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ABSTRACT 

Modem atmospheric data assimilation theory is dominated by the four-dimensional variational 
( 4DV AR) and Kalman filter/smoother approaches. Both generate analysis weights (explicitly or 
implicitly) which are dynamically determined by the assimilation model. A Kalman smoother is 
basically a generalization of the Kalman filter which can process future observations. In control 
theory, a generalization of 4DV AR called Pontryagin optimization can account for an imperfect 
assimilating model. Pontryagin optimization and the fixed-interval Kalman smoother are equiv­
alent when both methods use the same statistical information. We use the equivalence between 
Pontryagin optimization and the Kalman smoother to examine the effect of the perfect model 
assumption on the error statistics and analysis weights of the 4DVAR algorithm. This is done 
by developing the Kalman smoother equations for a a very simple assimilating model. A proce­
dure for diagnosing the effect of model error, based on the observational cost function, is also 
developed. 

1. Introduction 

Atmospheric data assimilation requires an 
atmospheric forecast model for advancing in time, 
forward (observation) models for each of the 
instruments and detailed knowledge of forecast 
and observation error statistics to optimally weight 
forecast and observations. Inaccurate atmospheric 
and forward models as well as mis-specified error 
statistics all lead to analysis degradation, but it is 
the role of the error statistics which has been least 
studied and remains the most problematic. 

We distinguish 3 types of error statistics: obser­
vation errors associated with each instrument, 
model errors which are due to discretization and/or 
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parameterization errors in the atmospheric model 
and forecast errors which are a complex function 
of model and observation errors as well as the 
spatial/temporal configuration of the observing 
system. 

In the optimal interpolation ( OI) and 3-dimen­
sional variational (3DVAR) algorithms, the fore­
cast error statistics are usually specified to be 
stationary, homogeneous and (perhaps) isotropic. 
Estimations of the forecast and observation errors 
have traditionally been obtained by the innovation 
technique (Hollingsworth and Lonnberg, 1986; 
Daley, 1991, chs. 4 and 5). This procedure used the 
North American radiosonde network and a few 
simple assumptions to disentangle observation 
and forecast error and was quite adequate for 
optimum interpolation (OI) algorithms. However, 
this method was not adequate for the more 
advanced three dimensional variational (3DVAR) 
algorithm (which required global statistics), 
because the radiosonde network is badly distri­
buted with respect to the global scales and effective 


































