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Meteorological Synopsis
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The historical track for Hurricane lan from the formation of Tropical Depression Nine in
the Caribbean Sea through the last advisory position over Virginia’s Southside region.
Source: HURREVAC 3
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Hurricane lan, like many of South Carolina's landfalling hurricanes, began its life as
an African Easterly Wave, commonly called a tropical wave by American
meteorologists. The wave that eventually spawned lan emerged from West Africa
over the Atlantic Ocean on September 15, 2022, but it was being tracked by
meteorologists well before this time while crossing Africa.

A color-enhanced infrared
satellite image from the
Meteosat-11 satellite from 0200
UTC on September 15, 2022
(10 p.m. September 14 EDT)
shows the tropical wave that
eventually spawned lan
crossing the West African
coastline. Tropical Depression
Seven, which became
Hurricane Fiona, can be seen
at the top-left. Image source:
Colorado State University
RAMMB SLIDER

The wave tracked westward for a few days with no sign of becoming better
organized and only produced widely separated showers and thunderstorms during
this time. However, this changed on September 19-20.
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Thunderstorm activity became more
widespread, and a weak area of low
pressure formed. However,
thunderstorms were not persistent
enough to classify the system as a
tropical cyclone for the following few
days. Finally, at 0900 UTC (5:00 a.m.
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and the National Hurricane Center

@ Post-Tropical Cyclone or Remnants
The 5-day NHC outlook from 2:00 p.m. EDT on (NHC) declared it to be Tropical
Depression Nine.

All Disturbances [ g

Monday, September 19, 2022. The disturbance
that became lan was east of the Lesser Antilles.
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Visible satellite imagery (Band 2 ; :
from GOE&ast of the western &= : ¢ 2 =
Atlantic basin showing Hurricangs e yos
Fiona east of Virginia and
Tropical Depression Nine over
the Caribbean Sea. Cirrus clou
to the south and west of the
depression indicate that upper
level northeasterly wind, outflo : ‘ ; : :
from Fiona, was shearing the 3 : PR
depression's thunderstorms. P i , ot

Image source: Colorado State
University RAMMB SLIDER

Despite strong vertical wind
shear, the depression [TF ; .
strengthened into a tropical
storm and gained the name lan
at 11 p.m. EDT on September
23. Slow strengthening
continued until upper-level
winds relaxed on September
25. lan became a hurricane
over the northwestern
Caribbean Sea at 5:00 a.m.
EDT on September 26 while
passing southwest of the
Cayman Islands. Intensification

nicana

. T
became rapid while lan passed B T
over waters with high ocean (i e BT il E il
heat content later that day. It A plot of ocean heat content over the Caribbean Sea from

September 25, 2022. lan’s track would take it over the
area south of Cuba with ocean heat content values
generally 100-150 J/cm? that would fuel rapid

strengthened to a Category 3
hurricane before making its

first landfall in western Cuba intensification.
around 4:30 a.m. EDT on Source: NOAA-AOML
September 27.
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lan only slightly weakened while passing over Cuba and was still a Category 3
hurricane once over the Gulf of Mexico. Upon emerging over the southeastern Gulf
of Mexico, lan began to strengthen again. lan began a turn to the right during this
time that put it on a course toward southwestern Florida. The strengthening
continued steadily until lan made its second landfall in Florida near Cayo Costa at
3:05 p.m. EDT on September 28. NHC estimated the maximum sustained winds at
150 mph at the time, making lan a Category 4 hurricane.
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lan took about 18 hours to cross the Florida Peninsula and weakened considerably
over land. It emerged near Cape Canaveral as a tropical storm with 65 mph winds
just before noon on September 29. It left a path of devastation across Central and
South Florida due to the high winds, a coastal storm surge that may have reached 15
feet, and major flooding from extreme rainfall. lan killed about 120 people in Florida.

