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Introduction: 

 

The primary goal of this research is to investigate the spatial and chronological change in 

rainfall in the Southeastern United States (SEUS) by analyzing extreme precipitation on a 

station scale. Another goal is to examine the distribution of non-extreme rainfall events 

for changes in time and due to large-scale changes such as ENSO. In addition to 

examining the rainfall amounts, this research will cover the shift in the Southeast Rainy 

Seasaon (SRS), which will be defined as May through September. This timespan 

provides the Southeast, specifically Florida, with a bulk of its annual rainfall, and is 

therefore pertinent to the livelihood of the region’s agricultural sector. The shift in this 

season is equally as pertinent as the magnitude of the events. By analyzing extreme 

rainfall on a smaller spatial scale, the intent is to compile individual variations in a 

regional analysis, and thereby demonstrate the robustness of a single regional value.  

The localized impacts of this study are applicable to precipitation-dependent sectors in 

the SEUS (i.e., Alabama, Florida, Georgia, North Carolina, and South Carolina). This 

includes the Southeastern Coast Plain aquifer system and lake/river recreational 

industries.  However, variations in rainfall patterns also have broad societal implications 

with respect to their impact on the SEUS agricultural industry. Farmers in the Southeast 

depend on both seasonal and annual rainfall patterns to plan and adapt their regimentation 

for the upcoming growing season. For example, a crop such as cotton is much more 

suited to store water than a tobacco crop. A few heavy rain events can provide the water 

supply for a cotton crop for an entire season and it won’t be heavily affected by those 

types of rainfall. On the other hand, tobacco – an essential crop in much of the SEUS, 

specifically North Carolina – is a drought-resistant plant and over-irrigation or saturated 

soil conditions will decrease yield. Extreme (high percentile) rainfall events can 

excessively saturate soil and hurt the quality of the tobacco.  

Thus, investigating variations in the timing and magnitude of different percentile rainfall 

events will benefit the agricultural sector of the SEUS by accurately accounting for these 

deviations in their seasonal arrangement, allowing them to increase their crop yields and 

improve irrigation efficiency.  

Literature Review: 

 

Extremes 

 

There has been ample analysis of heavy precipitation trends, most recently by the 2014 

National Climate Assessment (NCA). The NCA found that the heaviest precipitation 

events are increasing in magnitude and frequency across the continental United States, 

while total precipitation is expected to stay constant or decrease in some areas. The NCA 

analysis is supported by many other studies (e.g, Groisman et al. 2005; Kunkel et al. 

1999; Karl and Knight 1998). It is regionally aggregated and reveals significant increases 

in the number of heavy rainfall events and projects that this trend will continue. The 



analysis shows an increase in the upper tenth percentile is responsible for a 53% increase 

in total precipitation across the United States (Karl and Knight 1998). Kunkel et al. 

(1999) defined extreme precipitation as rainfall events having a recurrence interval of at 

least one year or longer. They found, using a simple linear trend analysis, that the United 

States shows a statistically significant trend of an increase in rainfall from these extreme 

events of 3% per decade.  

The 2014 NCA shows a 27% increase in the precipitation occurring in these heavy 

rainfall events from 1958-2012 in its definition of the Southeastern U.S., which includes 

Alabama, Arkansas, Georgia, Florida, Kentucky, Mississippi, North Carolina, South 

Carolina, Tennessee, and Virginia. While these broad, regional analyses do provide 

insight into the extreme rainfall 

changes and patterns 

throughout the United States, 

major shortcomings exist in the 

NCA (Figure 1) and other 

evaluations on a large spatial 

scale. First and foremost is the 

high contrast in climatology 

within the region. South 

Florida weather and climate are 

vastly different from that in 

The Great Smoky Mountains of 

Tennessee. Second, the chosen 

period of study, from 1958-

2012, starts at the tail end of a 

historically dry period across 

the region and follows with a 

more recent wet period, which doesn’t account for multi-decadal fluctuations. 

While many studies have been conducted on large regional scales, limited research and 

analysis at the local level has been performed. One previous study by Mass et al. (2011) 

conducted on a station scale found evidence of a decline in the top 60 two-day 

precipitation events along the West Coast of northern California and southern Oregon. 

This study used methodology by Casola et al. (2009). They created decadal least squares 

linear regression from 1950-2009 while performing a two-sided Student’s t-test formula 

to test significance. The decline in rainfall occurring during the top 60 two-day 

precipitation events in Eureka, Oregon was the most statistically significant. In addition 

to this West Coast analysis, research across the central United States on the number of 

events of daily rainfall totals at the 95
th

 percentile and above was conducted based upon 

individual station data (Villarini et al. 2013). This research concluded that there were 

more statistically significant trends in increasing days in the 95
th

 and above percentile 

than decreasing, based upon a points-over-threshold method used by Davison and Smith 

(1990).  

 

The	National	Climate	Assessment's	regional	analysis	on	the	increase	in	

total	annual	precipitation	occurring	in	the	99th	percentile	or	above.	 



Non-Extremes 

 

The analysis of low to moderate rainfall events is important in order to consider the entire 

landscape of a rainfall’s changes in distribution. The NCA specifies that heavy 

downpours or heavy rainfall will continue to increase even where total rainfall is 

expected to decrease or remain constant.  

