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Introduction

The topic s tu died  is of  m ajor  interes t  in n u merical weather  p rediction  (NWP), 
where  t he  initial s ta te  of  t he  a t mos p here  is needed  to  com p u te  t he  forecast s. 
The  p rocedure  of  crea ting  initial  condition  is  qui te  com plex:  infor mation  
p rovided  by  me teorological  observations,  lates t  forecas t s  an d  knowledge  of  
t he  at mos p heric  p ro per ties  is  to  be  combined  in  an  op timal  way  to  p rovide  
t he  s ta te  of t he  at mos p here  with  a  minimal er ror  variance. This is t han  called  
“analysis”  and  serves  as  a  s tar ting  poin t  of  forecas t  com p u ta tions.  The  
p resen t  technique,  opera tional  at  Hungarian  Meteorological  Service  (HMS) 
and  in  an  experimental p hase  at  Environ mental  Agency of  Slovenia  (EARS), is  
3DVAR  (three  di mensional  variational  assimilation).  This  sche me  is  very 
efficien t  for  t he  assimilation  of  observations  meas ured  a t  regular  analysis  
times  (e.g.  every  6  hours). The  sche me  uses  all  observations  as  if  t hey  were  
m a de  exactly  a t  t he  analysis  time.  The  possible  mis match  of  actual  
measure ment  time  and  analysis  time  int roduces  an  error  for  frequen t, 
continuous  or  irregular  observations.  4DVAR (four  dimensional  variational 
da ta  assimilation)  can  be  seen  as  a  time  extension  of  3DVAR, which  allows  
observations  to  en ter  t he  m o del  a t  m ore  accura te  time. Also  4DVAR enables  
a  flow  de pen den t  representa tion  of  t he  backgroun d  errors  in  t he  analysis  
t h rough  the  time  p ro pagation  of  t he  Jb  nor malized  m o del  s ta te  (ter m  HBHT 

in  t he  BLUE equa tion). The  4DVAR minimization  is  m uch  m ore  com plex  an d  
costly  com pared  to  3DVAR because  it  needs  a  forward  and  backward  m o del  
forecast  for  t he  period  of  time  window  (typically  6  hours)  in  each  iteration  
s tep. To do  this, so me linear  ap proximations  of t he  full m o del an d  its  adjoint  
a re  u sed. 

Implementation of  4DVAR prototype

A p ro to type  4DVAR syste m  of  t he  ALADIN m o del  ha s  been  se t  u p  firs t  in 
France  an d  then  in  Sweden,  which  was  adap ted  to  t he  Slovenian  com p u ter  
pla tfor m  d u ring  my  s tay.  Our  s tar ting  poin t  was  t he  Slovenian  quasi -
opera tional  3DVAR  syste m,  which  was  t hen  com pleted  with  t he  following 
elements  (both  a t  EARS and  HMS locally). All  t he  work  was  done  u n der  t he  
SMS environ ment:

• Prepara tion  of  observations  in  time - slot s:  t his  p repares  t he  use  of 
observations  for  4DVAR where  t hey are  grou pe d  in 1  hour  slots  from  –
0:30  min  to  + 0:30  min.  This  means  t ha t  in  case  of  a  6  hour  
assimilation  window we group  the  observations  in 7  time - slo ts



• 4D  screening:  t his  enables  t he  com p u ta tion  of  obs - m o del  differences  
for  each  time - slot  accor ding  to  a  4D  m o del  t rajectory  as  well  as  t he  
quality cont rol of observations.

• Inter pola tion  of  t he  4D  m o del  t rajectory  to  a  low  resolu tion  m o del  
geo met ry:  t his  s tep  is  needed  to  enable  a  cheaper  (in  CPU)  4D 
variational minimiza tion

• 4D  variational  minimization:  t his  s tep  p rovides  t he  incre ment  of  t he  
initial  field  itself  by  combining  the  4D  m o del  t rajectory  with  t he  
observations  continuous  in  time.  This  is  t he  m os t  de man ding  par t  of 
t he  4DVAR assimilation  in  te r ms  of  CPU an d  com p u ter  me m ory  as  it 
includes  abou t  15  integra tion  of  t he  m o del  (its  linear  and  adjoin t  
version) for  6  hours.

•Inter pola tion  of t he  fields  fro m  low to  high  resolu tion  u sing FullPos. A 
correction  to  t he  FullPos code ha d  to  be applied, with  help  fro m  
Norwegian  m eteorological ins ti tu te. This s tep  involves t ransfor mation  of 
low resolu tion  analysis  an d  low resolu tion  (truncated) firs t  guess
•Trajectory r un: it u p da tes  t he  observational de par tu res  with  respect  to  
m o del s ta te  after  t he  low resolu tion  minimization  so  t he  observations  are 
com pared  again to  m ore  realistic m o del s ta te. It also adds  t he  low 
resolu tion  incre ments  to  t he  firs t  guess  at  high  resolu tion.
•Surface blending: af ter  t he  low resolu tion  minimization, s u rface and  soil 
fields  are copied  fro m  the  firs t  guess. This is do me in or der  to  avoid t he  
impact  of  sim plified  forwar d  and  backwar d  integra tions  on  those  fields.
•Outer  loops: u sing the  s teps  described  above, it was  possible to  repeat  
minimizations  a t  low resolu tion, each  followed by the  t rajectory run. The 
benefit  having m ore ou ter  loops  is expected  fro m  the  re - lineariza tions  of 
t he  m o del t rajectory u sed  in t he  minimization  s tep. 

