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ATLANTIC BASIN SEASONAL HURRICANE FORECAST FOR 2021

Issue Date
Forecast Parameter ah881 2010 8 April
Averagé (in parentheses) 2021
Named Storms (NS)L@.1) 17
Named Storm Days (NSD%9.4) 80
Hurricanes (H) §.4) 8
Hurricane Days (HD) @.2) 35
Major Hurricanes (MH) (Z) 4
Major Hurricane Days (MHD)4.2) 9
Accumulated Cyclone Energy (ACE)(6) 150

Net Tropical Cyclone Activity (NTC) (16%) 160

* CSUwill change its climatology fromd981 2010to the new climatology that NOAA
decides to use with ieasonal hurricane outlooks.

PROBABILITIES FOR AT LEAST ONE MAJOR (CATEGORY 3 -4-5)
HURRICANE LANDFALL ON EACH OF THE FOLLOWING COASTAL
AREAS:

1) EntirecortinentalU.S. coastline 69% (average for last century is 52%)

2) U.S. East Coast Including Peninsula Flord&% (average for last century is
31%)

3) Gulf Coast from the Florida Panhandle westward to Brownsvils (average
for last century is 30%)

PROBABILITY FOR AT LEAST ONE MAJOR (CATEGORY 3 -4-5)
HURRICANE TRACKING INTO THE CARIBBEAN (10 -20°N,88-60°W)

1) 58% (average for last century is 42%)



ABSTRACT

Information obtained through Mar@®21lindicates that th2021Atlantic
hurricane season witlave activityabovethe 1981 2010average We estimate th&2021
will have about8 hurricanesdveragas 6.4), 17 named stormsafyeragas 12.1), 80
named storm dayserageas 59.4), 35 hurricane daysaverages 24.2), 4 major
(Category 34-5) hurricans (averages 2.7) and9 major hurricane day&verages 6.2).
The probability of U.S. major hurricane landfall is estimated to be diSduysercent of
the longperiod average. We expect Atlantic ba&stumulatel Cyclone Energy (ACE)
andNet Tropical Cyclone (NTC) activity iB8021to be approximatelf40percent othe
1981 2010 average

This forecast is based @mextendeerange early April statistical prediction
scheme thawvas developedsing 38 years of past data. Analog predictors are also
utilized. We alsoinclude a statistical/dynamical model based off40 years oflata from
the ECMWFSEAS5model Our statistical model, owgtatistical/dynamical modeind
our analog model all call for an active Atlantic hurricane season in 2021.

Thetropical Pacific is currently characterized by weak La Nifia conditions. At
this point,there is a relatively goodhancethat the tropical Pacific will revert to neutral
ENSO conditions during this summer, buteemsunlikely that EI Nifio conditions will
occur during t hi s ElIN&ocaypidally reduces Atlamtiahurecaree as o n .
activity through increasen vertical wind sheaiThe tropical Atlanticcurrentlyhasnear
averagesea surface temperatur@gile most ofthe subtropical Atlantic isvarmer than
normal

Coastal residents are reminded that it only takes one hurricane making landfall to
make it aractive season for them, and they need to prepare the same for every season,
regardless of how much activity is predicted.

The early April forecast is the earliest seasonal forecast issued by Colorado State
University and has modest lotgrmskill when evaluated in hindcast mode. The skill of
CSUO s fupdatesicceeases as thpeak of the Atlantidiurricane season appuabees.

We also now preseptrobabilities of exceedance for hurricanes and Accumulated
Cyclone Energy to give interested readers a better idea of the uncertainty associated with
these forecasts.



Why issue extendeedrange forecasts forseasonal
hurricane activity ?

We are frequently asked this question. Our answer is that it is possible to say
something about the probability hfe comingy e ar 6 s hurri cane activity
to climatology. The Atlantic basin has the largest ytearear variabilityof any of the
global tropical cyclone basins. People are curious to know how #oéivgpcoming
seasoris likely to be, particularly if you can show hindcast skill improvement over
climatology for many past years.