Analysis on the characteristics (light and moderate) of precipitation percentiles was considered 

over 1961-1995 in the United Kingdom (Osborn et al. 1999). The analysis, utilizing quantiles 

called classes, showed statistically significant decreases in higher classes for the summer months 

at some stations, while winter months at the same stations had increases in higher classes with 

decreases in lower classes.  

Zheng et al. 2015 found that strong (weak) Indian summer monsoon rainfall (ISMR) years were 

associated with stronger (weaker) rainfall rates during the summer over most regions in India. 

However, the Northeast India region appeared insensitive to the strength of the ISMR, which 

suggests that region’s rainfall rates are controlled by a different mechanism other than the ISMR.  

 

Data & Methods: 

 

The ultimate goal of this study is to analyze the trend in extreme rainfall events in the Southeast 

and to compare results to the 2014 NCA’s regional analysis at the local level. Additional 

methodology will then be used to further analyze and solidify any trends identified using the 

NCA approach.  

This study will be conducted using the 24-hour rainfall totals from NWS Cooperative 

Observational Program (COOP), which include daily, observational data from 270 stations 

across the defined Southeast (Alabama, Georgia, Florida, and South Carolina). Those stations 

with more than 10% of daily rainfall data missing for the identified time period will not be used 

in that analysis. For the remaining stations, if a season, year, or rainy season had more than 10% 

missing rainfall data, the data point for that time span will also be excluded from this study. 

Analysis was conducted on the annual, seasonal, and Southeast Rainy Season (SRS, defined as 

May through September) rainfall for each station. This research was designed to determine if the 

results found in previous publications, such as the 2014 NCA report, are consistent with local 

level findings.  

 

National Climate Assessment  

 

The 2014 NCA performed least-squares linear regressions of total 99
th

 percentile precipitation 

across vast regions (Walsh et al. 2014). Following the selection and the quality control of 

stations, each station’s non-zero rainfall totals from the years 1958-2012 were sorted based 



upon magnitude. Heavy rainfall was defined as a 99
th

 percentile daily rainfall value for the 

NCA. so the annual 99
th

 percentile precipitation from 1958-2012 was found for each station. 

The regions were broken down into one-degree latitude by one-degree longitude boxes. Within 

each box, each station’s total annual 99
th

 percentile precipitation was summed from 1958-2012 

A time series of these annual totals for each box was created, and a least-squares linear 

regression (LSLR) was fit to each. The slope of the regression was obtained and the NCA used 

the following equation to calculate percent change in each box:  

 

For the regions defined by the NCA, all percentages found for the one-degree by one-degree 

grids were averaged among each region to obtain the regional percent changes.   

The methodology used in the NCA report will be applied to an analysis on a local scale. 

Percent change in heavy precipitation will be determined for each individual station, rather than 

grouping into 1˚ x 1˚ grids then aggregating them over large regions. Percent changes in heavy 

rainfall will be computed using the time span considered by the NCA (1958-2012), as well as 

for the full record of the station existence (FRSE). Meteorological seasons and the SRS will 

also be analyzed, considering rainfall from those specific parameters and computing their 

respective percent changes in heavy precipitation. While computing 99
th

 percentile rainfall 

trends for a single station will be under sampled, it is important to analyze on a station level to 

highlight local trends. For the purpose of this methodology, the value of the trend isn’t 

important, but rather the spatial patterns of the sign (positive, negative) of the trend. 

These station values will be represented on spatial maps by colored circles denoting the percent 

change so regional trends can be evaluated. Following the investigation of the Southeast region, 

trends at individual stations will be explored using a time series analysis. The amount of 

rainfall coming from these upper-percentile rainfalls for each year or season will be plotted 

using bar plots within the time span considered, and least-squares linear trend best fit line for 

both the 1958-2012 period and the full record of the station. This additional analysis at the 

station level will provide insight into specific years, seasons, or even individual heavy rain 

events (e.g., a tropical system) that may be contributing to the percent change.   

 

 Analysis for Rain Distribution 

 

Previous analysis on rainfall in in the United Kingdom from 1961-1995 was conducted based 

upon a class system (Osborn et al. 1999). At each station, the daily rainfall totals for this time 

period were sorted based on magnitude. This analysis used quantiles, in which Class 1 includes 

as many of the lightest events in order to account for 10% of the monthly, seasonal, or yearly 

total. Class 2 then continues up the sorted daily rainfall total until it accounts for the next 10% of 

% Change = (Slope of LSLR) * (Length of Timeseries) X 100% 

Mean of the Timeseries 



the considered period. Class 10 represents any event, which contributes to the final ten percent of 

the rainfall. A least-squares linear trend regression was fit over each class’ rainfall.  

This methodology makes use of quantiles rather than frequency percentiles, which are what the 

NCA and other studies used to analyze this upper tail rainfall (Karl et al. 1998). By applying this 

procedure, the result will illustrate the number of events and distribution of precipitation 

contributing to each of these classes or quantiles. These results will show if any related changes 

in light or moderate precipitation associated with the modifications in heavy rainfall can be 

identified. In addition to the changes in the magnitude of these precipitation bins, the timing can 

be analyzed based upon a seasonal analysis.   

In an exploration of the Indian Summer Monsoon Rainfall (ISMR), Zheng et al. (2015) used 

variation from mean seasonal rainfall across all of India to denote a strong, weak, or normal 

ISMR for each year. The procedure then broke down India into four regions, and examined 

whether strong ISMR years with associated with intense rainfall periods during these each of the 

summer months. Following the comparison analysis, a scatter plot of the rainfall over the four 

regions versus the ISMR was created.  A Pearson correlation coefficient was computed to 

determine if results were statistically significant at a 99% confidence level. Lastly, probability 

density functions (PDF) of daily rainfall were analyzed over each region for each grade of ISMR 

and each month. The change in shape of a PDF indicates how daily rain rate characteristics 

change as a function of the strength of the monsoon rains. 

