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Abstract 

The 1933 Atlantic hurricane season was extremely active, with 20 named storms and 11 

hurricanes including 6 major (Category 3+; one-minute maximum sustained winds >=96 kt) 

hurricanes occurring.  The 1933 hurricane season also generated the most Accumulated Cyclone 

Energy (an integrated metric that accounts for frequency, intensity, and duration) of any Atlantic 

hurricane season on record.   A total of 8 hurricanes tracked through the Caribbean in 1933 - the 

most on record.  In addition, two Category 3 hurricanes made landfall in the United States just 23 

hours apart: the Treasure Coast hurricane in southeast Florida followed by the Cuba-Brownsville 

hurricane in south Texas.   

 

This manuscript examines large-scale atmospheric and oceanic conditions that likely led to such 

an active hurricane season.   Extremely weak vertical wind shear was prevalent over both the 

Caribbean and the tropical Atlantic throughout the peak months of the hurricane season, likely in 

part due to a weak-to-moderate La Niña event.  These favorable dynamic conditions, combined 

with above-normal tropical Atlantic sea surface temperatures, created a very conducive 

environment for hurricane formation and intensification.  The Madden-Julian oscillation was 

relatively active during the summer and fall of 1933, providing sub-seasonal conditions that were 

quite favorable for tropical cyclogenesis during mid-to-late August and late September to early 

October.  The current early June and August statistical models used by Colorado State University 

would have predicted a very active 1933 hurricane season.  A better understanding of these 

extremely active historical Atlantic hurricane seasons may aid in anticipation of future 

hyperactive seasons.  
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Capsule Summary  

The 1933 Atlantic hurricane season was extremely active, generating the most Accumulated  

Cyclone Energy on record.  The season would have been well anticipated using current statistical  

seasonal forecasting models.  

  

Keywords  

hurricanes, tropical cyclones, 20th century reanalysis, seasonal forecasting  
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Introduction 

The 2005 North Atlantic (hereafter Atlantic) hurricane season is considered by many to be the 

most active Atlantic hurricane season on record, with a total of 28 named storms1 and 15 

hurricanes, including 7 major hurricanes2 occurring (Beven et al. 2008).  While 2005 currently 

holds the record for most named storms and hurricanes in a single season (Landsea and Franklin 

2013), the record for most Accumulated Cyclone Energy (ACE) in a single season occurred 

more than 70 years earlier - in 1933.  ACE is an integrated metric that accounts for intensity and 

duration of storms (Bell et al. 2000). Table 1 compares seasonal summary statistics for both 

hurricane seasons along with the 1981–2010 climatology currently used by NOAA. By almost 

any measure, both seasons rank in the top five since 1851 (when the Atlantic hurricane database 

began), with more than twice as much tropical cyclone (TC) activity occurring compared with 

what is generated in an average TC season. 

 

The TC activity records set in 1933 are notable given that they occurred in an era prior to 

satellite monitoring and aircraft reconnaissance (Landsea et al. 2014).  The 1933 Atlantic 

hurricane season has undergone reanalysis as part of the Atlantic Hurricane Database Reanalysis 

Project (Landsea et al. 2014). For 1933, the observed total of named storms, hurricanes, and 

major hurricanes changed, respectively, from 21 to 20, 10 to 11, and 5 to 6 with the reanalysis 

compared with the original analysis.  More notably, the ACE from 1933 increased by 22% (from 

                                                
1 Named storms are defined to be tropical cyclones having one-minute maximum sustained 

winds >= 34 kt. 

 
2 Major hurricanes are defined to be Category 3+ hurricanes on the Saffir-Simpson Hurricane 

Wind Scale. These hurricanes have one-minute maximum sustained winds >= 96 kt. 
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213 to 259).  While the reanalysis likely removed some uncertainties from the original analysis, 

there remain potential underestimates in overall levels of TC activity, especially in the eastern 

and central Atlantic given the relative paucity of ship traffic in available databases south of 

30°N, east of 60°W between 1915–1945 as shown in Figure 2 of Vecchi and Knutson (2008).  

Landsea et al. (2014) noted that there was an average intensity uncertainty of 20 kt with an 

intensity error bias of -10 kt for TCs over the open ocean from 1886 (when the original Atlantic 

hurricane database began) to 1943 (when aircraft reconnaissance began).  This low intensity bias 

likely means that 1933 generated even more ACE than currently listed. 

 

In addition, Vecchi and Knutson (2011) estimate that ~1 hurricane per year was likely missed 

given the observational network of the 1930s.  As was noted in Landsea et al. (2010), there has 

been a large increase in the number of short-lived named storms (defined as named storms 

lasting <=48 hr) due to observational improvements in recent years.  For example, in 1933, four 

Atlantic named storms lasted 48 hours or less, while in 2005, eight Atlantic named storms lasted 

48 hours or less.  Consequently, there were probably some weak, short-lived storms that were 

missed in 1933 that would shrink the current difference of eight named storms between 1933 (20 

named storms) and 2005 (28 named storms).  Regardless of whether 1933 or 2005 generated 

more activity by a particular metric, both seasons were extremely active and impactful to coastal 

and island populations. 

 

The 1933 Atlantic hurricane season generated 20 named storms, 11 of which became hurricanes 

and 6 of which became major hurricanes (Fig. 1).  The season was especially active in the 

Caribbean, defined to extend from 10–20°N, 90–60°W.  A total of 8 hurricanes tracked through 
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the Caribbean in 1933 — the most on record.  The 1933 Atlantic hurricane season also had the 

shortest period of time on record between major continental US (CONUS) landfalling hurricanes 

— a mere 23 hours between the Treasure Coast hurricane on 4 September at 05 UTC and the 

Cuba-Brownsville hurricane on 5 September at 04 UTC.  Figure 2a displays the US Weather 

Bureau map from 8am EST (13 UTC) on September 4 showing the Treasure Coast hurricane 

onshore with the Cuba-Brownsville hurricane bearing down on Texas. Figure 2b displays a 

similar representation from the NOAA-CIRES-DOE 20th Century Reanalysis version 3 

(20CRv3; Slivinski et al. 2019, described in more detail in the next section) at 12 UTC on 

September 4.   Please see the sidebar for a discussion of how the insurance industry would likely 

respond to two major hurricanes making landfall in the CONUS in such rapid succession. 

