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Background	
  and	
  purpose!

Homogeneity	
  in	
  marine	
  meteorological	
  data	
  is	
  essential	
  to	
  assess	
  the	
  
marine	
  wind	
  and	
  wave	
  climate	
  accurately.	
  However,	
  meteorological	
  
observation	
  records	
  suffer	
  from	
  temporal	
  inhomogeneity	
  due	
  to	
  changes	
  
in	
  observational	
  instruments	
  or	
  methods.	
  	
  
	
  
Observations	
  
•  Inhomogeneity	
  in	
  marine	
  wind	
  speeds	
  from	
  ship	
  reports	
  due	
  to	
  
changing	
  measurement	
  methods	
  and	
  measurement	
  heights	
  (Thomas	
  et	
  
al.	
  2005;	
  2008)	
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Background	
  and	
  purpose	
  (cont.)	


Atmospheric	
  reanalysis	
  
•  Inhomogeneity	
  in	
  near-­‐surface	
  wind	
  speed	
  in	
  reanalysis	
  (e.g.	
  Cox	
  and	
  Swail	
  
2001;	
  Krueger	
  et	
  al.	
  2013)	
  

Wave	
  data	
  
•  Inhomogeneity	
  in	
  signiWicant	
  wave	
  height	
  in	
  ERA-­‐40	
  (Caires	
  and	
  Sterl	
  2005)	
  	
  
and	
  Voluntary	
  Observed	
  Ship	
  data	
  (Gulev	
  et	
  al.	
  2003)	
  

Inhomogeneity	
  potentially	
  exists	
  in	
  marine	
  meteorological	
  data,	
  which	
  could	
  
lead	
  to	
  erroneous	
  interpretation	
  of	
  a	
  historical	
  climate	
  state.	
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Background	
  and	
  purpose	
  (cont.)	


•  Japan	
  Meteorological	
  Agency	
  produced	
  state-­‐of-­‐the-­‐art	
  atmospheric	
  
reanalysis,	
  JRA-­‐55	
  and	
  JRA-­‐55C	
  	
  
•  JRA-­‐55C	
  is	
  based	
  on	
  the	
  same	
  atmospheric	
  model	
  and	
  assimilation	
  scheme	
  as	
  
the	
  JRA-­‐55	
  but	
  assimilates	
  conventional	
  data	
  (e.g.	
  in-­‐situ	
  surface	
  
observations)	
  only.	
  

The	
  purpose	
  of	
  this	
  study	
  is	
  to	
  investigate	
  	
  

impact	
  of	
  satellite	
  data	
  assimilation	
  (SDA)	
  on	
  the	
  	
  
wave	
  climate	
  using	
  JRA-­‐55	
  and	
  JRA-­‐55C.	
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Model,	
  experimental	
  design,	
  and	
  datasets	


•  Near–surface	
  wind	
  and	
  signiWicant	
  wave	
  height	
  in	
  ERA-­‐20C	
  (Poli	
  
et	
  al.	
  2013)	
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Name	
  of	
  
experiment	


Wind	
  forcing	


Exp.	
  A	
 JRA-­55	
  (Kobayashi	
  et	
  al.	
  2015)	
  	
  
•  conventional	
  observations	
  since	
  1958	
  
•  satellite	
  observations	
  since	
  1973	
  
e.g.	
  IR	
  sounders	
  since	
  1973	
  
	
  	
  	
  	
  	
  	
  	
  scatterometer	
  ocean	
  surface	
  winds	
  since	
  1997	


Exp.	
  B	
 JRA-­55C	
  (Kobayashi	
  et	
  al.	
  2014)	
  
•  conventional	
  observations	
  since	
  1958	
  
•  no	
  assimilation	
  of	
  satellite	
  observations	


WaveWATCH	
  III	
  (Tolman,	
  2014)	


Model	
  domain	
 0-­‐360E,	
  78S-­‐78N	

Horizontal	
  
mesh	


1.25	
  deg.	
  x	
  1.25	
  deg.	