Using their methodology, similar analysis will be completed using the SRS time span and 

will compare the SEUS seasonal rainfall with individual stations. For this study, weak 

rainfall seasons were below the 25
th

 quartile while strong rainfall seasons were above the 

75
th

 quartile. The ability to replicate this analysis on a local level will make it possible to 

identify stations and smaller regions where trends follow those of a regional scale. 

 

Onset/Offset Dates of the SRS and Rainy Days Analysis 

 

In order to analyze the variation in timing and frequency of events, it is essential to 

examine the way the SRS is shifting, shrinking, or growing. Misra and DiNapoli (2014) 

used a methodology in which the definition of the onset of the rainy season, in this case 

for Southeast Asia, was the first minimum in the daily cumulative rainfall anomaly curve. 

This type of analysis is used for the analysis of the Southeast Rainy season with a couple 

of caveats, because the magnitude of rainfall is much less than the Indian Monsoon or 

Southeast Asia rainfall.  

The onset is defined as the minimum of the daily cumulative rainfall anomaly curve 

anywhere from April 1 to July 15, and the offset is defined as the maximum of the daily 

cumulative rainfall anomaly curve anywhere from August 15 to October 15. In order for 

each year’s onset and offset dates to be considered, the difference in rainfall anomaly 

between those dates had to be equal or greater than five inches. In order for the station to 

be considered to have a rainy season, it had to have greater than half of the years from 

1950-2014 that satisfied the onset/offset constraints. A least-squares linear trend 



regression was fit over the dates of the onset and offset days to see if they were shifting 

earlier in the year (a decreasing linear trend) or later in the year (an increasing linear 

trend). The SRS at a station is defined as: shrinking if the onset date was shifting later 

and the offset date was shifting earlier, growing if the onset date was shifting earlier and 

the offset date was shifting later, shifting earlier if the onset and offset date were shifting 

earlier, and shifting later if the onset and offset date were shifting later.  

The rainy days analysis totaled the amount of days which recorded measurable rainfall 

for the period considered (e.g. annual, monthly, SRS) for each year from 1950-2014. 

From there, a least-squares linear trend regression was fit over the totals from each of 

those years. This analysis was conducted on a regional scale as well as each station, in 

order to represent it spatially across the Southeast US.  

Results: 

National Climate Assessment Methodology 

A.! Southeast Rainy Season and Annual Rainfall  

 

Using the NCA methodology, there is variation in 99
th

 percentile rainfall trends across 

the Southeast.  While the NCA chose to use a span of just 55 years (1958-2012), their 

conclusion of widespread, deluging extreme rainfall is even more strongly supported 

when the time span extends to the Full Range of each Station’s Existence (FRSE). For the 

FRSE, 76 of the 103 stations illustrate increasing totals of 99
th

 percentile rainfall during 

the SRS, compared to 76 of 126 stations for the NCA timespan (Table 1).  Extending the 

timespan from the NCA’s to the FRSE decreases the amount of stations that satisfy the 

Quality Control of less than 10% missing days (QC10), but more stations follow the trend 

of increasing totals of 99
th

 percentile rainfall for the SRS (Table 1).  

The NCA timespan, for both the annual rainfall and SRS rainfall trends, lessened the 

positive trend exemplified in the 2014 assessment. In the analysis of annual rainfall for 

the NCA timespan, more than half (56) of the 100 stations that completed QC10 follow a 

negative trend in total 99
th

 percentile rainfall (Table 1).  Furthermore, during the NCA 

timespan, more stations reveal a negative trend in the total 99
th

 percentile rainfall for both 

the annual and SRS rainfall than for the FRSE. While the average percent change for the 

total 99
th

 percentile rainfall for the SRS in the NCA timespan is positive, there are 50 

stations with negative trends, suggesting the SEUS average doesn’t accurately represent 

the entire region (Table 1).  

Spatial trends of the total 99
th

 percentile rainfall were conducted for the Southeast. Using 

the FRSE timespan, there are no physically significant local signals of decreasing totals 

of 99
th

 percentile rainfall in the SRS and the annual rainfall (Figures 1a and 1c). However, 

evaluation of the SRS and annual rainfall during the NCA timespan reveal a strong 

negative trend in total 99
th

 percentile rainfall over South Carolina (Figures 1b and 1d). 

For the annual rainfall analysis, this trend expands to a larger portion of the United States, 

including northern Georgia and western North Carolina. This negative signal over South 



Carolina is contrasted by an equally robust positive trend in Alabama and southwestern 

Georgia. 

 

B.! Seasonal Rainfall 

 

Within the NCA timespan, there are dramatic swings between seasons demonstrated by a 

Southeast average of 39% decrease in total 99
th

 percentile rainfall for the winter as 

compared to a 68% increasing trend for the fall (Table 1). The fall yields strong 

increasing trends in 99
th

 percentile rainfall across most of Alabama and Georgia, as well 

as coastal North Carolina (Figure 1j). However, the same region that expresses this 

positive trend also conveys a negative trend for the spring and winter months (Figures 1f 

and 1l). This trend is centered over northern Georgia, western South Carolina, and 

western-central North Carolina for both seasons.  

