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I. Introduction 

 Flash flooding is the second greatest cause of weather-related fatalities in the United 

States, with extreme heat being the highest (NOAA 2018). Flash flooding can occur in multiple 

ways.  It can occur due to a slow-moving tropical system with training rainbands, or by a 

stationary or slow-moving thunderstorm cell that taps into large atmospheric moisture content. A 

majority of flash flooding events occur in the late spring and summer months. This is because the 

temperatures during this time of year are the warmest, and a warmer atmosphere has the ability 

to hold more water vapor and have greater moisture content. As a result, any convection that 

forms is able to produce large rainfall amounts in a short time period. However, flash flooding 

also can occur during the colder months.  

This thesis examines in depth a major flooding event that occurred in our local region 

from 1-3 December 2018. Parts of Tallahassee received more than a half foot of rain during the 3 

day period, with Southwood seeing the most at 9.11 inches. However, some of the greatest 3 day 

totals occurred in Southwest and South Central Georgia with the greatest total observed in Lee 

County, Georgia at 11.16 inches. 

II. Background 

 Flash flooding occurs when the rainfall rate from a convective storm is sufficiently 

extreme that the surface can no longer readily absorb the water. The rainfall then essentially 

becomes runoff. This runoff accumulates and can turn into a raging stream of water that is a 

danger to the public. What makes flash flooding different from general flooding is the time 

period. Flash flooding occurs in a few minutes to about an hour, while general flooding occurs 

due to an accumulation of persistent rainfall over days, weeks, or months. Maddox et al. (1979) 

found that flash flooding events shared four characteristics: “Heavy rains were produced by 



convective storms, surface dewpoint temperatures were very high, large moisture content was 

present through a deep tropospheric layer, and vertical wind shear was weak to moderate through 

the cloud depth” (Schumacher 2017).  

 Flash flooding can occur due to both synoptic scale and mesoscale systems. As a result, 

there are four categories of flash flood situations in the United States (Maddox 1979). The first 

type is a western flash flood. Western flash floods occur west of 104 degrees longitude. They are 

associated with a weak large-scale flow pattern with no well-defined surface features, although a 

shortwave trough is usually present at 500 mb. The event usually unfolds in the early to mid-

afternoon in an area where there is a maximum of instability and moisture due to the shortwave 

trough or cutoff low (Maddox 1979).  

The second type of flash flood is the synoptic type. It occurs due to a relatively intense 

synoptic scale cyclone or frontal system. The event can affect multiple states and last relatively 

long, in some cases 2 to 3 days. Storms constantly develop and repeatedly move over the same 

area. This produces an area of general flooding with some isolated pockets of flash flooding. The 

flash flooding scenario occurs because the winds aloft tend to be parallel to the front. This helps 

produce an area of strong ascent in a region with deep southerly flow and abundant moisture 

(Maddox 1979). Topography, like the eastern slopes of the Appalachians and the western slopes 

of the Sierra Nevada Mountains, can enhance the low level flow and produce heavier rainfall 

ahead of a synoptic scale system. This is the type of flash flooding event that occurred during the 

second part of the 1-3 December 2018 flash flooding event in North Florida and South Georgia 

that is the focus of this research.  

 The third type of flash flood in the United States is a frontal event (Maddox 1979). These 

flash floods occur due to slow moving or stationary frontal boundaries that are usually orientated 



east to west. The heavy rain occurs north of a surface warm front, due to warm unstable air 

flowing over the front. The movement of the storms is approximately parallel to the frontal 

boundary, with the storms being continuously fueled by moist unstable air. The flash flooding in 

these events is magnified in some cases when a weak mesolow moves eastward along the frontal 

boundary. The mesolow increases the convergence and inflow to the storm area (Maddox 1979).   