 

This study examines the historic 1933 hurricane season in detail. We investigate the large-scale 

atmospheric-oceanic conditions that contributed to the hyperactive season. In particular, we  

examine how well the current early June and August statistical models used by Colorado State 

University (CSU) would have anticipated the 1933 hurricane season. Improved understanding of 

the 1933 Atlantic hurricane season may help us better anticipate future hyperactive Atlantic 

seasons. 

 

Data  

Atlantic TC dataset 

Atlantic TC data are calculated from HURDAT2 (Landsea and Franklin 2013).  This dataset 

provides six-hourly location and maximum wind speed information for all TCs extending back to 
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1851.  Additional information has been included in HURDAT2 in more recent years, including  

minimum sea level pressure (MSLP) for all Atlantic TCs since 1979 and 34-, 50- and 64-kt wind  

radii since 2004.  Continental US (CONUS) hurricane landfall intensity information for the 1933  

Atlantic hurricane season is derived from HURDAT2 and is obtained from the Atlantic  

Oceanographic and Meteorological Laboratory (AOML) website:  

https://www.aoml.noaa.gov/hrd/hurdat/UShurrs_detailed.html.  Mexican landfalls are calculated  

using six-hourly HURDAT2 track data interpolated to three-hourly data as stored in GIS  

shapefiles in the International Best Track Archive for Climate Stewardship (IBTrACS) version 4  

(Knapp et al. 2010).  The maximum sustained wind for each TC when it intersected the Mexican  

coastline was taken at its landfalling intensity.  Only one landfall — the most intense one — was  

counted for each TC, regardless if the TC made landfall in Mexico multiple times (e.g., the  

Yucatan Peninsula and then mainland Mexico).  

Atmospheric dataset  

Atmospheric data are calculated from NOAA-CIRES-DOE 20th Century Reanalysis version 3  

(20CRv3) (Slivinski et al. 2019).  This dataset is available every 3 hours from 1836–2015. It uses  

an Ensemble Kalman Filter (EnKF) methodology with 80 members and the NOAA Global  

Forecast System model to generate the needed first guess fields. This EnKF allows the physical  

relationships between variables to vary with the synoptic weather situation, for example, some  

high pressure systems are associated with heat waves while others are associated with cold  

spells. Using the first guess fields, the EnKF will determine how to reconstruct the temperature  

and all other variables consistent with the weather situation. For example, a pressure observation  

that is higher than the first guess in the middle of a high pressure system would contribute to  

reconstructing a warmer temperature in a heatwave but a colder temperature in a cold spell. The  
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only synoptic observations used to derive the reanalysis estimates of the full atmosphere at any  

particular time are surface and sea level pressure reports from land stations, ships and buoys, as  

well as TC MSLP values from IBTrACS.  Monthly sea ice concentration fields and pentad SST  

fields are also prescribed as boundary conditions. The SST fields for 1836 to 1980 themselves  

come from the 8-member Simple Ocean Data Assimilation with sparse input version 3  

(SODAsi.3; Giese et al. 2016), while from 1981 to 2015 the SST fields are from the 8-member  

HadISST2.2 (Rayner et al. 2006). The 20CRv3 ensemble mean and standard deviation output has  

been regridded from a T254 512 × 256 Gaussian grid to a regular 1° × 1° grid for ease of use.  

The 20CRv3 reanalysis is an improvement upon earlier versions of the 20th Century Reanalysis  

(Compo et al. 2011) due to a higher resolution model forcing the new reanalysis, improved data  

assimilation methods, an increased ensemble size, and an increased number of surface pressure  

observations.    

Oceanic dataset  

In order to be dynamically consistent with the atmospheric fields in 20CRv3, we use skin  

temperatures (with a land mask) in the 20CRv3 derived from SSTs that are internal to the  

reanalysis, as discussed in the prior section (e.g., SODAsi.3 and HadISST2.2).  These skin  

temperatures will be referred to as SSTs throughout the remainder of this manuscript. All SST  

timeseries generated from the combination of these two datasets (e.g., Nino 3.4, Atlantic Main  

Development Region SSTs, relative SSTs) rank correlate at ~0.9 with similar SST timeseries  

calculated from NOAA’s Extended Reconstructed SST version 5 (ERSSTv5; Huang et al. 2017).    

Madden-Julian oscillation index  

The Madden-Julian oscillation (MJO) is the dominant mode of tropical convective variability on  

intraseasonal (~30–70 day) timescales, typically initiating over the Indian Ocean or the western  
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Pacific Ocean and then propagating eastward along the equator (Madden and Julian 1971, 1972).    

The MJO has been shown in many studies to impact TC activity through alterations in large- 

scale conditions such as vertical wind shear, mid-level moisture and vertical motion that can  

either enhance or suppress TC development and intensification (Camargo et al. 2009, Klotzbach  

2014).    

  

One index that has been used frequently to define the location and intensity of the MJO is the  

Wheeler and Hendon (2004) index (hereafter WH index).  This index uses 200-hPa and 850-hPa  

zonal wind along with outgoing longwave radiation (OLR) observed from polar-orbiting  

satellites (Liebmann and Smith 1996) which is available since June 1974.  To assess the MJO in  

earlier decades of the 20th century, Oliver and Thompson (2012) developed an MJO index that  

uses surface pressure observations. This index has now been updated to use ensemble-mean  

surface pressure fields from 20CRv3 and a multi-variate linear regression of daily surface  

pressure timeseries covering 1905-2015 at 12 locations in the tropics onto the WH index.  This  

surface pressure-based MJO has been shown to closely resemble the WH index over the period  

from 1974-2008 (Oliver and Thompson 2012; Oliver 2016) and has also been used in several  

MJO-TC studies to document the MJO-TC relationship prior to the mid-1970s (Klotzbach and  

Oliver 2015a, b).    

