasting system, 
and the !ooded locations are areas where !oods actually occurred. With reference to the DBT records, true posi-
tives (TPs), correctly forecasted locations, were further classi"ed as true positives with DBT records (TPWRs) 
and true positives with no DBT records (TPNRs). Among the unsuccessfully predicted !ood locations, only 
those with DBT records (FNWRs) were veri"able. $ose locations determined to be incorrectly predicted with 
no DBT record (FNNRs) could not be veri"ed by location, but they were traceable via !ood reports.

Figure 3 compares the forecasted 1/200-year !ooding times and DBTs. We considered the following three 
outcomes: TPWR, FNNR, and FNWR. To compare the time di&erences between each predicted 1/200-year 
!ooding time and DBT, we plotted these as color-gradient circles (Fig. 3). $e circle size indicates the lead time 
for a given location, and the redness of the circles indicates the di&erence between the predicted 1/200-year 
!ood time and the DBT. In the "gure, locations with longer lead times are generally concentrated in the upper 
and middle reaches of rivers, where most !ooding originate. We performed additional temporal analysis for 
the TPWR sites and found that the average lead time for the predicted 1/200-year !ood time was approximately 
32.75 h. Moreover, the predicted 1/200-year !ood time was on average approximately 8.53 h earlier than the DBT, 
indicating that the predicted !ood time was earlier than the real !ood time. Because the goal of this system is to 
generate longer lead times, we argue that it is reasonable to accept this advancement, which is helpful because it 
allows more time for further evaluation and decision-making, such as for evacuation and disaster preparation.

Moreover, 12 locations (false negatives) were not predicted, but the occurrence of !oods was recorded. Among 
these, "ve locations had DBT records (FNWR, blue crosses in Fig. 3), and seven sites had no DBT records (FNNR, 

Figure 2.  Classi"cation of !ood locations related to Typhoon Hagibis. $is "gure was generated through 
Microso' PowerPoint Version 16.47 provided by University of Tokyo.
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values used for generating !ood alarms. Here, the Gumbel  distribution23–27 was applied because of its better "t-
ting for extreme value analysis, such as values of extreme !ood  events26,28.

�������
����������ƪ������������������ƪ��������Ǥ� Figure 1 shows the procedures of this forecasting system 
and a screenshot of the interface featuring Typhoon Hagibis. $e red pins are !ood alarms that occurred at 00:00 
JST on October 12 (Fig. 1b). $ese alarms are updated every 3 h. For each alarm, a hydrograph is archived to 
show the exact !ooding alarms for 1/10-, 1/50-, 1/100-, and 1/200-year return periods (Fig. 1c). To obtain the 
forecasting results, we "rst applied numerical modeling to a 39-h forecasting dataset comprising MSM-GPVs to 
force the land surface model  MATSIRO29 and the hydrological model CaMa-Flood30. $en, the estimated river 
water depth was analyzed via comparison with the return period. In this study, we chose locations with a return 
period of 200 years as forecast locations because the occurrence of !ood levels in major Japanese rivers is typi-
cally set to once during a 100–200-year event (Fig. 1b,c). $is method was "rst tested by Yoshimura et al.20, who 
assessed six river predictions in 2003 and 2004 using the previous version of the MSM-GPV dataset, in which 
18-h predictions were made every 6 h.

����Ǧ����������Ǥ� To evaluate the forecasting performance, we obtained the dike-break times (DBTs) for 
all !ood locations. We used dike breaks to represent all locations where !ooding might occur with various 
inundation patterns related to the time of levee or river dike breakage. To obtain DBTs, we collected o%cial 
reports, issued by the MLIT (https:// www. ktr. mlit. go. jp/ kisha/ index 00000 134. html), of JMA disaster prevention 
information in XML format (http:// agora. ex. nii. ac. jp/ cps/ weath er/ river/), as well as information from Twitter 
and personal websites. According to the public broadcaster Nippon Hoso Kyokai (NHK) and the MLIT, there 
were !oods at 142 locations. Among these !ood locations, only 80 records of DBTs could be found. $is "nding 
indicates that proper records were lacking for many of the !oods or inundations that were identi"ed.

