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1. Introduction
After the Enhanced Fujita (EF) Scale (WSEC
2006; Edwards et al. 2013) was implemented to
assign wind-engineered intensity estimates to
tornado damage in 2007, there was a need for a
digital archive of tornado damage metadata. The
Damage Assessment Toolkit (DAT; Camp et al.
2010) served this purpose. The National Weather
Service (NWS) began this data collection in 2007
from a few select tornado events. This practice
has been adopted by more NWS Forecast Offices
in recent years. The EF Scale contains 28
Damage Indicators (DIs), with each associated
with degrees of damage (DoDs) that indicate a
range of possible wind speeds (WSEC 2006;
Edwards 2013).
The Storm Prediction Center (SPC) is in the
process of developing a more comprehensive
tornado database by combining the existing SPC
“ONETOR” tornado dataset—described in
Schaefer and Edwards (1999)—with tornado
damage survey information from the National
Weather Service’s DAT database (Fig. 1).

Figure 1. The 4/28/2014 Louisville, MS tornado path
(ONETOR, red line; DIs from DAT, inverted triangles).
The DI points are denoted by EF-scale rating (legend).
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This work describes the potential benefits of
combining both datasets and introduces the
concept of developing a probabilistic estimate of
tornado damage intensity by using several
objective input variables.
2. Data
All tornado data from the ONETOR and DAT
datasets during the 2014–2015 period were
organized and manually associated in a combined
dataset. This procedure yielded a sample of 1149
tornadoes and 11826 DIs from a total of 2062
tornadoes from the 2-yr period. The number of
DIs were disproportionate to the lower EF-scale
magnitudes. The majority of DIs in the EF0–1
range were based on tree damage [58%; DIs 28
(hardwood trees) and 29 (softwood trees)];
whereas DIs associated with EF2–4 damage were
overwhelmingly (82%) from man-made structures
(i.e., homes, etc…).
3. Potential uses
a. SPC tornado database — the future
The association of the individual geocoded
tornado DIs to the ONETOR database has
potential to revolutionize data mining of tornado
data and serve as a catalyst for beginning a new
era in tornado database development.
Geospatially associating this data to other
meteorological information such as the SPC
mesoanalysis data (Bothwell et al. 2002) using the
SPC’s environmental archive (Dean et al. 2006) is
possible. Changing environmental conditions as
represented by the SPC mesoanalysis data can
be catalogued with a series of individual DAT
points of a tornadic storm, which are likely different
from the environmental data associated with the
initial latitude/longitude pair for the ONETOR path
(Fig. 2). Similarly, radar attribute information can
be logged sequentially along the path of DIs by
manually assigning rotational velocity [e.g., Smith
et al. 2015, Thompson et al. 2017; (Fig. 3)]. The
Lagrangian approach of following a thunderstorm
through a 2-D environmental/radar-attribute space

can provide information in a time series which can
be explored for potential operational utility (Fig. 4).

Figure 4. Time series [time (UTC), x-axis] of rotational
velocity [thick black line; (kt) left vertical axis] and
conditional EF2+ damage probabilities [dashed line;
(percentage) right vertical axis] based on binned
Significant Tornado Parameter values from Smith et al.
(2015).

The establishment of a multi-year DI dataset can
aid in exploratory investigations into the
relationship between rotational velocity and
damage indicator estimated wind speeds (Fig. 5).

Figure 2. Similar to Fig. 1 except Significant Tornado
Parameter values from the SPC Mesoanalysis
(40kmx40km grid, pink squares) annotated in gray boxes.

Figure 5. Similar to Fig. 1 except for estimated wind
speeds associated with the DIs.

Figure 3. Similar to Fig. 2 except 0.5 degree rotational
velocity binned values associated with the DIs (legend,
lower left).

Additionally, nonmeteorological (e.g., geography)
data using Geographic Information System (GIS)
can offer additional spatial analysis to tornado
damage rating information. Undoubtedly,
population density (Fig. 6) and land use (Fig. 7)
can influence both the meteorological assessment
of tornado intensity and the societal impact of
particular tornadoes. Quantification of these
relationships more rigorously is now possible with
these datasets through the development of a
tornado damage climatology model. Future work
will involve additional ONETOR–DAT database
organization. This initial work, which provides a
basis for future research, has already begun
exploring the relationships amongst tornado data,
the environment, and radar attributes. The SPC
tornadic storm database is available for
collaborative research, serving to enhance the
interaction and communication between the
research and operational communities in applied
severe storms studies. The combined ONETOR–
DAT dataset is available in text file format at the
following SPC webpage
(http://www.spc.noaa.gov/wcm). Potential users of
this database include those in the insurance

industry, emergency managers, and
meteorologists.
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