  

1933 Atlantic Hurricane Season Characteristics  

Observed basinwide tropical cyclone activity  
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As was noted in the introduction, the 1933 Atlantic hurricane season was an extremely active  

one, with 20 named storms, 11 hurricanes, and 6 major hurricanes.  Table 2 provides summary  

statistics for all of the named storms that occurred in 1933, with colloquial names (since Atlantic  

named storms were not given official names until 1953) for individual storms provided in  

parentheses when available. Of the six major hurricanes that occurred, two reached Category 5  

intensity on the Saffir-Simpson Hurricane Wind Scale — the second consecutive year that  

multiple Category 5 hurricanes were recorded in the Atlantic basin.  The 1932 and 1933 Atlantic  

hurricane seasons are the only time in the historical record when multiple Category 5 hurricanes  

have occurred in back-to-back seasons.  

  

Figure 3 displays ACE generated by month during the hurricane season of 1933.  The ACE for  

2005 and the 1981–2010 average are also provided for comparison.  The 1933 Atlantic hurricane  

season generally followed the canonical seasonal cycle but at a heightened rate of activity with  

well above-average activity generated from June to October.  Both 1933 and 2005 generated  

more activity in July than in October, while the 1981–2010 average is that more than twice as  

much ACE is generated in October (15 * 104 kt2) compared with July (6 * 104 kt2).  In addition to  

having the overall highest seasonal value of ACE, 1933 was also notable from an ACE  

perspective for September, generating the second-most ACE (111 * 104 kt2) for that month in the  

1851 to 1933 record, trailing only 1926 (132 * 104 kt2). Only three Septembers: 1961 (140 * 104  

kt2), 2004 (155 * 104 kt2 ) and 2017 (174 * 104 kt2) have generated more September ACE since  

1933.    

  

Observed landfalling hurricane activity  

Accepted for publication in Bulletin of the American Meteorological ociety. DOI S 10.1175/BAMS-D-19-0330.1.

D
ow

nloaded from
 http://journals.am

etsoc.org/bam
s/article-pdf/doi/10.1175/BAM

S-D
-19-0330.1/5008508/bam

sd190330.pdf by guest on 16 O
ctober 2020



13 
 

Continental United States  

The 1933 Atlantic hurricane season was also very active from a landfalling perspective, with  

four hurricanes, two of which were at Category 3 (e.g., major hurricane) intensity, making  

landfall in the continental US (CONUS) (Fig. 4a), causing ~90 fatalities (Cobb 1991; Barnes  

2007; Roth 2010).  The average 1900–2019 season had 1.6 CONUS landfalling hurricanes and  

0.5 CONUS landfalling major hurricanes, respectively.  As noted in the introduction, the two  

major hurricanes (Treasure Coast and Cuba-Brownsville) that made landfall in the CONUS did  

so just 23 hours apart in early September, causing considerable damage.  The Cuba-Brownsville  

hurricane also caused 40 fatalities in Texas (Roth 2010), while the Treasure Coast hurricane was  

responsible for 2 fatalities in Florida (Barnes 2007).  If these hurricanes were to make landfall  

today, they would be estimated to cause ~$6 billion USD (Cuba-Brownsville) and ~$2.5 billion  

USD (Treasure Coast) using the normalized damage dataset of Weinkle et al. (2018).   

  

The Chesapeake-Potomac hurricane caused the most fatalities (47; Cobb 1991) and caused the  

most damage of any hurricane making landfall in the CONUS. The hurricane brought significant  

damage from North Carolina to New Jersey, with a seven-foot storm surge observed in Norfolk,  

Virginia (Weightman 1933). Figure 5 displays a hindcast of storm tide from the Sea, Lake and  

Overland Surges from Hurricanes Model (SLOSH; Jelesnianski et al. 1992) for southeastern  

Virginia, highlighting the tremendous inundation that was experienced up the James River.    

  

The Chesapeake-Potomac hurricane was estimated to cost $17,000,000 in 1933 USD using the  

base economic damage from Weinkle et al. (2018).  Given the tremendous growth in population  
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and wealth in the mid-Atlantic states along with inflation, the Chesapeake-Potomac hurricane is  

estimated by Weinkle et al. (2018) to cost between ~$13-$16 billion USD if it were to re-occur  

today.  The base damage estimate of $17,000,000 appears to come from Weightman (1933) who  

quoted a Weather Bureau Official from Baltimore, Maryland. However, a detailed reading of  

Weightman (1933) reveals this damage value was only for the state of Maryland.  We note that  

Cobb (1991) estimated the damage of the Chesapeake-Potomac hurricane at $40,000,000 in 1933  

USD.  We believe that this is a more accurate representation of the observed damage in 1933  

from this storm, such that the hurricane would likely cause ~$30-$38 billion USD if it were to re- 

occur today.  

  

The Florida-Mexico hurricane made landfall near Jupiter, FL as a Category 1 hurricane, then  

tracked westward across the Gulf of Mexico before making a second landfall in far northern  

Mexico, also as a Category 1 hurricane.  In addition to the four hurricanes that made landfall in  

the CONUS, the Outer Banks hurricane passed just offshore of Cape Hatteras, but still brought  

sustained Category 2 winds to the Outer Banks of North Carolina and ~4 feet of storm surge near  

New Bern (Mitchell 1933b).    

  

Mexico  

While the season was very active for CONUS landfalling hurricanes, it had record-setting  

activity for the Atlantic coast of Mexico (Fig. 4b).  Four Atlantic hurricanes made landfall in  

Mexico in 1933 — the most Atlantic hurricanes making landfall in Mexico in a single year on  

record.  The strongest of these was the Tampico hurricane, which made landfall as a Category 4  
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hurricane with maximum sustained winds estimated at 120 kt on the Yucatan Peninsula before  

making a second landfall with maximum sustained winds estimated at 95 kt just south of  

Tampico.  This hurricane devastated the Tampico metropolitan area, resulting in ~200 fatalities  

(Rappaport and Fernandez-Partagas 1995).  After making an initial landfall in Jupiter, FL, the  

Florida-Mexico hurricane continued across the Gulf of Mexico and made a second landfall just  

south of the Texas border, with over 30 fatalities occurring in northern Mexico, primarily due to  

flooding (Mitchell 1933a).    

Other land areas  

In addition to the continental United States and Mexico, several other landmasses were  

significantly impacted by the landfall of Atlantic hurricanes in 1933.  These include the Cuba- 

Brownsville hurricane’s landfall on the northern coast of Cuba as a Category 2 hurricane (Fig.  

4a), which caused $11,000,000 in damage in 1933 USD and resulted in ~70 fatalities (Pielke et  

al. 2003).    