The FRSE timespan returns more mixed results than the NCA timespan for all seasons, 

while each aggregate southeastern trend is positive (Table 1). The positive trend in 

Alabama and Georgia is evident in the fall although dotted with some stations expressing 

negative trends (Figure 1i). In the spring, there is a small decreasing trend in the 99
th

 

percentile rainfall totals across northern Alabama and Georgia (Figure 1e). Overall, 

results for the FRSE timespan made evident the heavily localized trends of 99
th

 percentile 

rainfall. This is indicative of how concentrated most heavy rainfall events are, with the 

exception of extreme weather such as tropical systems.  

Class Analysis 

 

The NCA time span contains more robust results for the SRS rainfall class analysis, 

compared to 1950-2014. Classes 2 through 4 reveal widespread negative count and 

quantity trends (Figure 2). Most of the other classes have smaller pockets of negative 

count and quantity trends than those listed above, but none of them have significant 

spatial signals of positive count and quantity trends. Only Class 10 results have 

noteworthy signals, with most of Georgia, Alabama, North Florida and North Carolina 

having positive count and quantity tallies (Figure 2e). Also in Class 10, most of South 

Carolina had a negative count and quantity trend. This is consistent with South Carolina’s 

decreasing trends in total upper percentile SRS.  

The class analysis, for the time span of 1950-2014, didn’t reveal any physically 

significant spatial trends for most of the classes. The only class that yields geographic 

trends for 1950-2014 time span was Class 10, the top quantile of rainfall. It shows 

positive count and quantity trends over most of Georgia, Alabama, and North Carolina, 

which was similar to the NCA time span (Figure 2f). Despite the lack of trends in the 

results for this time span, it displays the importance in choosing time spans.   

 



Onset/Offset Dates of the Southeast Rainy Season 

 

While signals of the SRS are not as strong as those in countries such as India where there 

is an intense monsoon season, an analysis of the SRS timing was conducted in order to 

begin to understand possible shifts of timing in the Southeast’s “wet” time of year.  

The offset date analysis shows stronger regional trends than the onset date. For regions 

with at least half of the period of study (1950-2014) register years in which a rainy season 

could be detected, offset dates for most of the Gulf of Mexico coastal region move earlier 

in the year (Figure 3b). However, portions of central and northeastern Florida reveal 

trends of that date shifting later in the year.  

Onset dates for the Southeast are more variable than the offset dates (Figure 3a). In order 

to summarize the rainy season as a whole, the effect on the entire SRS is plotted (Figure 

4). This graphic shows pockets of trends involving the SRS shrinking or shifting earlier, 

or the SRS shifting later or growing. Regions two, three, five, and the western portion of 

region eight show the rainy season shifting to earlier in the year or shrinking. Central and 

northeastern Florida show signs of a SRS shifting to later in the year. A small area, from 

central South Carolina extending northward into North Carolina, exhibit a trend of the 

SRS shrinking or shifting earlier.  

How Southeast regions obtain their rainfall varies vastly across the entire Southeastern 

United States, and even changes across relatively small geographically distances. Florida 

is, by far, the best example of this. The cumulative daily anomaly curves for six selected 

stations in Florida give insight into the timing and magnitude of the rainy season in each 

of those locations. Tallahassee Regional Airport (TRA) and Pensacola Regional Airport 

(PRA) both experience less of a dry season compared to Arcadia, FL (Figure 5). The 

small rainy season during the winter and spring allow the deficit to hover near zero 

inches for PRA and TRA. However, there is a deviation between TRA and PRA for the 

rainy season, where Pensacola peaks later in the year and its magnitude is smaller on 

average. The same pattern exists between Fort Pierce and Arcadia, positioned on opposite 

coasts with similar latitude, as Fort Pierce sees their offset occur later while Arcadia’s 

rainy season magnitude is larger.  

Individual station plots were created to exemplify these shifts in SRS, as well as the 

extremely localized trends associated with these shifts. While TRA exhibits a more 

robust offset date trend than most stations, it is experiencing a shrink in its rainy season 

(Figure 6a). In Jacksonville International Airport (JIA), while its onset trend is similar to 

TRA’s, its offset date is increasing (Figure 6b). This yielded a vastly different situation, 

where JIA generally maintains its rainy season length while TRA’s rainy season was 

shrinking. A similar localized pattern is seen between Central Florida and South Florida, 

evidenced by observations at Orlando International Airport and Arcadia, respectively 

(Figures 6c and 6f).  Both station’s data has comparatively little spread from the trend 

line, as opposed to other stations.  

 



Strength Analysis 

 

In order to effectively analyze the PDFs, a preliminary analysis of weak rainfall and 

strong southeast rainy seasons was conducted, comparing the entire Southeast trend to 

those of the 14 regions and individual stations. The largest difference when comparing 

individual station trends against the trend of the entire Southeast is seen between weak 

years and strong years. More stations experience a strong rainfall seasons when the 

Southeastern United States experiences a strong rainfall season, compared to the same 

occurrence for weak rainy seasons (Figures 7a and 7b) 

Furthermore, areas that appear to follow the strong rainy season trend of the Southeast 

tend to be inland. North Carolina is a particularly good demonstration of this gradient. 

Multiple coastal stations also have strong rainfall seasons at the same time as the entire 

Southeast less than 25% of the time, while Marion, North Carolina has the maximum 

correlation experiencing strong rainy seasons 93.3% of the time the entire Southeast does. 

