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ABSTRACT 

Many of the errors involved in applications of one-dimensional modelling of meridional trans­
port of atmospheric constituents arise from the practice of approximating vertically-averaged 
concentrations with surface data. We propose a simple correction that greatly reduces these 
errors. 

The purpose of this note is to give an expanded 
description of a correction term that we recently 
proposed (Newsam and En ting, 1988) for use 
with one-dimensional (latitude-only) models of 
atmospheric transport. Despite their limitations, 
one-dimensional models including only the north­
south transport of atmospheric constituents 
continue to be used in the interpretation of 
atmospheric constituent data (see, e.g., Bolin and 
Keeling, 1963; Keeling and Heimann, 1986; Levin 
et al., 1987). Their appeal lies in their simplicity 
and ease of use, and in the possibility of obtaining 
semi-analytic solutions which may give greater 
insight than might be got from a "black-box" 
numerical model with two or three spatial dimen­
sions. 

The drawback of one-dimensional models is, of 
course, their limited accuracy. Moreover, as noted 
by Bolin and Keeling ( 1963 ), their use in the 
inverse problem of deducing surface sources 
from surface concentration data suffers from 
catastrophic amplification of small-scale noise. 
(For more recent discussion of this instability see 
Enting (1985), Enting and Mansbridge (1989), 
Newsam and Enting (1988) and Enting and 

* Present address: Electronics Research Laboratory, 
D.S.T.O., P.O. Box 1600, Salisbury, S.A. 5108, Australia. 

Newsam (1990)). Thus, the catastrophic amplifica­
tion of inherent model errors would appear to 
preclude the use of one-dimensional models for 
the inverse problem. 

Our recent analyses, however, show that the 
major source of error in such applications is not 
due to the model itself but rather to errors in the 
way in which the data are substituted into the 
model. We present here two derivations of a simple 
correction that reduces such errors. These may be 
able to be generalized to provide similar correction 
procedures for use with other models whose 
dimensions have been reduced by averaging. 

The need for the correction arises from the dis­
crepancy between the available data and the 
variables appearing in the model. One-dimen­
sional models work with vertically averaged con­
centrations, c(O, t). However, such data are usually 
unavailable; most measurements are of surface 
concentrations, cs(O, t). The usual procedure is 
simply to substitute cs for c; as we shall see, this 
approximation can introduce serious errors so we 
propose, as an alternative, the following higher­
order approximation: 

c(O, t)=cs(O, t)-s(O, t)(p0 -pi}/(3KKP), (1) 

where tis time, 0 is co-latitude, s(O, t) is the zonally 
averaged surface source, KP is a vertical diffusion 
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