  

Earlier in the season, the Trinidad hurricane made landfall as a Category 1 hurricane in Trinidad,  

then made another landfall as a Category 1 hurricane in northern Venezuela before turning  

northwestward and making landfall again in western Cuba as a Category 2 hurricane (Fig. 4a).  It  

then arced to the northwest and then the southwest before making a final landfall near La Pesca,  

Mexico as a Category 1 hurricane.  The system was responsible for 13 fatalities in Trinidad  

(Mitchell 1933), with a total of 35 fatalities attributed to the hurricane during its lifetime  

(Rappaport and Fernandez-Partagas 1995).    
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Near the end of the season, the Cuba-Bahamas hurricane formed in the western Caribbean and  

made landfall in western Cuba as a Category 2 hurricane (Fig. 4a).  It then turned towards the  

northeast, passing south of the Florida Keys and tracking over the northwest Bahamas as a  

Category 3 hurricane. It became a powerful post-tropical storm over the North Atlantic, causing  

nine fatalities and resulting in at least $1 million in damage in Nova Scotia when it tracked just  

southeast of the province (Environment Canada, 1933).  

  

Large-scale atmosphere-ocean conditions  

In order to examine the favorability of large-scale atmosphere-ocean conditions during the peak  

of the 1933 Atlantic hurricane season (August-October), we examine anomalies of MSLP, zonal  

wind shear (defined as the difference in the U component of the wind between 200 hPa and 850  

hPa), and SST averaged over the Main Development Region (MDR), which we define to be 10- 

20°N, 85-20°W.  All of these quantities have been shown in prior studies (e.g., Saunders et al.  

2017 and references therein) to explain a significant amount of the variance in observed Atlantic  

hurricane activity. Lower MSLP, reduced vertical wind shear, and higher SSTs are favorable for  

an active Atlantic hurricane season.  In addition to conditions in the Atlantic MDR, we also  

examine ENSO conditions using SST in the Niño 3.4 region (5°S–5°N, 170–120°W) (Barnston  

et al. 1997) and relative SST, which is defined to be SST in the tropical Atlantic (10–25°N, 80– 

20°W) minus average SST across the greater tropics (30°S–30°N, 0–360°) (Vecchi and Sobel  

2008).  El Niño conditions are unfavorable for Atlantic hurricane development and  

intensification due to both increases in vertical wind shear (e.g., Gray 1984) and warmer upper- 

level temperatures that stabilize the atmosphere (Tang and Neelin 2004).  Positive values of  

relative SST imply that the Atlantic is warm relative to the rest of the tropics.  This is associated  
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with conditions more conducive to Atlantic hurricane formation: increased upward motion,  

increased low-level vorticity, and reduced vertical wind shear (Vecchi and Sobel 2008).   

Anomalies are calculated relative to the 1901–1930 base period, which would have been the 30- 

year base period in 1933 given NOAA’s current practices (e.g., 30-year base periods updated  

every ten years). Our examination of 1933 is complemented by a correlation and a rank analysis  

of more than a century of variability in these quantities associated with Atlantic hurricane  

activity. These analyses begin in 1878, as this is when the US Signal Service Corps began to  

track hurricanes in a systematic fashion (Vecchi and Knutson 2011; Saunders et al. 2017).    

  

Figure 6a–d displays 1933 August–October-averaged anomalies of SLP, zonal wind shear, SST,  

and 500 geopotential height across the Atlantic and, in the case of SST, including the eastern- 

central Pacific.  As would be expected given the extremely active season that occurred, large- 

scale conditions were favorable for an active Atlantic hurricane season with anomalously low  

MSLP, anomalously weak zonal wind shear, and warmer-than-normal SSTs prevailing across the  

MDR.  Weak-to-moderate La Niña conditions prevailed across the tropical Pacific.   

Anomalously high heights at 500 hPa predominated over the subtropical western Atlantic,  

creating mid-level steering flow that inhibited recurvature and drove hurricanes towards the US,  

Mexico, Central America, and through the Caribbean.   

  

Since 2005 was also an extremely active season and has been compared to 1933 in this  

manuscript, we also examine large-scale conditions during August–October of that year (Figure  

6e-f).  For these plots, we calculate anomalies relative to a 1971–2000 base period, which would  

have been the 30-year base period utilized by NOAA at the time. Similar to 1933, the 2005  
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Atlantic hurricane season featured anomalously low MSLP, warmer-than-normal SSTs and  

weaker than normal zonal wind shear across the MDR.  Unlike 1933, ENSO was neutral during  

the peak of the 2005 Atlantic hurricane season, with an August-October-averaged Oceanic Nino  

Index of -0.1°C.  The Oceanic Nino Index is defined to be a three-month running mean of SST  

anomalies in the Nino 3.4 region (5°S–5°N, 170°W–120°W) using centered 30-year base  

periods. Geopotential heights at 500 hPa tended to be above average in the western Atlantic,  

helping to steer storms towards the US coast as well as the Caribbean and Central America.    

  

In order to quantify the favorability of 1933, Table 3 provides standardized anomalies relative to  

the 1901–1930 base period and also 1933’s rank relative to all Atlantic hurricane seasons from  

1878–1933 for SLP, zonal wind shear, MDR SST, Niño 3.4 and relative SST.  For reference, the  

rank of 1933 relative to all Atlantic hurricane seasons from 1878–2015 (when the 20CRv3  

currently ends), are also provided.  The ranks listed in parentheses for the atmospheric fields are  

based off of the 80 ensemble members comprising 20CRv3.  These values represent the 95%  

confidence interval of the ranks (e.g., 76 of the 80 ensemble members have ranks between those  

two values). We do not include ranks for the SST parameters, as these are derived from an 8- 

member ensemble.  To highlight the relative importance of the dominant large-scale atmospheric  

conditions in years excluding 1933, we also provide rank correlations (to diminish the impact of  

strong outlier events) between each parameter and Atlantic ACE over 1878–1932, 1934–1965,  

and 1966–2015 (e.g., the satellite era; Vecchi and Knutson 2011).   Correlations significant at the  

5% level using a two-tailed Student’s t-test are highlighted in bold.  
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Sea level pressure, zonal wind shear, MDR SST, Niño 3.4 and relative SST were all favorable  

for an active season in 1933.  All ranks discussed in the following section are relative to the  

1878–1933 base period.  While zonal wind shear ranked 9th most favorable when averaged  

across the entire MDR, these anomalies were of an even larger magnitude when considering only  

the western Atlantic.  MDR SST was also the 9th most favorable, although we note that there  

have been many years since 1933 with warmer MDR SSTs, due primarily to the long-term  

anthropogenic warming trend (Knutson et al. 2019).  However, as was noted in Vecchi et al.  

