


Journal of the Meteorological Society of Japan Vol. 93, No. 136

the late 1980s (Fig. 21b). It should be noted that the 
abrupt increase in the late 1980s in most of the reanal-
yses is most likely due to the introduction of humidity 
observations from the SSM/I instrument on the 
Defense Meteorological Satellite Program satellites. 
Until then, spatial anomaly correlations for MERRA, 
ERA-Interim and the Climate Forecast System 
Reanalysis (CFSR, Saha et al. 2010) are higher than 
the others. Another important feature in Fig. 21b is the 
higher correlation in strong El Niño years, especially 
in 1997 and 1998 when the correlation was as high as 
0.8. After the late 1990s, correlation coefficients for 
JRA-55, ERA-Interim and MERRA remained high at 
nearly 0.7, the highest among all reanalyses. The large 

increasing trend in spatial anomaly correlations for 
JRA-55 indicates that the reproducibility of precip-
itation has a great dependence on satellite observing 
systems compared with the other latest generation 
reanalyses, and suggests that there is a clear need 
for improving the reproducibility of precipitation, 
especially for the period before satellite observations 
increased substantially in the late 1990s.

8.3  Tropical cyclones
In JRA-25, TCRs were assimilated for the first time 

in reanalyses, contributing to a better representation 
of tropical cyclones than other reanalyses of the time 
(Hatsushika et al. 2006). However, the TCRs used 

Fig. 20. Climatological annual mean precipitations in (a) JRA-55, (b) JRA-25, (c) ERA-Interim, (d) ERA-40, (e) 
MERRA, and (f) GPCP V2.2, averaged over 1980–2001.
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in JRA-25 contained some duplications and location 
errors that originated in best-track data; accordingly, 
for JRA-55 the TCRs were regenerated with improved 
QC for best-track data.

Figure 22 shows global detection rates of tropical 
cyclones in JRA-55, JRA-25, and ERA-Interim. The 
observational definition of a tropical cyclone is a trop-
ical disturbance with maximum sustained wind speed 
of 34 knots (17.5 m s–1) or greater, but this criterion 
is not applicable to grid point data. Instead, the detec-
tion criterion for isobaric fields by Hatsushika et al. 
(2006) was employed. Horizontal resolutions of the 
grid point data used in this study are 1.25° in JRA-55 
and JRA-25 and 1.5° in ERA-Interim, but the same 
detection criterion was applied for them because the 
difference did not significantly affect the result. The 
detection rate in JRA-55 is around 95 % from the 
1950s to the 1980s, after which it gradually decreases 
to 85–90 % in the 2000s, while the detection rate in 
JRA-25 is almost constant at 90 % except during the 
late 2000s (Fig. 22). As shown in Figs. 2, 3 and 4, the 
number of observations increases with time, particu-
larly satellite data, which should lead to increasing 

detection rates with time. In ERA-Interim, the detec-
tion rate increases from 60 % in the 1980s to 75–80 % 
in the 2000s.

Figure 23 shows the global mean maximum 10 m 
wind speed of tropical cyclones detected in JRA-55, 
JRA-25, and ERA-Interim. A weakening trend is 
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evident in JRA-55 with maximum 10 m wind speeds 
decreasing from around 35 kt in the 1960s to 25 kt 
in the 2000s. On the other hand, JRA-25 shows no 
trend in the mean wind speed of tropical cyclones. For 
ERA-Interim, in which no artificial tropical cyclone 
information like TCRs is assimilated, it is reasonable 
that the increasing trend in wind speed leads to an 
increasing trend in the detection rate. The intensifying 
trend of tropical cyclones in ERA-Interim directly 
reflects increasing observations and improving repre-
sentation of tropical cyclones. The weakening trend of 
tropical cyclones in JRA-55 goes against the effect of 
increasing observations.

Figure 24 shows the global mean annual wind 
speeds of TCRs assimilated in JRA-55 and JRA-25, 
together with the maximum sustained wind speeds 
from best-track data for reference. For JRA-55, these 
have almost constant values of 40–50 kt with no 
trend from the 1960s to the 1980s and are consistent 
with the best-track data, after which they decrease 
to around 20–25 kt in the 2000s, which is inconsis-
tent with the best-track data. On the other hand, the 
global mean annual wind speeds of TCRs assimilated 
in JRA-25 were almost constant around 25 kt except 
in the late 2000s, resulting in constant detection rates 
throughout the study period.

