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ATLANTIC BASIN SEASONAL HURRICANE FORECAST FOR 2017

Issue Date

Forecast Parameter and 198110 6 April

Median (in parentheses) 2017
Named Storms (N) (12.0) 11
Named Storm Days (NSD) (60.1) 50
Hurricanes (H) (6.5) 4
Hurricane Days (HD) (21.3) 16
Major Hurricanes (MH) (2.0) 2
Major Hurricane Days (MHD) (3.9) 4

Accumulated Cyclone Energy (ACE) (92) 75
Net Tropical Cglone Activity (NTC) (103%) 85

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

1) Entire U.S. coastline42% (average for last century is 52%)

2) U.S. East Coast Including Peninsula Flari@4% (average for last century is
31%)

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

PROBABILITY FOR AT LEAST ONE MAJOR (CATEGORY 3 -4-5)
HURRICANE TRACKING INTO THE CARIBBEAN (10 -20°N, 6688°W)

1) 34% (average for last century is 42%)



ABSTRACT

Information obtained througklarch2017indicates that th2017Atlantic
hurricane season witlave activityslightly belowthe median 1982010season.We
estimate thaR017will have 4 hurricanesrhedianis 6.5), 11 named stormaifedianis
12.0), 50 named storm daysnedian is 60.1 16 hurricane daysnfedian is 21.8 2 major
(Category 34-5) hurricaneiedian is 2.pand4 majorhurricane daysnfedian is 3.9
The probability of U.S. major hurricarlandfall is estimated to be ab@&apercentof the
long-period average. We expect Atlantic ba&gstumulated Cyclone Energy (ACE) and
Net Tropical Cyclone (NTC) activity iB017to beapproximately80 percent of thé
long-term average

This forecasts based onraextendeerange early April statistical prediction
scheme thatvas developedsing 29years of past data. Analog predictors are also
utilized. There is the potential fohsarenhancindzl Nifio conditionsto develop over
thenext several mnths The tropical Atlantic has cooled over the past month, anththe
North Atlantic iscurrently colder than normalThese cold anomalies tend to force
atmospheric conditions that are less conducive for Atlantic hurricane formation and
intensification.

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



Why issue extendeerange forecastsfor seasonal
hurricane activity ?

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

Everyone sbuld realize that it is impossible poecisely pedictthiss e as on 6 s
hurricane activityn early April. There is, however, much curiosity as to how global
ocean and atmosphere features are presently arranged as tetgagsobability of an
active orinactive hurricane season filve comingyear. OurearlyApril statistical
forecast methodology showsongevidence oveR9 pastyears that significant
improvement over climatologgan be attained We would never issue a seasonal
hurricane forecasinless we had a statistical model developed over a long hindcast
period which showed significant skdlver climatology

We issue these forecasts to satisfy the curiosity of the general public and to bring
attention to the hurricane problem. There gg@eral interesin knowing what the odds
are for an active or inactive seasd@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 seesin the past provide meaningful
information about similar trends in future seasons.

It is also important that the reader appreciate that these seasonal forecasts are
based on statistical schemes which, owing to their intrinsically probabilistienailir
fail in some years. Moreover, these forecasts do not specifically 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 aeyseason, most U.S. coastal
areas will not feel the effects of a hurricane no matter how activadhadual season is.
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DEFINITIONS AND ACRONYMS

Accumulated Cyclone Energy (ACEA measure of a named stormds potential for wind
square ofanamedso r més ma x i mu m *knots) tbr each @a@udperiod ohits éxidtence. The 198000 average value of this
parameter is 96 for the Atlantic basin.

Atlantic Multi-Decadal Oscillation (AMOj A mode of natural variability that occurs in the NoAtlantic Ocean and evidencing itself in
fluctuations in sea surface temperature and sea level pressure fields. The AMO is likely related to fluctuationsnigtthef stre oceanic
thermohaline circulation. Although several definitions of the AM®aurrently used in the literature, we define the AMO based on North
Atlantic sea surface temperatures from@B0N, 50-10°W and sea level pressure fron50°N, 7010°W.

