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ABSTRACT 

Winter storms such as snowstorms and ice storms can have devastating impacts on society.  

These impacts have been well documented across the Northeast U.S. and to a lesser extent across 

the Southeast U.S.  However, there has been very little research on the linkages between the 

meteorological characteristics of winter storms, such as the intensity and timing of precipitation, 

and the resulting societal impacts.  These linkages are particularly important across the Southeast, 

as the amount of precipitation that accumulates is not always correlated with the magnitude of the 

impacts.  The goal of this study is to determine the causal linkages between various 

meteorological factors and the resulting societal impacts for winter storms of varying types and 

intensities across the Atlanta, GA metropolitan area from 1985 to 2013.  Information on the 

timing, duration, temperature, precipitation type, amount, intensity, wind, and snowfall density of 

each event were obtained from the first-order weather station at Atlanta’s Hartsfield-Jackson 

International Airport.  Newspaper articles from the Atlanta Journal-Constitution were used to 

docu
1
ment the impacts to power utilities, transportation, schools, and businesses.  Additional 

information was collected on fatalities, injuries, forecast skill, and government actions.  The 

magnitude of the societal impacts for each event was determined using a modified version of the 

Rooney Disruption Index.  In this paper, the predominant linkages between the above 

meteorological characteristics and societal impacts across the Atlanta area are presented by event 

type (snow and ice) and impact magnitude.  

INTRODUCTION 

Winter storms such as snowstorms and ice storms can have devastating impacts on society.  

Much of the research to-date on the impacts of winter storms has focused on regions where winter 

precipitation is most common, such as the northern tier of the U.S. (e.g. Rooney 1967; Call 2005).  

Comparatively little research has been conducted on winter storms and their impacts across the 

Southeast U.S. (e.g. Fuhrmann et al. 2009).  In particular, the relationships between specific 

meteorological characteristics of winter storms and their resulting societal impacts in the Southeast 

have not been explicitly studied.  These relationships are of particular importance in the region, as 

the amount of precipitation that accumulates is not always correlated with the magnitude of the 

impacts (Fuhrmann et al. 2009).  For example, on 12 February 2014, several metropolitan areas 

across central North Carolina experienced hundreds of traffic accidents and major gridlock on 

roadways and interstates.  However, snow accumulations from the event were generally less than 
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two inches (5.1 cm).  Instead, a combination of other meteorological factors contributed to rapidly 

deteriorating road conditions, including the intensity of the precipitation (very high snowfall rate 

at the onset of the event) and very cold surface temperatures (less than -1°C).  Additional factors 

included the timing of the precipitation (mid-day on a weekday, resulting in the early release of 

schools and businesses), and the lack of emphasis by local forecasters on the potential for rapid 

accumulation and deteriorating road conditions. 

Recently, Cerruti and Decker (2011) developed a quantitative measure of winter storm severity 

(the Local Winter Storm Scale, or LWSS) based on four meteorological parameters: maximum 

wind gust, sustained wind, accumulation, and visibility.  While the LWSS was positively related 

to the magnitude of the societal impacts, the relationship was not perfect.  Indeed, there are several 

additional factors not considered by the LWSS that likely play a role in the resulting impacts.  In 

addition to meteorological factors, the adaptive capacity of a community also affects the 

magnitude of the impacts resulting from winter storms.  The objective of this study is to identify 

and summarize the key meteorological factors that contribute to the magnitude of the societal 

impacts associated with winter storms across Atlanta, GA, one of the largest metropolitan areas in 

the Southeast U.S.  Establishing relationships between meteorological factors and societal impacts 

may aid in the development of impact-based forecasts, which are highlighted as part of the 

National Weather Service’s strategic plan for 2011-2020 (i.e. “Building a Weather-Ready 

Nation”).  Such forecasts could be used to predict specific societal impacts based on forecasted 

meteorological factors, allowing municipalities and communities to better prepare for and respond 

to the negative consequences of winter storms.  

DATA AND METHODS 

Winter storms that occurred in the Atlanta, GA area from 1985 to 2013 were examined to 

determine the meteorological factors that contributed to the magnitude of the resulting societal 

impacts.  Atlanta was selected due to its large and diverse population, its central location within 

the Southeast region, and robust sample of winter storms over the study period (n=50).  The study 

period was selected due to the availability of online newspaper archives.   