The TCRs were retrieved from position, maximum 
sustained wind speed, radius of 30-kt winds (R30) and 
12-hour motion. Figure 25 shows the annual varia-
tion in the existing rates of R30 in the best-track data. 
Since the R30 records were only available after the 
late 1980s, R30s were taken from a look-up table in 
JRA-25 instead. In JRA-55, on the other hand, R30s 
were taken not from the look-up table but from the 

best-track data. When the R30 record was not avail-
able, a predefined fixed value was used for R30. 
However, there is a considerable difference between 
the predefined fixed value and R30s in the best-track 
data; consequently, TCR speeds vary significantly 
depending on whether the R30 record is available or 
not. Comparing Figs. 24 and 25, a negative correla-
tion is evident between TCR speed in JRA-55 and 
availability of R30 records.

Although TCRs assimilated in JRA-55 show the 
artificial weakening trend, they are still useful for 
representing tropical cyclones in the correct locations, 
which can be confirmed by the fact that high detec-
tion rates are maintained in JRA-55. Thus, JRA-55 
can provide a proper dataset for a case study of an 
individual tropical cyclone. However, the trend of 
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tropical cyclone frequency and intensity in JRA-55 is 
most likely affected by the artificial weakening trend 
of TCRs. Further examination is currently underway 
to assess the impact of the artificial weakening trend 
of TCRs on the representation of tropical cyclones in 
JRA-55.

9.  Conclusions

JRA-55 has been produced with the low-resolution 
(TL319) version of JMA’s operational data assimila-
tion system as of December 2009, which incorporated 
many improvements that had been achieved since 
JRA-25, including the revised longwave radiation 
scheme, 4D-Var and VarBC for satellite radiances. 
In addition, newly available homogenized obser-
vations were used in JRA-55 whenever possible. 
These improvements have resulted in products that 
produce better fits to observations, reduced analysis 
increments and improved forecast scores. These are 
evidence of the greater physical consistency of the 
JRA-55 product.

A cold bias in the lower stratosphere, one of the  
major problems of JRA-25, has been diminished 
owing primarily to the proper representation of 
absorptions due to the Doppler broadening in the 
revised longwave radiation scheme. The surface 
downward thermal flux has drawn closer to the 
observational best estimate, most likely due to the 
improved representation of water vapor continuum 
absorption in longwave radiation. The temporal 
consistency of temperature analysis has improved 
considerably from previous reanalyses, thanks to 
improved model climatology, newly available bias 
estimates to homogenize radiosonde temperatures 
and advances in handling satellite radiances. A dry 
bias in the Amazon basin, another major problem of 
JRA-25, has been mitigated temporarily by excluding 
surface pressure observations over the Amazon basin. 
However, more work is needed to solve this problem.

Our initial quality evaluation has revealed prob-
lems such as a warm bias in the upper troposphere, 
a cold bias in the lower troposphere and a negative 
bias in precipitable waters in deep convection regions. 
The warm bias in the upper troposphere gradually 
decreases as the observing system is improved. The 
impact of changes in observing systems is partic-
ularly apparent in July 2006 when the GNSS-RO 
refractivities were introduced into JRA-55. In order 
to improve the temporal consistency of product, these 
model biases must be further reduced. Some of the 
diagnostic fields from the forecast model still exhibit 
large biases, e.g., excessive precipitation over the 

tropics, excessive (insufficient) TOA reflected solar 
flux over the tropics and subtropics (the Antarctic 
Ocean), excessive outgoing thermal flux in deep 
convection regions, and an overall imbalance of 10 
W m–2 upward in the global mean net energy fluxes 
at the TOA and the surface. For these diagnostic fields 
to be useful in climate applications, the parameteriza-
tions of physical processes must be further improved. 
Our work also showed that tropical cyclone strength 
analyzed in JRA-55 has unrealistic trends. This has 
most likely stemmed from the retrieval method for 
TCR, which highlights anew the importance of homo-
geneity of observations in reanalysis.