(2008) and seen in Table 3, Atlantic TC activity correlates better with relative SST than it does  

with MDR SST, which is likely why there is no long-term trend in Atlantic hurricane activity  

when adjusting for potentially missed hurricanes prior to the satellite era (Vecchi and Knutson  

2008).  Relative SST in 1933 was the fourth highest on record, indicating that in addition to  

favorable shear and SST conditions, vertical motion, and low-level vorticity were also likely  

enhanced over the Atlantic in 1933, providing conditions that were extremely conducive for an  

active season.  

  

It is important to recognize that there is more uncertainty in the large-scale conditions of 1933  

compared with later in the record.  Figure 7 displays MDR-averaged zonal vertical wind shear  

based on the ensemble mean from 1836–2015 along with the 95% confidence interval assuming  

that the errors are normally distributed (i.e., ensemble mean ± 1.96*ensemble standard  

deviation).  In addition to the increased uncertainty early in the record, we note that 20CRv3 also  

identifies extremely low vertical wind shear in the late 1800s — a time period which had several  

extremely active Atlantic hurricane seasons, especially 1878, 1886, 1887, and 1893. All four of  

these seasons had observed ACE over 160, which are likely considerable under-estimates given  
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the sparse available observational data in the late 19th century (Landsea et al. 2004).   However,  

given the uncertainty in the ensemble members, we cannot conclusively assert that the vertical  

wind shear in the late 19th century was less than what has been observed in more recent active  

multi-decadal hurricane periods (Goldenberg et al. 2001).     

  

Note that the magnitude of all correlations with ACE drops during 1934–1965 from either the  

1878–1932 or the 1966–2015 period (Table 3).  A similar dropout in parameter skill was noted in  

Saunders et al. (2017). While it is likely somewhat driven by data paucity issues during World  

War II, it may also reflect low interannual variability during this time period (e.g., Torrence and   

Compo 1998; Torrence and Webster 1999).  Caron et al. (2015) noted that certain Atlantic  

predictors showed more skill in specific phases of the Atlantic multidecadal oscillation (AMO),  

so this may have also played a role in the 1933–1965 correlation dropout.  All of the large-scale  

parameters examined above have significant correlations with Atlantic ACE during both the  

1878–1932 and 1965–2015 periods.  

  

Subseasonal variability  

  

In addition to the seasonal factors, subseasonal variability also likely played a role in observed  

Atlantic hurricane activity in 1933. While the MJO amplitude was not extremely high during  

most of the 1933 Atlantic hurricane season, there were several periods where it likely affected  

TC formation and intensification (Fig. 8a,b).  The Atlantic was extremely active from mid- 

August through early September (Fig. 8c), when the MJO was in phases 1–3 (e.g., enhanced  
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convection over Africa and the Indian Ocean) and generally had an amplitude exceeding one  

(Fig. 8d). An MJO index exceeding one has been used in several studies to represent periods  

when MJO activity is enhanced (e.g., Klotzbach 2014; Klotzbach and Oliver 2015a, b; Wang and  

Moon 2017). MJO phases 1–3 tend to be associated with active Atlantic hurricane periods, due  

to anomalous reductions in vertical wind shear and increases in mid-level moisture (Camargo et  

al. 2009; Ventrice et al. 2011; Klotzbach 2014).  The latter part of the Atlantic TC season (e.g.,  

after ~10 October) was relatively quiet, likely associated with phases of the MJO unfavorable to  

TC activity (e.g., Phases 5–7 where convection is favored over the Maritime Continent and  

Western Pacific) from mid-to-late October (Fig. 8b).    

  

Klotzbach and Oliver (2015a) showed, based on data from 1905–2011, that MJO phases 1 and 2  

tend to favor the most Atlantic TC activity, and this relationship held true in 1933.  During the  

1933 Atlantic hurricane season, 36% of all days where the MJO amplitude was greater than one  

occurred in phases 1 and 2. These days generated 60% of all Atlantic ACE that was generated  

when the MJO amplitude was greater than one.  MJO phases 1 and 2 generated ACE at 167%  

(e.g., 60% of Atlantic ACE / 36% of days) of the average daily ACE generation rate when the  

MJO was greater than one during the 1933 Atlantic hurricane season.  

  

4.       How well would the 1933 Atlantic hurricane season have been anticipated by  

current statistical models?  
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In this section, we examine how the current early June and early August statistical model used by  

Colorado State University (Klotzbach et al. 2020a; 2020b) would have anticipated the peak of  

the 1933 Atlantic hurricane season given observed large-scale conditions.  An in-depth  

discussion of how the predictors in these statistical models likely impacts Atlantic hurricanes is  

given in Klotzbach et al. (2020a; 2020b).    

  

June statistical forecast model  

  

As was done in Table 3, Table 4 summarizes each parameter, provides the value of its  

standardized anomaly relative to the 1901–1930 base period, and ranks its 1933 value compared  

with all Atlantic hurricane seasons from 1878–1933 as well as during the period of 1878–2015.   

95% confidence intervals are also provided for ranks of atmospheric parameters.  We also  

include rank correlations between each predictor and Atlantic ACE during the periods from  

1878–1932, 1934–1965, and 1966–2015.   Correlations significant at the 5% level using a two- 

tailed Student t-test are highlighted in bold.  All four parameters are favorable for Atlantic  

hurricane activity, with three of the four predictors greater than one standard deviation favorable.   

Similar to the case for the diagnostic parameters during August–October, we note that all four  

predictors have very low (and insignificant) correlations with Atlantic ACE during the 1934– 

1965 period.  We also find that the correlation between Atlantic ACE and the zonal wind  

predictor in the tropical Pacific is insignificant from 1878–1932, but this region likely had very  

few observations during this earlier time period which may account for the lack of a relationship.    
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We next examine how well this four-predictor model would forecast Atlantic hurricane activity  

in 1933 if it had been developed on data from 1878–1932.  We use a linear regression of the four  

predictors against Atlantic ACE and display ACE ranks, with lower ranks meaning less ACE.   