The regional analysis confirms the spatial eye-test, exemplifying that the inland station 

trends seem to drive the SEUS pattern.   

 

Probability Density Functions (PDFs): SRS Decadal, SRS Monthly, and Annual 

Decadal Analyses 

 

A.   Rainy Season Strength  

 

The average PDFs for each region over the range considered, 1950-2014, varied little 

spatially (Figure 9). The shapes of region PDFs did not change much from region to 

region, only holding small differences throughout. Furthermore, there is not heavy 

variation from region to region in the PDFs of weak, normal, and strong rainy seasons. 

The one notable result among the regions in the Southeast is that strong rainy seasons sit 

above the mean region PDF for higher percentile rain events and below for low percentile 

rain events. While weak rainy seasons, on average, sit above the mean region PDF for 

low percentile rain events and below for high percentile rain events. This pattern is 

demonstrated best in Region 4 (Figure 10).  

 

B.! SRS Decadal, SRS Monthly, and Annual Decadal Analyses 

 

While some decades prove to be more dry or damp than others, there was no consistent 

trend in progression of the decade PDFs for each region. When comparing across the 

Southeast, regions near coastline experience more decadal variability from the mean, 

apparent in Region 2 (Figure 11). This region contained variability, but no time trend. All 

other regions have little variation and don’t contain chronological trends. Opening the 



analysis to annual rainfall, there are similarly no systematic variations from decade to 

decade (Figure 12).  

The PDFs for individual months in the SRS did show more variability month to month 

compared to the decadal analysis. The most noticeable difference, while it may not be 

physically significant, is the flattening of the May PDF from bins five to ten (0.25”-

0.50”) throughout most regions. This is prominently displayed in Regions 2, 4, and 5 

(Figures 13b, 13c, and 13d). Regions that don’t exhibit a flattening of the curve contain at 

least a kink in the downward slope of the PDF in that bin range representatively 

exemplified by Regions 7 and 13 (Figures 13e and 13f). Regions 1, 4, 5 all reveal a 

higher density of rainfall in portions of bins five through fifteen, consisting of daily 

rainfalls of 0.25 to 0.75 inches, for May, June, and July (Figure 13a). This suggests that 

May, June, and July see a larger amount of its rainfall for those regions in the mid-

percentile precipitation. 

 

Rainy Days  

 

There is evidence of fluctuation in the amount of rain and timing of rain events. 

Therefore, the lack of PDFs shifting with time, yields that days of measurable rainfall 

must be the source of variation.  

Based solely upon the regional analysis, it is evident that each region’s annual rainy days 

and SRS rainy days reveal increasing trends from 1950-2014 (Tables 5 and 6). However 

there is great variability month to month on the change in rainy days within each region, 

as well as when you observe trends spatially (Table 7). Figures 14a and 14b demonstrate 

the percent change in SRS and annual rainy days, respectively, for each station which 

satisfied QC10. The amount of fluctuation locally signifies that these regional trends are 

not physically significant. While the SRS and annual methodology did not reveal 

anything substantial, the monthly rainy days, station-level analysis yielded physically 

significant consequences.  

The percent change in rainy days for the months of spring (March through May) all have 

widespread values, mostly negative. There are significant decreasing trends across most 

the Southeast, excluding coastal regions of Florida, in March (Figure 14c). Figure 14e 

displays a small increasing trend for May in stations near the Tennessee with a robust 

decreasing trend in Florida and coastal regions. April holds more of a diverse trend, but 

there is a broad decreasing trend over most of Alabama, Georgia, and North Florida 

(Figure 14d). From a relative decrease in rainy days in Spring, the remaining portion of 

the year reveals different trends month to month. June reveals the strongest positive trend, 

but then July reverts back to a negative trend, with a significant signal over North Florida 

and South Georgia (Figures 14f and 14g). The end of the SRS does not have as strong of 

a trend as the beginning did. Figure 14i characterizes the variation across the Southeast 

for September rainy day trends, as southern Alabama, southern Georgia and Florida hold 

negative trends while North Carolina is generally positive. October has a general 

increasing trend, but South Florida has a negative signal (Figure 14j).  



 

Conclusion:  

 

The primary theme of the results is that it is impossible to characterize shifts in rainfall 

and the SRS based upon the large geographical areas used in the NCA. Through analysis 

of individual stations, it is clear that trends in precipitation vary spatially even within the 

small geographic regions this study used. For example, through the class and NCA 

methodology analysis, it is evident that South Carolina’s upper percentile rainfall count 

and quantity is decreasing, while Alabama and Georgia are experiencing positive trends. 

An initial explanation for this spatial variation is the difference in the synoptic schemes 

these local regions experience throughout the year. Mid-latitude cyclones only influence 

Florida during the Winter months, while the northern portion of our Southeast region can 

see effects from those systems year round. Even when a mid-latitude cyclone affects our 

entire region, the rainfall can still different across the states. Florida and the Gulf of 

Mexico coastal region generally see the rainfall from squall lines ahead of the cold front, 

while North Carolina, lying closer to the center low, could potentially get prolonged 

snow or rainfall periods.  

The most consistent trends came in the analysis on rainy days, where there is widespread 

decrease in the amount of rainy days for March and July, contrasted by extensive positive 

trends in June and August. However, in each calculation plotted spatially, there is always 

variation. Even in the relatively uniform regions mentioned above, there are still stations 

dotted throughout which differ from the general trend of that region. Therefore, it is 

imperative to analyze on a smaller scale than used in the NCA, because it provides an 

insight into local trends, such as the later shift of the rainy season in the Jacksonville area.  