$e classi"cation scheme for predicted and !ooded locations of Typhoon Hagibis are shown in Fig. 2. $e 
predicted locations are locations with a more than 1/200-year-!ood alarm issued by the !ood forecasting system, 
and the !ooded locations are areas where !oods actually occurred. With reference to the DBT records, true posi-
tives (TPs), correctly forecasted locations, were further classi"ed as true positives with DBT records (TPWRs) 
and true positives with no DBT records (TPNRs). Among the unsuccessfully predicted !ood locations, only 
those with DBT records (FNWRs) were veri"able. $ose locations determined to be incorrectly predicted with 
no DBT record (FNNRs) could not be veri"ed by location, but they were traceable via !ood reports.

Figure 3 compares the forecasted 1/200-year !ooding times and DBTs. We considered the following three 
outcomes: TPWR, FNNR, and FNWR. To compare the time di&erences between each predicted 1/200-year 
!ooding time and DBT, we plotted these as color-gradient circles (Fig. 3). $e circle size indicates the lead time 
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!ood time and the DBT. In the "gure, locations with longer lead times are generally concentrated in the upper 
and middle reaches of rivers, where most !ooding originate. We performed additional temporal analysis for 
the TPWR sites and found that the average lead time for the predicted 1/200-year !ood time was approximately 
32.75 h. Moreover, the predicted 1/200-year !ood time was on average approximately 8.53 h earlier than the DBT, 
indicating that the predicted !ood time was earlier than the real !ood time. Because the goal of this system is to 
generate longer lead times, we argue that it is reasonable to accept this advancement, which is helpful because it 
allows more time for further evaluation and decision-making, such as for evacuation and disaster preparation.

Moreover, 12 locations (false negatives) were not predicted, but the occurrence of !oods was recorded. Among 
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Fig. The spatial distribution of forecast alarms and 
flooded major rivers due to Typhoon 19.

Ø Flood Forecasting, an application of TE

9

• The total alarms are 542 locations, 
distributed in 21 real flooded 1st level 
rivers (red), and 4 not flooded (blue).

• Observation shortages may lead to 
underestimating the accuracy of modeling 
and cause deviations in the validity of 
forecasted results. 

1. Meteological forcing data: 
resolution, accuracy

2. Model:
resolution, accuracy

3. Lead time:
data preparation, transfer, simulation

4. Ensemble method:
MEPS-GPV (Sayama et al., 2020)
NICAM/TE-NEXRA

5. Observation/Validation:
powerful in-situ device? Satellite image? 

Ø Q: How to improve FFS?  

Ø River in high risk
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Ø Development of Ensemble Flood Forecasting System: TE-NEXRA
NEXRA (NICAM-LETKF JAXA Research Analysis) which JAXA has jointly developed with 
the University of Tokyo and RIKEN, combining satellite data and numerical weather 
models.
NICAM: The Non-hydrostatic Icosahedral Atmospheric Model (Tomita and Satoh 2004; 
Satoh et al. 2008; Satoh 2013). 

are stable without showing a drift. We find seasonal variations so that generally
larger RMS differences appear in the winter hemisphere. This agrees with gener-
ally larger forecast errors in the winter hemisphere, although the ensemble spread
from the NICAM-LETKF (Fig. 25.2, green lines) does not show the seasonality.

Terasaki et al. (2019) also showed that NICAM-LETKF represents global pre-
cipitation patterns generally well (Fig. 25.3). Kotsuki, Ota, et al. (2017) developed
a method to assimilate satellite-observed precipitation data known as the GSMaP
(Ushio et al., 2009) using CDF (cumulative distribution function) matching. CDF
matching can transform the NICAM-LETKF precipitation analysis (Fig. 25.3D)
so that the CDF matches with the GSMaP data. Fig. 25.3E shows the NICAM-
LETKF precipitation analysis after transformation and appears similar to the
GSMaP data (Fig. 25.3G). Assimilating the GSMaP satellite precipitation data is
a unique feature of the NICAM-LETKF system.

25.3 NICAM-LETKF JAXA Research Analysis
25.3.1 Overview

The NICAM-LETKF system was ported to the JAXA Supercomputing System 2
and has been running continuously in real time. Here, the ensemble size is fixed
at 100, and the horizontal resolution is chosen to be g-level 6 or 112 km. We call
the real-time analysis NEXRA, standing for the NICAM-LETKF JAXA Research

FIGURE 25.1

Flowchart of the NICAM-LETKF system. LETKF, Local Ensemble Transform Kalman Filter;
NICAM, Nonhydrostatic ICosahedral Atmospheric Model.

790 CHAPTER 25 Enhancing data assimilation of GPM observations

Fig.  Flowchart of the NICAM-LETKF system (Terasaki et al., 
2015). LETKF, Local Ensemble Transform Kalman Filter; 

NICAM, Nonhydrostatic ICosahedral Atmospheric Model 
(Miyoshi et al., Precipitation Science, p787-804, 2022). 