To aid further study of the reproducibilities of 
low-frequency variability and trends in JRA-55, as 
well as the impacts of model biases and changes of 
observing systems, MRI has produced a reanalysis 
assimilating conventional observations only, called  
JRA-55C (Kobayashi et al. 2014), and an Atmo-
spheric Model Intercomparison Project (AMIP)-type 
simulation, called JRA-55AMIP. These are produced 
with the same NWP system as the one used for 
JRA-55, and they are made available together with 
JRA-55 products as the JRA-55 family. Intercom-
parisons among the JRA-55 family are expected to 
contribute to spotting problems in the data assim-
ilation system and forecast model that can lead to 
improvement of future reanalyses.

The high-resolution ocean surface boundary condi-
tion is also worth consideration for future reanalyses. 
Nakamura et al. (2008) suggested the importance 
of mid-latitude oceanic fronts for the tropospheric 
circulation and its variability. The representation of 
mid-latitude oceanic fronts in COBE-SST, which 
was used for JRA-55, is insufficiently accurate due 
to its moderate resolution (1° × 1°) and its sole reli-
ance on in-situ observations. For the period during 
which satellite observations are available, the use of 
high-resolution SST using all available satellite data 
needs to be explored.

It is essential to improve quality and availability of 
observational datasets for further advances in reanal-
ysis. Several international activities are retrieving 
historical observations and reprocessing satellite 
observations, such as European Reanalysis of Global 
Climate Observations (ERA-CLIM, http://www.
era-clim.eu/) and SCOPE-CM. Observational datasets 
to be made available through these activities are indis-
pensable for improving reanalyses.
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Appendix A: Observational data sources 
for JRA-55

The suppliers of observations used in JRA-55, the 
type of data and the period for which the data were 
used are given in Table A1.

Appendix B: Acronyms

1D-Var	 One-dimensional variational analysis
20C3M	 Twentieth century climate in coupled 

models
20CR	 Twentieth Century Reanalysis
2D-OI	 Two-dimensional OI
3D-Var	 Three-dimensional variational analysis
4D-Var	 Four-dimensional variational analysis
AMI	 Active Microwave Instrument

AMIP	 Atmospheric Model Intercomparison 
Project

AMSR-E	 Advanced Microwave Scanning Radi-
ometer for EOS

AMSU	 Advanced Microwave Sounding Unit
AMV	 Atmospheric motion vector
ASCAT	 Advanced Scatterometer
ASPS	 Advanced Scatterometer Processing 

System
ATOVS	 Advanced TOVS
BFGS	 Broyden-Fletcher-Goldfarb-Shanno 

(algorithm)
BSRN	 Baseline Surface Radiation Network
BUOY	 Report of a buoy observation
C/NOFS	 Communications/Navigation Outage 

Forecasting System
CAPE	 Convective available potential energy
CCM 	 Chemistry climate model
CDAAC	 COSMIC Data Analysis and Archive 

Center
CERES	 Clouds and the Earth’s Radiant Energy 

System
CFSR	 Climate Forecast System Reanalysis
CHAMP	 Challenging Mini-satellite Payload
CLASS	 Comprehensive Large Array-data 

Stewardship System
CMIP5	 Coupled Model Intercomparison 

Project Phase 5
CMOD	 C-band model function
COBE	 Centennial In Situ Observation-based 

Estimates of the Variability of SSTs 
and Marine Meteorological Variables

COSMIC	 Constellation Observing System for 
Meteorology, Ionosphere, and Climate

CRIEPI	 Central Research Institute of Electric 
Power Industry

CRU	 Climatic Research Unit
CRUTEM4	 CRU temperature dataset
CSR	 Clear sky radiance
DCAPE	 Dynamic CAPE generation rate
DOE	 Department of Energy
EBAF	 Energy Balanced and Filled (flux 

dataset)
ECMWF	 European Centre for Medium-Range 

Weather Forecast
EORC	 Earth Observation Research Center
EOS	 Earth Observing System (NASA)
ERA	 ECMWF Reanalysis
ERA-40	 A 45-year ERA from September 1957 

to August 2002
ERA-CLIM	 European Reanalysis of Global 

Climate Observations
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Table A1.  Observational data sources for JRA-55. Observations shown in plain cells were added or reprocessed after JRA-25, 
whereas those in shaded cells are the same as the ones used in JRA-25.
Data supplier Data type and suppliers’ identifiers Period Note

