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ABSTRACT 

An experimental test is proposed of the hypotheses behind 2 models of Junge's empirical result 
relating fluctuations in concentrations of atmospheric trace constituents to their residence 
times. The test, which probably could be performed using available data, involves calculating 
the coefficient of variation, Fe, for sampling periods of different duration, ~tE, (or for portions 
of a single data record). For one theory, Fe would be independent of ME; the second theory 
suggests that Fe will increase linearly with ~tE, at least for small ME. Moreover, the second 
theory suggests that the initial slope of the Fe versus ME curve is related to the residence time 
Tr via lim(ME----* O){dFe/d(ME)} = [ Jf2Tr]- 1

• 

1. Introduction 

Junge (1974) demonstrated an empirical re­
lationship between concentration fluctuations for 
trace atmospheric constituents and their atmos­
pheric residence times, Tr. He found that the 
coefficient of deviation (the standard deviation 
divided by the mean) was inversely proportional 
to T" with the proportionality constant (0.14 
years) the same for all chemicals. Subsequently, a 
number of authors have searched for a theoretical 
basis for lunge's relationship (Gibbs and Slinn, 
1973; Baker et al., 1979; Jaenicke, 1982; 
Hamrud, 1983; Slinn, 1983, 1988a, b). As stated 
in Slinn (1988a) [hereinafter Sa]: 

Hamrud 's analysis is particularly illuminating: he 
emphasizes that lunge's result is more appropriately 
interpreted, not as a relationship for fluctuations in 
time at a particular point, but as a measure of the 
spatial variability of the concentrations. If Hamrud's 
interpretation is coupled with a part of Jaenicke's 
concept of finite sampling-time, then the following 
simple model can be developed. 

The resulting simple model has been criticized 
by Jaenicke (1989), who sees little difference 
between the model and the one developed in 
Jaenicke (1982). The response by Slinn (1989) 
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suggests that there are differences and suggests 
that an experimental test might be able to dis­
tinguish between the different hypotheses. The 
purpose, here, is to describe the proposed test. 

2. Eulerian versus Lagrangian times 

Fig. 1 is used to elucidate measurable differ­
ences between the two theories. In Fig. la, curve 
la(i) shows hypothetical variations of the 
concentration, C, of some chemical as a function 
of local (Eulerian) time, tE. As is well known, 
there can be many causes of concentration 
variations; here, to start, assume that the vari­
ation is primarily caused by differences in 
(Lagrangian) travel times between a single source 
and the detector. Under some conditions (see 
later), the case of multiple sources can be treated 
relatively easily, but as mentioned in Sa, there 
remain a number of restrictions of the theory for 
the case of a finite area source in a three- (or even 
two-) dimensional world. Hamrud 's numerical 
calculations give informative examples of these 
complications and demonstrate that more theor­
etical studies are needed. 