Everyone should realize that it is impossibl@tecisely pedictthiss e as on 0 s
hurricane activityin early April. There is, however, much curiosity as to how global
ocean and atmosphere features are presently arranged as tegagsobability of an
active or inactive hurricane seasontioe comingyear Ourearly April statisticaland
statistical/dynamical hybrid modedsiowstrongevidence a ~40years of data that
significant improvement over a climatological foreczeat be attainedwWe would never
issue a seasonal hurricane forecedess we hadhodelsdeveloped over a long hindcast
period which showedkill. We also now include probabilitieg exceedance to provide a
visualization of the uncertainty associated with these predictions.

We issue these forecasts to satisfy the curiosity of the general public and to bring
attention to the hurricane problem. There geeneral interesh knowing what the odds
are for an active or inactive seas@ne must remember that our forecasts are based on
the premise that those global oceanic and atmospheric conditions which preceded
comparatively active or inactive hurricane seasons in the past proea@ngful
information about similar trends in future seasons.

It is also important that the reader appreciate that these seasonal forecasts are
based on statisticahd dynamical modelshich will fail in some years. Moreover, these
forecasts do notpecifically predict where within the Atlantic basin these storms will
strike. The probability of landfall for any one location along the coast is very low and
reflects the fact that, in any one season, most U.S. coastal areas will not feel the effects of
a hurricane no matter how active theividual season is.
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DEFINITIONS AND ACRONYMS

Accumulated Cyclone Energy (ACEA measure of a named stormds potential for wi
square of a named st or Maas) foreach Gmumperiad ohitd existpnece THOT ROd0avieidge value of this
parameter i406for the Atlantic basin.

Atlantic Multi-Decadal Oscillation (AMOj A mode of natural variability that occurs in the North Atlantic Ocean and evidencing itself in
fluctuations in sea surface temperature and sea level pressure fields. The AM@ ieléitet! to fluctuations in the strength of the oceanic
thermohaline circulation. Although several definitions of the AMO are currently used in the literature, we define thesat¥i@Gntidorth
Atlantic sea surface temperatures from6B0N, 50-10°W and ®a level pressure from&D°N, 7010°W.

Atlantic Basini The area including the entire North Atlantic Ocean, the Caribbean Sea, and the Gulf of Mexico.

El Nifioi A 12-18 month period during which anomalously warm sea surface temperatures occuestehelelf of the equatorial Pacific.
Moderate or strong El Nifio events occur irregularly, about once evégears on average.

Hurricane (H) A tropical cyclone with sustained lel@vel winds of 74 miles per hour (33 ther 64 knots) or greater.

Hurricane Day (HD} A measure of hurricane activity, one unit of which occurs as féwus periods during which a tropical cyclone is
observedr is estimated to have hurricaftece winds.

Indian Ocean Dipole (IOD)An irregular oscillation of sea surface temperatures between the western and eastern tropical Indian Ocean. A
positive phase of the 10D occurs when the western Indian Oceaonimbiusly warm compared with the eastern Indian Ocean.

Madden Julian OscillatioMJO)i A globally propagating mode of tropical atmospheric kseasonal variability. The wave tends to
propagate eastward at approximately 5tneircling the globe inaughly30-60 days.

Main Development Region (MDR)AnN area in the tropical Atlantic where a majority of major hurricanes form, which we defing as
22.5N, 75-20°W.

Major Hurricane (MH) A hurricane which reaches a sustained-lewel wind of at leat 111 mph (96 knots or 50 rHsat some point in its
lifetime. This constitutes a category 3 or higher on the Saffir/Simpson scale.

Major Hurricane Day (MHD} Four 6hour periods during which a hurricane has an intensity of Saffir/Simpson categdmgBen

Multivariate ENSO Index (MEIj An index defining ENSO that takes into account tropical Pacific sea surface temperatures, sea level
pressures, zonal and meridional winds and cloudiness.

Named Storm (NS)A hurricane, a tropical storm or a strbpical storm.

Named Storm Day (NSDB)As in HD but for four 8hour periods during which a tropical or swibpical cyclone is observed (or is estimated)
to have attained tropical stofforce winds.

Net Tropial Cyclone (NTC) Activityi Average seasonal percentage mean of NS, NSD, H, HD, MH, MHD. Gives overall indication of
Atlantic basin seasonal hurricane activity. The 12600 average value of this parameter is 100.