The last type of flash flooding event in the United States is due to a mesohigh. These 

events are due to slow moving or stationary outflow boundaries generated from earlier 

convective storms. The storms that cause the flash flooding occur on the cool side of the 

boundary. According to Maddox (1979), “half of these events occurred east of a frontal system 

while the rest occurred in an area far away from any pertinent surface fronts”. Winds aloft are 

nearly parallel to the outflow boundary and storms basically exhibit a training effect over the 

area. 

 Forecasting flash flooding is different than forecasting tornadoes and hail.  One major 

difference is that flash flooding depends on the type of ground the rain falls on. For example, if a 

prolonged period of heavy rain falls in an unpopulated area with sandy soil, there would be little 

to no flash flooding since the soil is able to absorb considerable water. On the other hand, if a 

storm with large rainfall rates falls in an urban or mountainous setting there could be major flash 

flooding because the surfaces cannot absorb much water, or the runoff is enhanced by the 

topography. For that reason, the Flooded Locations and Simulated Hydrographs (FLASH) 

project was developed in 2016 to use newly developed products to help pinpoint areas of the 

country that are more susceptible to flash flooding (Gourley et al. 2017). The FLASH products 

rely on the National Severe Storms Laboratory (NSSL)’s Multi-Radar Multi-Sensor (MRMS) 



rainfall rates and the discharge rates at certain locations to help determine the magnitude and the 

intensity of impending flash floods.  

 Flash flooding greatly depends on high to extreme rainfall rates. High rainfall rates are 

determined by both the instantaneous rainfall rate and precipitation efficiency. According to 

Doswell et al. (1996), the instantaneous rainfall rate, denoted R, is proportional to vertical 

moisture flux, denoted w•q, where w represents the ascent rate and q is the water vapor mixing 

ratio of the rising air. Precipitation efficiency is a ratio of the mass of water falling as 

precipitation to the mass of water vapor entering the cloud (Doswell et al. 1996). The efficiency 

depends on factors like the entrainment rate, i.e., how much dry air is brought in from the 

environment. A large entrainment rate can cause greater evaporation of the hydrometeors. The 

enhanced evaporation decreases the environmental relative humidity which in the end helps 

decrease the precipitation efficiency. 

 Storms that cause flash flooding usually exhibit strong upward buoyancy. Three 

ingredients are needed for this deep convection (Doswell et al. 1996). 1) The environmental 

lapse rate must be conditionally unstable; 2) there must be enough moisture to allow the moist 

adiabat of a parcel to have a level of free convection (LFC); and 3) there needs to be a 

mechanism, such as a frontal boundary, to lift the parcel to its LFC (Doswell et al. 1996). 

Another factor that determines the severity and duration of a flash flood is the movement of the 

storms causing it. A squall line with heavy rain, but with individual convective cells moving 

approximately normal (perpendicular) to the line, has a smaller likelihood of producing long-

lasting heavy rainfall compared to a squall line whose cells are moving parallel to the line. Flash 

flooding usually occurs when a line of storms (squall line) or a mesoscale convective system 

(MCS) has an overall component moving parallel to the line, because this allows a single 



location to have a longer duration of heavy rainfall that results in a greater potential for flash 

flooding. This can be shown mathematically where the convective storm movement (Cs) is the 

sum of contributions from the convective cell movement (Cc) and storm propagation (Ps). 

‘Propagation’ is the contribution to system movement from the development and dissipation of 

individual convective cells (Doswell et al. 1996). A rain area will exhibit slow movement when 

the propagation effect tends to cancel the overall cell movement. This thesis will examine all of 

these factors to determine the cause of the flash flooding experienced in the Tallahassee region 

between 1-3 December 2018. 

Goals 

 The first goal of this project is to determine and understand the factors that caused the 3-

day flooding event stretching from the Tallahassee area into southern Georgia on 1-3 December 

2018.  A second goal is to determine why the event was climatologically abnormal for the month 

of December. The final goal is to explore why certain areas in South Georgia and North Florida 

received significantly more rainfall than others. By determining the synoptic and mesoscale 

environmental conditions causing the heavy rainfall during this event, the results will serve as an 

example for future winter flash flood events if they were to occur again. 

