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ABSTRACT 

The ability of a digital filter technique to control high-frequency gravity wave noise in numerical 
weather forecasts based on the primitive equations is examined in the context of a global data 
assimilation system. The method uses a 12-h forward integration of the complete model to 
generate a time series that is filtered to give a balanced model state valid 6 h into the integration. 
This state is free of high-frequency noise and serves as a background field for the next analysis. 
The technique is referred to as digital filter finalization. The technique is first applied to a long 
model run in order to identify the impact of the chosen cutoff period in the design of the filter 
on a properly balanced model state. The robustness of the technique to typical imbalances 
between the mass and wind fields produced by an operational statistical interpolation procedure 
is also examined. Results of data assimilation experiments performed with the digital filter 
finalization and with the currently-operational adiabatic nonlinear normal mode initialization 
scheme are compared. The digital filter finalization technique examined here is shown to be an 
accurate, consistent and very simple way to remove the undesirable high-frequency noise from 
a global model forecast. 

1. Introduction 

Numerical weather prediction (NWP) models 
based on the primitive equations allow solutions 
with multiple time scales. If not suitably adjusted 
at the initial time, large-amplitude high-frequency 
gravity-wave noise is excited and propagates 
almost linearly in the domain of integration. The 
process of adjusting the initial conditions to avoid 
such imbalances is usually termed initialization. 

The analysis component of conventional data 
assimilation schemes suffers from this problem 
which mostly stems from the fact that a proper 
dynamical balance for atmospheric states requires 
more than the first-order geostrophic assumption 
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normally imposed on the analysis increments. In 
addition, these schemes generally use local (grid­
point) statistical interpolation and are therefore 
unable to impose a coherent global balance. This 
results in fast gravity-wave noise with different 
horizontal and vertical scales superimposed 
on a slowly-varying meteorologically-significant 
state. Traditionally, these imbalances have been 
removed using Machenhauer's (1977) or Baer and 
Tribbia's (1977) nonlinear normal mode initializa­
tion (NNMI) schemes. 

For regional models, the implementation of 
normal mode schemes is less straightforward 
but can be done using implicit NNMI (Temperton 
and Roch, 1991 ). Recently, Lynch and Huang 
(1992) and Huang and Lynch (1993) (hereinafter 
referred to as LH92 and HL93 respectively) intro­
duced a digital-filter technique to initialize fore­
casts produced with HIRLAM (High-Resolution 
Limited-Area Model). Their technique was shown 
to efficiently remove gravity-wave noise in their 
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