Winter storms were identified from hourly weather observations and daily snowfall totals from 

Atlanta’s Hartsfield-Jackson International Airport (KATL).  As in Fuhrmann et al. (2009), a 

winter storm was defined by the occurrence of at least one hour of measurable winter precipitation 

(i.e. snow, sleet, freezing rain), excluding freezing drizzle.  The storm was terminated if there was 

more than a six-hour lapse in consecutive precipitation observations.  If at least 51% of the storm-

total precipitation fell as snow (freezing rain), the event was classified as a snowstorm (ice storm).  

Of the 50 storms identified at KATL from 1985 to 2013, 34 were classified as snowstorms and 16 

were classified as ice storms.  

Several meteorological factors were identified from the hourly and daily observations and 

summarized for each event.  These include: maximum and minimum temperature, maximum 

hourly precipitation (intensity), storm-total precipitation (accumulation), and sustained wind 

speed.  Antecedent and post-storm temperatures were also examined beginning 48 hours prior to 

each event and ending 48 hours after each event, respectively.  Snowfall density and forecast skill 

were assessed from newspaper records.  The timing of each event was also assessed by month in 

season, day of week, and hour of day.  

Accounts of impacts from each storm were obtained from articles in the Atlanta Journal-

Constitution beginning three days prior to the storm and ending when there was no mention of the 

storm or its impacts for at least three days.  Impacts were grouped into categories used in the 

construction of the Rooney Disruption Index, or RDI (Rooney 1967).  The RDI was developed to 

aid in quantifying the magnitude of societal impacts associated with winter storms with an 

emphasis on medium-sized cities across the northern tier of the U.S.  However, the RDI can be 

adapted to any region or location where sufficient impact information exists.  

 In this study, six impact categories were used to develop an RDI rubric specific to winter 

storms in the Atlanta area: power and utilities, traffic, flights (air travel), schools, businesses, and 
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injuries and fatalities.  Each storm was assigned an RDI score (0 to 4) for each impact category 

based on the magnitude of the impacts.  An average RDI score was then assigned to each storm by 

taking the average of the RDI scores in each impact category.  The criteria for each RDI score was 

determined through an initial assessment of the impact data collected for all 50 events at KATL, 

using the criteria from the original RDI (Rooney 1967) and from a recent version for events at 

Newark, NJ (Cerruti and Decker 2011) as an initial guide.  The RDI rubric used in this study is 

presented in Table 1.   

To determine if any relationships existed between key meteorological factors and the magnitude 

of the societal impacts, a linear regression analysis was performed.  The resulting coefficients of 

determination were used to assess the proportion of the variance in the magnitude of each societal 

impact explained by each meteorological factor.  The statistical significance of the relationships 

was determined using a Student’s t-distribution at the 95% confidence level. 

 

Table 1. The RDI rubric adapted for winter storms at KATL 

 Modified Rooney Disruption Index 

 0 1 2 3 4 

Power and 

Utilities 
No coverage 

Few, brief 

interruptions 

Power outages in 

the thousands, 

short duration 

Outages in the tens 

of thousands, 

moderate duration 

Outages in the hundreds 

of thousands, long 

duration 

Traffic No coverage 

Any mention 

(traffic delayed, 

slowed, minimal 

number of 

accidents 

 

Dozens of minor 

accidents 

Traffic 

significantly 

slowed, dangerous 

road conditions, 

hundreds of minor 

accidents 

Road or highway 

closures, major gridlock, 

abandoned cars, 

hundreds of accidents, 

possibly major 

Flight No coverage Any Mention Some flight delays 

Significant delays, 

some flight 

cancellations 

Significant flight 

cancellations, closed 

runways or airports 

School No coverage 

Delays or early 

dismissals lasting 1 

day 

Delays or early 

dismissals lasting 

more than 1 day or 

suburban schools 

closed 

Closures lasting 1 

day, postponement 

of sporting 

events/activities 

Closures lasting more 

than 1 day, cancellation 

of sporting 

events/activities 

Business No coverage Any mention 

Some decrease in 

sales reported, 

delayed openings 

Larger decrease in 

sales reported, 

some store closures 

Widespread store 

closures 

Injury and 

Fatality 
No coverage Any mention 

Increase in number 

of injuries 

Any mention of 

fatalities, larger 

increase in injuries 

Significant number of 

fatalities, major increase 

in injuries 

 

