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ABSTRACT 

A method of analyzing the divergent part of the marine boundary layer flow is presented in the 
context of two-dimensional statistical interpolation. Instead of assuming geostrophic balance of 
observed minus background differences, a linearized Ekman balance is assumed. This results in 
correlation functions that are rotated with respect to the geostrophic correlation functions by a 
turning angle that is precisely the difference between the actual and geostrophic wind at mean 
sea level. The turning angle is also related to the degree to which divergent flow due to friction 
is analyzed; the larger the turning angle, the larger the extent of the analysis of divergent flow. 
Case studies comparing geostrophic and ageostrophic analyses show that changes to the 
pressure field occur when the turning angle is large and wind observations are sufficiently dense. 
Ageostrophic analyses are shown to contain divergent analysis increments and consequently, 
realistic wind analysis increments result. 

1. Introduction 

The aim of this work is to develop a method 
of analyzing the divergent component of marine 
boundary layer winds. Two primary factors 
motivate this research. (i) Since wind stress is the 
primary force driving ocean wave models, accu­
rate representation of near surface winds over the 
ocean is needed for accurate forecasts of wave 
heights. Current operational objective analyses of 
marine winds are considered inadequate for these 
purposes by wave modelers (Cardone, 1992). Since 
surface winds are well correlated with surface 
geostrophic winds over the ocean only for periods 
longer than 4 days (Marsden, 1987), it is clear that 
a geostrophic wind analysis will not adequately 
analyze the high frequency part of the signal. 
The fact that analyses are typically derived from 
geostrophically balanced corrections to model 
trial fields may contribute to the inadequacy of 
marine wind analyses. (ii) With the recent launch 
of the ERS-1 satellite, scatterometer winds have 
become available to the data assimilation com­
munity. Since this data is available at high density 
(25 km), it is important to be able to analyze the 
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mesoscale as well as the synoptic scale part of the 
flow in order to make "optimal" use of the data. 
Mesoscale flow is less quasi-non-divergent than is 
large scale flow so mesoscale analyses will require 
an adequate depiction of the divergent part of the 
flow. Early attempts to assimilate SEASAT-A scat­
terometer data were not encouraging (Baker et al., 
1984; Duffy et al., 1984; Yu and MacPherson, 
1984; Anderson et al., 1987; Ingleby and Bromley, 
1991) but all of these studies required some form of 
balance between the rotational wind and the 
geopotential increments. 

As a first step to considering the full three 
dimensional analysis problem, we focus upon the 
problem of assimilating marine wind data into 
two dimensional mean sea level analyses. Such 
analyses serve not only as input for wave models 
but also as a resource for meteorologists issuing a 
forecast. Currently, such analyses are performed at 
the Canadian Meteorological Centre (hereafter 
CMC) using a multivariate statistical interpola­
tion scheme (see Mitchell et al., 1993; 1990 for 
details). In what follows, the statistical interpola­
tion scheme shall provide the context within which 
we consider the problem of analyzing near surface 






