Study  of  observation increments

The  syste m  was  tes ted  m os tly  u sing  1  observation  because  of  t he  time 
cons t rain t  (minimiza tion  is m uch  quicker  as  only 1  iteration  is needed). After 
t ha t,  t he  sys te m  was  tes ted  also  using  a  com plete  se t  of  aircraft  (AMDAR) 
observations.  Still  u sing  the  4DVAR p ro to type  a t  EARS,  so me  experiments  
were  carried  out  re motely  to  validate  4DVAR  algorith m  at  low  an d  high  
resolu tions  com pared  to  3DVAR. In a  single observation  experiment  we u sed  
one  radiosoun de  observation  of  te m pera tu re  above  Ljubljana  (at  a roun d  500  
hPa).  The  experiment  was  carried  ou t  with  minimiza tions  at  high  (4.4  k m) 
and  low (13.2 km) resolu tion.

• Comparison  of minimiza tions  a t  differen t  resolu tions  s howed  so me 
s mall differences  in s hape, m agnitudes  an d  position  of analysis  
incre ment. The choice resolu tion  affected  m ainly t he  low level 
m ois tu re fields.

• Comparison  to  3DVAR s howed   increased  aniso t rophy of 4DVAR 
analysis  incre ment  and  differences  in m agnitude  and  correlation  
lengths  of t he  analysis incre ments.



• In single observation  4DVAR experiments  t he  p roblem of biperiodic 
incre ments  see ms  to  be even m ore  annoying than  in 3DVAR

• A tes t  with  all cur rently available observations  fro m  OPLACE was 
car ried  ou t, in or der  to  confirm  tha t   t he  code an d  scrip ts  work for  all 
types  of da ta  and  to  assess  t he  time cons t rain ts.. 



Figures

Figure   1:   Temperature   analysis  
increments   at   observation   level   (~500 
hPa) Observatioonal   time window  is 6h  
and observation  is  in  the middle of   the 
time window (18 UTC.)  The  results  are 
shown   at   the   beginning   of   the   time 
window   (15   UTC).   Upper   left:   4DVAR 
minimization at low resolution (13.2 km),  
right:   4DVAR   minimization   at   high  
resolution   (4.4   km),   bottom:   3DVAR   at  
4.4 km using the same initial obsguess  
departure (1 K).



Figure 2: Vertical crosssections of  
temperature analysis increments 

(black contours) and radial winds (red 
and blue contours). Upper left:  

4DVAR minimization(13.2 km), upper 
right: 4DVAR minimization(4.4 km) 
bottom: 3DVAR at 4.4 km using the 
same initial obsguess departure (1 

K). 



Figure 3: Wind analysis increments at  
the level ob temperature observation.  
Upper left: 4DVAR minimization(13.2 

km), upper right: 4DVAR 
minimization(4.4 km) bottom: 3DVAR at  
4.4 km using the same initial obsguess 

departure (1 K). 



Figure 4: Low level temperature 
increments. Upper left: 4DVAR 

minimization(13.2 km), upper right:  
4DVAR minimization(4.4 km) bottom: 

3DVAR at 4.4 km using the same initial  
obsguess departure (1 K).



Figure 5: Vertical crosssections of  
temperature analysis increments (black 

contours) and relative humidity (red 
and blue contours). Upper left: 4DVAR 

minimization(13.2 km), upper right:  
4DVAR minimization(4.4 km) bottom: 

3DVAR at 4.4 km using the same initial  
obsguess departure (1 K). 



Figure 6: Lower troposphere humidity 
increments. Upper left: 4DVAR 

minimization(13.2 km), upper right:  
4DVAR minimization(4.4 km) bottom: 

3DVAR at 4.4 km using the same initial  
obsguess departure (1 K).



Figure 7: Full observation (all obs. available from OPLACE) temperature increments in the 
lower troposphere. Left: 4DVAR minimization(13.2 km) after 20 iterations, right: 4DVAR 

minimization(4.4 km) after 10 iterations with CONGRAD minimizer.



Figure 8: Propagation of single observation temperature increment on the full  
resolution over the assimilation window (DFI used). Initial increment (upper left), +2 h 

forecast (upper right), +4 h forecast (bottom left), +6 h forecast (bottom right).


	Introduction
	Implementation of 4DVAR prototype
	Study of observation increments