Atlantic Basini The area including the entire North Atlantic Ocean, the CaribBeanand the Gulf of Mexico.

El Nifioi A 12-18 month period during which anomalously warm sea surface temperatures occur in the eastern half of the equatorial Pacific.
Moderate or strong El Nifio events occur irregularly, about once evégpears on asrage.

Hurricane (H) A tropical cyclone with sustained lelevel 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 tropiccyclone is
observed or is estimated to have hurricoree winds.

Indian Ocean Dipole (IOD)Anirregular oscillation of sea surface temperatures between the western and eastern tropical Indian Ocean. A
positive phase of the IOD occurs when the estndian Ocean is anomalously warm compared with the eastern Indian Ocean.

Madden Julian OscillatiotMJO)i A globally propagating mode of tropical atmospheric isgasonal variability. The wave tends to
propagate eastward at approximately 5tnuscling the globe in roughlg0-60 days.

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

Major Hurricane (MH) A hurricane which reaches a sustainesl-level wind of at least 111 mph (96 knots or 50%r& 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 f&iffipson category 3 or higher.

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, arbpical storm or a sutropical 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 Tropical Cyclone (NTC) Atvity 7 Average seasonal percentage mean of NS, NSD, H, HD, MH, MHD. Gives overall indication of
Atlantic basin seasonal hurricane activity. The 22800 average value of this parameter is 100.

Proxyi An approximation or a substitution for a physipedcess 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 (SO1)A normalized measure of the surface pressure difference between Tahiti and Darwin. Low values typically
indicate El Nifio conditions.

Sea Surface Temperatur&ST

Sea Surface Temperature AnomalgSTA

Thermohaline Circulation (THQ) A largescale diculation 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 (or positive) phase, and more Atlantic hurricahe®typic

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 weaker rotating vortices.

Tropical North Atlantic (TNA) indeX A measure of sea surface fg@natures in the area from 88.5°N,57.515°W.

Tropical Storm (TS} A tropical cyclone with maximum sustained winds between 39 mph (£&n®4 knots) and 73 mph (32 rher 63
knots).

Vertical Wind Shear The difference in horizontal wind betwe280 mb (approximately 40000 feet or 12 km) and 850 mb (approximately
5000 feet or 1.6 km).

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

and
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1 Introduction

This is the34th year in which the CSU Tropical Meteorology Project has made
forecastsofte upcoming seasonds Atl antic basin hur
has shown that a sizable portion of the yt@ayear variability of Atlantic tropical
cyclone (TC) activity can be hindcast with skill exceeding climatology. $h year 6s Apr i
forecast isbased on a statistical methodology derived f&ghyears of past data.

Qualitative adjustments are added to accommodate additional processes which may not
be explicitly represented by our statistical analyses. These evolving forecast techniques
are based on a variety of climatelated global and regional predictors previously shown

to be related to the forthcoming seasonal Atlantic b&Siactivity 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 that one can demonstrate that seasonal forecast skill is possible. This is a
valid methodology provided that the atmosphere continues to behde=furtdre as it

has in the past.

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

A direct correlation of a forecast parameter may not be the best measure of the
importance of this predictor to the skill oBat parameter forecast model. This is the
nature of the seasonal or climate forecast problem where one is dealing/asith a
complicated atmosphermceanic system that is highly néinear. There is a maze of
changing physical linkages between the many variables. These linkages can undergo
unknown changes from weekly to decadal time scales. It is impossible to undierstan
how all of these processes interact with each other. No one can completely understand
the full complexity of the atmospheoeean system. But, it is still possible to develop a
reliable statistical forecast scheme which incorporates a number ofrttee tlie sy st emoé s
nortlinear interactions. Any seasonal or climate forecast sckbmddshow significant
hindcast skill before it is used in reahe forecasts.