Period	
 1958-­‐2012	

Outputs	
 Wave	
  energy	
  Wlux	
  (WEF)	
  

= ​𝜌↓𝑤 ∬↑▒​C↓g 𝐸(𝑓,𝜃)𝑑𝜃𝑑𝑓 
≈0.5​​𝐻↓𝑠 ↑2 ​𝑇↓𝑒 	
  



Validity	
  of	
  JRA-­55C	
  wind	
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•  The	
  trend	
  of	
  wind	
  speed	
  in	
  JRA-­‐55C	
  is	
  similar	
  to	
  that	
  of	
  ERA-­‐20C.	
  
•  Upward	
  trend	
  in	
  the	
  mid-­‐latitudes	
  in	
  the	
  Northern	
  and	
  Southern	
  Hemispheres.	
  
•  Downward	
  trend	
  in	
  the	
  central-­‐eastern	
  equatorial	
  PaciWic	
  

Trend	
  of	
  the	
  annual	
  mean	
  of	
  near-­surface	
  wind	
  speed	
  (1959-­2012)	




Validity	
  of	
  JRA-­55C	
  wind	
  (cont.)	
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Anomalies	
  of	
  near-­‐surface	
  wind	
  speed	
  (base	
  period:	
  1959-­‐1972)	


60S-­‐30S	


	
  
•  The	
  average	
  wind	
  speed	
  of	
  the	
  tropical	
  ocean	
  has	
  
been	
  gradually	
  increasing	
  since	
  1970.	
  

•  The	
  wind	
  speed	
  in	
  the	
  Northern	
  Ocean	
  has	
  
increased	
  since	
  1970,	
  although	
  there	
  is	
  stagnation	
  
after	
  1980.	
  

•  The	
  wind	
  speed	
  in	
  the	
  Southern	
  Ocean	
  has	
  been	
  
increasing,	
  although	
  there	
  is	
  a	
  difference	
  in	
  the	
  
wind	
  speed	
  between	
  JRA-­‐55C	
  and	
  ERA-­‐20C.	
  

•  Long-­‐term	
  trends	
  in	
  the	
  near-­‐surface	
  wind	
  speed	
  
in	
  JRA-­‐55C	
  are	
  qualitatively	
  similar	
  to	
  those	
  in	
  
ERA-­‐20C.	
  	
  	
  

ERA-­‐20C	
  

JRA-­55C	


ERA-­‐20C	
  

JRA-­55C	


Tropical	
  Ocean:	
  30S-­‐30N	


Northern	
  Ocean:	
  30N-­‐60N	


Southern	
  Ocean:	
  60S-­‐30S	
  



Validity	
  of	
  JRA-­55C	
  wind	
  (cont.)	
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Anomalies	
  of	
  significant	
  wave	
  height	
  (base	
  period:1959-­‐1972)	


•  SWH after 1980 is greater than that in the 
1960s in all basins.  

•  Consistent with the near-surface wind speed 

•  The temporal variability of the near-surface 
wind speed in JRA-55C and SWH in Exp.B is 
generally consistent with that of ERA-20C.	
  	


ERA-­‐20C	
  

Exp.B	


Exp.B	


ERA-­‐20C	
  

Tropical	
  Ocean:	
  30S-­‐30N	


Northern	
  Ocean:	
  30N-­‐60N	


Southern	
  Ocean:	
  60S-­‐30S	
  



How	
  does	
  SDA	
  affect	
  wave	
  climate?	
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There	
  is	
  no	
  signiWicant	
  difference	
  in	
  WEF	
  
in	
  the	
  tropical	
  ocean	
  due	
  to	
  the	
  SDA.	


WEF	
  in	
  the	
  Northern	
  Ocean	
  is	
  decreased	
  
after	
  the	
  mid-­‐1990s	
  due	
  to	
  the	
  SDA.	
  	


WEF	
  in	
  the	
  Southern	
  Ocean	
  is	
  increased	
  
from	
  1973	
  to	
  the	
  mid-­‐1990s	
  by	
  the	
  SDA.	
  	


