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ABSTRACT 

The sens1t1v1ty of a general circulation model to changes in the initial soil moisture 
distribution is illustrated through the detailed analysis of a case study. Two summer climate 
simulations are compared where initial soil moisture was obtained from a climatological 
distribution or from a previous integration of the model. In a third experiment, the 
climatological distribution of soil moisture is used as a fixed boundary condition throughout 
the integration. At low latitudes, the initial difference in the zonal mean soil moisture causes a 
significant difference in the soil temperature or land-surface evapotranspiration, but persists 
only up to 15 days. At high latitudes, the initial difference is more persistent, lasting through 
the end of the integration (50 days). In particular, large soil moisture differences persist over 
Siberia or North America during the whole integration and cause persistent temperature 
differences of a few degrees in the same regions. At high or middle latitudes, the soil-moisture 
values at the end of spring may therefore significantly influence the climate of the subsequent 
summer. Potential evapotranspiration determines to a large extent the characteristic time 
scale of the ground hydrology. 

1. Introduction 

The sensitivity of the atmospheric general cir­
culation and hydrological cycle to soil moisture 
conditions has been demonstrated by a large 
number of numerical studies. These studies com­
pared the climatic state resulting from the pre­
scription, on a global or continental scale, of 
sustained dry or wet conditions (Manabe, 1975; 
Walker and Rowntree, 1977; Kurbatkin et al., 
1979; Shukla and Mintz, 1982; Rowntree and 
Bolton, 1983). Although the experiments above 
were very different in nature, they all illustrate 
the importance of land surface processes in the 
maintenance of the present climate. The surface 
temperature can vary by as much as 20°C, from 
dry to wet surface conditions. 

The climatological effect of sustained soil mois­
ture anomalies appears thus to be rather well 
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established. It is still an open question, however, 
whether the atmospheric effects of such anomal­
ies permit improvements in long-range forecast­
ing (LRF). Such improvements will depend on 
the time scale of the persistence of anomalous 
land surface conditions in the presence of 
interactive soil hydrology. Walker and Rowntree 
(1977) have shown extended persistence of 
soil-moisture anomalies over the Sahel, which 
were confirmed by subsequent experiments 
(Cunnington and Rowntree, 1985). In the experi­
ments of Rowntree and associates, the climate 
system seems to be intransitive: the equilibrium 
reached starting from initially dry conditions is 
different from the one which is reached starting 
from initially wet conditions. 

The role of latitudinal variations in the time 
scale of land surface hydrology has been 
emphasized by Yeh et al. (1984): they found that 
soil moisture anomalies persist longer at high 
latitudes, due to the diminution of solar heat flux. 
In the study by Yeh et al. (1984), although 
relatively large initial soil moisture differences 
were prescribed, the model behaved in a 
transitive manner and the same equilibrium was 
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