Proxyi An approximation or a substitan for a physical process that cannot be directly measured

Saffir/SimpsorHurricane WindScalei A measurement scale rangifigm 1 to 5 of hurricane winihtensity. One is a weak hurricane;
whereas, five is the most intense hurricane.

Southern Oscillation Index (SOT)A normalized measure of the surface pressure difference between Tahiti and Darwin. Low values typically
indicate El Nifio conditions.

Standard Deviation (SO)A measuraised to quantify the variation in a dataset.

Sea Srface Temperature AnomalySSTA

Thermohaline Circulation (THQ) A large-scale circulation in the Atlantic Ocean that is driven by fluctuations in salinity and temperature.
When the THC is stronger than normal, the AMO tends to be in its warm (tiv@pphase, and more Atlantic hurricanes typically form.

Tropical Cyclone (TC} A largescale circular flow occurring within the tropics and subtropics which has its strongest winds at low levels;
including hurricanes, tropical storms and other weadtating vortices.

Tropical North Atlantic (TNA) indeX A measure of sea surface temperatures in the area fre23%55N,57.515°W.

Tropical Storm (TS} A tropical cyclone with maximum sustained winds between 39 mph (£&n%4 knots) and 73 mphZ3ns! or 63
knots).

Vertical Wind Sheaf The difference in horizontal wind between 2t®a(approximately 40000 feet or 12 km) and 8B®a(approximately
5000 feet or 1.6 km).

1 knot = 1.15 miles per hour = 0.515 meters per second

nd

and

st



1 Introduction

This is the38th year in which the CSU Tropical Meteorology Project has made
forecasts of the upcoming seasonb6s Atl antic
has shown that a sizable portion of the yteayear variability of Atlantic tropical
cyclone (TC) activig can be hindcast with skill exceeding climatology.i Th year 6 s Apr i
forecast idased oma statistical modeds well as output frorthe SEASS
statistical/dynamicaimodelfrom the European Centre for Medium Range Weather
Forecast4ECMWF). These modelshow skillat predicting TC activity basezh ~40
years of historical dataWe also select analog seasons, basecurrentlyobserved
conditions as well as conditions tlve¢ anticipate for the peak of the Atlantic hurricane
season.Qualitative adjustmets are added to accommodate additional processes which
may not be explicitly represented theseanalyses. These evolving forecast techniques
are based on a variety of climatdated global and regional predictors previously shown
to be related to thimrthcoming seasonal Atlantic basiiC activity and landfall
probability. We believe that seasonal forecasts must be based on methods that show
significant hindcast skill in application to long periods of prior data. It is only through
hindcast skill thione can demonstrate that seasonal forecast skill is possible. This is a
valid methodology provided that the atmosphere continues to behave in the future as it
has in the past.

The best predictors do not necessarily have the best individual congladih
hurricane activity. The best forecast parameters are those that explain the portion of the
variance of seasonal hurricane activity thi@not associated with the other forecast
variables. It is possible for an important hurricane forecast gaeato show little direct
relationship to a predictand by itself but to have an important influence when included
with a set of 23 other predictors.

A direct correlation of a forecast parameter may not be the best measure of the
importance of this paictor to the skill of &8i 4 parameter forecast model. This is the
nature of the seasonal or climate forecast problem where one is dealing with a very
complicated atmosphermceanic system that is highly nnear. There is a maze of
changing physicdinkages between the many variables. These linkages can undergo
unknown changes from weekly to decadal time scales. It is impossible to understand
how all of these processes interact with each other. No one can completely understand
the full complexityof the atmospherecean system. But, it is still possible to develop a
reliable statistical forecast scheme which i
nortlinear interactions. Any seasonal or climate forecast sclsaom@dshow significant
hindcast skill before it is used in reame forecasts.