Exp.B	


Exp.A	
  

Southern	
  Ocean:	
  60S-­‐30S	
  

Tropical	
  Ocean:	
  30S-­‐30N	


Northern	
  Ocean:	
  30N-­‐60N	


Exp.A	
  

Exp.B	




SDA	
  changes	
  WEF	
  trend	
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1.3	
0.4	


4.1	
3.3	


Wm-­‐1/10-­‐yr	
 Wm-­‐1/10-­‐yr	


•  Upward	
  trends	
  of	
  the	
  WEF	
  in	
  the	
  mid-­‐latitude	
  North	
  PaciWic	
  and	
  Southern	
  Ocean	
  in	
  Exp.B	
  
•  The	
  upward	
  trends	
  are	
  reduced.	
  	
  	
  
•  e.g.	
  18%	
  reduction	
  of	
  the	
  trend	
  in	
  the	
  south	
  of	
  Australia	


w/	
  SDA	
 w/o	
  SDA	




SDA	
  changes	
  WEF	
  trend	
  (cont.)	
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•  Assimilation	
  of	
  satellite	
  radiance	
  
•  The	
  SDA	
  has	
  no	
  major	
  effect	
  on	
  the	
  trend	
  of	
  WEF	
  in	
  the	
  mid-­‐latitude	
  North	
  PaciWic.	
  
•  The	
  upward	
  trend	
  of	
  the	
  WEF	
  in	
  the	
  south	
  of	
  Australia	
  is	
  reduced	
  by	
  the	
  SDA.	


2.7	
2.5	


7.4	
6.3	


Wm-­‐1/10-­‐yr	
 Wm-­‐1/10-­‐yr	


w/	
  SDA	
 w/o	
  SDA	




SDA	
  changes	
  WEF	
  trend	
  (cont.)	
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•  Assimilation	
  of	
  satellite	
  radiance	
  and	
  scatterometer	
  winds	
  
•  The	
  downward	
  trend	
  in	
  the	
  mid-­‐latitude	
  North	
  PaciWic	
  is	
  enhanced	
  by	
  20%	
  due	
  to	
  the	
  
SDA.	
  

•  The	
  trend	
  in	
  the	
  western	
  south	
  of	
  Australia	
  is	
  reduced	
  by	
  the	
  SDA.	
  	


Wm-­‐1/10-­‐yr	
 Wm-­‐1/10-­‐yr	


-­‐5.9	
-­‐7.6	


-­‐3.8	
 0.8	


w/	
  SDA	
 w/o	
  SDA	
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Impact	
  of	
  SDA	
  on	
  trends	
  in	
  SWH	


Changes	
  in	
  SWH	
  due	
  to	
  the	
  SDA	
  is	
  similar	
  to	
  those	
  in	
  WEF,	
  since	
  WEF	
  is	
  
proportional	
  to	
  the	
  square	
  of	
  signiWicant	
  wave	
  height.	
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Impact	
  of	
  SDA	
  on	
  trends	
  in	
  wave	
  period	


Changes	
  in	
  the	
  trend	
  in	
  WEF	
  induced	
  by	
  the	
  SDA	
  are	
  explained	
  by	
  	
  
changes	
  in	
  SWH	
  to	
  a	
  large	
  extent	
  and	
  in	
  wave	
  period	
  to	
  a	
  lesser	
  extent.	




Summary	


•  We	
  investigated	
  the	
  impact	
  of	
  the	
  presence	
  or	
  absence	
  of	
  the	
  SDA	
  after	
  1973	
  on	
  wind	
  and	
  
wave	
  climate	
  by	
  comparing	
  two	
  experiments	
  using	
  WW3,	
  forced	
  by	
  near-­‐surface	
  winds	
  of	
  the	
  
JRA-­‐55	
  and	
  JRA-­‐55C.	
  

