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Chapter 1: The Gulf of Mexico

In 1975, crew members on a ship in the
service of the U.S. National Oceanic and Atmospheric Administration
(NOAA) placed in the Gulf of Mexico a weather buoy to record and
transmit basic weather data. The information to be gathered
included measurements of sea surface temperatures (SST). The buoy,
No. 42001, is located 180 nautical miles south of Southwest Pass,
Louisiana. This is about at the center of the Gulf. At about the
same time, a second buoy, No. 42002, was placed in the western
Gulf, 207 nautical miles east of Brownsville, Texas. A third buoy,
No. 42003, was placed in the eastern Gulf, 208 nautical miles west
of Naples, Florida. Additional buoys have been placed closer to
shore in more recent decades.

The buoy system, thus, is a valuable source
of information about sea surface conditions in the Gulf, and
provides an historical record from which trends can be derived.
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Figure 1. A NOAA weather
buoy with solar panels.

Using the buoy system data and data from
other NOAA sources, this book presents a statistical analysis of
the rise of sea surface temperatures in the Gulf of Mexico over the
past five decades. The findings are ominous. Sea surface
temperatures are rising worldwide. And sea surface temperatures in
the Gulf of Mexico are rising at an even faster rate than the
global increase.

In 2019, sea surface temperatures in the
Gulf of Mexico were the highest of any year in the past 50 years,
and quite possibly, the highest of any year since Christopher
Columbus sailed into those waters while looking for a passageway to
Asia.

As a result, communities on and near the
Gulf face a rising risk of catastrophic hurricanes for the
foreseeable future. Hurricanes Katrina (2005), Harvey (2017) and
Michael (2018) were not outlier events. They were the future.

(Additional data used for this study are
available from NOAA’s Extended Reconstructed Sea Surface
Temperature (ERSST) v5 data set. The ERSST data set provides sea
surface temperature estimates for the years preceding the placement
of the buoys. Use of the ERSST data allowed the period studied to
be extended back to 1970. This allows a period of study of 50
years. By extending the period back to 1970, this study actually
understates the degree of temperature rise since 1990.)

Circulation within the Gulf of Mexico is
complex. Nearly all the inflow enters as a northward flow through
the Yucatán Channel between the Yucatán Peninsula of Mexico and the
western tip of Cuba. Much of the inflow turns west and flows
parallel to the Mexican coast. This inflow through the Yucatán
Channel, then westward along the Mexican coast, is known as the
Yucatán Current. Additionally, the Loop Current flows through the
Yucatán Channel, proceeds northward, rotates clockwise, and finally
heads eastward towards the Straits of Florida.

The Loop Current influences sea surface
temperatures within the Gulf. The current varies in intensity from
one year to another. In years of extreme intrusion, it can reach as
far north as 27°N. It also has been measured as far west as 92°W.
The center of the Yucatán Channel is at 21°34 N, 85°54 W.
Generally, Loop Current SST is significantly warmer than typical
Gulf temperatures.

The outflow of Gulf of Mexico waters, which
is nearly equal to the inflow through the Yucatán Channel, is
primarily through the Straits of Florida between Florida and Cuba.
This eastward current is known as the Florida Current.

Circulation within the Gulf is further
complicated by the formation of large eddies. These anti-cyclonic
rotations do not appear to be predictable.

In late summer and early autumn, the Gulf
provides a favorable environment for the development of hurricanes.
Many factors need to come together to produce a hurricane in the
Gulf. Chance and circumstance play a role. Vertical wind shear,
high atmospheric moisture levels, and hot spots in the Caribbean
and Gulf can play a part.

Even though the waters are warm, hurricanes
may not form. A pervasive disruptive factor is vertical wind shear
at certain altitudes. Wind shear is a well-known cause of airplane
crashes when it counteracts the lifting forces on the plane’s
wings. However, wind shear also acts to breakup tropical cyclone
development.

The need for multiple factors – warm waters,
little wind shear, high atmospheric moisture levels – explains why
some years have few hurricanes even though SST is above
average.

Nevertheless, SSTs above 27°C are vital.
Water with a SST above 27°C provides the energy that drives
tropical cyclones. It is the source of latent heat. Tropical
cyclones do not form where the water is cool.

Some Useful Definitions

Anomaly – a temperature variation from a 30
year average.

Saffir-Simpson scale

Category 5 – wind speeds greater than
157

miles per hour

Category 4 – wind speeds 130-156 mph

Category 3 – wind speeds 111-129 mph

Category 2 – wind speeds 96-110

Category 1 – wind speeds 74-95

Tropical storm – wind speeds 39-73 mph

Tropical depression – wind speeds less than
38 mph

SST – sea surface temperature

Tropical cyclone – for our purposes, a
hurricane. In the western Pacific, a tropical cyclone is called a
typhoon







The Gulf of Mexico has a long geological
history. What was to become the Gulf of Mexico began to form when
the dinosaurs still roamed the planet. Sea levels were much higher
– around 250 meters higher – than now. All of Florida and nearly
all of Texas, Louisiana, Mississippi, Alabama and the Yucatán were
underwater. The water was very warm.

