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the spelling process and may be selec­
tively affected following brain damage" 
but this selectivity may not be truly 
specific to writing. It is furthermore 
difficult to imagine that the direction of 
the effect could be reversed in other 
patients. Roberto Cubelli has shown that 
a dysgraphic patient could write that 

name as R B R T C B LL ; but the 
odds do not appear favourable that we 
shall ever find his name transcribed as 
OEO UEI. 0 
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CLIMATE CHANGE------------------

Is water vapour understood? 
R. L. Jones and J. F. B. Mitchell 

ON page 244 of this issue1, Kelly and 
colleagues describe a marked imbalance 
in the water to be found in winter in the 
upper tropospheres of the Northern and 
Southern Hemispheres. The observation 
may have considerable implications for 
modellers attempting to forecast the 
course of climate change. 

Water vapour is the single most im­
portant greenhouse gas2- 4 • In the vapour 
phase in the upper troposphere it mod­
ulates the outgoing longwave radiation, 
and is an integral part of the formation 
of clouds , which affect both the incom­
ing solar and outgoing longwave radia­
tion fluxes5 • Concentrations of water in 
the atmosphere are expected to change 
in response to changes in concentration 
of other greenhouse gases. For example, 
as increases in carbon dioxide warm the 
surface and atmosphere, more water 
evaporates from the surface and remains 
in the atmosphere . In fact the amount of 
water vapour which can be held in­
creases exponentially with temperature. 
Because water vapour is such a strong 
greenhouse gas , this increase traps more 
longwave radiation , further warming the 
surface and troposphere and so amplify­
ing the initial warming. This feedback is 
very significant and can increase the 
original perturbation by as much as a 
factor of two6 in the absence of other 
feedbacks. 

It is thus vital for climate prediction 
models to be able to predict reliably 
changes in the global water vapour dis­
tribution. Hence an important test of 
any climate model is its capacity to 
reproduce the present distribution of 
water vapour and the extent to which it 
incorporates the processes which control 
water vapour in the atmosphere. 

Global measurements of the total 
water content do exist7, and there are 
measurements in cloud-free conditions 
Equatorward of 60 degrees8. Kelly et al. 
now present new and highly accurate 
measurements of water vapour in the 
upper troposphere at latitudes poleward 
of 40 degrees. Although these are as yet 
only for winter months , they provide 
fresh information on the global distribu­
tion of water and, as the authors show, 
offer insights into the mechanisms which 
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control water concentrations in the up­
per troposphere. 

In their paper, the authors present 
measurements of water vapour in the 
upper troposphere and low stratosphere 
of both hemispheres obtained from 
hygrometers on board a DC-8 and an 
ER-2 aircraft. The measurements them­
selves are striking in that they show that, 
at middle and high latitudes throughout 
the upper troposphere and lowest stra­
tosphere, in winter there is two to four 
times more water vapour in the North­
ern Hemisphere than in the Southern. 
Kelly et al. then describe a case study 
which shows that dryness in the upper 
troposphere of the Southern Hemisphere 
at mid-latitudes can result from large­
scale transport of that mid-latitude air to 
polar regions. There , adiabatic ascent 
occurs, cooling the air sufficiently to 
dehydrate it to the concentrations of 
water vapour observed at mid-latitudes. 
In essence, the authors' argument is that 
the observed interhemispheric water dif­
ference is a direct consequence of diffe­
rent polar temperatures in the upper 
troposphere of the two hemispheres in 
winter. 

It is important to establish whether 
current climate models reproduce this 
asymmetric interhemispheric distribution 
of water (which incidentally does not 
appear so markedly in the relative 
humidity), and whether they incorporate 
the dehydration mechanism Kelly et al. 
describe . Together with G . Cookmartin, 
we have analysed results from a general 
circulation model (GCM)9, run for 
another purpose , to consider these ques­
tions . In the GCM simulations it was 
found that at high latitudes (polewards 
of 65 degrees) there is an asymmetry in 
the water vapour concentrations in the 
upper troposphere in the same sense as, 
but less marked (only up to a factor of 
two) than, that in the observations. At 
lower latitudes in the GCM , this asym­
metry in the concentrations declines and 
even changes sign . 

There are , of course, a number of 
difficulties with such a comparison. First , 
the model diagnostics used were season­
al and zonal (or ocean only) averages 
and were thus not strictly comparable to 

the authors' data which had different 
geographical and temporal sampling. Be­
cause of this limited coverage there is 
also a question of the representativeness 
of the authors' data. For these reasons it 
is not yet possible to establish whether 
the discrepancies represent a fun­
damental limitation of the GCM. Clearly 
though, the data provide an important 
and stringent test of it. 

The notion raised by Kelly et al. of 
dehydration of middle and upper tropo­
spheric mid-latitude air in polar regions 
also raises some interesting questions. In 
GCMs, local water vapour content is 
controlled by a variety of processes , 
including condensation and evaporation , 
which depend strongly on local tempera­
ture , and transport of more or less moist 
air from elsewhere. It is important for 
the accurate simulation of the water 
vapour distribution, and the calculation 
of the water vapour feedback, that the 
balance of these controlling processes is 
correctly reproduced by the model. As 
Kelly et al. point out, there are indica­
tions that the flows in numerical models 
of the atmosrhere tend to be too zonal 
in character1 . If so, and if the contribu­
tion of Kelly et al. 's mechanism for 
dehydration is substantial, this balance 
may not be correct and, for example, 
GCMs will tend to restrict any water 
asymmetry to high latitudes, a feature of 
the results described above. 

If, as Kelly et al. suggest, polar 
temperatures control water vapour con­
centrations at mid-latitudes, because 
mid-latitude and polar tropospheric 
temperatures respond similarly to cli­
mate forcing2•11 the simplistic conclusion 
is that current GCMs may still have the 
correct water vapour feedback in the 
extra-tropics , but for the wrong reason. 
The authors' main achievement, how­
ever, is to have demonstrated the value 
of accurate water vapour measurements 
in the upper troposphere for assessing 
climate models, and thereby show the 
need for a more systematic study. D 
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