•  The	
  SDA	
  affected	
  the	
  trends	
  of	
  wind	
  speed	
  and	
  WEF	
  for	
  two	
  decades	
  (1973-­‐1994;	
  
1995-­‐2012)	
  as	
  well	
  as	
  for	
  the	
  last	
  half	
  century	
  (1959-­‐2012).	
  

•  In	
  the	
  mid-­‐latitude	
  North	
  PaciWic,	
  the	
  assimilation	
  of	
  satellite	
  radiance	
  from	
  1973	
  to	
  1994	
  had	
  
no	
  major	
  effect	
  on	
  the	
  trend	
  of	
  WEF,	
  while	
  the	
  assimilation	
  of	
  satellite	
  radiance	
  and	
  
scatterometer	
  ocean	
  wind	
  measurements	
  after	
  the	
  mid-­‐1990s	
  reduced	
  the	
  trend	
  of	
  WEF.	
  The	
  
latter	
  resulted	
  in	
  the	
  reduced	
  trend	
  of	
  the	
  WEF	
  during	
  1959-­‐2012.	
  

•  In	
  the	
  Southern	
  Ocean	
  south	
  of	
  Australia,	
  the	
  assimilation	
  of	
  satellite	
  radiance	
  from	
  1973	
  to	
  
1994	
  reduced	
  the	
  trend	
  of	
  the	
  WEF.	
  The	
  SDA	
  after	
  the	
  mid-­‐1990s	
  also	
  reduced	
  the	
  trend	
  of	
  
the	
  WEF.	
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Additional	
  slides	
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Ebita	
  et	
  al.	
  2011	


150 Ebita  et  al.,  The  Japanese  55-­year  Reanalysis      “JRA-­55”:  An  Interim  Report  

by   RSS   (Mears   and  Wentz   2009).   The   result   for   11   years   from  
1980   showed   that   the   trend   of   JRA-­55   is   in   better   agreement  
with  that  of  RSS  compared  to  that  of  JRA-­25,  and  that  unrealistic  
variation  seen  in  the  time  series  for  JRA-­25  was  reduced  signifi-
cantly  in  JRA-­55  (Fig.  4).  These  improvements  are  primarily  due  
to  the  introduction  of  VarBC  (Dee  2005)  and  indicate  an  improved  
performance in handling satellite radiances.

Figure   5   shows   the   time   series   for   (a)   precipitation,   (b)  
evaporation,  (c)  runoff,  and  (d)  soil  wetness  at  the  root  level  aver-
aged  over  the  Amazon  basin.  As  mentioned  in  Section  2,  JRA-­25  
has   a   dry   bias   over   the  Amazon   basin   and   the   time   series   for  
precipitation   from   JRA-­25   shows   a   clear   underestimation   (Fig.  
5a)  compared  to  the  GPCP  Ver.  2.1  (Adler  et  al.  2003).  The  time  
series for precipitation from JRA-55 shows a better agreement 
with  GPCP,   and   the   time   series   for   other   hydrological   variables  
also demonstrate an improved seasonal cycle compared to that of 
JRA-­25   (Figs.   5b,   c,   d).  Although   verification  with   independent  
observations   is   needed,   the   water   cycle   of   the  Amazon   basin   is  
expected to be represented more realistically in JRA-55.

Precipitation  from  reanalyses  was  assessed  by  Bosilovich  et  al.  
(2008)   using   Taylor   diagrams   and   it   was   demonstrated   that   the  

with  a  prototype  version  of  the  JRA-­55  system,  and  we  found  that  
this   problem   stemmed   from   a   mismatch   between   surface   pres-
sure   observations   and   the   background   values.   The   cause   of   the  
mismatch   has   not   been   fully   understood,   but   is   likely   related   to  
mis-­specified  station  height,  bias  in  observations  and  deficiencies  
in  the  diurnal  cycle  reproduced  by  the  forecast  model.  While  this  
problem   needs   further   investigation,   we   simply   discard   surface  
pressure   observations   around   the  Amazon   basin   to   prevent   this  
problem.