RESULTS 

Accumulations of snow and freezing rain were variable across all 50 events at KATL (Figure 

1).  Snowfall totals ranged from 0.1 to 5 inches (0.25 to 12.7 cm), with more than half of the 

events exhibiting less than 2 inches (5.1 cm).  Freezing rain totals ranged from 0.05 inches to 0.6 

inches (0.12 to 1.5 cm), with more than half of the events exhibiting less than 0.25 inches (0.63 

cm).  The distribution of RDI scores for all events revealed a positive association with 

precipitation accumulation, as more than half of the events exhibited an RDI score of 2 or less 

(Figure 2).  However, when examined by impact category, traffic disruptions received generally 

higher RDI scores than other types of impacts, suggesting that additional meteorological factors 

are tied to the magnitude of traffic disruptions (Figure 2).   
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Figure 1. Distribution of snowstorms (left) and ice storms (right at KATL by precipitation amount. 

  

Figure 2. Distribution of RDI scores for all winter storms at KATL by average RDI (left) and  

impact category (right) 

The most common linkages between meteorological factors and societal impacts among all 

events at KATL are presented in Table 2.  Disruptions to power utilities were most commonly tied 

to precipitation type (greater disruption among ice storms) and wind.  Disruptions to traffic and air 

travel were cited most frequently in newspaper reports and were tied to cold temperatures (e.g. 

rapid accumulation) and event timing (e.g. rush hour).  Both antecedent and post-storm conditions 

were tied to transportation disruptions, suggesting that the duration of cold temperatures is 

strongly related to the frequency and magnitude of traffic accidents and disruption to air travel.  

School disruptions were also tied to post-storm conditions, precipitation accumulation, and event 

timing, while the number of injuries and fatalities (most resulting from traffic accidents) were tied 

to precipitation accumulation and post-storm conditions.  Impacts to businesses were not tied to 

any specific meteorological factors.  

Table 2. Frequency of events at KATL where individual meteorological factors were linked with 

specific impact categories 

 Power/Utilities Transportation Schools Business Casualties 

Antecedent 
Conditions 

1 27 3 0 3 

Intensity 1 7 1 2 1 

Timing 0 23 12 6 4 

Event Conditions 4 28 6 2 7 

Precip Type 13 10 7 6 5 

Accumulation 10 18 13 9 12 

Density 5 0 0 1 1 

Post Storm 

Conditions 

1 33 15 6 9 

Forecast Skill 0 7 1 1 1 

Wind 11 3 0 2 2 
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Results of the linear regression analysis are presented for ice storms (Table 3) and snowstorms 

(Table 4) and reveal the statistical linkages, or correlations, between meteorological factors and 

societal impacts.  Relatively weak correlations (0.1 < < 0.3) are highlighted in yellow, 

relatively moderate correlations (0.3 < < 0.5) are highlighted in orange, and relatively strong 

correlations (  > 0.5) are highlighted in red.  In general, precipitation accumulation exhibited the 

strongest correlations among the impact categories.  In particular, freezing rain accumulations 

were strongly correlated with disruptions to power utilities, traffic, and casualties.  This was 

largely expected, as greater ice accrual weighs down power lines, but also worsens road 

conditions, and therefore results in more accidents and casualties.  Moderate correlations were 

found between ice storm event temperatures and traffic, air travel, and casualties.  However, these 

correlations may be the result of a strong relationship between event temperatures and 

accumulations, as lower event temperatures increase accumulations and therefore the magnitude of 

the impacts.  Interestingly, moderately negative correlations were found between post-ice storm 

temperatures and disruptions to traffic and air travel, implying that low melting rates contribute to 

greater and more severe impacts to transportation.  Compared to ice storms, snowfall 

accumulations exhibited only moderate correlations with impact magnitude.  In general, 

correlations between meteorological factors and impact magnitude were weaker among 

snowstorms, suggesting that combinations of meteorological factors, timing, and/or measures of 

adaptive capacity play a larger role in the magnitude of the resulting impacts. 