The resulting predictive equation explains ~40% of the variance (rrank = 0.62) in ACE from  

1878–1932 (Fig. 9).  This same model would have predicted that Atlantic ACE in 1933 would be  

the 7th highest on record (from 1878–1933), which would have equated to an ACE of ~165 * 104  

kt2.  Consequently, the current early June statistical model from CSU, while not calling for the  

most active season on record, would have called for an “extremely active” Atlantic hurricane  

season in 1933 using NOAA’s current hurricane season definition (ACE: >152.5 *104 kt2)  

(https://www.cpc.ncep.noaa.gov/products/outlooks/Background.html).    

  

August statistical forecast model  

  

We now evaluate the skill of the August statistical forecast model at predicting post-31 July ACE  

in 1933. Table 5 summarizes the predictors, their ranks relative to all Atlantic hurricane seasons  

from 1878–1933 and 1878–2015 as well as their rank correlations with ACE during 1878–1933,  

1934–1965, and 1966–2015.  95% confidence intervals are also provided for ranks of  

atmospheric parameters.  Each of the three predictors are at least one standard deviation  

favorable for Atlantic hurricane activity and show significant correlations with ACE during  

1878–1933 and 1966–2015, with insignificant correlations during 1934–1965.    
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We next examine how well this three-predictor model would forecast Atlantic hurricane activity  

in 1933 if it had been developed on data from 1878–1932.  We use a linear regression of the  

three predictors against Atlantic ACE and display ACE ranks, with lower ranks meaning less  

ACE.  The resulting predictive equation explains ~40% of the variance (rrank = 0.62) in post-31  

July ACE from 1878–1932 (Fig. 10).  This same model would have predicted that post-31 July  

Atlantic ACE in 1933 would be the 4th highest on record (from 1878–1933), which would have  

equated to a post-31 July ACE of ~179 * 104 kt2. Since observed activity through 31 July in 1933  

was 49 * 104 kt2, the full seasonal forecast in early August would have been for an ACE of 228 *  

104 kt2.   

  

In addition to CSU’s current early August predictors, we also note that 1933 had more named  

storm days (9.75 days) prior to 1 August in the tropical Atlantic (south of 23.5°N, east of 75°W;  

Klotzbach 2007) than any other year on record.  Early season activity in the deep tropics, while  

not a necessary condition for an active season, typically heralds a very active season (Klotzbach  

2007). Early season activity in the deep tropics is typically restricted due to a TC-unfavorable  

thermodynamic environment (e.g., dry air, cool SSTs; DeMaria et al. 2001), and consequently,  

early season TC activity in the deep tropics is associated with a TC-favorable thermodynamic  

environment that likely then persists for the remainder of the season.  

  

In summary, both the current June and August statistical models from CSU show skill at  

predicting seasonal Atlantic ACE from 1878–1932 and both anticipate a very active Atlantic  

hurricane season in 1933. The very active TC activity in the tropical Atlantic prior to 1 August  

also presaged the extreme levels of hurricane activity that were experienced.  
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5.       Summary and Implications  

  

The 1933 Atlantic hurricane season was one of the most active on record, with 20 named storms,  

11 hurricanes, and 6 major hurricanes occurring. The season currently holds the record for the  

most Atlantic ACE generated in a single year since 1851 (Landsea et al. 2014) and was also  

extremely active for landfalls, with four hurricanes making landfall in the continental US.  Two  

of these hurricanes did so as Category 3 hurricanes just 23 hours apart in Florida and Texas,  

respectively. Eight hurricanes tracked through the Caribbean, and four Atlantic hurricanes made  

landfall in Mexico — both records in the Atlantic hurricane database (Landsea and Franklin  

2013).    

  

As would be expected given how active the season was, large-scale conditions were quite  

conducive for hurricane activity, with anomalously warm SSTs, anomalously weak vertical wind  

shear, and anomalously low MSLP predominating over the MDR.  In addition, 500 hPa  

geopotential height fields featured stronger-than-normal ridging over most of the western  

Atlantic, inhibiting TC recurvature and driving storms farther west towards the Caribbean,  

Central America and the United States.  

  

Both the current early June and early August CSU statistical models for Atlantic ACE called for  

a very active season in 1933. These models also were shown to have skill at predicting the 1878– 

1932 Atlantic hurricane seasons, explaining ~40% of the variance in ACE at both lead times.  
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While many consider that 2005 was the most active Atlantic hurricane season on record, we note  

that 1933 had nearly as much activity as 2005 for several parameters (Table 1) and more activity  

for ACE, despite a lack of aircraft reconnaissance and satellite observations.  While there is no  

way to know how many storms were missed in 1933, the season likely had more activity than  

what is currently recorded in HURDAT2 (Vecchi and Knutson 2008; Landsea et al. 2014).  A  

more thorough analysis of missed storms including an analysis of potential underestimated  

aggregate storm statistics such as ACE would be a welcome addition to the historical record.   

The season was also quite destructive, highlighting the dangers of extremely favorable large- 

scale conditions combined with steering patterns driving hurricanes towards landmasses, similar  

to what was seen in both 2005 and more recently in 2017 (Klotzbach et al. 2018b).  Given the  

large growth in population and wealth in coastal areas (Klotzbach et al. 2018a; Weinkle et al.  

2019), and any further enhancements to the atmospheric and oceanic environments via climate  

change (Knutson et al. 2019), Atlantic hurricane seasons with activity on par with years like  

1933, 2005, and 2017 are likely to cause even more physical damage when they occur in the  

future.  
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NOAA-CIRES-DOE 20th Century Reanalysis version 3 ensemble mean fields:  

https://psl.noaa.gov  
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Sidebar: How would the insurance industry cope with a repeat of the 1933 Atlantic  

hurricane season?  

