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ABSTRACT

Severe thunderstorms developed on 20 June 1997 and produced heavy precipitation, damaging winds, and
large hail over two swaths in southeastern South Dakota. Calculations of fractional vegetation coverage
(scaled from 0 to 1) based upon composite satellite data indicate that, within the hailstreak region, veg-
etation coverage decreased from 0.50 to near 0.25 owing to the damaging effects of hail on the growing
vegetation. The northern edge of the larger hailstreak was located a few kilometers south of Chamberlain,
South Dakota, a National Weather Service surface observation site. Hourly observations from Chamberlain
and several nearby surface sites in South Dakota are averaged over 7 days both before and after this hail
event. These observations illustrate that the late-afternoon (nighttime) temperatures are 2°C higher (2°C
lower) near the hailstreak after the event than before the event. Similarly, daily average dewpoint tem-
peratures after the event are 2.6°C lower near the hailstreak. These changes are consistent with the
influences of a recently devegetated zone on changes to the surface energy budget.

To explore how these hailstreaks further affected the evolution of the planetary boundary layer in this
region, two model simulations are performed using the fifth-generation Pennsylvania State University—
National Center for Atmospheric Research (PSU-NCAR) Mesoscale Model (MMS). In the control run,
climatology is used for the land surface characteristics, and hence the simulation is independent of the
hailstreaks. In the hailstreak simulation (HSS), the fractional vegetation coverage and soil moisture in the
hailstreak regions are modified to reflect the likely conditions within the hailstreaks. Two different days are
simulated: one with low surface wind speeds and one with stronger surface wind speeds. For the low surface
wind speed case, the HSS simulation produces a sea-breeze-like circulation in the boundary layer by
midmorning. For the stronger surface wind speed case, this sea-breeze-like circulation does not develop in
the HSS, but the simulated low-level temperatures are modified over a larger area. These results suggest
that to capture and reasonably simulate the evolution of boundary layer structures, there is a need for
routine daily updates of land surface information. Hailstreaks also are important to consider in the future
as the focus for observational studies on nonclassical mesoscale circulations.

VOLUME 133

1. Introduction

Hail is a rare extreme weather event that can cause
substantial damage to property, including crops. In the
United States, the upper Great Plains and the Midwest
are the principal high hail incidence areas, with hail
frequencies greater than 60 hail days per 20 yr (Chang-
non 1984), and are where the average annual crop dam-
age by hail is the largest in the United States (Chang-
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non 1972, 1977; Hillaker and Waite 1985). One of the
highest hail incidence regions is the Black Hills area in
South Dakota, where the average frequency of hail is
about 4 hail days per year based on point frequencies
(Changnon 1977, 1984). The average number of days on
which damaging hail occurs in South Dakota during the
growing season (the 153 days from May through Sep-
tember) is 51, with the majority of the damaging hail
days occurring in July (Frisby 1963). Both hail fre-
quency and crop damage by hail peak in the upper
Great Plains during June and July (Changnon and
Stout 1967; Henebry and Ratcliffe 2003).

Hail damage to crops depends on such characteristics
as number of hail falls per unit area, hail frequency, hail
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stone size and the associated winds, crop type, and the
plant’s stage of growth (Sanchez et al. 1996; Changnon
1997). The extent of crop damage also depends on the
spatial extent of the damaging hail event, which in turn
depends on the characteristics of the hail-producing
storm and the ambient environment. Crop damage gen-
erally accounts for the major portion of the total losses
from hail (Hillaker and Waite 1985). Nationwide, the
mean annual loss of crop and property due to hail dam-
age is estimated at $2.3 billion, of which $1.3 billion loss
results from crop damage by hail (Changnon 1997).
However, hail is not the primary weather-related crop
loss factor in most parts of the United States (Chang-
non 1972; Kunkel et al. 1999).