In this warm environment, microscopic
organisms lived and died. When they died, their calcium carbonate
shells fell to the sea floor, where they would in time become
limestone.

Sixty-six million years ago, on a very bad
day for the dinosaurs, a large asteroid struck Earth, blotted out
the sun for months with atmospheric debris, and at least
contributed to the extinction of an immense number of animal and
plant species. Although the impact affected worldwide climate, the
asteroid struck in the Gulf of Mexico near the Yucatán Peninsula.
High impact debris can still be found in many southern American
states and in Mexico.

In the tens of millions of years following
the asteroid impact, the eastern and southern gulf continued to
accumulate carbonate deposits. This included most of Florida which
was still underwater. In northern Florida, however, sediment from
the eroding Appalachian Mountains was overlaying the carbonate
base. In the western Gulf – Texas and Louisiana – the shoreline was
becoming marshy and advancing seaward as erosion sediment from the
continent found an outlet to the sea. This sediment was rich in
organic material and forms the basis for the present day gas and
oil extraction in the western Gulf.

By 30 million years ago, large amounts of
sediment were washing down from North America, raising much of the
land above the level of the sea. Even then, though, most of Florida
was underwater. And the Texas-Louisiana coastline was 50-100 miles
inland from its present location.

Over the past five million years, as
sediment, sand and clay flowed down rivers from central North
America and the eroding Appalachian Mountains, and as sea levels
fell with the growing Arctic and Antarctic icecaps, the
Texas-Louisiana coastline migrated eastward and southward and the
Florida peninsula emerged from the shallow seas of the eastern
Gulf.

At the time of the last glacial maximum –
around 20,000 years ago – when much of the Earth’s water was locked
up in polar icecaps, the Florida peninsula was about twice as wide
as it is now. The western Gulf coastline was dozens of miles
seaward of the present coastline. As the icecaps melted, sea levels
in the Gulf rose. For many millennia, the rate of sea-level rise
was more than three times what it is now.


Chapter 2: Statistical Stuff

This small book presents a statistical
analysis of the NOAA data about the rise of sea surface
temperatures in the Gulf of Mexico over the past 50 years
(1970-2019).

The primary source of data is NOAA’s weather
buoys in the Gulf. The buoy data is supplemented where appropriate
with data from weather satellites. The advantage of the buoy data
sets over observations from recently deployed satellites is that
the buoy data go back for more than 40 years, and therefore provide
a long, continuous time frame of fixed locations for analysis. The
buoys themselves are highly sophisticated instruments. They are
powered by solar panels, and transmit back to the receiving
stations a large number of measurements in addition to SST. The
latest buoys transmit data every 10 minutes. The buoy data sets are
also free of the biases inherent in data sets that use ship log
data.

In addition to the buoy data, data from
NOAA’s Extended Reconstructed Sea Surface Temperature (ERSST) v5
data set was used.

First, though, let us review the stuff you
learned in a statistics class long ago.

We can plot the temperatures by year on a
graph. We can also calculate the straight line that best runs
through all the data points. This line of best fit is called the
linear regression line. In addition, we can calculate the slope of
the linear regression line. The slope for our purposes is the
amount that the linear regression line rises or falls in a year. If
a line has a slope of zero, it is neither rising nor falling. In
our context, if a line has a slope of say 0.02, the regression line
is increasing by 0.02°C per year. We are
very concerned about the slope of the regression line. It is a
measure of how fast the Gulf of Mexico is warming.

Another term that needs definition is
anomalies. Climate scientists measure temperature variation
by anomalies, which are variances from a 30 year average. For
example, if a 30 year average is 29.5°C and a particular
measurement is 29.8°C, the anomaly is 0.3°C. This makes the numbers
more meaningful. For this study, the 30 year base period is
1971-2000.


Chapter 3: The Numbers

Between 1970 and 2019, the expected annual
SST in the Gulf rose by 1.03°C
(1.85°F) (Figure 2 below). For 1970, the
intercept of the anomalies of the linear regression line for the
sea surface temperature (SST) data is –0.40°C. For 2019, the intercept is +0.63°C. The slope of the linear regression line is
0.0209.
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Figure 2. Annual sea
surface temperature anomalies in the Gulf of Mexico 1970-2019. For
the years 1977-2019, the primary source of data is NOAA’s National
Data Buoy Center. The data was measured at NOAA buoys 42001, 42002
and 42003. For the years 1970-1976, the data source is NOAA’s
Extended Reconstructed Sea Surface Temperature (ERSST) v5.
Anomalies are computed with respect to a 1971-2000 monthly
climatology. The slope of the linear regression line is 0.0209°C
per year.
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