Active years for natural catastrophes in the United States are not out of the ordinary. Various  

governmental agencies and private sector groups are well trained and positioned to ensure quick  

response in the aftermath of a major event. But what happens when major events occur within  

quick succession? This is a question that poses numerous challenges, especially for the insurance  

industry. A repeat of the 1933 Atlantic hurricane season today would create many strategic  

difficulties for insurers being able to activate enough claims assessors and ensure a quick and  

smooth claim process for those hardest-hit.  

  

The historic Atlantic hurricane season in 2017 — combined with major wildfires in the state of  

California — provided a recent example of the challenges faced for insurers. Following the  

landfalls of Harvey, Irma, and Maria, these events left the insurance industry stretched thin as the  

damage footprint in each instance was considerable. These storms were then followed by major  

wildfire ignitions across northern and southern California during October and December,  

respectively. All of this led to prolonged claims filings and approvals and also resulted in many  

affected homeowners and business owners turning to third-party groups to initiate and make  

repair decisions individually. In those cases, the third-party groups would bill the insurance  

company, and sometimes include unnecessary or higher-cost repairs that would not have been  

approved had a standard insurance assessor conducted an analysis. This process, known as an  

“assignment of benefits” (AOB), is often susceptible to fraudulent practices and high-cost  

lawsuits in the aftermath of large-scale disasters (Insurance Information Institute 2019). When  

AOB is particularly egregious and widespread, this can result in higher premiums for consumers  
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as a result of heightened claims payouts and litigation costs. It even resulted in the state of 

Florida passing legislation to reform the practice in 2019. Another major issue for insurers after 

multiple large events is demand surge. This is defined as the increased cost of repair and/or 

replacement associated with a limited supply of labor and materials in the aftermath of multiple 

large scale events.  If multiple major hurricane landfalls were to occur in such rapid succession 

as they did in 1933, it would undoubtedly lead to equally prolonged claim filings and approval 

challenges as seen in 2017. 

 

While the reinsurance industry had more than $625 billion USD in available capital at the end of 

2019 — ensuring the health of the industry and its ability to withstand multiple, quick succession 

events — the biggest challenge will remain having enough resources to observe and process the 

damage in the immediate aftermath. While 2017 provided numerous learning opportunities, a 

repeat of the 1933 Atlantic hurricane season would inevitably prove difficult. 
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Table 1: Observed Atlantic TC statistics in 1933, 2005, and the 1981–2010 average.  Also 

included in parentheses in the 1933 and 2005 columns are ranks for each TC statistic (since 1851 

when HURDAT2 begins).  A ‘T’ in parentheses denotes a tie with other seasons. 

 

TC Statistic 1933 2005 1981–2010 Average 

Named Storms 20 (2) 28 (1) 12.1 

Named Storm Days 125.25 (2) 126.25 (1) 59.4 

Hurricanes 11 (T-4) 15 (1) 6.4 

Hurricane Days 57.00 (4) 49.75 (8) 24.2 

Major Hurricanes 6 (T-2) 7 (1) 2.7 

Major Hurricane Days 21.75 (5) 17.50 (7) 6.2 

Accumulated Cyclone Energy 259 (1)  245 (2) 106 
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Table 2: Individual storm statistics for all named storms of the 1933 Atlantic hurricane season.   

Also listed are the maximum category that the storm reached on the Saffir-Simpson Hurricane  

Wind Scale, with systems not reaching hurricane strength being noted as tropical storms (TS).  

  

Storm Number 

(Colloquial Name) 

Maximum 

Lifetime 

Intensity (kt) 

Named 

Storm Days 

Hurricane 

Days 

Major 

Hurricane 

Days 

ACE Maximum 

Saffir-Simpson 

category 

1 45 4.75 --- --- 3.1 TS 

2 (Trinidad) 95 12.75 9.75 --- 29.1 2 

3 45 5.00 --- --- 3.0 TS 

4 50 2.00 --- --- 1.5 TS 

5 (Florida-Mexico) 80 12.00 6.00 0.00 17.9 1 

6 (Chesapeake-

Potomac) 

120 11.00 7.25 4.75 33.7 4 

7  40 4.00 --- --- 2.0 TS 

8 (Cuba-Brownsville) 140 11.00 7.75 6.25 40.2 5 

9  55 4.75 --- --- 3.4 TS 

10 35 1.00 --- --- 0.5 TS 

11 (Treasure Coast) 120 7.00 4.00 2.00 17.9 4 

12 (Outer Banks) 120 10.25 8.50 4.75 35.7 4 

13 95 5.00 1.25 --- 6.7 2 
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14 (Tampico) 140 7.75 5.25 2.50 25.9 5 

15 65 2.75 0.75 --- 3.8 1 

16 40 2.00 --- --- 1.1 TS 

17 (Cuba-Bahamas) 110 6.75 5.00 1.50 17.9 3 

18 80 11.50 1.50 --- 11.2 1 

19 60 2.50 --- --- 2.9 TS 

20 50 1.50 --- --- 1.1 TS 
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Table 3: August-October MDR-averaged SLP, zonal wind shear (ZWS), and SST standardized  

anomalies relative to a 1901–1930 base period.  Also displayed are Nino 3.4 and relative SST  

anomalies.  The sign of each parameter associated with more active Atlantic hurricane seasons is  

noted in parentheses.  Ranks of each parameter in 1933 compared with all seasons from 1878– 

1933 as well as from 1878–2015 are also included.  Ranks in parentheses for the atmospheric  

fields represent the 95% confidence intervals for each rank. Signs of ranks have been reversed  

for parameters that correlate negatively with ACE (e.g., MDR SLP, zonal wind shear) for easy  

comparison.  Also provided are linear correlations between each parameter and ACE from 1878– 

1932, 1934–1965 and 1966–2015.  Correlations significant at the 5% level are highlighted in  

bold.  