2 April Forecast Methodology

2.1  April Statistical Forecast Scheme



We arecurrently using ai\pril statistical forecast scheme thvaas developed on
data from 19822019 and yielded successful forecast in retine in 2020 The model
uses the ECMWF Reanalysis 5 (ERABg(sbach et al. 202@s well as NOAA
Optimum Interpolation (I0¥ea surface temperatu®ST) (Reynolds et al. 2002). The
ERADS reanalysis currently extends from 298 neaipresentwith a preliminary version
now extending back to 195@\ benefit of the ERAS reanalysis is that it is the first
reanalysis from ECMWEF that provides updates in neasti@al, allowing for the same
reanalysis product to be used for bothdeast model development as well as-teak
analysis The NOAA Optimum Interpolation (Ol) SST (Reynolds et al. 2002) is
available from 1982present. This new model shedsignificant skill incrossvalidated
(e.g., leaving the year out of the develagmal model that is being predictddhdcasts
of Accumulated Cyclone Energy (ACH)= 0.66) over the period froml982 2020

Figure2 displays the locations of each of our predictors, while Tablisplays
the individual linear correlations betweeach predictor andCE over thel982 2020
hindcastforecastperiod. All predictors correlate significantly at 8 level using a
two-t ai | ed -Bstand asaumidgthat each year represents an individual degree of
freedom. Tabl@ displays the2021observed values for each of ttieeepredictors in
thestatistical forecast schem@&able3 displays the statical model output for the021
hurricane seasoithe two SST predictorsall for increased\tlantic hurricane activity,
while the 200 hPa zonal wind predictor calls for a bebox@rage season.

Atlantic ACE Hindcast (1982-2020)- Cross-Validated
300 April Stats Model
r=0.66
250

=

po

g 200

i

Q

—

© 150

S

@]

o

2 100

1%}

S

£

§ 50

<

0
N < O 00 O N & W 0 O N & O 0 O N < W 0 O
00 00 0 W O O O O OO0 O 0O 0 0 O o o o o < o
o oo o o o o0 o o o0 O 0 0O 0O 0 0 0O o o o o
™ = = = e e e = NN NN N NN N NN
=0=0bserved =e=Hindcast

Figurel: Observed versusarly April crossvalidatedhindcast values ACE for the
statistical modefor 1982 202Q



April Forecast Predictors

Figure2: Location of predictors for owgarly April extendedrange statistical prediction
for the2021hurricane season.

Tablel: Linear correlation betweeazarly April predictos andACE overthe period from
1982 2020

| Correlation w/ACE

Predictor

1) JanuaryMarchSST (5°$50°N, 40°Wi 10°W) (+) 0.56
2) JanuaryMarch200hPaU (17.5°Ni 27.5°N, 60°Wi 20°W) (+) 0.45
3) FebruaryMarch SST(20°Si 0°, 145°E 170°F) (+) 052



Table2: Listing of early April 2021 predictors for th021hurricane seasor plus (+)
means that positive deviations of the parameter are associated with increased hurricane
activity, while aminus €) means that negative deviations of the parameter are associated
with increased hurricane activitgD stands for standard deviation.

Predictor 2021Forecast Impact on2021TC
Value Activity

1) JanuaryMarchSST (5°$50°N, 40°Wi 10°W) (+) +1.3SD Enhance

2) JanuaryMarch200hPaU (17.5°N 27.5°N, 60°Wi 20°W) (+) -0.7SD Suppress

3) FebruaryMarch SST(20°Si 0°, 145°H 170°F) (+) +1.6 SD Enhance

Table3: Statistical model output for ti&)21Atlantic hurricane seasandthe final
adjusted forecast

Forecast Parameter ah881 2010 Statistical Final
Average (in parentheses) Forecast Forecast

Named Storms (NS) (12.1) 15.5 17

Named Storm Days (NSD) (59.4) 77.1 80

Hurricanes (H)6.4) 8.0 8

Hurricane Days (HD) (24.2) 311 35

Major Hurricanes (MH) (2.7) 3.7 4

Major Hurricane Days (MHD) (6.2) 89 9
Accumulated Cyclone Energy (ACE) (106) 141 150
Net Tropical Cyclone Activity (NTC) (116%) 153 160

The locations and brief descriptionstbé predictors for our early April statistical

forecast are now discussed. It should be noted that all predictors correlate with physical
features during August through October that are known to be favorablevategle

levels of hurricane activity. These factors allegenerally related t&ugusi October

vertical wind shear in the Atlantic Main Development Region (MDR) froirRQON, 70

20°W as shown in Figura.
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Figure3: Vertical wind profile typically assciated with (a) inactive Atlantic basin
hurricane seasons and (b) active Atlantic basin hurricane seasons. Note that (b) has
reduced levels of vertical wind shear.