In addition to differences within the large Southeast region, there was adaption in trends 

seasonally. While it is simple to represent the entire Southeast region with a general 

percentage, it doesn’t tell the entire story. For example, there were negative trends in the 

99
th

 percentile rainfall total throughout northern Alabama and northern Georgia for spring 

and winter, while only fall, and some stations during summer, yielded the robust positive 

trends expected in this study. The amount of rainy days also yielded results to suggest 

shifts in the seasonal rainfall of the Southeast. These include more stations in the northern 

area of the region experienced increasing annual and SRS rainy days than did the 

southern portion of the region and decreasing rainy days in spring months along the Gulf 

Coast.  This supports the lack of growing SRSs along the Gulf coast.  

The timing of the SRS is varying locally, but it is difficult to trust these trends due to the 

weak nature of the SRS, compared to that of the Indian Monson. Still pockets of the 

region showed some general trends, like the aforementioned Jacksonville trend and a 

general shrinking SRS pattern in South Florida. This supports the decreasing amount of 

rainy days observed throughout most of Florida for spring and September.  



It was also assumed that Florida may be the driver of the increasing trends in the 99
th

 

percentile total rainfall for the Southeast. However this claim is largely disputed based 

upon the correlation of individual stations to that of the Southeast, as well as their 

alignment in experiencing weak or strong rainfall seasons. Most of the stations that linear 

correlate or align tend to be towards the interior of the region. While these correlations 

aren’t strong, they are higher than those observed near the coastline.  

The next step for this study is to evaluate the uncertainty of all the trends found. It is 

important to figure out if these regressions have a large standard deviation, and therefore 

their significant. While the significance of these trends needs to be tested, these results 

still provide important insight into the local variation within the Southeast. However, 

these results are still important, because of the consistency between the different 

methodologies’ results. The utilization of multiple methodologies allowed for comparison 

between the results, and confirmation of local trends. An example of this is the aligning 

outcomes of the Class 10 analysis and NCA 99
th

 percentile analysis in South Carolina, 

both expressing decreasing trends in heavy daily rainfall events quantity and count. 

Future work will include using this multiple methodology technique to compare seasonal 

trends in different intensity rainfall.   
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Figure 1. Percent	Change	using	the	NCA	methodology	across	the	Southeast	in	99th	

percentile	(a)	annual	rainfall	for	the	NCA	time	span,	(b)	annual	rainfall	for	the	FRSE	time	

span,	(c)	SRS	rainfall	for	the	NCA	time	span,	(d)	SRS	rainfall	for	the	FRSE	time	span,	(e)	

spring	rainfall	for	the	NCA	time	span,	(f)	spring	rainfall	for	the	FRSE	time	span,	(g)	

summer	rainfall	for	the	NCA	time	span,	(h)	summer	rainfall	for	the	FRSE	time	span,	(i)	

fall	rainfall	for	the	FRSE	time	span,	(j)	fall	rainfall	for	the	NCA	time	span,	(k)	winter	

rainfall	for	the	FRSE	time	span,	(l)	winter	rainfall	for	the	NCA	time	span.	
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Figure	2.	The	comparison	between	the	least	squares	linear	

trend	regression	of	SRS	rainfall	counts	and	rainfall	quantity	

across	the	Southeast	for	(a)	Class	1	with	NCA	Range	(1958-

2012),	(b)	Class	2	with	NCA	Range	(1958-2012),	(c)	Class	3	

with	NCA	Range	(1958-2012),	(d)	Class	4	with	NCA	Range	

(1958-2012),	(e)	Class	10	with	NCA	Range	(1958-2012),	(f)	

Class	10	from	1950-2014)	

Class 10 Correlation Between Count and Quantity Trends
(NCA Timespan)

Class 4 Correlation Between Count and Quantity Trends
(NCA Timespan)

d e

f

Class 10 Correlation Between Count and Quantity Trends
(FRSE Timespan)

 
 

 



  

Figure	3.	The	percent	change	in	(a)	onset	day	

of	the	SRS	and	(b)	offset	day	of	the	SRS	for	

each	station	for	the	time	span	of	1950-2014,	

using	the	slope	of	the	least-squares	linear	

regression.	
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Change in Rainy Season Dates Across the Southeast

(1950-2014)
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Figure	4.	Based	upon	the	trends	of	the	offset	and	onset	day	at	each	station,	

this	figure	designates	whether	the	SRS	is	shrinking,	growing,	shifting	later,	

or	shifting	earlier	at	each	station.	