Hail often falls in well-organized swaths that are 8-24
km wide and 160-320 km long (Frisby 1963). These
swaths tend to comprise two or more hailstreaks (areas
of hail that are continuous in space with temporal co-
herence) that are separated by no more than 32 km
during 12 h or less. These hailstreaks can have different
orientations (Chagnon 1970). Frisby (1963) notes that
many hail swaths across the northern Great Plains lie
from northwest to southeast in the same direction as
the polar front jet. Henebry and Ratcliffe (2003) iden-
tify 112 events of significant hailstreaks from 1990 to
1999 and also note that most of the hailstreaks in the
upper Great Plains are oriented from northwest to
southeast. They also find that hailstreak devegetated
zones, as identified from satellite data, have median
values for length of 66 km, area of 408 km?, and per-
sistence of 34 days. The largest hailstreak they report
has an area of 8443 km?, and the longest persistence of
the contrast in satellite-derived Normalized Difference
Vegetation Index (NDVI) values is 94 days!

In addition to the direct economic loss that crop dam-
age from hail incurs, devegetation of the land surface by
hailstreaks can have significant biogeophysical conse-
quences. Trees and shrubs are stripped of leaves,
grasses are beat down and torn, and seeds are shattered
(Klimowski et al. 1998). Some of these damaged plants
never recover. The hail-damaged vegetation that does
recover initially produces less transpiration, owing to
the reduction in the number of healthy leaves, and
more bare ground is exposed directly to the sun (see
Kessler and White 1981). This quickly alters the parti-
tioning of the surface sensible and latent heat fluxes in
comparison with conditions prior to the hail event, but
can have longer-term implications as well.

The destruction of the vegetation that hail produces
is very relevant to the atmosphere because of the many
land surface—-atmosphere connections (Anthes 1984).
Surface characteristics such as vegetation cover, soil
moisture, and surface roughness affect the energy and
mass exchange between the ground surface and the
lower part of the atmosphere and control the relative
amounts of heat and moisture added to the atmosphere
in a given location (Li and Avissar 1994; Rabin et al.
1990). Based on numerical simulation results, Crawford
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et al. (2001) report that soil moisture and the coverage
and thickness of green vegetation have large effects on
the magnitudes of surface sensible heat fluxes, while
surface albedo and roughness length are of secondary
importance. Substantial gradients in sensible heating
resulting from contrasts in vegetation cover can modify
existing mesoscale circulations or can result in the onset
of thermally induced sea-breeze-like circulations, also
known as land or vegetation breezes, that may trigger
convection and lead to severe weather (Segal et al.
1988; Clark and Arritt 1995).

This paper examines the limited observational data
to explore the effects of the 20 June 1997 hailstreaks on
the surrounding environment. Once the influences of
the hailstreaks are determined, two mesoscale model
simulations are used to study in more detail the role of
the hailstreaks on boundary layer development. Two
different days are simulated, one with low surface wind
speeds and one with stronger surface wind speeds. Sec-
tion 2 summarizes the 20 June hailstreaks and contrasts
temperature and moisture observations before and af-
ter the hail event. The basic characteristics of the me-
soscale model and the model simulations are given in
section 3. Section 4 presents the results of the model
simulations, with a concluding discussion in section 5.

2. June 1997 hailstreak

According to National Climatic Data Center
(NOAA 1997), several supercell thunderstorms pro-
duced large hail and damaging winds during the early-
morning hours of 20 June 1997 across southeastern
South Dakota. Hail up to the size of baseballs and
winds gusting to 36 m s~ ! damaged and destroyed thou-
sands of acres of crops (corn and soybeans) and
downed many trees. The most extensive crop damage
was to farms and ranches over southeastern South Da-
kota where there was a 32-km-long and a 6.4-km-wide
path of near-total destruction. Hail and heavy rains
were reported in central South Dakota extending to the
western most edge of the hailstreak on 20 June.

These hail events left two nearby swaths of deveg-
etated areas that can be identified on biweekly com-
posite images of NDVI, defined as the ratio of the dif-
ference to the sum of near-infrared radiance and visible
radiance (Chang and Wetzel 1991). The data are ob-
tained from the Advanced Very High Resolution Ra-
diometer (AVHRR) onboard the National Oceanic
and Atmospheric Administration’s (NOAA) polar-
orbiting satellites, although the data are composited by
the U.S. Geological Survey. Data from two biweekly
periods can be compared to identify hailstreaks (Hene-
bry and Ratcliffe 2003). A map of the temporal differ-
ence in NDVI from late June (Fig. 1) clearly shows two
hailstreaks in South Dakota, and the overlaid hail re-
ports indicate the ability of this approach to capture the
continuity of the hail devegetated zone. The larger hail-






















