NP ¼ 10n2 þ 2 ¼ 10# 22l þ 2;

NA ¼ 30n2 ¼ 30# 22l;

NT ¼ 20n2 ¼ 20# 22l;

where n = 2l. We define the average area of the triangles !A
and the average grid interval !Δ as follows:

!A ¼ 4πR2

NT
¼ πR2

5# 22l
;

!Δ ¼
ffiffiffiffiffiffi
2!A

p
¼

ffiffiffiffiffiffi
2π
5

r
R
2l
;

where an Earth radius of R = 6,371.22 km is used. The
values for each g-level are listed in Table 1.
NICAM has been shown to reproduce a realistic

multi-scale cloud structure from a meso-scale to a
planetary-scale cloud organization that is associated with
the Madden-Julian Oscillation (MJO) (Madden and
Julian 1971, 1972) at a g-level between 9 ( !Δ = 14 km)
and 11 ( !Δ = 3.5 km) (Tomita et al. 2005; Miura et al.
2007b). By using the K computer, which is installed at
the RIKEN Advanced Institute for Computational
Science (AICS) in Kobe, Japan (http://www.nsc.riken.
jp/index-eng.html), the resolution of NICAM has been
recently increased to the subkilometer level, and it was
shown that the deep convective core is more realistically
resolved by using a g-level 13 ( !Δ = 870 m) mesh
simulation (Miyamoto et al. 2013; Figure 2). In the
current study, various experiments including decadal

continuous experiments and case sweep experiments
(Miyakawa et al. 2014) were also conducted at g-levels
between 9 and 11. Future projection studies such as
those investigating changes in clouds and tropical cyc-
lone activities are also investigated. The results are
interpreted based on the more physically based cloud
microphysics processes without the ambiguities of cu-
mulus parameterizations.
This article describes the current development status,

design, and concepts behind the individual components
of NICAM. First, the background and an overview of
studies related to the global non-hydrostatic model are
reviewed. Then, the history of NICAM development and
the scientific outcomes are summarized in the ‘Scientific
overview of NICAM’ section, while the NICAM compu-
tational design is described in the ‘Design, structure,
development, and timeline’ section. The two sections that
follow describe the dynamical and physical components
of NICAM, and their respective subsections describe
each component of the physical processes. Next, the as-
similation strategy is described. Finally, various NICAM
usages that have been developed by modifying the ori-
ginal NICAM geometry are presented.

Review of global non-hydrostatic models
Thanks to the significant advances in high-performance
computers over the last decade, global atmospheric
simulations with a horizontal resolution of O (10 km)
can be achieved (Ohfuchi et al. 2004; Mizuta et al. 2005;
Kinter et al. 2013; Wedi 2014). At enhanced horizontal
resolution of less than 10 km, traditional atmospheric

Figure 1 Icosahedral grids. Icosahedral grids for grid division levels of 0, 1, and 2 (top, from left to right), and 3, 4, and 5 (bottom, from left to right).

Satoh et al. Progress in Earth and Planetary Science 2014, 1:18 Page 2 of 32
http://www.progearthplanetsci.com/content/1/1/18

icosahedral grids 
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Time

msm_gpv

forecast 60 hrs
nexra_ens

msm_refer 1 1 1 1 1……
2020-07-03 15:00 (JST)

for.39 hrs
for.39 hrs

for.39 hrs
for.39 hrs

forecast 60 hrs
forecast 60 hrs

07-03 
15:00

07-04 
15:00

07-05 
15:00

07-03 
15:00

07-04 
15:00

07-05 
15:00

07-03 
15:00

07-04 
15:00

07-05 
15:00

(130.8E, 32.2N)

(130.917E, 33.3N)

(131.65E, 32.57N)

Ø River depth, 5ensemble, 7days forecasting: Case 1

(our results)

(JMA fcst.)

(JMA refer.)
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Layer 1

Layer 2

Layer 3

Region:
35.00 ~ 35.15

138.75 ~ 139.20

Ø Atami landslide: 2021-07-03 10:30 a.m. 
Ø Results: 2021-06-30 à 2021-07-02
Soil moisture anomaly: ( x - mean(x) ) / sigma(x)

MSM-GPV
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Ø Soil moisture, 5ensemble, 7days forecasting: Case 2
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Thank you for listening!

https://www.eorc.jaxa.jp/water/
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