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ABSTRACT

Meteorological observations and model simulations are used to show that the catastrophic ice storm of
4–5 December 2002 in the southeastern United States resulted from the combination of a classic winter
storm and a warm sea surface temperature (SST) anomaly in the western Atlantic Ocean. At the time of
the storm, observations show that the Atlantic SST near the southeastern U.S. coast was 1.0°–1.5°C warmer
than its multiyear mean. The impact of this anomalous SST on the ice accumulation of the ice storm was
evaluated with the Regional Atmospheric Modeling System. The model shows that a warmer ocean leads
to the conversion of more snow into freezing rain while not significantly affecting the inland surface
temperature. Conversely, a cooler ocean produces mostly snowfall and less freezing rain. A similar trend is
obtained by statistically comparing observations of ice storms in the last decade with weekly mean Atlantic
SSTs. The SST during an ice storm is significantly and positively correlated with a deeper and warmer
melting layer.

1. Introduction

Each winter extratropical cyclones impact the east
coast of North America, and ice storms are among the
most catastrophic of these events. During ice storms,
snow or ice is created in a cold layer aloft, falls through
a warmer layer (temperature T � 0°C), melts, and then
falls through a freezing layer near the surface, where
the raindrops are cooled below freezing while remain-
ing liquid. These supercooled raindrops freeze immedi-
ately on impact with exposed objects or the ground,
creating an accumulation of ice (Zerr 1997). The weight
of coated ice can cause trees and power lines to fall and
roofs to collapse, resulting in widespread destruction
(DeGaetano 2000; Changnon 2003a,b; Changnon and
Karl 2003; Jones et al. 2004). These storms are usually
associated with favorable meteorological conditions in
conjunction with local surface characteristics, such as
mountains and surface water bodies (Forbes et al. 1987;
Martner et al. 1993; Szeto et al. 1999; Bernstein 2000;
Gyakum and Roebber 2001; Robbins and Cortinas

2002; Roebber and Gyakum 2003). For instance, east of
the Appalachian Mountains low-level cold air is trans-
ported from the north and remains trapped, a weather
phenomenon known as “cold-air damming” (Bell and
Bosart 1988). Approaching cyclones usually transport
warm air northward above this cold layer at the surface,
creating a melting layer that then produces freezing
rain (Forbes et al. 1987).

In this paper, the atmospheric and oceanic conditions
associated with the ice storm that took place in the
southeastern United States in December 2002 are first
analyzed as a case study. Second, the Regional Atmo-
spheric Modeling System (RAMS) is used to simulate
this storm and determine the sensitivity of accumulated
freezing rain to changes in the Atlantic SST. This is the
first time model and observation data are combined to
search for an effect of SST on the intensity of ice
storms. Last, we use SST and sounding observations
from recent years to verify that the relationship seen in
the sensitivity analysis exists for actual ice storms.

2. Case study: The December 2002 ice storm

On 4–5 December 2002 a severe ice storm affected
the southeastern United States. Several locations in
North and South Carolina recorded an accumulation of
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freezing rain of more than 18 mm, causing many trees
and power lines to collapse. The resulting damage was
estimated at about 14 million dollars, and two million
people were left without electricity for several days
(Jones et al. 2004).

Figure 1 shows a thermodynamic skew T diagram
from the radiosonde observation at Greensboro, North
Carolina, at 0600 UTC 5 December 2002, correspond-
ing to the time of intense local freezing rainfall. The
profile shows a saturated melting layer (T � 0°C) lo-
cated between 800 and 2600 m that reached a maximum
of about 5°C. In this warm layer snow fell from the cold
layer above, melted, and then fell through the subfreez-
ing layer near the surface, creating supercooled drop-
lets. This profile also reveals that winds were from the
west in the upper cold layer and from the southeast in
the melting layer. Figure 2 displays the observed me-
teorological conditions at the time of the storm, based

on the Eta Data Assimilation System (EDAS). At that
time, cold air was advected southward at low levels
between the Appalachian Mountains and the Atlantic
Ocean, leading to cold-air damming (Fig. 2a). The on-
shore winds over the Atlantic and Gulf of Mexico cre-
ated a strong gradient of temperature between ocean
and continent. At midlevels (850 hPa) a southerly flow
advected warm, moist air from the Gulf of Mexico and
the Atlantic (Fig. 2b). These meteorological conditions
are commonly associated with winter storms along the
east coast of the United States (Kocin and Uccellini 1990).

Figure 3 shows the SST anomalies obtained from the
weekly optimal interpolation data (Reynolds et al.
2002) during the storm. This figure reveals a warm
anomaly greater than 1.0°C in the western Atlantic off
the southeastern U.S. coast, with the largest anomalies
exceeding 1.5°C at about 26°N, 70°W. This anoma-
lously warm region, in combination with the onshore

FIG. 1. Observed skew T thermodynamic profile at Greensboro,
NC (36.08°N, 79.95°W), at 0600 UTC 5 Dec 2002. The boldface
line indicates the temperature, and the dashed line indicates the
dewpoint. The shaded area where the temperature is above 0°C
indicates the MLI, and the vertical extent of this layer is the MLD.
Long and short barbs represent 10- and 5-kt wind speeds (1 kt �
0.5144 m s�1), respectively. Data are obtained from the FSL/
NCDC radiosonde archive of 6-hourly observation (available on-
line at http://raob.fsl.noaa.gov).

FIG. 2. Meteorological conditions at 0600 UTC 5 Dec 2002,
obtained from the EDAS: (a) surface wind field and temperature
(°C) at 2 m above the ground, and (b) wind field and temperature
(°C) at 850 hPa. The longest wind vector corresponds to 13.75 and
25.0 m s�1 for (a) and (b), respectively.
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