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ABSTRACT

Individuals responsible for emergency response or environmental/dose
assessment routinely ask if there are enough meteorological data to adequately
support their objectives, The answer requires detailed consideration'of the intended
applications,capabilities ofthe atmospheric dispersion model data, pollutantrelease
characteristics, .terrain irl the modeling region, and size and distribution of the
human population in the modeling domain. The meteorologist's detailed knowledge
of, and experience in, studying atmospheric transport and diffusion can assist

in determining the appropriate level of meteorological monitoring.
INTRODUCTION

At facilities that rnay release hazardous pollutants to the atmosphere,

limited resources must be efficiently allocated among different
components of environmental/dose-assessment systems (meteorolog-
ical monitoring, data acquisition, computer hardware, computer
software, personnel). The ability to effectively model environmental

impacts has improved in recent years with increased availability of
small, high-speed, relatively inexpensive computers and more
sophisticated dispersion and dose-assessment models. Unfortunately,

many meteorological monitoring programs have not been upgraded
to provide the additional information that can be effectively utilized
by new modeling systems.

I

In evaluating the effectiveness and appropriateness of meteorological
monitoring programs, individuals responsible for planning and
operating emergency response or environmental/dose-assessment

programs routinely ask whether enough meteorological data are being
obtained to adequately support their objectives. There is no simple
answer to this question. Many factors affect the design of meteorological
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monitoring networks, and e_ach must be considered when determining
the number, location, and _,ype of meteorological monitoring stations
required. The objective of this paper is to discuss the factors that
must be considered when c eveloping a new meteorological monitoring
program or reevaluating the adequacy of an existing program.

I will review the conce_t of spatial and temporal variation in
meteorological parameters to illustrate why more than one monitoring
station and type of measui'ement are needed to provide data for most
atmospheric dispers:on mlodeling applications. I will also discuss the
major factors to be considered when assessing capabilities of a
monitoring network, i

J

SPATIAL AND TEMPORAL VARIATION IN THE ATMOSPHERE
i

Emergency response and environmental/dose assessment v,'_uld bei
easier if the atmosphere were uniform and unchanging. In such an
environment, winds measured at one location and at one time would
always represent conditioins throughout a modeling domain. In nature,
the atmosphere is dynamiic; wind speed, turbulence, and temperature
vary significantly from plfi,ce to place (spatial variation) and with time

O (temporal variation), temperature one
Winds and at near-surface

monitoring location are not necessarily representative of conditions
several hundred meters down the road, several tens of meters aloft,

• i
or several minutes earher_or later.

Atmospheric changes occur as a result of multiscale influences. Large-
scale influences (more than 100 km apart) include weather systems
such as fronts and regions of high pressure• Medium-scale influences
(between 2 and 100 km) include land/sea and mountain/valley
circulations caused by differential solar heating and radiational cooling
rates. Local-scale influences (less than 2 km) result from variations
in local topography, buildings, and changes in surface roughness. In
complex terrain, medium and local-scale influences are stronger and
more frequently experienced than with uniform terrain.

Horizontal variations in atmospheric variables can be detected near
the surface with inexpensive monitoring stations consisting of a wind
vane/anemometer and temperature probe on a short tower; these
stations might also have instruments for measuring other parameters.
Vertical variations in atmospheric parameters are more difficult and
expensive to measure than horizontal variations. Although vertical
variations are often significant in atmospheric dispersion, they are
seldom rigorously characterized because of the difficulties and expense

associated with routine monitoring.
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In recent years, traditional methods of measuring vertical variations
(e.g., instrumented towers, balloon systems) have been augmented by _;

remote sensing techniques. Remote sensing is not as vertically limited _:
as tower-based monitoring and provides more comprehensive _
information than balloon systems. Remote systems, such as a Doppler
acoustic sounder, can simultaneously monitor wind directions and
speeds (including turbulence parameters) throughout most of the
boundary layer (Mason and Moses, 1984). Although there were
significant drawbacks to remote monitoring systems in the past, recent
technological advances (with associated decreases in purchase and
maintenance costs) have made use of the remote sensing equipment
feasible for many applications.