For each of these predictors, we display a-{fmamel figure showing linear correlat®n
between values of each predictor and AdigOstober values dbST,sea level pressure
(SLP), 200hPazonal wind, and 85@Pazonal wind, respectivelyduring1982 2019. In
general, higher values of S§Tower values of SLP, anomalous westerlies attg®®

and anomalous easterlies at 2®aare associated with active Atlantic basin hurricane
seasons. SST correlations are displayed using the NQpiitnum Interpolation (Ol)
SST,while atmospheric fieldorrelations are displayed using ERA5

Predictor 1.JanuaryMarchSST in the Tropical and Subtropical Eastern Atlantic (+)

(5°S 50°N, 40°Wi 10°W)

Warmerthannormal SSTs in the tropical and subtropical Atlantic duringldreuary
Marchtime period are associated with a weatkemnormal subtropical high and
reduced trade wind strength during the boreal spring (Knaff 1997). Positive SSTs in
JanuaryMarchare correlated with weaker trade winds arehkerupper tropospheric
westerly winds, lowethannormal sea level pressures and abogemal SSTs in the
tropical Atlantic during the followind\ugusit Octoberperiod (Figured). All three of
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theseAugusti Octoberfeatures are commonly associated with active Atlantic basin
hurricane seasons, through reductions in vertical wind shear, increased vertical instability
and increased mittopospheric moisture, respectively. Predictor 1 correlates quite
strongly (r =0.54 with ACE from 1982 202Q Predictor 1 also strongly correlales

0.61) with August Octobervalues of the Atlantic Meridional Mode (AMM) (Kossin and
Vimont 2007) over the period frod®82 2020 The AMM has been shown to impact
Atlantic hurricane activity through alterations in the position and intensity of the Atlantic
Inter-Tropical Convergence Zone (ITCZ). Changes in the Atlantic ITCZ bring about
changes in tropical Atlantic vertical and horizontal wind shear patterns amgbical

Atlantic SST patterns.

Predictor?2. JanuaryMarch200hPaU in the SubtropicaNorth Atlantic (+)

(17.5°N 27.5°N, 60°Wi 20°W)

Anomalously strong windat uppeflevelsin the subtropical North Atlantic are

associated with anomalously low pregsum the tropical and subtropical Atlantic during
JanuaryMarch Strongerthannormal westerly winds at upper levels in the subtropics
are also associated with reduced anticyclonic wavebregkmassociated reduced
vertical wind shearjluring the peakf the Atlantic hurricane season (Jones et al. 2021,
manuscript submitted tdournal of Climatg As has been shown in prior work (Knaff
1997), when the Azores High is weaker than normal, Atlantic trade winds are also weaker
than normal. These weaker tesdnhibit ocean mixing and upwelling, theretausing
anomalous warmingf tropical Atlantic SSTs. These warmer SSTs are then associated
with lowerthannormal sea level pressures which can create s@shkHncing feedback
that relates to lower pressuwvegaker trades and warmer SSTs during the hurricane
season (Figure 5) (Knaff 1998). All three of these factors are associated with active
hurricane seasons. This predictor is also negatively correlatettoptbal central

Pacific SSTs duringuugust October, indicating that La Nifidike conditions are favored
during the boreal summer when anomalously strong dppel winds predominate over
the Atlantic duringlanuaryMarch

Predictor3. FebruaryMarch SST in the Coral Sé€#)

(20°Si 0°, 145°6 170°B

Anomalous warmth in the Coral Sea is associated with lower presgheanastern
tropical Pacificand higher pressure in the eastern tropical Pacific, thereby driving
stronger trade windacross théropical Pacificthat inhibit El Nifio developmentThe
development of anomalously high pressure in the eastern tropical Pacific then drives
anomalously weak trade winds in the tropical Atlantic, feeding back into both reduced
shear and anomalously warr85s in the tropical Atlantic by the peak of the Atlantic
hurricane seaso\(igust Octobej (Figure 6).
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Figure4: Rankcorrelations betweedanuaryMarchSSTin the tropical and subtropical
Atlantic (Predictor 1) andpanel a)August Octobersea stface temperaturépanel b)
August Octobersea level pressuréanel c)Augusi October850hPazonal wind and
(panel d)August October200hPazonalwind. All four of these parameter deviations in
the tropical Atlantic are known to be favorable for enhanced hurricane activity.
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August-October Correlations w/ Predictor 2 (1982-2019)
(b) SLP
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Figure5: As in Figure 4 but fodanuaryMarch200hPazonal wind in the subtropical
North Atlantic.