III. Data and Methodology 

Several data types were obtained to examine the heavy rainfall event from 1-3 December 2018. 

Surface Analyses: Archived surface analyses between 0000 UTC 1 December to 0000 

UTC 4 December were obtained from the Weather Prediction Center (WPC) website. These 

were used to determine what surface features and fronts provided the lift and moisture for the 

intense rainfall on Saturday morning (1 December 2018, Fig. 1) and Monday (3 December, Fig. 

2).  



 

Fig 1. 1200 UTC Surface Analysis valid for Saturday 01 December 2018. 

 

Fig 2. 0000 UTC Surface Analysis valid for Monday 03 December 2018. 

 



Upper Air Data:  500 hPa archived analyses were obtained from the University of 

Wyoming Weather web site to examine the wind flow above the Tallahassee region. It is also 

important to assess conditions at other altitudes. This was done using the 0000 UTC and 1200 

UTC Tallahassee (KTLH) soundings from 1-3 December 2018. The purpose for looking at these 

soundings is to see how much moisture was in the atmospheric column and how unstable the 

atmosphere was for parcels to rise and create convection. After briefly looking at these 

soundings, an important observation will be how moist the atmospheric column was on Sunday 

morning after the first round of heavy rain on Saturday (Fig. 3). This record breaking airmass as 

well as enhanced lift ahead of the system is hypothesized to have contributed to the high rainfall 

amounts across the region. 

 

Fig 3. KTLH Sounding for 0000 UTC 02 December 2018. 

Radar Data: Level II radar data from the Tallahassee, Florida (KTLH), Moody AFB, Georgia 

(KVLD), Fort Rucker (KEOX), Alabama and Eglin AFB (KEVX), Florida radar sites was 

obtained during the period 0000 UTC Saturday 1 December 2018 to 0000 UTC Tuesday 4 



December 2018.  The data was interrogated using the GR2Analyst software. The purpose of the 

radar data is to examine storm cell characteristics and motion. The data also revealed why this 

was a long duration flooding event. Looking at the radar archives helped explain why certain 

locations received more rain than others.  

IV. Results 

The 1-3 December flooding event can be divided into 4 phases with the first 3 phases 

accounting for the extreme rainfall amounts in the Tallahassee region (Fig. 4). 

• Phase 1 (After 0900 UTC 1 December): Warm front moves north from the Gulf of 

Mexico and mid-level shortwave moves west along the Northern Gulf Coast (Fig. 4a). 

• Phase 2 (2 December thru 1200 UTC): Record breaking airmass ahead of cold front 

associated with mid latitude cyclone moving through the central United States (Fig. 

4b). 

• Phase 3 (12 UTC 2 December 9 UTC 3 December): First cold front moves east and 

stalls over the central Big Bend and South-Central Georgia (Fig. 4c). 

• Phase 4 (After 9 UTC 3 December): Second cold front merges and moves through 

region (Fig. 4d). 

a. b. 

1500 UTC 1 December 2018 0600 UTC 2 December 2018 



 

Fig 4. WPC Surface Analyses showing the evolution of the middle latitude cyclone and 

associated surface features. 

 In terms of the flow in the mid and upper levels of the atmosphere, Tallahassee is in an 

area of convergence in the lower levels and divergence in the upper levels (Fig. 5). This is a 

favorable setup for rising motion that can lead to heavy precipitation if there is sufficient 

moisture in the region. In addition,  the region was under a flow that was relatively weak and 

parallel. This makes the environment very conducive for training if storms were to develop. 

 

0300 UTC 3 December 2018 1800 UTC 3 December 2018 
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Fig 5. Upper Air Analyses for 0000 UTC 3 December 2018. 