After leaving Florida, an upper-level low splitting from the main upper-level jet
stream began to steer lan. lan moved northeastward upon leaving Florida but curved
toward the left while traveling over the Atlantic Ocean. The track took lan over the
Gulf Stream waters, resulting in modest strengthening on the evening of September
29 and on September 30 as lan approached landfall. lan became a hurricane again
as of the 5 p.m. EDT advisory on September 29 with 75 mph winds, then gained
additional strength that night. lan approached the South Carolina coast on the
morning of September 30 with maximum sustained winds of 85 mph.
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Selected points from lan’s track superimposed on
a plot of sea surface temperatures on September
29, 2022. lan’s track after leaving Florida took it
over the Gulf Stream ocean current, which caused
it to strengthen. It was a strong tropical storm with
70 mph winds just after leaving Florida at 11 a.m.
EDT on September 29 but was a Category 1
hurricane with 85 mph winds at landfall just after 2
p.m. EDT on September 30. Sea surface
temperatures in the Gulf Stream were generally
28.0-29.5°C (82.4-85.1°F)
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Tropical-storm-force winds began along the South Carolina coast well in advance of
lan. This was caused by a large difference in pressure between lan and surface high
pressure well to the north, centered over the Great Lakes region.

This steep pressure gradient
led to tropical storm force
wind over a larger area around
lan than typical for a

hurricane. The large wind field
brought tropical storm-force
winds to the South Carolina
coastline on September 29.
Gusts on land this day were up
to 53 mph along the coast.
Gusts of 30-35 mph were
common over the rest of the
state. The strong winds
continued into the night at the
coast.

A surface pressure analysis for 0000 UTC September
30, 2022 (8 p.m. September 29 EDT).
Source: Storm Prediction Center Mesoanalysis
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The strong high-pressure area to the north of lan also resulted in a larger wind field
than is typical for a hurricane as lan approached. lan’s tropical storm force winds
extended up to 275 miles to the northeast of its center on September 30 as lan was
approaching landfall in South Carolina, but only 120-140 miles in the storm’s other
three quadrants. The hurricane force winds reached the South Carolina coastline on
the morning of September 30. lan then made landfall at 2:05 p.m. on September 30
at North Island. Maximum sustained winds at the time were estimated by NHC to be
85 mph.

Hurricane Ian Peak Wind Gust (mph)
September 30th, 2022
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Murrells Inlet (84) lan

Buoy, Winyah Bay (84)

The large high-pressure area north of lan also resulted in a larger wind field than is
typical for a hurricane as lan approached. lan’s tropical storm-force winds extended
up to 275 miles to the northeast of its center on September 30 as lan approached
landfall in South Carolina, but only 120-140 miles in the storm’s other three
quadrants. The hurricane-force winds reached the South Carolina coastline early on
September 30. lan then made landfall at 2:05 p.m. on September 30 at North Island.
NHC estimated maximum sustained winds at the time to be 85 mph.
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The gusty northeasterly winds of September 29 caused the tides to run above the
usual astronomical levels along the South Carolina coast, resulting in tidal flooding.
The tide gauge at Charleston peaked at 7.65 feet, considered moderate flooding.
The tide gauge at Springmaid Pier in Myrtle Beach peaked at 7.5 feet, also
considered minor flooding.

lan brought a storm surge along the South Carolina coast, but a significant storm
surge occurred primarily north of the Santee Delta area. The greatest surge occurred
near Pauleys Island, just northeast of lan’s landfall location. The highest measured
storm surge in the state was a 6.42-foot departure at Myrtle Beach, but the storm
surge from lan may have exceeded seven feet near Pauleys Island.
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Tidal observations (green) from the gauge at Springmaid Pier from 0000 UTC September 29 to
0000 UTC October 1(8 p.m. September 28 to 8 p.m. September 30 EDT).
The peak was 10.77 feet. Flood stage for this gauge is 7 feet and major flood stage is 10.5 feet.
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The coastal flooding that occurred on September 29 and with lan’s landfall on
September 30 occurred during a period of near-average astronomical tides. The
high astronomical high tides peaked on September 25, when a hew moon occurred
but the lowest astronomical high tides occurred on October 2, when the moon
reached its first quarter phase.