  

Statistic SLP (-) ZWS (-) SST 

(+) 

Niño 3.4 

(-) 

Relative SST (+) 

1933 Standardized Value -0.9 -1.7 +1.7 -1.5 +1.9 

1933 Rank (1878–1933) 20 (8–38) 9 (4–18) 9 4 4 

1933 Rank (1878–2015) 25 (10–48) 10 (4–23) 41 5 9 

1878–1932 Rank Correlation w/ ACE -0.62 -0.69 0.46 -0.42 0.56 

1934–1965 Rank Correlation w/ ACE -0.17 -0.41 -0.03 -0.19 -0.04 

1966–2015 Rank Correlation w/ ACE -0.63 -0.77 0.57 -0.40 0.70 
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Table 4: As in Table 3 but for the current early June statistical hurricane forecast model 

(Klotzbach et al. 2020a).  The four predictors are April-May-averaged SST “North Atlantic” SST 

averaged over 20–60°N, 40–15°W, May SLP “Subtropical Atlantic” SLP averaged over 20–

40°N, 60–10°W, May 10 meter zonal wind “Tropical Pacific U” averaged over 5°S-5°N, 180°-

130°W and April-May-averaged SST “Coral Sea SST” averaged over 35–15°S, 155°E–180°.  

The sign of each parameter associated with more active Atlantic hurricane seasons is noted in 

parentheses. Ranks in parentheses represent the 95% confidence intervals for each rank. 

Statistic April-May 

North Atlantic 

SST (+)  

May Subtropical 

Atlantic SLP (-) 

Tropical 

Pacific 10m U 

(-) 

April-May Coral 

Sea SST (+) 

1933 Standardized Value +2.5 -0.3 -1.0 +1.3 

1933 Rank (1878-1933) 2  27 (15–37) 11 (3–30) 10  

1933 Rank (1878-2015) 20 44 (23–78) 67 (37–104) 58  

1878–1932 Correlation w/ 

ACE 

0.44 -0.52 -0.11 0.28 

1934–1965 Correlation w/ 

ACE 

0.01 0.20 -0.32 -0.08 

1966–2015 Correlation w/ 

ACE 

0.46 -0.27 -0.28 0.38 
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Table 5: As in Table 3 but for the current early August statistical hurricane forecast model  

(Klotzbach et al. 2020b).  The three predictors are July 10m “Caribbean Surface” zonal wind  

averaged over 10–17.5°N, 85–60°W, July SST “Subtropical Atlantic” SST averaged over 20– 

40°N, 35–15°W and July 200 hPa “Africa Upper-Level” zonal wind averaged over 5–15°N, 0– 

40°E.  The sign of each parameter associated with more active Atlantic hurricane seasons is  

noted in parentheses. Ranks in parentheses represent the 95% confidence intervals for each rank.  

Statistic July Caribbean  

Surface Zonal Wind 

(+)  

July Subtropical 

Atlantic SST (+) 

July Tropical Africa 

Upper-Level Zonal Wind 

(-) 

1933 Standardized Value +1.7 +1.2 -1.0 

1933 Rank (1878-1933) 11 (4–20) 10  9 (1–36) 

1933 Rank (1878-2015) 13 (4–34) 47  27 (5–96) 

1878–1932 Correlation w/ ACE 0.51 0.50 -0.10 

1934–1965 Correlation w/ ACE 0.26 0.04 -0.10 

1966–2015 Correlation w/ ACE 0.64 0.39 -0.22 
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Fig. 1.  Tracks of Atlantic tropical cyclones in 1933.  Colors indicate storm intensity, with 

warmer colors denoting a stronger storm.  Boxed numbers refer to the storm number as noted in 

Table 2.  Figure courtesy of the National Hurricane Center 

(https://www.nhc.noaa.gov/data/tracks/tracks-at-1933.png).   
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Fig. 2.  (a) Daily weather map from the US Weather Bureau on September 4, 1933 at 8am EST   

(ftp://ftp.library.noaa.gov/docs.lib/htdocs/rescue/dwm/1933/19330904.pdf) and (b) 20CRv3  

MSLP analysis on September 4, 1933 at 12 UTC (one hour earlier than Fig. 2a) .   
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Fig. 3.  Accumulated Cyclone Energy by month during the Atlantic hurricane season in 1933  

(blue line), 2005 (red line) and the 1981–2010 average (dashed black line).     
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Fig. 4. (a) Tracks of all Atlantic named storms in 1933 making landfall at hurricane strength. (b)  

Atlantic hurricane landfalls in Mexico since 1851.  The number of hurricanes making landfall in  

Mexico in 1933 is highlighted in red.  
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Fig. 5. Storm tide hindcast from the SLOSH model for southeast Virginia from the Chesapeake- 

Potomac hurricane.  The black line denotes the track of the Chesapeake-Potomac hurricane 

through southeast Virginia. 

  

Accepted for publication in Bulletin of the American Meteorological ociety. DOI S 10.1175/BAMS-D-19-0330.1.

D
ow

nloaded from
 http://journals.am

etsoc.org/bam
s/article-pdf/doi/10.1175/BAM

S-D
-19-0330.1/5008508/bam

sd190330.pdf by guest on 16 O
ctober 2020



50 
 

  

Fig. 6. (a) August–October 1933 sea level pressure anomalies (hPa), (b) August–October 1933  

zonal wind shear anomalies (m s-1), (c) August–October 1933 SST anomalies (°C) and (d)  

August–October 1933 500 hPa geopotential height anomalies (m).  (e-h) As in (a-d) but for  

August–October 2005.  Anomalies in panels a–d are calculated relative to a 1901–1930 base  

period, while anomalies in panels e–h are calculated relative to a 1971–2000 base period.   
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Fig. 7. Ensemble mean (thick black line) August–October-averaged 200 minus 850 hPa zonal 

vertical wind shear (in m s-1) averaged over the MDR from 1836–2015.  Negative values indicate 

easterly shear.  95% confidence intervals are also plotted (thin gray lines). 
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Fig. 8. (a) MJO index propagation from June 1 – August 31, 1933. (b) MJO index propagation 

from September 1 – November 30, 1933.  (c) (top panel) Daily ACE from June 1 – November 

30, 1933 with a 15-day smoothing applied.  The date plotted is the midpoint of the 15-day period 

being averaged.  (c) (bottom panel) Daily MJO amplitude from June 1 – November 30, 1933.  

Warmer colors indicate phases of the MJO typically associated with more active Atlantic 

hurricane periods based on the results of Klotzbach and Oliver (2015a).   
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Fig. 9. Observed vs. hindcast ACE rank using the early June statistical model from CSU for the  

period from 1878–1932.  Higher ranks indicate higher levels of ACE.  The red dot represents the  

model forecast for the 1933 Atlantic hurricane season.   
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Fig. 10. As in Fig. 9 but using the early August statistical model.  
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