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ABSTRACT

Meteorological observations conducted during the Cross Appalachian Tracer Experiment (CAPTEX) were
utilized to quantify the uncertainty in boundary layer trajectory calculations due to low-resolution meteorological
data {the current National Weather Service (NWS) rawinsonde network). Evaluation of several spatial and
temporal interpolation techniques against high-resolution measurements revealed mean absolute errors of 2-4
m s~ in estimation of horizontal wind components,

A trajectory of errors procedure is introduced that allows the quantification of probable errors in transport .

calculation due to imprecise interpolation. Our results, based on the observed distributions of spatial and temporal
interpolation errors during CAPTEX, indicate that boundary layer trajectories calculated using the current
NWS network with 12 h resolution contain a 50% chance of exceeding horizontal displacement errors of 350
km after 72 h travel time. An increase in spatial resolution is shown to improve the accuracy of trajectory
calculations more than an increase in temporal resolution. These results are representative of relatively undisturbed
flow in the northeastern United States and southeastern Canada and do not include the possible effects of

nonindependent trajectory errors.

1. Introduction

The issue of regional-scale air quality degradation
has received a considerable amount of attention in re-
cent years. Several facets of the problem have been
described in detail, e.g., definition of emissions inven-
tories (Benkovitz, 1982), methods of calculating trans-
port and diffusion (Pack et al., 1978), identification of
homogeneous and aqueous phase chemical transfor-
mation processes (National Research Council, 1983),
and wet and dry removal mechanisms (Slinn, 1984;
Sheih et al., 1979). A major limitation to the accuracy
of diagnostic estimation of the long-range transport of
atmospheric pollutants (LRTAP) is the lack of a com-
plete description of three-dimensional wind fields in
the lower troposphere. Regional air quality models of-
ten utilize horizontal wind measurements conducted
routinely by the National Weather Service (NWS) ra-
winsonde network. These measurements have a spatial
and temporal resolution of about 400 km and 12 h,
respectively.

An understanding of the meteorological processes
contributing to LRTAP requires consideration of a
wide range of atmospheric scales of motion. The NWS
rawinsonde network, although capable of resolving
synoptic-scale features with length scales on the order
of 1000 km, is too coarse to identify accelerations in
the wind field associated with frontal passages and phe-
nomena such as the low-level nocturnal jet. Thus, the
use of current 12 h upper-air data may produce sig-
nificant biases in atmospheric transport calculations.
Meteorological models that utilize the hydrodynamic
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equations of motion are capable of resolving smaller-
scale features (Anthes and Warner, 1978), but the
computational expense of exercising these models is
often prohibitive for long-term pollution studies.
Smaller-scale wind fields may also be obtained by any
number of objective analysis techniques (Haagenson,
1982; Goodin et al., 1979). While some objective anal-
ysis techniques can be quite computationally demand- .
ing (e.g., Anthes et al., 1982), others offer a less expen-
sive solution to the problem of inadequate data reso-
lution. The errors produced during spatial and
temporal interpolation, however, will distort the “true”
meteorological fields. Unfortunately, there have been
little high-resolution upper-air wind data with which
to test the reliability of interpolation techniques.
Walmsley and Mailhot (1983) have reported on er-
rors in the representation of nondivergent flow resulting
from spatial and temporal interpolation of analytically
derived winds. They found that errors in‘spatial inter-
polation were dependent on the order of the interpo-
lating polynomial used. Errors in temporal interpola-
tion were shown to be inversely proportional to the
number of terms retained in the Taylor series expan-
sion of the trajectory equation. Kuo et al. (1985) used
a different approach to quantify the effects of low-res-
olution meteorological data on transport calculations.
They conducted several “observing system simulation
experiments” in which trajectories were computed us-
ing meteorological information derived from a meso-
scale meteorology model. The model output, consid-
ered to represent the “true” state of the atmosphere,
was systematically degraded to simulate the effects of






