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April 2011: Extreme Weather Events 

Ricardo A. Alvarez1 

My review of the literature and research on the topic of global climate change, in 

1997-1998, led me to coin the phrase Climate Change and Extreme Events as the 

name for a conference hosted by the International Hurricane Center at Florida 

International University in July 21-23, 1998, which I managed as a regional 

contribution to the National Assessment effort mandated by Congress and 

coordinated by the U.S. Global Change Research Program (USGCRP). 

In using the term extreme events I was guided by evidence derived from 

paleoclimatologic proxy data and geologic records showing repeated alternating 

cycles of extremely hot and cold temperatures, and changes in the mix of 

atmospheric gases and in the level of world oceans, as well as instances of 

catastrophic coastal storm surge impacts and inland flooding. Here was a picture of a 

planet where slow change often punctuated by extreme events is a constant of 

nature, and where the natural processes that have driven change in the past are still 

at work today and should continue to be into the future. 

At the time there were many more questions than answers when it came to global 

climate change, and some of the emerging answers still had a relatively high degree 

of uncertainty associated with them. Despite this however, I questioned what could 

happen as global warming increased the temperature in the atmosphere allowing the 

air to hold more moisture? Would this not alter the lapse rate or promote stronger 

convection in the atmosphere, in effect changing the threshold for precipitation to 

occur leading to perhaps less overall precipitation in some regions, but more instances 

of extreme rain events? What could happen as sea level rise driven by global warming 

altered the parameters in coastal locations? Would this not result in faster-moving and  

higher-elevation storm surge during hurricanes and coastal storms, which in turn 

would lead to higher waves, faster flow, stronger hydrodynamic pressures and wave 

impacts on coastal locations? Are these not examples of potential extreme events? 

With these questions in mind as I have continued my work, focusing on adaptation 

measures to reduce the potential for damage to human activity, the built 

environment and its supporting infrastructure, from the impact of hazards driven or 

exacerbated by global climate change especially in coastal regions, anecdotal and 

empirical data may already be showing an increase in the recurrence of extreme 

weather events in various regions of the United States and the world as a whole.  
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Along these lines the number of extreme rain events, such as those with rates of 

precipitation in excess of 100 – 125 mm/hour [4 – 5 inches/hour], appears to be 

happening much more frequently over southeast Florida now than over the last fifteen 

years. Anecdotally as well, there are indications that the number of major tropical 

cyclones reaching the extremes categories 4 and 5 in the Saffir-Simpson hurricane 

intensity scale may have increased in recent years in at least some of the basins 

where cyclogenesis occurs, even while the total annual number of tropical cyclones 

worldwide has remained about the same. 

Although anecdotal information is no substitute for hard data, there is a perception 

that extreme and hazardous hydrometeorologic events have been happening with 

increased frequency in recent years on a worldwide scale. Perhaps such perception is 

heightened by the expansion of social media as a means of communication, enhanced 

reporting methods, or the advent of a more aware and better informed public 

throughout the world, or it could just simply be that there really are more such 

extreme events currently taking place. 

Whichever in turns out to be there is plenty of food for thought especially in light of 

the damaging extreme weather event that blasted through a vast region of the United 

States the week of 25 April 2011, leaving a wake of death, injury, property damage 

and human suffering on a scale not seen for some time. 

It all started with a wave of disturbed weather moving from west to east being pushed 

southward over the central plains by the jet stream, colliding with a stream of warm 

moisture-laden air flowing northward from the Gulf of Mexico and resulting in quite a 

turmoil in the atmosphere in the form of a violent storm front moving rapidly [it was 

reported the storm system moved eastward at 72-74 km/hour (45 mph)] toward the 

east from Texas and Oklahoma to Arkansas, Louisiana, Missouri, Mississippi and other 

states. As it moved and grew this storm system generated a swarm of tornadoes 

lasting three days, which included at least one 

category F5 [Fujita scale of tornado intensity] 

and numerous other strong storms. Intense 

lightning, extreme precipitation in the form of 

rain and large size hail, flash flooding and 

hurricane strength winds, attacked vast areas 

causing death, injury and property damage on 

community after community in its path.  

The image [courtesy of NASA] on the left taken 

by the GOES satellite on Tuesday 26 April 2011 

at 21:15 DST shows the growing storm system 
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spanning from northeastern Texas to Illinois and Ohio, while a prior storm system was 

moving out to sea over the mid-Atlantic and northeastern states and Canada. The red 

line shows the flow path of the jet stream and the extent of colder air behind it. As 

warm humid air moving northward from the Gulf of Mexico collided with such colder 

air, this line also identifies the region where storms and violent weather started to 

develop until they grew into the large mass shown on this image. 

 

Some 30 hours later on Thursday 28 April 2011 

at 13:45 DST, as seen in the infrared color-

enhanced GOES satellite image [courtesy of 

NASA] the storm was in the process of 

attacking most of the eastern seaboard of the 

United States from Florida to Maine after 

generating a swarm of tornadoes affecting 

numerous communities in several states 

including Alabama, Arkansas, Georgia, 

Kentucky, Mississippi, Tennessee and Virginia 

the previous day. 

