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Surface-based monitoring programs provide the foundation for associating air pollution and
causal effects in human health studies, and they support the development of air quality standards
and the preparation of emission reduction strategies. While surface oriented networks remain a
key tool for addressing traditional single pollutant human exposure challenges, these networks in
isolation arc not capable of adequately addressing emerging assessment challenges that consider
linkages across pollutant categories, spatial scales, and environmental media. This increasing
complexity of air quality assessments will gradually accelerate the reliance on environmental
modeling systems featuring multi-dimensional descriptions in time and space. Accordingly, our
design perspectives on observation systems must adapt complementary observation and
modeling approaches. Paralleling this increased importance of models are major concerns about
the adequacy of existing observation systems to provide the observations needed to support
model evaluations and data assimilations for day-to-day operational assessments of the
environment. For example, a model's ability to characterize surface air quality and deposition
depends on properly characterizing physical and chemical processes throughout the atmospheric
column, as well as the larger scale regional transport into the area. Because most pollutants and
precursors for chemical and aerosol production reside above the immediate surface where point
sensors provide measurements, it becomes important to examine the spatial and temporal
heterogeneity through the atmospheric column. This article provides an overview of observation
systems in use today to address comprehensive characterization of the planetary boundary layer,
air quality and meteorological variables, and puts forth a series of recommendations to be
considered in addressing important observations gaps.

What applications benefit from 4D characterization?
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Linking human health and environmental welfare effects with air quality, which is the
basis for developing U.S. National Ambient Air Quality Standards;
Determining compliance with relevant standards;
Developing emission reduction strategies through source apportionment studies, air
quality model evaluations and model applications;
Assessing progress in response to implemented emission strategies;
Forecasting air quality to infonn the public of potential adverse air pollution; and
Elucidating atmospheric processes to improve physical and chemical basis for air
quality modeling systems.

Ultimately, the value of the environmental policies depends upon the observational data used for
developing and constraining the model data products.

Observations are necessary to constrain calculations and keep the c1cments of the four­
dimensional space-time array within bounds to properly characterize the current and changing
state of the environment. Sufficient numbers of adequate quality observations are required to
assure representative descriptions of the environment from model calculations and provide a
basis for:
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