  

Figure	5.	Cumulative	daily	rainfall	anomalies	for	six	stations	in	Florida,	including	Arcadia,	

Fort	Pierce,	Jacksonville,	Orlando,	Pensacola,	and	Tallahassee.	Daily	rainfall	anomaly	is	

equal	to	the	daily	observed	precipitation	subtracted	by	the	average	daily	rainfall	value	from	

1950-2014.		
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Figure	6.	Onset	and	offset	dates	in	

Julian	days	from	1950-2014	for	

those	years,	which	satisfied	the	

definition	of	a	rainy	season.	A	trend	

line	was	fit	to	the	data	using	a	least	

squares	linear	trend	regression	for	

both	the	onset	and	offset	days.	This	

was	done	for	(a)	Tallahassee	

Regional	Airport,	(b)	Jacksonville	

International	Airport,	(c)	Orlando	

International	Airport,	(d)	Pensacola	

Regional	Airport,	(e)	Fort	Pierce,	

FL,	and	(f)	Arcadia,	FL	
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Figure	7.	Percentage	of	years	at	each	station	where	it	correlates	with	the	Southeast	

signal	of	a	(a)	strong	rainy	seasons	and	(b)	weak	rainy	seasons.	There	were	a	total	of	

15	strong	seasons	for	the	Southeast	using	a	quartile	approach.	
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Figure	8.	The	correlation	of	SRS	rainy	season	total	rainfall	between	each	station	and	the	

entire	Southeast.	This	value	was	computed	using	the	correlation	function	on	IDL.	
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Figure	9.	Average	Probability	Density	Function	for	all	regions’	Southeast	Rainy	Season	

period	based	upon	rainfall	from	the	1950-2014.	



  

Figure	10.	The	mean	probability	density	function	(black)	for	Region	4,	overlaid	with	the	

probability	density	functions	for	weak	(red),	normal	(green),	and	strong	(blue)	rainy	

seasons	based	upon	quartiles.	

	



 

 

  

Figure	11.	Decadal	Probability	Density	Function	for	Region	2’s	SRS	rainfall	from	1950-2014.		

	



  

Figure	12.	Decadal	Probability	Density	Function	for	Region	1’s	Annual	rainfall	from	1950-2014	
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Figure	13.	Monthly	Probability	

Density	Functions	for	Southeast	

Rainy	Season	period	based	

upon	rainfall	from	1950-2014	

for	(a)	Region	1,	(b)	Region	2,	

(c)	Region	4,	(d)	Region	5,	(e)	

Region	7,	(f)	Region	13	
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Figure 14. Percent change in (a) SRS, (b) annual, (c) March, (d) April, (e) May, (f) June, (g) July, (h) 

August, (i) September, (j) October days of measurable rainfall for each station, which satisfied QC10 for 

the Southeast, using the slope of the least-squares	linear	regression.	
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Tables: 

 

Season NCA Range FRSE Range 

Winter -39.0867 1.2526 

Spring -35.1365 7.1784 

Summer 4.8429 20.8938 

Fall 68.4428 40.8399 

Year -1.9377 20.5599 

SRS 24.5033 31.8957 

 

Table 1. Trends in total 99
th

 percentile rainfall were computed using a simply linear 

regression for each station, which satisfied QC10. All stations were then averaged to find 

the percent change in 99
th

 percentile total rainfall across the Southeast. FRSE represents 

the full range of station existence timespan, while NCA represents the National Climate 

Assessment timespan (1958-2012). 

 

 Positive Trend Negative Trend 

Year FRSE 57 26 

Year NCA 44 56 

Spring FRSE 64 62 

Spring NCA 54 95 

Summer FRSE 68 51 

Summer NCA 69 75 

Fall FRSE 77 44 

Fall NCA 104 37 

Winter FRSE 56 56 

Winter NCA 63 73 

SRS FRSE 76 27 

SRS NCA 76 50 

 

Table 2. Trends in total 99
th

 percentile rainfall were computed using a simply linear 

regression for each station, which satisfied QC10. The positive and negative trends were 

then counted for each data range considered. FRSE represents the full range of station 



existence timespan, while NCA represents the National Climate Assessment timespan 

(1958-2012). 

 

Stations That 

Satisfied QC10 

for Both 

Timespans 

Both Positive 

Trends 

Positive FRSE, 

Negative NCA 

Negative 

FRSE, Positive 

NCA 

Both Negative 

Trends 

SRS 38 18 6 11  

Year 24 15 3  15 

Spring 22 27 11 34 

Summer 35 15 11 26 

Fall 51 7 12 19 

Winter 25 17 16 30 

 

Table 3. Trends in total 99
th

 percentile rainfall were computed using a simply linear 

regression for each station for both FRSE and NCA timespans. Stations that satisfied 

QC10 were counted to see how their trends varied between the two time spans.  

 

Regions Weak Year Signal Strong Year Signal Correlation 

1 0.562  0.647   0.737 

2 0.438  0.529   0.680 

3 0.500  0.647   0.723 

4 0.500  0.647   0.795 

5 0.562  0.529   0.713 

6 0.562  0.765   0.832 

7 0.500  0.706   0.750 

8 0.750  0.471   0.648 

9 0.562  0.529   0.579 

10 0.375  0.529   0.457 

11 0.688  0.647   0.781 

12 0.562  0.294   0.539 

13 0.562  0.529   0.654 

14 0.438  0.412   0.449 

 

Table 4.  Percentage of years for each region where it correlated with the Southeast signal 

(strong or weak), as well as the correlation between Southeast total SRS rainfall and each 

station’s SRS total rainfall for the years of 1950-2014. 

  



 

Table 5.  Percent change in SRS days of measurable rainfall in each region, using the 

slope of the least-squares linear regression.   

