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ABSTRACT 

A highly simplified 4-dimensional variational data assimilation ( 4DVAR) system is formulated 
aiming at an early operational implementation on current supercomputers. The system is a 
hybrid system based on both an intermittent data assimilation, including an Optimal 
Interpolation (OI) analysis scheme, and a 4DVAR setup. The idea is to use the adjoint model 
to produce an improved first-guess for the OI scheme. A 5-day data assimilation is chosen to 
demonstrate the applicability of our method. It is shown that the analysis increments are 
reduced and the forecast of a rapid cyclone development is improved. 

1. Introduction 

Many meteorological data assimilation systems 
in operational use today rely on the optimum 
interpolation methods (01) (Eliassen, 1954; 
Gandin, 1963) applied at fixed analysis times. 
Time continuity is obtained by using a forecast 
from the previous analysis time as a first guess 
field for the optimum interpolation. A new 
method, four dimensional variational data assim­
ilation ( 4DVAR), was first suggested by Le Dimet 
and Talagrand ( 1986) and by Lewis and Derber 
(1985). The main idea is to use observations over 
a finite time interval to compute an optimal initial 
state for a numerical forecast model. The 4DVAR 
technique ensures an initial state where the time 
development of meteorological systems is handled 
consistently with the dynamics of the forecast 
model. A main shortcoming of 01 in an intermit­
tent data assimilation system is that rapidly devel­
oping systems may be damped because the analysis 
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increments in standard 01 are equivalent baro­
tropic for single level observations. Most rapidly 
developing mid-latitude meteorological systems 
have a pronounced baroclinic tilt which cannot 
be described by barotropic theory. A preliminary 
attempt to take some of the baroclinic develop­
ments into account in an intermittent 01 based 
system is described by Bengtsson (1980). 

The 4DVAR idea has been pursued at several 
meteorological forecasting centers (Thepaut and 
Courtier, 1991; Zupanski, 1993) but a clear disad­
vantage with a full 4DVAR system is the immense 
amount of computing time which is needed for 
data assimilation. Comparing with the computing 
time needed for the actual forecast, the originally 
proposed 4DVAR technique requires about 100 
times as much computer time. Recently Courtier 
et al. ( 1994) have proposed an incremental tech­
nique which drastically reduces the required com­
puting resources. In an incremental system it is, 
however, assumed that observations are handled 
with the same technique as in a full 4DVAR 
system both with respect to interpolation etc. and 
with respect to quality checking. One advantage 
with present 01 schemes is the extensively tested 
