3. Quality of JRA-55 early results

Computations   for   more   than   16   years   have   been   completed  
as   of   August   2011.   We   describe   some   early   results   of   JRA-­55  
in  which   deficiencies   in   JRA-­25   have   been   removed   or   reduced  
significantly.

Figure  3  shows  vertical  profiles  of  global  mean  bias  and  RMS  
differences   between   radiosonde   temperature   measurements   and  
the   background   and   analyzed   values   from   JRA-­55   and   JRA-­25.  
Both  bias  and  RMS  difference  of  JRA-­55  are  reduced  from  those  
of   JRA-­25.   In   particular,   large   negative   biases   (note   that   ‘OBS  
minus   BG/AN’   are   drawn)   found   in   the   lower   stratosphere   of  
JRA-­25  have  been  removed.  This  improvement  is  due  to  the  intro-
duction  of  the  new  radiation  scheme,  which  was  implemented  into  
the  operational  system  in  December  2004.

Temporal  variability  of  the  stratospheric  temperature  analysis  
was   assessed  using  microwave   sounder  measurements  processed  

Fig.  1*.  List  of  observational  data  available  for  JRA-­55  with  their  period  
(top)  and  streams  of  JRA-­55  production  (bottom).  55  years  are  separated  
into three parts of years depending on availability of satellite data type. 
Note  that  the  final  list  is  subject  to  change  depending  on  progress  in  devel-
opment.

Fig.   2.   Bias   and   RMS   difference   between   radiosonde   temperature  mea-
surements   and   the   background   (solid   lines)   and   analyzed   values   (dotted  
lines) from experiments with all observations (black), no satellite (red) and 
no   satellite  with   covariance   scaling   (blue)   for   the   extratropical   southern  
hemisphere  for  August  1990.

*All  acronyms  are  defined  in  Table  S-­1  of  the  supplement.

Table  1*.  Comparison  of   the  DA  systems,  and  boundary  conditions  be-
tween JRA-55 and JRA-25.

JRA-25 JRA-55
Years 26  years  (1979−2004) 55  years  (1958−2012)
Model version as  of  Mar.  2004  

operational
as  of  Dec.  2009  

operational
Resolution T106L40  (~120  km)

(top  layer  at  0.4  hPa)
TL319L60  (~60  km)
(top  layer  at  0.1  hPa)

Time integration Eulerian Semi-­Lagrangian
Long-­wave  
radiation

Line  absorption
Statistical  band  model
Water  vapor  continuum

e-type

Line  absorption
    Table  lookup  

+  K-­distribution
Water  vapor  continuum

e-type + P-type
Assimilation 
scheme

3D-­Var
(with  T106  resolution)

4D-­Var
(with  T106  inner  model)

Background  
error covariance

Constant Simple  inflation  factor  
(×  1.8)  applied  before  1972

Bias  correction  
(radiosonde)

Andrae  et  al.  (2004) RAOBCORE  v1.4  
(Haimberger  2007)

Bias  correction  
(satellite radiance)

Sakamoto  and  Christy  
(2009)

VarBC  (Dee  2005)

Land  surface  
analysis

Offline  SiB
(6  hourly  atmospheric  

forcing)

Offline  SiB
(3  hourly  atmospheric  

forcing)
Green  house  
gases

CO2
(constant  at  375  ppmv)

CO2,  CH4, N2O,  CFC-­11,  
CFC-­12,  HCFC-­22  

(daily interpolation of 
annual  values)

Ozone Daily  3-­D  ozone
(MRI-­CCM1;;  T42L45)
(Shibata  et  al.  2005)

(−1978)  
   Monthly climatology 
(1979−)
      New  daily  3-­D  ozone  
(MRI-­CCM1;;  T42L68)
(Shibata  et  al.  2005)

Aerosol Annual  climatology  for  
continental and maritime

Optical  depth
      Monthly  2-­D  climatology
Optical  properties,  vertical  
profile
      Annual  climatology  for  
   continental and maritime

SST  /  sea  ice COBE  SST
(Ishii  et  al.  2005)

COBE  SST
(Ishii  et  al.  2005)


