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ABSTRACT 

Cloud events collected during the summers of 1986-1988 at 5 sites in the Appalachian 
Mountains of the eastern USA were classified on the basis of meteorology. The data consisted 
of cloud water chemical concentrations, liquid water content (L WC), mixed-layer air 
trajectories, synoptic type from weather maps, and whether or not the cloud was precipitating. 
An analysis of variance (ANOV A) supported the hypothesis that the meteorological variables 
describe the cloud water chemical composition (p < 0.001); there were differences between 
precipitating and non-precipitating events (>few hours duration) and among synoptic­
trajectory classes. The highest H+, SOa-, NH;t and N03 concentrations occur when a site is in 
the warm sector of the cyclone or in a cap cloud; lower concentrations occur during easterly 
(marine) flow or post-cold-frontal cloud events. The difference among classes was similar 
when cloud LWC was accounted for; this supports the hypothesis that the synoptic-trajectory 
classes describe differences in the transport and mixing of aerosol and gases rather than L WC 
differences. The chemical concentrations for non-monitored cloudy hours were predicted from 
the meteorological classes and the resulting mean concentrations for the entire growing season 
were compared to the sampled cloud events. Insufficient data exists for examining annual 
variability but, when all 3 years of data were used together, differences between sampling sites 
could be observed. Two southern sites received cloud water with higher solute concentrations 
than two northern sites. Differences in solute concentrations between 2 sites at different 
elevations on the same mountain were observed, with higher solute concentrations observed 
near cloud base. 

1. Introduction 

Cloud water acidity represents a poten­
tial stress to high elevation forests of the 
Appalachian Mountains in the eastern USA. The 
extent of forest canopy exposure to airborne 
chemicals and the amount of acidic deposition to 
a mountain site depend on meteorological and 
chemical factors such as cloud frequency, wind 
speed and direction, liquid water content (L WC) 
and cloud droplet size distribution, and the 
concentration of solutes in the cloud water. We 
present data for the chemical composition and 
L WC of cloud water collected near the crest of 
the Appalachian Mountain range. These data 

Tellus 42B (1990), 5 

consist of hourly samples collected over three 
summers at five ground-based sites, and they 
represent a cloud chemical climatology for high 
elevation spruce-fir forests. 

Cloud water concentrations of SOI-, N03, 
NH.t, and H+ are extremely variable in time and 
space; aqueous SO,t- concentrations can vary 
over three orders of magnitude. Our conceptual 
model of this variation is that aqueous phase 
SOl- concentrations reflect the concentrations of 
the aerosol particle and gaseous sulfur species 
that enter the cloud, the availability of oxidants 
such as H 20 2 and 0 3 in the cloudy air, 
scavenging processes in the cloud, and cloud 
LWC. In our conceptual model the variation in 






