 Precipitable water is an important parameter that indicates how moist is the atmospheric 

column above the region. The observed precipitable water at KTLH on Saturday evening (0000 

UTC 2 December, Fig. 3) was 52.83 mm (~ 2.08 in.) (Wyoming Weather Web 2019). The value 

at KTLH on Sunday morning (1200 UTC 2 December) was 2.05 in., breaking the old daily 

record of 1.87 in. (NWS Tallahassee 2018). This extreme amount of water vapor is more typical 

of mid-summer than early December. This record breaking airmass and the lift ahead of the 

surface cyclone contributed to the extreme rainfall amounts across the region. During the day 

leading up to the heavy rainfall, the value of precipitable water above Tallahassee increased 

dramatically due to wind shifting from the east to the south as shown in the surface analyses 

above (Figs. 6 and 7).  

 

 

c. 



  

 

 

 

 

 

Fig. 6. Line Plot showing Precipitable Water Values (in.) from 2018 30 Nov. 0000 UTC to 

2018 4 Dec. 0000 UTC. 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Table showing Precipitable Water Values (in.) from 0000 UTC 30 Nov.  

to 0000 UTC 4 Dec. 2018. 
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2018 30 NOV 

0000 UTC 0.736 
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0000 UTC 1.076 
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1200 UTC 1.599 

2018 02 DEC 

0000 UTC 2.080 
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1200 UTC 1.514 
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 The radar archives indicate several periods when strong cells trained over the same area. 

The first flash flooding setup due to training storms occurred right along the Georgia/Florida 

border between Marianna and Thomasville from late Saturday 1 December 2018 to Sunday 2 

December (Fig. 8). This training was associated with the surface warm front moving toward the 

north from the Gulf of Mexico and a mid-level shortwave advancing toward the east. Repeated 

strong cells moved from southwest to northeast over this region due to their being located just 

north of the surface warm front. The convection occurred due to isentropic lift over the warm 

front. This explains the reasoning behind the first local maxima in storm rainfall in the 

Tallahassee CWA. 

Fig. 8. KTLH Radar Scan at 0000 UTC 2 December 2018. 

 Moving on to early Sunday morning (between 0000 UTC to 1200 UTC 02 December 

2018), the entire CWA is in the warm sector of the synoptic storm system with the cold front 

back in the Mississippi River Valley. Within this warm sector, as shown earlier, there is a record 



amount of moisture in the atmospheric column and weak parallel to the front flow in the mid to 

upper levels. There was enough lift and instability to allow heavy showers and storms to develop 

in a line from Dothan, Alabama to Albany, GA (Fig. 9). These storms, aided by environmental 

conditions, contained high rainfall rates and moved from southwest to northeast over the same  

affected areas. 

Fig. 9. KTLH Radar Scan at 0900 UTC 2 December 2018 

The last flash flooding setup that lead to the large rainfall totals in the Tallahassee and 

Valdosta region occurred when the cold front finally approached the region and then stalled. The 

associated lift from this front led to storm and cell development in the Panama City and 

Tallahassee area. Both the overall system and the discrete cells moved from southwest to 

northeast over the same locations on a line from about Mexico Beach, FL to a point just west of 



Valdosta, GA (Figs. 10 and 11). This training of storms in the region lasted until early Monday 

morning, 3 December.  

Fig 10. KTLH Radar Scan at 0300 UTC 3 December 2018. 

Fig 11. KVAX Radar Scan at 0600 UTC 3 December 2018. 

 



Radar-derived rainfall estimates and surface observations revealed, a well-defined 

training pattern with the higher rainfall amounts extending from southwest to northeast (Fig. 10). 

As shown and explained above there are also local maxima northwest of Albany, GA in the 

tristate area between Defuniak Springs, FL and Thomasville, GA, northeast of Tallahassee, and 

near Valdosta, GA. These reports were verified using personal station data from my advisor’s 

house on the northeast side of Tallahassee. During this 72 hour period, his station observed a 

rainfall total of 6.13 inches. Some of the rainfall estimates and reports provided are shown below 

(Figs. 12-15). 

