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ABSTRACT 

A three-way relationship is derived between the size of a library (M years) of historical 
atmospheric data, the distance between an arbitrarily picked state of the atmosphere and its 
nearest neighbor (or analogue), and the size of the spatial domain, as measured by the number 
of spatial degrees of freedom (N). It is found that it would take a library of order 1030 years to 
find 2 observed flows that match to within current observational error over a large area such as 
the Northern Hemisphere. Obviously, with only 10-100 years of data, the probability of finding 
natural analogous is very small, unless one is satisfied with analogy over small areas or in just 
2 of 3 degrees of freedom as represented, for instance, by 2 or 3 leading empirical orthogonal 
modes. We further propose the notion that analogues can be constructed by combining a 
number of observed flow patterns. We have found at least one application where linearly con­
structed analogues are conclusively better at specifying US surface weather from concurrent 
700 mb geopotential height than natural analogues are. 

1. Introduction 

It has long been assumed that if 2 observed 
atmospheric states are very close initially they will 
remain close for some time to follow. This intuitive 
assumption has two aspects that need to be dis­
tinguished, one diagnostic and one prognostic. 
The analogue diagnostic aspect is concerned with 
identifying atmospheric states that are so close 
that they can be called each others' analogue. 

The identification of analogues is a classical 
theme in meteorology. With some emphasis we 
invite the reader not to associate the word 
analogue with forecasting exclusively. To our 
knowledge there appear to be at least 6 areas of 
interest where the concept of analogues is relevant 
or even applied in practice. They are (one reference 
per area added): ( 1) short-range forecasting 
through analogues (Shabbar and Knox, 1986), 
(2) specification of surface weather through anal­
ogues to a prognostic upper level map (Kruizinga 
and Murphy, 1983 ), (3) long-range forecasting 
through analogues (Barnett and Preisendorfer, 
1978 ), ( 4) estimation of atmospheric predictability 
(Lorenz, 1969), (5) estimates of the dimension of 

atmospheric phase space (Fraedrich, 1986) and (6) 
cluster analysis (Wallace et al., 1991 ). 

A very major problem in meteorological prac­
tice is that there are, diagnostically, no very 
good analogues to begin with (Lorenz, 1969; 
GutzlerandShukla, 1984;ShabbarandKnox, 1986; 
Ruosteenoja, 1988; Toth, 199la). This is generally 
attributed to the short historical record of observa­
tions (order 10-100 years) which makes it highly 
unlikely to find two matching atmospheric states 
over the entire globe given the large variety of 
atmospheric flow. 

As an illustration of the problem of finding a 
good analogue, a fresh example is given in Fig. 1. 
For each of the 61 days between 16 June 1990 and 
15 August 1990 we searched a library to find the 
nearest neighbor in terms of root-mean-square 
difference in global OOGMT 500 mb geopotential 
height on a 2.5 x 2.5 degree grid. The library con­
sists ofOOGMT 500 mb geopotential height for the 
same dates in the non-matching years 1987, 88, 
89, 91 and 92. For each base date one of the 305 
( 5 x 61 ) candidates is the nearest. The distance to 
the nearest neighbor (DNN) is plotted in Fig. 1 as 
a function of time. Typically the DNN is 80 to 
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