Table 4: Same as Table 3, but for snowstorms at KATL 

Ice Events 

(n=16) 

Power Traffic Flight School Business Casualty 

FZRA 
Amount 

.55792 .62491 .30335 .12960 .41837 .73774 

Ant. 48 Max .00765 .01274 .00146 .10676 .00571 .00171 
Ant. 48 Min .00005 .10712 .09212 .12508 .03416 .06626 

Ant. 24 Max .02519 .19088 .07390 .17953 .02058 .07852 

Ant. 24 Min .05746 .01456 .05094 .00002 .00180 .00118 

Event Max .00084 .34003 .22477 .02101 .13346 .14693 

Event Min .04831 .48047 .42083 .00421 .29992 .39130 
Max Rate .01011 .04344 .01695 .00293 .00001 .03741 

Max Wind .00914 .17860 .11428 .09181 .01125 .03603 

Post 24 Max .09009 .45405 .36136 .10977 .20688 .13820 
Post 24 Min .01705 .10036 .04485 .00399 .00026 .01895 

Post 48 Max .00400 .17264 .09296 .05384 .08703 .06618 

Post 48 Min .00020 .01851 .08022 .04588 .01428 .01606 

Table 3. Results of the linear regression analysis (R2) between specific meteorological factors and 

impact categories for ice storms at KATL 

Snow Events 

(n=34) 

Power Traffic Flight School Business Casualty 

Snow 

Amount 

.15516 .19365 .40517 .15164 .22290 .00003 

Ant. 48 Max .06517 .01177 .00699 .00225 .00411 .01038 

Ant. 48 Min .05407 .01597 .00410 .00000 .00036 .00059 

Ant. 24 Max .00418 .04607 .04539 .02725 .00516 .00060 

Ant. 24 Min .05533 .00159 .00107 .01446 .00039 .00085 

Event Max .02719 .01351 .00153 .03432 .00162 .02225 

Event Min .13064 .06794 .01145 .11289 .05943 .02235 

Max Rate .16311 .00084 .09080 .00905 .06226 .00411 
Max Wind .29972 .08380 .01633 .14895 .19904 .07314 

Post 24 Max .15129 .10507 .08489 .10511 .04991 .03394 

Post 24 Min .16205 .11939 .07487 .12641 .05717 .02857 
Post 48 Max .08013 .05390 .09703 .04758 .00577 .00006 

Post 48 Min .05780 .12936 .04702 .09536 .01026 .10090 
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In order to further elucidate possible relationships identified through the regression analysis, 

Student’s t-tests were performed for each combination of meteorological factor and impact 

category.  Tables 5 and 6 show the resulting p-values for ice storms and snowstorms, 

respectively; significant relationships at the 95% confidence level are highlighted red.  Statistically 

significant relationships were noted between freezing rain and snow accumulations and most 

impact categories, except between ice accumulations and school disruptions and between snow 

accumulations and casualties.  The relationship between precipitation accumulation and the overall 

RDI score averaged among all impact categories was particularly noteworthy.  For every 0.1 inch 

(0.25 cm) increase in freezing rain accumulation, the average RDI score increases by .571, while 

an additional 1 inch (2.5 cm) of snow accumulation corresponds to a .389 increase in average RDI 

score.  Significant relationships were also noted between post-ice storm maximum temperatures 

and transportation disruptions.  For every 1°F increase in post-ice storm maximum temperatures, 

the average traffic RDI score decreases by .189. 

Statistically significant relationships were noted between post-snowstorm minimum 

temperatures and disruptions to power utilities, traffic, and schools.  However, the magnitude of 

the relationship was not particularly noteworthy.  A one-degree increase in the minimum 

temperature one day following the event correlated with a .054 drop in power RDI scores, a .051 

drop in traffic RDI scores, and a .064 drop in school RDI scores. Similar relationships were noted 

between wind speed and disruptions to power utilities, schools, and businesses, with a 1 mph 

increase in wind speed resulting in a .077 increase in power RDI scores, a .072 increase in school 

RDI scores, and a .079 increase in business RDI scores. The increase in RDI scores among power 

utilities is likely a result of high winds toppling trees and power lines, which likely contribute to 

school and business disruptions.  