 

By Friday 29 April the storm system had finally relented in its destructive attack and 

was out to sea over the Atlantic ocean moving east by northeast being now pulled 

along by the jet stream on its way toward Europe and the northermost Atlantic, as 

seen in the GOES satellite image [courtesy of NASA] on 29 April 2011 at DST. Behind the 

parting storm high pressure and sunshine finally took hold as survivors and victims 

assessed their damage and needs along the path of destruction. However, there being 

no peace for the weary, another disturbed weather system was already riding the jet 

stream toward the central USA and a possible new onslaught of extreme weather 

events over the same region victimized this week, as shown on the color-enhanced 

infrared GOES satellite image [courtesy of NASA] on 30 April 2011 below. 
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The net result of this three-day episode of extreme weather events so far is as 

follows: (a) The deadliest disaster since Hurricane Katrina in 2005, with the death toll 

reaching 349 by 30 April and most probably due to rise as search and rescue 

operations continue in heavily damaged areas, compared to an average of 62 death 

annually from tornadoes over the past ten years; (b) Presidential major disaster 

declarations for Alabama, Georgia and Mississippi; (c) At least 164 tornadoes, and 

counting, recorded so far from this outbreak along; (d) Millions of people without 

power in several states, and (e) Severe economic damage, which will have to wait 

until damage assessments and other reports are tabulated to put an estimated value 

on it. 

Relative to this instance of extreme weather it is important to recognize that no 

scientific claim can be made at this time linking an increase in tornado activity to 

global climate change. In fact the warmer more humid air associated with global 

warming, a byproduct of global climate change, may have a dampening effect on wind 

shear a required element for tornado generation. However this bit of conflicting 

atmospheric physics is not enough to scientifically exclude the possible contribution 

of ongoing global climate change to the severity of this April storm that affected 

“Dixie Alley”. 

Initial meteorological reports from the National Weather Service point toward a 

combination of the following factors, as the main trigger for the tornado swarm 

reported before: (a) A jet stream dipping far into the southern regions of the 

continental USA with upper level westerly winds above 240 kph (150 mph), carrying a 

mass of cold air; (b) Lower atmosphere, closer to the ground, southerly and 

southeasterly winds moving moisture-laden air from the Gulf of Mexico toward a 

collision with the cold air mentioned before; (c) An area of low atmospheric pressure 

generating unstable air over the south and southeastern region of the country; 

(d)Wind shear, a key trigger for tornado generation, resulting from the transversal 

clash of upper level westerly winds with low level southerlies; (e) The collision of cold 

air towed by the jet stream with the warm humid air from the Gulf, over a large area 

of unstable atmosphere leading to the formation of super-cell storms over the region; 

(d) All of the above combining into a large storm system affecting several states and 

moving eastward along Dixie Alley at a fast clip, which may have reached 70 to 75 kph 

(approx. 45 mph). This storm system generated numerous lightning strikes and 

straight surface level winds of 100 – 120 kph (62 – 75 mph) and precipitation that 

combined extreme rain and large size hail throughout the path of the storm system. 

What else has been happening as this extreme weather event unfolded? I believe 

there are several ongoing developments in the coupled ocean-atmosphere system that 

may warrant our attention, including those identified below. 
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First, I believe it is important to notice how much and how quickly sea surface 

temperatures have warmed with the onset of spring, which is a reflection of a 

warming atmosphere that also provides fuel for tropical cyclone formation and inland 

storm generation of the kind seen this week. The satellite images below show 

significant changes in surface water temperatures between 29 January 2011 and 29 

April 2011, a period of only 90 days: 

           

Sea surface temperature on 1/29/2011    Sea surface temperature of 4/29/2011 

Next, I call attention to the belt of tropical weather that girdles the Earth straddling 

the equator or moving southward or northward of it as seasons change in the northern 

and southern hemisphere. With the onset of spring and upcoming summer in the 

northern hemisphere, the belt of tropical weather straddles the equator and begins to 

spill to the north of it. This condition is shown in the composite satellite image below: 

 

Full-disk composite satellite image [courtesy of NASA] of Earth‟s western hemisphere on 27 April 

2011. Notice the storm system outlined in yellow over the southeastern USA. The so-called „belt 

of tropical weather straddles the equator over the Atlantic and South America. 
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Also important, especially at this time of the year when the „official‟ onset of the 

Atlantic hurricane season is only four weeks away, is to take a look at what is 

happening in the eastern Atlantic region and over equatorial Africa. I believe the 

satellite image included below already shows the tropical-wave assembly line at 

some level of activity. The tropical-wave assembly line picks-up pulses of low 

pressure coming from the Indian ocean and moving over equatorial Africa, where they 

may generate rain or become storm cells, and moves them westward as tropical 

waves that eventually emerge over the eastern Atlantic near the Cape Verde Islands. 

 

Color-enhanced infrared satellite image [courtesy of NOAA] showing the eastern Atlantic Ocean 

just north of the equator and a portion of equatorial Africa on 29 April 2011. Several „tropical 

waves‟ can already be seen as they progress from east to west toward what is known as 

“hurricane alley” in the tropical north Atlantic. 

Finally, I believe it is important to gain a better idea of what is happening on a 

worldwide scale with respect to weather events. 

 

Composite satellite view on 29 April 2011 showing a „global mosaic‟ of Earth from the eastern Indian Ocean 

to the eastern Pacific. Visible here is an area of disturbed weather east of the Indian subcontinent and near 

the Bay of Bengal and a train of tropical waves over the equator or just north of it. 
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The information provided herein, especially the various satellite images, show quite a 

bit happening in the atmosphere and in the ocean, at the same time the destructive 

weather event was active over a large region of the United States. 

 

 

 

  


