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ABSTRACT

Routine and supplemental rawinsonde observations collected during the Preliminary Regional Experiment
for Storm-Central (PRE-STORM ) were analyzed to assess the uncertainty in boundary-layer trajectory calculations
due to imprecise interpolation of the horizontal wind field. This study was designed to complement our earlier
analysis of rawinsonde data collected during the Cross Appalachian Tracer Experiment (CAPTEX; Kahl and
Samson 1986). The present study is representative of widespread convective conditions, while our previous
study was representative of fairly persistent, undisturbed flow.

Spatial autocorrelation analysis revealed significant wind field variability on scales less than 100 km, Evaluation
of several spatial and temporal interpolation techniques yielded mean absolute errors in estimation of 4 and v
wind components ranging from 3.3-6.5 m s~'. Spatial interpolation accuracy improved only stightly when
supplemental measurements were included in the interpolation procedure.

Estimates of trajectory errors were obtained using the “trajectory of errors™ model of Kahl and Samson
(1986). Mean horizontal errors of 495 km were found after 72 h of travel. Contributions of spatial and temporal
interpolation to the overall trajectory error were equivalent. Trajectory errors were 40% greater than those
estimated using CAPTEX interpolation statistics,

The presence of predominant mesoscale circulations during PRE-STORM is responsible for the elevated
small-scale wind variability as compared to CAPTEX conditions, thus leading to larger interpolation errors
and, in turn, larger trajectory errors. Our results suggest that data resolution finer than that considered in this
study is necessary to significantly improve trajectory accuracy during meteorological conditions similar to

PRE-STORM.

1. Introduction

Estimates of long-range pollutant transport are es-
sential to studies of acid deposition, visibility reduction,
and other issues related to regional air quality degra-
dation. Air parcel trajectory models are commonly used
to infer source-receptor relationships for atmospheric
tracers. These models are subject to error, however,
due to the limited spatial (about 400 km between sta-
tions) and temporal (two reports daily) density of up-
per-air meteorological measurements. Interpolation
between stations and measurement times introduces
considerable uncertainty into trajectory calculations.

Verification studies of trajectory models must rely
on indirect methods due to the extreme difficulty in
obtaining “‘observed” trajectories. Recent papers have
reported average trajectory uncertainties ranging from
140 to 210 km after 24 h, and from 350 to 425 km
after 72 h (Kuo et al. 1985; Kahl and Samson 1986;
Haagenson et al. 1987; Draxler 1987).
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In a previous paper (Kahl and Samson 1986), we
evaluated spatial and temporal wind interpolation er-
rors using meteorological data collected during the
Cross Appalachian Tracer Experiment (CAPTEX;
Ferber et al. 1986). The interpolation error distribu-
tions were used to construct probabilistic estimates of
transport errors. This “trajectory of errors” procedure
revealed median trajectory errors of 350 km after 72
h of travel time. Errors decreased when the routinely-
available National Weather Service (NWS) rawinsonde
database was enhanced spatially (through measure-
ments at supplemental stations) or temporally (through
additional measurements at existing NWS stations).
Spatial enhancement of rawinsonde measurements was
shown to provide a greater improvement in trajectory
accuracy than temporal enhancement. The differences,
however, were small.

A different conclusion was reached in the analytical
study of Kuo et al. (1985), in which trajectories based
on fine-scale output from the National Center for At-
mospheric Research/Pennsylvania State University
mesoscale meteorology model were compared with
trajectories based on spatially and temporally degraded
subsets of the model output. They found temporal en-
hancement of meteorological data to provide a larger
increase in trajectory accuracy than spatial enhance-
ment. We believe the different conclusions are due to
differences in meteorological conditions. Kuo et al.
studied a rapidly evolving synoptic cyclone, while Kahl