CONSIDERATIONS WHEN PLANNING A METEOROLOGICAL
MONITORING NETWORK

The number, location, and type of meteorological measurements needed
for dispersion modeling depend on several factors. Some of these are
obvious and easy to assess, others are frequently overlooked or are
difficult to evaluate. Most important when designing or evaluating a
monitoring program is that the purpose of the environmental/dose-
assessment system be considered. Are data being collected for
climatological purposes, for routine environmental/dose assessment,
or for emergency response? For climatological assessments, one
monitoring site (representative of conditions at the potential release
site) may be sufficient. If the environmental impacts of long-term or
routine atmospheric releases are being assessed, an expanded
meteorological monitoring network may be required to provide
information on long-term spatial and temporal differences in wind
speed and diffusion parameters. For emergency-response applications
or study of any short-term release, additional monitoring sites are
often required to provide detailed information on short-term spatial
and temporal variations.

Second, the quantity and quality of data provided by a monitoring
network must be compatible with the meteorological data requirements

of the system's dispersion models. When dispersion modeling
capabilities are upgraded, increased meteorological monitoring is
frequently required. It is often cheaper and easier to upgrade a system's
modeling capability than to upgrade its monitoring capability; as a
result, monitoring capabilities are often not upgraded to provide the
data needed to take full advantage of enhanced modeling capabilities.
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Managers may erroneously believe that an enhanced modeling
capability will, by itself, produce improvements in environmental/dose
assessments.

Other factors to consider when evaluating a meteorological monitoring
program include:

• Type and quantityofl_\_llutantsreleasedto the atmosphere.
If a pollutant can be transported long distances in sufficient
concentration to cause concer_ meteorological monitoring must
represent conditions throughouc the potentially impacted region.
Alternatively, if pollutant concentrations drop below levels of
concern at short distances from the release location, limited
monitoring near the release location may be sufficient.

6 Heightof thepollutantreleaseand buoyancy.Ifnear-surface,
nonbuoyant releases are of concern, near-surface monitoring will
provide the most important information for characterizing
atmospheric transport. If atmospheric release _ are elevated or
positively buoyant (owing to vertical velocity or temperature of
the effluent), transport of pollutants may be dominated by winds

O aloft; cases, measurements may not
in such near-surface wind

represent winds aloft.

• Terrain characteristics (e.g., topography, vegetation, and
buildings). Sign: cant spatial and temporal variations in
atmospheric dispersion occur more frequently in areas with
complex terrain than in areas of unchanging topography. As a
result, more meteorologic_ monitoring is required for a complex
terrain environment. For a relatively flat area and a small modeling
domain (e.g., 10 to 50 km wide), measurements at a single station
may adequately represent conditions under most weather
conditions. When terrain is more complex, additional monitoring
locations are typically needed to adequately represent horizontal
variations in the wind field.

• Size of modeling domain (e.g., large, medium, or local scales).
The larger the modeling domain, the higher the probability that
medium- and large-scale influences will produce significant spatial
variations. Therefore, the larger the modeling domain, the more
meteorological monitoring is required.

• Distribution of human population. Because of concern for human
health, additional monitoring is frequently required to more
accurately characterize potential transport along pathways
leading toward populated areas.
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In addition, meteorological data must be reliable and must be available
when needed. Formal maintenance and quality control programs are
essential to maintain data reliability. A monitoring network is of no
use if equipment is off line or if measurements are grossly inaccurate.

Data for emergency-response applications are useful only if available
in close to real time. Data acquisition systems that record data on

cassette tape or that require manual processing are inappropriate for
emergency-response applications.

CONCLUSIONS

Resources must be properly distributed to maximize the performance
of emergency-response and environmental/dose-assessment systems.
Meteorological monitoring must be appropriate fer the intended
application, available dispersion models, pollutant release character-

istics, terrain complexity, size of modeling domain, and distribution
of local population centers. Even when properly designed, meteoro-

logical monitoring programs are effective only when data are reliable
and available to users in an appropriate time frame for the intended

application.

In many systems, meteorological monitoring must characterize
horizontal, vertical, and temporal variations in atmospheric
parameters. Recent technological innovat'.ons involving remote sensing
have made feasible the real-time assessment of vertical variations in

atmospheric variables. Consideration should be given to upgrading the

capability of many monitoring programs to allow for characterization
of vertical variations in winds and turbulence.

To more effectively allocate resources for meteorological monitoring,
experienced meteorologists should be involved in the planning,
development, operation, and maintenance of monitoring networks. The
question of "how much is enough" can only be answered on a case-

by-case basis. In some cases, the answer may involve a reduction in
monitoring; in most cases, the increasing capabilities of environmental/
dose-assessment models require more detailed characterizations of
meteorological conditiol'_s than existing monitoring programs provide.
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