Conventional data
ECMWF Jan 1958–Aug 2002 Uppala et al. (2005)

JMA
Jan 1961–

GAME and SCSMEX Apr 1998–Oct 1998

NCEP/NCAR SYNOP and upper-level observations Jan 1979–Dec 1979 Kalnay et al. (1996)
Kistler et al. (2001)

M. Yamanaka Radiosondes from Indonesia Nov 1991–May 1999 Okamoto et al. (2003)
M. Fiorino TCRs Jan 1958– Fiorino (2002)

RIHMI Snow depths from Russia Jan 1958–Dec 2008 http://meteo.ru/english/climate/
snow.php

UCAR Snow depths from USA Jan 1958–Aug 2011 NCDC et al. (1981)
Monthly Surface 
Meteorological 
Data in China

Snow depths from China Jan 1971–Dec 2006 Digitized from printed matters

IMH Snow depths from Mongolia Jan 1975–Dec 2007
Satellite radiances

ECMWF
VTPR Jan 1973–Feb 1979

Uppala et al. (2005)HIRS and SSU Nov 1978–Dec 2000
MSU and AMSU Nov 1978–May 2003

NOAA/NCDC SSM/I Jun 1987–Dec 2004

NOAA/CLASS
AMSU and MHS Aug 1998–
SSM/I Jul 1987–

JMA

AMSU and MHS Jun 2003–
SSM/I and SSMIS Mar 2006–
TMI Dec 2011–
CSR Jun 2005–

JMA/MSC Reprocessed CSRs from GMS-5, GOES 9 and 
MTSAT-1R

Jul 1995–Dec 2009

JAXA, NASA Reprocessed TMI Version 7 Feb 1998–Dec 2011
JAXA Reprocessed AMSR-E Version 3 Jun 2002–Oct 2011
EUMETSAT CSRs from the Meteosat series Jan 2001–Aug 2009
AMVs
ECMWF GMS, Meteosat and GOES Jan 1979–Dec 1997 Uppala et al. (2005)

JMA
GMS, MTSAT, Meteosat and GOES Dec 1979–Dec 1980

Jan 1998–
MODIS Jun 2004–

JMA/MSC Reprocessed GMS, GOES 9 and MTSAT-1R Jan 1979–Nov 1979
Mar 1987–Sep 2009

EUMETSAT

Reprocessed Meteosat-2 May 1982–Aug 1988
van de Berg et al. (2002)

Reprocessed Meteosat-3 to -7 Jan 1989–Dec 2000
Aug 1988–Nov 1988

Meteosat-5 and -7 Jan 2001–Feb 2001
Scatterometer ocean surface winds
ESA Reprocessed AMI (ERS.ASPS20.N) May 1997–Jan 2001 De Chiara et al. (2007)
Hersbach (2008)

JPL Reprocessed SeaWinds from QuikSCAT (QSCAT_
LEVEL_2B_V2) Jul 1999–Nov 2009 Dunbar et al. (2006)

JMA ASCAT Jan 2008–
GNSS-RO refractivities

CDAAC
Reprocessed CHAMP, SAC-C, COSMIC, 
GRACE, Metop-A, TerraSAR-X and C/
NOFS

Jul 2006–Jun 2012

JMA COSMIC, GRACE, Metop, TerraSAR-X and 
C/NOFS Jun 2012–
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ERS	 European Remote Sensing Satellite
ESA	 European Space Agency
EUMETSAT	 European Organisation for the 

Exploitation of Meteorological Satel-
lites

FAA	 Federal Aviation Administration
FGAT	 First guess at the appropriate time
FGGE	 First GARP Global Experiment
FOV	 Field of view
GAME	 GEWEX Asia Monsoon Experiment
GARP	 Global Atmospheric Research 

Programme
GEBA	 Global energy balance archive
GEWEX	 Global Energy and Water Cycle 

Experiment
GMS	 Geostationary Meteorological Satellite
GNSS-RO	 Global Navigation Satellite System–