lan caused heavy rainfall of two inches or more over more than half of South
Carolina. Rainfall of four inches or more was widespread along the Coastal Plain,
extending into the eastern Midlands. The peak rainfall was 10.75 inches at
CoCoRaHS station SC-CR-60 near Charleston. While this rainfall caused flash
flooding in some areas and exacerbated storm surge flooding along the coast, it did
not cause any major river flooding inland due to dry conditions in the weeks leading
up to lan’s landfall in South Carolina. In fact, many areas welcomed the rainfall due to
antecedent drought conditions. Parts of the Upstate and Coastal Plain experienced a
three to four-inch rainfall deficit during the 60 days prior to lan’s landfall.

HRAP 4 km - 60-Day Total Anomaly (Inches) Valid: 12z Thu 29 Sep 2022

HRAP rainfall for
60 days ending
on Thursday,
September 29,
indicating dry
conditions during
the period over
much of South
Carolina during
before lan’s
landfall in the
state.

Source:
WeatherBELL

. E ﬁ © 2022 WeatherBELL Analytics, LLC. All ights ressrved. License required for commercial distribution.
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lan Rainfall
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A map of rainfall from September 29 to October 1, 2022. Heavy rainfall sidestepped areas near
the Savannah River and the heaviest rainfall occurred in the Charleston area. Rainfall of four
inches or more was widespread across the Coastal Plain except in Jasper, Hampton and
Colleton Counties.
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It is common for landfalling tropical cyclon

es to spawn tornadoes to the right of the

track of their center. While lan spawned several tornadoes in Florida and one in
North Carolina, none occurred in South Carolina. This was because a cool and stable
air mass arrived in the state on September 28. lan's thunderstorms had to ride over
this cool and stable air mass as it made landfall, and such situations usually prevent

tornadoes from occurring.
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An image captured from NOAA’s Damage Assessment Toolkit website showing the locations of
tornadoes spawned by Hurricane lan (Triangle-shaped markers). The two yellow markers
indicate damage surveyed which was determined to be caused by lan’s high wind and not by a
tornado spawned by the hurricane.
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A trackable remnant evident on satellite imagery drifted northeastward across the
coastal Mid-Atlantic region on October 5, then into Atlantic Canada on October 6.
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A true-color satellite image from 1900 UTC (3 p.m. EDT) on October 5, 2022, showing lan’s
remnant centered southeast of the Delmarva Peninsula.

Source: University of Wisconsin RealEarth website
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Forecast Issues

lan occurred during a complex weather pattern that resulted in a challenging
forecast for the storm’s track and intensity. The complexity led to forecast
uncertainty and challenges in communicating those uncertainties to the pubilic.

The initial forecast for Tropical
Depression Nine called for it to
strengthen slowly as it crossed the
central Caribbean Sea. Ocean heat
content was high in this area, but
upper-level winds were unfavorable.
Winds aloft were from the northeast
as the outflow from distant
Hurricane Fiona, passing west of
Bermuda at the time, was causing
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vertical wind shear over the oW oow jﬁm\ﬁsw Tow egsw “lou
Caribbean Sea. Early forecasts from Troplcal Dopression Nine  Current information: @  Forecast positions: _  iro
riday September 23, enter location | 68. ropical Cyclone ost/Potential
NHC I d.y d th | FS Natone! Homcane Genter Mo ot 15 STy HE74 110 o M 110 mph
CorreCt y pre ICte t e slow F&mal track area: Walchgs: Warnings:
Strengthening Of the depression’ Day 1-3 Day 4-5 Hurricane Trop Storm I Hurricane [ Trop Storm
which became Tropical Storm lan as The forecast track and intensity
of Advisory 4, issued at 11 p.m. EDT graphic from NHC'’s first advisory for

Tropical Depression Nine.

on September 23.

lan tracked west of early forecast positions by up to 100 miles at a 5-day range, but
this is a below-average forecast error for tropical cyclone predictions at this range.