 

 

 

 

 

 

 

Fig 12. Rainfall Estimates from NWS Tallahassee. 

 

 

 

 

Fig 13. 72-hr Storm Total Rainfall Reports. 

https://www.weather.gov/images/tae/events/20181203/rainfall_table.png


 

 

 

Fig 14. COCORAUS Rainfall Reports in Lowndes County. 

 

 

 

 

Fig 15. COCORAUS Rainfall Reports in Leon County. 

 

 

 

 

 

 

 

 

 



V. Discussion & Conclusion 

 The December 2018 heavy rainfall event in North Florida and South Georgia was notable 

in several ways. The flash flooding impacted a relatively large region. The surface and upper 

level features that provided the lift to produce the heavy precipitation moved slowly through the 

region over the course of 3 days. However, the most important factor that showed the 

significance of this event was the record amount of atmospheric moisture, as indicated by 

precipitable water. As high pressure moved eastward over the Atlantic Ocean on 1 December 

2018, it allowed a record breaking moist airmass to advect into the study region south of a 

surface warm front. This precipitable water value peaked during the middle of the 3-day event 

when the entire region was under the influence of the warm sector of the synoptic scale system. 

The airmass over the Tallahassee region was more typical of the middle of the summer rather 

than the beginning of December.  

 The event contained three distinct rounds of heavy rainfall that impacted some localized 

areas of the region more than others. This variable impact is clearly evident when looking at the 

final rainfall estimates and reports. Three regions are notable: areas just north of the 

Florida/Georgia border just east of the Chattahoochee River and Lake Seminole, areas northwest 

of Albany, Georgia, and finally areas along a line from Mexico Beach, Florida to Valdosta, 

Georgia. The three rounds of heavy rainfall exhibited many similarities. First was the record 

amount of moisture in the atmosphere as explained above. Second, the heavy rainfall was 

supported by lift associated with a surface or mid-level feature at or near the area. Finally, the 

high rainfall amounts due to heavy storms were assisted by a weak flow parallel to the fronts in 

the low to mid-levels. The radar loops in each of these rounds indicated that cell motion and 

storm motion were almost parallel to each other. Since the two vectors were almost anti-parallel 



to each other, areas had repeated heavy rain due to consecutive cells commonly referred to as 

training. This allowed heavy rainfall to impact the same areas repeatedly causing a quick 

increase in the amount of rainfall observed and leading to some flash flooding. The radar loops 

below clearly reveal the training, with the overall storm motion and the individual cells both 

moving from southwest to northeast. In particular, notice that the cell just southwest of the 

Tallahassee airport at 0305 UTC was in Northeast Tallahassee by 0325 UTC (Figs. 16 and 17). 

This occurred in the Tallahassee region for about 6 hours allowing the rainfall totals to increase 

steadily. 

 

 

 

 

 

 

 

 

Fig 16. KTLH Radar Image at 0305 UTC 3rd December 2018. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Fig 17. KTLH Radar Image at 0325 UTC 3 December 2018. 

 

 One of the goals of this thesis was to determine what made this event abnormal for the 

time of year, December 2018. An event of this magnitude is more typical of summer when the 

atmosphere contains more moisture to produce storms with higher rainfall rates and the overall 

flow in the atmosphere is less progressive. This was the type of environment that was observed 

in the region during this December heavy rainfall event. Thus, long term heavy rainfall events 

not only happen during the warmer spring and summer months, but also during the cooler winter 

months if the right conditions are in place: an atmospheric column with a sufficient or record 

amount of moisture, a slow moving system or boundary to provide the lift needed for rainfall to 

occur, and large enough lapse rates to provide instability for deep convection to spark off. 



 In term of future research, it would be noteworthy to see the actual moisture source of the 

deep convection in this event through satellite imagery. With heavy rainfall events, the moisture 

source is usually from the Caribbean or Tropical Atlantic or the Pacific Ocean; so it would be no 

surprise to expect a similar result in water vapor imagery. 
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