Radio Occultation
GOES 	 Geostationary Operational Environ-

mental Satellite
GPCC	 Global Precipitation Climatology 

Centre
GPCP	 Global Precipitation Climatology 

Project
GRACE	 Gravity Recovery and Climate Experi-

ment
GSM	 Global spectral model
HadAT	 Hadley Centre’s radiosonde tempera-

ture product
HIRS	 High-Resolution Infrared Spectrom-

eter
HITRAN	 High Resolution Transmission
IMH	 Institute of Meteorology and 

Hydrology (Mongolia)
JAXA	 Japan Aerospace Exploration Agency
JCDAS	 JMA Climate Data Assimilation 

System
JMA	 Japan Meteorological Agency
JPL	 Jet Propulsion Laboratory
JRA-25	 Japanese 25-year Reanalysis
JRA-55	 Japanese 55-year Reanalysis
JRA-55AMIP	 JRA-55 AMIP-type simulation
JRA-55C	 JRA-55 sub-product assimilating 

Conventional observations only
LBLRTM	 Line-by-Line Radiative Transfer 

Model
MERRA	 Modern-Era Retrospective Analysis 

for Research and Applications
MHS	 Microwave Humidity Sounder
MODIS	 Moderate Resolution Imaging Spect-

roradiometer
MRI	 Meteorological Research Institute 

(JMA)
MSC	 Meteorological Satellite Center (JMA)
MSG	 Meteosat Second Generation
MSU	 Microwave Sounding Unit
MT_CKD	 Mlawer–Tobin–Clough–Kneizys–

Davies (water vapor continuum 
absorption model)

MTSAT	 Multi-functional Transport Satellite
NASA	 National Aeronautics and Space 

Administration
NCAR	 National Center for Atmospheric 

Research
NCDC	 National Climate Data Center
NCEP	 National Center for Environmental 

Prediction
NOAA	 National Oceanic and Atmospheric 

Administration
NWP	 Numerical weather prediction
NWP SAF	 Satellite Application Facility on 

Numerical Weather Prediction
NWS	 National Weather Service
OI	 Optimal interpolation
OMI	 Ozone Monitoring Instrument
PAOBS 	 Pseudo Surface Pressure Observations 

produced by Australia
QC	 Quality control
QuikSCAT 	 Quick Scatterometer
R30	 Radius of 30-kt winds
RAOBCORE	 Radiosonde Observation Correction 

using Reanalyses
RCP	 Representative Concentration Pathway
RIHMI	 Russian Research Institute for Hydro-

meteorological Information
RMS	 Root-mean-square
RSS 	 Remote Sensing Systems
RTTOV	 Radiative Transfer for the TIROS 

Operational Vertical Sounder
SAC-C	 Satélite de Aplicaciones Cientificas-C
SCOPE-CM	 Sustained, Coordinated Processing 

of Environmental Satellite Data for 
Climate Monitoring

SCSMEX	 South China Sea Monsoon Experiment
SEVIRI	 Spinning Enhanced Visible and 

Infrared Imager
SHIP	 Report of surface observation from a 

sea station
SiB	 Simple Biosphere (model)
SMS	 Supervisor Monitor Scheduler
SSM/I	 Special Sensor Microwave/Imager
SSMIS	 Special Sensor Microwave Imager 

Sounder
SST	 Sea surface temperature
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SSU	 Stratospheric Sounding Unit
STAR	 Center for Satellite Applications and 

Research
SYNOP	 Report of surface observation from a 

fixed land station
TCR	 Wind profile retrieval surrounding 

tropical cyclones
TIROS	 Television and Infrared Observation 

Satellite
TMI	 TRMM Microwave Imager
TOA	 Top of the atmosphere
TOMS	 Total Ozone Mapping Spectrometer
TOVS	 TIROS Operational Vertical Sounder
TRMM	 Tropical Rainfall Measurement 

Mission
UCAR	 University Corporation for Atmo-

spheric Research
VarBC	 Variational bias correction
VTPR	 Vertical Temperature Profile Radiom-

eter
WDCGG	 World Data Centre for Greenhouse 

Gases
WMO	 World Meteorological Organization
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