14



August-October Correlations w/ Predictor 3 (1982-2019)
(a) SST (b) SLP
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Figure6: As in Figure 4 but for Februaiylarch SST in the Coral Sea.

2.2  April Statistical/Dynamical Forecast Scheme

We developed a statistical/dynamical hybrid forecast model schene¢ used
for the first time in 2019 This model, developed in partnership with LeRtslippe
Caron and the data team at the Barcelona Supercomputing Centre, uses output from the
ECMWF EAS5 model to forecast the input to our early August statistical forecast
model The early August statistical forecast model shows the highest level of skill of any
of our statistical models, since it is the model released just before the peak of the Atlantic
hurricane season in September. ECMVWHASS is able to forecast tHargescale fields
that go into the early August statistical forecast model with considerableskilarch
We then use the forecasts of the individual parameters to forecast ACE 202the
season.All other predictands (e.g., named storms, major hurreeame calculated based
on their historical relationships with ACE typically takes abouivo weeksafter the
initialization date to obtaiSEASS5output, so the results displayedreare from the
model output from the 1 March forecaate recently pulished a paper discussing this
scheme in detail (Klotzbach et al. 2020,
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020GL089357

Figure7 displays the parameters used in our eAtyguststatistical model, while
Table 4 displaySEAS® s f or ecast s o f202ifroesleMaglar a met er s f
initialization date Two of the three parameters call ¥eell abovenormal activity, while
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thetradewind predictor in the Caribbean/tropical Atlaniticlicates neanormalactivity.
However, tharade wind predictohas mucHess weight at the 1 March initialization time
than the other two predictors, and consequently, the SEASS statistical/dynaodehl m
is calling for a very active seasofigure8 displayscrossvalidated hindcastor SEASS
forecast of ACHrom 19811 202Q while Table 5 presents the forecast fr@BAS5for

the2021Atlantic hurricane season

Post-31 July Seasonal Forecast Predictors

Equator

July 10m U
iy July
200 MB U

Figure7: Location of predictors foour early April statistical/dynamica¢xtendeerange
statistical prediction for th2021hurricane seasoriThis forecast usethe ECMWF
SEAS5modelto predict July conditions in the three boxes displayed and uses those

predictors to forecast ACE.

Table4: Listing of predictions of July largscale conditions from ECMWSEEASS

output, initialized on 1 March. Alus (+) means that positive deviations of the parameter
are associated with increased hurricane activity, while a mihose@ns that negae
deviations of the parameter are associated with increased hurricane activity.

Predictor Values for Effect on2021
2021 Hurricane Season
Forecast
1) ECMWF Prediction ofluly Surface U (1020°N, 901 40°W) (+) +0.1SD Neutral
2) ECMWF Prediction of Julgkin Temperature (A040°N, 351 15°W) (+) +1.7SD Enhance
-0.7SD Enhance

3) ECMWF Prediction of July 200PaU (5i 15°N, G 40°E) ¢)
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Figure8: Observed versus crosalidated statistical/dynamical hindcast values of ACE
for 19811 2020from SEASS.

Table 5: Statistical/dynamical model outpuarh SEASS ér the2021 Atlantic hurricane
season and the final adjusted forecast.

Forecast Parametand1981 2010 StatisticalDynamical Hybrid Final

Average Forecast Forecast
(in parentheses

Named Storms (12) 16.9 17

Named Storm Day$0.4) 92.0 80

Hurricanes (&1) 9.6 8

Hurricane Days (2.2 41.0 35

Major Hurricanes (Z) 4.6 4

Major Hurricane Daysq.2) 12.2 9
Accumulated Cyclone Energy Indek0©) 180 150
Net Tropical Cyclone Activity (16%) 189 160

By combining the statistical model forecast and the statistical/dynamical model
forecast from SEAS5, we can increase the hindcast skill from either model individually.
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