As Hurricane Fiona moved eastward and farther away from lan, the hostile upper-
level winds over the Caribbean Sea diminished. As it became clear that upper-level
winds would become more favorable for strengthening as lan reached the western
Caribbean Sea, concern increased for the storm to become very intense. Sea surface
temperatures were as warm as 89°F along lan’s forecast track, and ocean heat
content was very high over the northwestern part of the Caribbean Sea. By
September 24, NHC forecasters were accounting for this in their forecasts, calling for
a period of rapid intensification, resulting in lan reaching Category 3 intensity by the
time it reached the western end of Cuba and for additional strengthening once lan
reached the southeastern Gulf of Mexico.
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A map showing sea surface temperatures
on September 23, 2023. Most of the area
along the forecast path of Tropical
Depression Nine was at least 29°C (84.2
°F) and was as warm as 31.5 °C (88.7°F).

Source: WeatherBELL
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Once lan reached the
western Caribbean Sea,
the forecast became
more challenging. By
September 25, it was
clear that lan would
turn northward over the
western Caribbean Sea
in response to an
upper-level trough over
the eastern part of
North America at the
time. However, it was
unclear whether lan
would take a path over
the eastern Gulf of

00Z 26 Sep 2022 500 hPa

An analysis of the 500-hPa (millibar) level over North America

Mexico or instead over and vicinity from 0000 UTC September 26, 2022 (8 p.m.

the Florida peninsula September 25 EDT). An upper trough (highlighted by a red line)
and the Atlantic Ocean was over eastern North America, while an upper ridge (denoted
before affecting areas by a wavy blue line) was over the southwest Atlantic Ocean. lan

was steered between these two features.

along the East Coast of
g Source: University of Wyoming

the United States.
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The uncertainty stemmed from the speed which lan would move toward the trough,
how quickly the trough would lift out, and whether a part of the trough might be left
behind to form an upper-level low over the southeastern part of the United States.

By September 25, it had becoming certain that South Carolina would be affected in
some way by lan. Most forecast models indicated a track over or near a part of the
state. However, the potential impacts were unclear. A track of lan through the Gulf of
Mexico, then across Florida and Georgia, then into the state would cause heavy
rainfall and a tornado risk, but not much wind and storm surge. However, a track
farther east would decrease the tornado risk but increase the risk for high wind,
storm surge, and extreme rainfall. A track far enough to the east would bring lan over
the Atlantic for a time, resulting in it regaining strength after passing over Florida.

At the time, it appeared that lan would move into the Gulf of Mexico before the
trough began to lift out of the eastern part of North America, and computer model
guidance showed that no upper low or only a weak upper low would would be left
behind. This caused forecasters at NHC to shift their forecast track for lan to the left.

Note: The cone contains the prubablerpath of the storrﬁ center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.
2 A

The forecast track and intensity graphic
from NHC’s Advisory 11 on lan, issued
& at 5 p.m. EDT on September 25. Parts

n@;\@h@ N of South Carolina were within the 5-day

. uncertainty cone by this time.
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Tropical Storm lan Current information: x Forecast positions:
Sunday September 25, 2022 Center location 16.2 N 80.3 W @ Tropical Cyclone (O Post/Potential TC
5 PM EDT Advisory 11 Maximum sustained wind 45 mph Sustained winds: D < 39 mph
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Potential track area: Watches: Warnings: Current wind extent:
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Over the following days, the computer model guidance gradually shifted eastward
with lan’s track, increasingly calling for the upper trough over eastern North America
to lift out of the region sooner while leaving an upper-level low behind over the
Southeast. With the change in guidance came changes in NHC’s forecast track.
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By September 27, the NHC forecast indicated a track sending lan across the Florida
peninsula and over the Atlantic for a time before curving back toward the East Coast.
By September 28, the NHC forecast began to show a landfall in the South Carolina
Lowcountry. Additional eastward shifts in the forecast brought the expected landfall
location to northeastern Charleston County by 5 p.m. EDT on September 29.
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