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ABSTRACT 

The annual variation of the global-mean precipitable water ( W) and the associated hydrologi
cal cycle were analyzed with the upper-air data generated by the Global Data Assimilation 
System of the National Meteorological Center for 1981-1991 and the European Centre for 
Medium Range Weather Forecasts from 1983-1991. It was found that the annual variation 
of ( W) coincides with that of the Northern Hemisphere precipitable water [ W] NH. The 
hemispheric-mean ( [ ] ) water budget analysis shows that water vapor is transported from the 
winter to the summer hemisphere across the equator by the Hadley circulation, and that 
the annual variations in the water vapor sink [P- £]for both hemispheres also follow the same 
seasonal march. The amplitudes of the annual variations in these two hydrological processes are 
comparable in both hemispheres. Thus, the annual variations of [ W] NH and [ W] sH are the 
result of slight imbalances between the cross-equator water vapor transport and the water vapor 
sink, particularly in the spring and fall. The climatological hemispheric-mean water budgets 
reveal that the Southern Hemisphere is a water vapor source and the Northern Hemisphere is 
a water vapor sink. The cross-equator water vapor transport constitutes a major source acting 
to maintain [ W] NH, and in tum ( W). The hydrological mechanism maintaining the observed 
( W) annual variation is consistent with that obtained from the hydrological cycle in a IO-year 
(1979-1988) climate simulation done at the Goddard Laboratory for Atmospheres as part of 
their participation in the Atmospheric Model Intercomparison Project (AMIP). 

1. Introduction global climate. As revealed from Figs. I and 2 
based on the data generated by the global data 
assimilation system (GDAS), the global-mean 
precipitable water exhibits a pronounced annual 
variation which follows its seasonal cycle in 
the Northern Hemisphere. Regardless of the 
numerous efforts made in the past several decades 
to explore the atmospheric branch of the global 
hydrological cycle, the annual variation of global 
precipitable water has not been fully analyzed and 
understood. 

Being a principal medium for energy transport 
and exchange, water vapor provides the link 
connecting various processes of the global hydro
logical cycle. Although it constitutes only a small 
portion of the total water contained in the land
ocean-atmosphere system, the atmospheric water 
vapor plays a vital role in the energy balance of the 
global climate system. Thus, in addition to its 
long-term mean climate, we also need to under
stand the cause and maintenance of the water 
vapor's low-frequency variability, which is closely 
related to the low-frequency variability of the 
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According to the water budget equation, the 
rate of change of global water vapor is simply 
equal to evaporation minus precipitation. How
ever, the lack of uniform high quality observations 
over the globe for precipitation and evaporation 
does not allow one to determine the rate of change 
