 

Table 5. Results of Student’s t-tests (p-values) for each meteorological factor and impact category 

among all ice storms at KATL 

Ice Events 

(n=16) 

Power Traffic Flight School Business Casualty 

FZRA 

Amount 

.001 
2.67 x 10

-4 .027 .171 .006
 

2.04 x 10
-5 

Ant. 48 Max .747 .677 .888 .217 .781 .879 

Ant. 48 Min .979 .216 .253 .179 .493 .336 

Ant. 24 Max .557 .091 .308 .102 .596 .293 
Ant. 24 Min .371 .656 .401 .987 .876 .900 

Event Max .621 .018 .064 .592 .164 .143 

Event Min .413 .003 .007 .811 .028 .010 

Max Rate .711 .439 .631 .842 .990 .473 

Max Wind .725 .103 .200 .254 .696 .481 
Post 24 Max .259 .004 .014 .210 .077 .156 

Post 24 Min .630 .232 .431 .816 .953 .611 

Post 48 Max .816 .110 .251 .387 .267 .336 
Post 48 Min .959 .615 .288 .426 .659 .640 

Table 6. Same as Table 5, but for snowstorms at KATL 

Snow Events 
(n=34) 

Power Traffic Flight School Business Casualty 

Snow 
Amount 

.021 .009 
5.19 x 10

-5 .023 .005
 

.976
 

Ant. 48 Max .145 .541 .638 .790 .719 .566 

Ant. 48 Min .186 .476 .719 .991 .915 .892 

Ant. 24 Max .716 .223 .226 .351 .687 .890 
Ant. 24 Min .181 .823 .854 .498 .912 .870 

Event Max .351 .513 .826 .294 .821 .400 

Event Min .036 .137 .547 .052 .165 .399 

Max Rate .018 .871 .083 .593 .155 .719 

Max Wind .001 .097 .471 .024 .008 .122 
Post 24 Max .023 .061 .095 .061 .204 .297 

Post 24 Min .018 .045 .117 .039 .173 .339 

Post 48 Max .105 .186 .073 .215 .669 .965 
Post 48 Min .171 .037 .218 .076 .569 .067 
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DISCUSSION AND CONCLUSIONS: 

Not all winter storms are alike.  Societal impacts vary tremendously based on a wide range of 

meteorological characteristics.  This paper represents a first step in identifying the relationships 

between key meteorological factors and the magnitude of the resulting impacts across the 

Southeast U.S.  Atlanta, GA was chosen as the focus of this study due to its convenient sample 

size and ease of access to impact data.   Antecedent, event, and post-event temperatures, as well as 

accumulations, maximum precipitation rates, and maximum wind speeds were chosen as potential 

impact-exacerbating factors.  The Rooney Disruption Index was adopted to quantitatively measure 

impacts to power utilities, traffic, air travel, schools, businesses, and casualties.  A linear 

regression analysis was performed to identify relationships between meteorological factors and 

societal impacts. 

Results indicate that accumulation of ice and snow are overwhelmingly the most influential 

factors in determining the scope and magnitude of impacts.  However, it appears as though several 

other factors may play smaller, yet crucial, roles in exacerbating the impacts.  For ice storms, the 

post-event maximum temperature was statistically significantly related to both traffic and air travel 

impacts at the 95% confidence level, with substantial reductions in impact for every 1°F increase.  

This suggests that the rate of melting of ice may reduce the duration and overall severity of 

transportation impacts. For snowstorms, refreezing of melted precipitation appears more 

significant than melting rates, as the minimum temperature, not maximum temperature, following 

the event is statistically significant.  The effect is less noticeable than the maximum temperature 

for ice, as a 1°F increase in the minimum temperature only minimally lowers the RDI scores for 

traffic disruption. 

While relationships were found between meteorological factors and societal impacts, other 

aspects of winter storms may have an equal or greater effect on the magnitude of disruption.  A 

notable example from the sample of storms examined in Atlanta is 18-19 January 1992, which 

recorded the greatest amount of snow in the sample (5 inches, 12.7 cm).  However, the average 

RDI score for the event was only 1.33.  Because the event occurred over a weekend, fewer people 

were on the roads.  Additionally, because it was a 3-day holiday weekend, much of the 

precipitation melted before people began commuting back to work.  It is hypothesized that the 

timing of precipitation, combined with other factors such as forecast skill and government 

preparedness and response, may further explain the magnitude of the resulting societal impacts. 

Future work will involve performing a multiple regression analysis to determine significant 

combinations of meteorological factors that are tied to societal impacts.  This analysis will be 

expanded to other locations across the Southeast, including Birmingham, AL, Greenville, SC, 

Raleigh, NC, and Roanoke, VA.  The results of this study may be used to develop an impact-based 

forecasting system to better prepare the public for the hazards of winter storms. 
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