Regions 

 1 9.292 

2 -4.17 

3 22.159 

4 7.723 

5 2.805 

6 14.83 

7 2.242 

8 4.545 

9 1.259 

10 0.114 

11 11.617 

12 -0.911 

13 23.134 

14 15.074 

 

Table 6. Same as Table 4 except for annual days of measurable rainfall 

Regions January  February March April May June 

1 1.128 5.8 0.363 4.952 1.871 3.335 

2 -0.647 0.673 -6.892 -1.984 -2.33 0.271 

3 3.309 5.428 -0.38 6.455 1.927 4.449 

4 2.552 6.368 1.587 5.149 3.431 1.355 

5 3.451 -1.149 -1.73 -0.707 -0.046 2.321 

6 4.519 4.991 1.023 2.29 3.457 3.536 

7 2.552 3.75 -2.137 0.398 0.844 0.664 

8 9.462 5.586 0.752 1.228 -0.288 3.204 

9 9.886 7.749 3.772 4.725 0.039 2.561 

10 4.895 3.597 4.021 5.057 0.079 1.263 

11 4.851 4.554 2.155 3.199 5.188 3.916 

12 0.795 0.836 -5.07 2.631 -0.101 2.098 

13 5.372 7.334 3.907 4.838 3.706 4.904 

14 6.796 3.545 0.896 1.866 2.701 3.746 

Regions July August September October November December 

1 1.08 0.822 2.185 9.235 2.216 4.392 

2 -3.09 1.289 -0.31 4.279 0.634 -0.966 



3 2.006 7.054 6.722 14.078 9.524 6.27 

4 -0.398 1.626 1.709 8.951 2.745 5.092 

5 -0.333 1.747 1.81 7.735 3.622 3.095 

6 1.788 2.631 3.418 8.357 2.802 4.143 

7 1.184 0.28 -0.73 4.589 2.05 0.691 

8 -0.931 2.238 0.323 1.783 7.024 7.024 

9 -0.712 -0.175 -0.455 2.334 9.288 11.377 

10 -0.315 -0.49 -0.424 -1.394 4.983 8.588 

11 0.581 1.211 0.721 8.339 5.315 6.591 

12 -2.727 1.608 -1.744 3.855 -0.188 2.736 

13 4.493 2.762 7.268 7.273 6.678 8.842 

14 1.39 2.911 4.327 3.982 7.024 10.35 

 

Table 7. Same as Table 4 except for monthly days of measurable rainfall 

 

Figure Captions: 

 

1. Percent Change using the NCA methodology across the Southeast in 99
th

 percentile (a) 

annual rainfall for the NCA time span, (b) annual rainfall for the FRSE time span, (c) 

SRS rainfall for the NCA time span, (d) SRS rainfall for the FRSE time span, (e) spring 

rainfall for the NCA time span, (f) spring rainfall for the FRSE time span, (g) summer 

rainfall for the NCA time span, (h) summer rainfall for the FRSE time span, (i) fall 

rainfall for the FRSE time span, (j) fall rainfall for the NCA time span, (k) winter rainfall 

for the FRSE time span, (l) winter rainfall for the NCA time span. 

2. The comparison between the least squares linear trend regression of SRS rainfall 

counts and rainfall quantity across the Southeast for  a) Class 1 with NCA Range (1958-

2012), (b) Class 2 with NCA Range (1958-2012), (c) Class 3 with NCA Range (1958-

2012), (d) Class 4 with NCA Range (1958-2012), (e) Class 10 with NCA Range (1958-

2012), (f) Class 10 from 1950-2014) 

3. The percent change in (a) onset day of the SRS and (b) offset day of the SRS for each 

station for the time span of 1950-2014, using the slope of the least-squares linear 

regression.  

4. Based upon the trends of the offset and onset day at each station, this figure designates 

whether the SRS is shrinking, growing, shifting later, or shifting earlier at each station.  

5. Cumulative daily rainfall anomalies for six stations in Florida, including Arcadia, Fort 

Pierce, Jacksonville, Orlando, Pensacola, and Tallahassee. 



6. Onset and offset dates in Julian days from 1950-2014 for those years, which satisfied 

the definition of a rainy season. A trend line was fit to the data using a least squares linear 

trend regression for both the onset and offset days. This was done for (a) Tallahassee 

Regional Airport, (b) Jacksonville International Airport, (c) Orlando International Airport, 

(d) Pensacola Regional Airport, (e) Fort Pierce, FL, and (f) Arcadia, FL 

7. Percentage of years at each station where it correlates with the Southeast signal of a (a) 

strong rainy seasons and (b) weak rainy seasons. There were a total of 15 strong seasons 

for the Southeast using a quartile approach.  

8. The correlation of SRS rainy season total rainfall between each station and the entire 

Southeast. This value was computed using the correlation function on IDL.  

9. Average Probability Density Function for all regions’ Southeast Rainy Season period 

based upon rainfall from the 1950-2014.  

10. The mean probability density function (black) for Region 4, overlaid with the 

probability density functions for weak (red), normal (green), and strong (blue) rainy 

seasons based upon quartiles.  

11. Decadal Probability Density Function for Region 2’s SRS rainfall from 1950-2014.  

12. Decadal Probability Density Function for Region 1’s Annual rainfall from 1950-2014 

13. Monthly Probability Density Functions for Southeast Rainy Season period based 

upon rainfall from 1950-2014 for (a) Region 1, (b) Region 2, (c) Region 4, (d) Region 5, 

(e) Region 7, (f) Region 13 

14. Percent change in (a) SRS, (b) annual, (c) March, (d) April, (e) May, (f) June, (g) July, 

(h) August, (i) September, (j) October days of measurable rainfall for each station, which 

satisfied QC10 for the Southeast, using the slope of the least-squares linear regression.   
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