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ABSTRACT 

A number of experiments investigating four-dimensional variational data assimilation using the 
adjoint method are presented. It has been proposed that the method will be able to produce 
improved initial conditions in data-sparse regions. In order to describe the flow in a region where 
there is little data, it is necessary for observational information either to be advected into the 
region, or to cascade downscale from larger scales characterizing the separation between obser­
vations. We focus on the latter and examine the method's ability to "fill in" small-scale detail 
determined dynamically from large-scale data. We choose to examine barotropic P-plane flow 
since it is one of the simplest geophysical settings involving a wide range of scales. In the limit 
of small error, predictability studies have shown that exponential error growth occurs along the 
gradients of two highly-correlated realizations. When the realizations have decorrelated, error 
statistics saturate at climatological levels. By appealing to the adjoint of the linearized equations, 
the adjoint method accounts for the former behaviour, but not the latter. When the assimilation 
period exceeds the validity timescale of the linearization, the assimilated fields show spectra 
which are spuriously shallow in the small scales, following the basic-state gradients. Moreover, 
it is essential to note that the validity timescale of the linearization is a function of lengthscale. 
Therefore, for a given assimilation period there is a scale below which useful initial conditions 
cannot be obtained. Equivalently, for a given model resolution, there is an assimilation period 
beyond which the exact initial conditions cannot be recovered. Some speculation on the optimal 
resolution at which to. perform 4D data assimilation as a function of the assimilation period is 
offered. 

1. Introduction 

Recently, there has been a renewed interest in 
four-dimensional data assimilation as a potential 
remedy to some of the deficiencies of current 
statistical interpolation schemes. This has been 
spawned by the work of Lewis and Derber ( 1985 ), 
LeDimet and Talagrand ( 1986) ( LDT86 hereafter) 
and Talagrand and Courtier ( 1987) (TC87 here­
after) who demonstrated that the use of adjoint 
methods made it feasible to perform a quadri­
dimensional variational assimilation ( 4Dvar) with 
fairly realistic models (for a review, see Courtier 
et al. ( 1993) ). The strong points of 4Dvar are 
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several. With respect to the observations, it allows 
them to be assimilated at the time they are made 
and in their raw form. Moreover, 4Dvar is a con­
strained minimization in that initial conditions X0 

at t 0 are sought to fit globally all observations con­
tained within a time interval (t0 , t 0 +Ta), where Ta 
is the assimilation period. These initial condi­
tions act as control variables of the minimization 
and determine the model state X( t) at all times. 
Recently, Andersson et al. (1992) have shown 
how this introduces a dynamic coupling between 
the model's variables. For instance, their results 
showed that observations of humidity inferred 
information about the advecting wind field. 

With respect to the fact that model resolutions 
are constantly increasing, observational networks 
will always remain in some sense coarse and the 
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