2 April Forecast Methodology

2.1  April Statistical Forecast Scheme

Our current April stastical forecastmodelwasbuilt over the period from 1982
2010 to incorporate the masicent and reliabldata thats availablelt usesa total of
four predictors. The new Climate Forecast System Reanalysis (CFSR) (Saha et al. 2010)
hasbeen complettfrom 1979201Qand t he CFS model gomm anal ysi s
2011-present to continue this dataset in realtimbe WOAA Optinum Interpolation



(Ol) SST (Reynolds et al. 2002) is available from 1p82sent. This new model shed
significant skill inpredicting levels oAccumulated Cyclone Energy (ACByer the
19822010 developmental period. The model correlates AM@E at 0.® from 1982
2016.

Tablel displaysACE hindcasts for 1982010along with reattime forecast
values for2011-2016 using the currentstatisticalscheme, while Figurg displays
observations versusCE hindcasts.

We have correctly predictdu early Aprilabove or belowaverage seasons i 2
out of 35 hindcast years3(%). Our predictions have had a smaller error than
climatology in24 out of 35 years 69%). Our average hindcast errodis ACE units,
compared with 8 ACE units for climatology. Figur@ displays the locations of each of
our predictors, while Tabl2 displays the individual linear correlations betweerheac
predictor andACE over the 19822010 hindcast period. All predictors correlate
significantly at the 90% level usingatwoa i | e d -8stand assumidigsthat each
year represents an individual degree of freedom. The reader will note that we are
incorporating a dynamical SST forecast from the European Centre for M&dinge
Weather Forecasts (ECMWF). Hindcast data provided by Frederic Vitart indicates that
the ECMWF modesystenm has significant forecast skill for SSTs across the various
Nino regions for September from a 1 March forecast date. Yéethe ECMWF
ensemble mean prediction for September Nino 3 SSTs. Jaldplays the2017
observed values for each of the four predictors in the new statistical forecast scheme.
Table 4 displays thstatistical model output for t017hurricane seasoithree of the
four predictors are unfavorable for Atlantic hurricane activity.



Tablel: Observed versusarly April hindcastACE for 19822010 usingour current

forecast schemas well aghe statiical model's reatime outputfor 20112016.

Average errors for hindcasIiCE and climatologicaACE predictions are given without

respecttosign. Redbefdaced year s ACBO tchoel ufinthi nadrcea sytear s t
did not go the right way, whileredldbef aced years in the fAHindcast
Cli matologyo column are years that we did no
right way with regards to an abova belowaverage season it8dut of 35 years 80%),

while hindcast improvement ovelimatology occurred i24 out of 35 years 69%).

Observed minus  Observed minus Hindcast improvemen
Year ObservedACE  HindcastACE Hindcast Climatology over Climatology
1982 32 86 -55 -60 6
1983 17 20 -2 -75 72
1984 84 127 -43 -8 -35
1985 88 61 27 -4 -23
1986 36 32 4 -56 52
1987 34 55 -21 -58 37
1988 103 127 -24 11 -13
1989 135 93 42 43 1
1990 97 81 16 5 -11
1991 36 80 -44 -56 12
1992 76 25 51 -16 -36
1993 39 48 -9 -53 44
1994 32 63 -31 -60 29
1995 227 157 71 135 65
1996 166 170 -4 74 71
1997 41 73 -32 -51 19
1998 182 157 25 90 65
1999 177 128 49 85 36
2000 119 141 -22 27 6
2001 110 100 10 18 8
2002 67 111 -43 -25 -19
2003 176 130 46 84 38
2004 227 104 123 135 12
2005 250 188 62 158 96
2006 79 121 -42 -13 -29
2007 74 132 -58 -18 -40
2008 146 182 -36 54 17
2009 53 68 -15 -39 24
2010 163 209 -46 71 25
2011 126 185 -59 34 -25
2012 133 43 90 41 -49
2013 36 193 -157 -56 -101
2014 67 56 11 -25 14
2015 62 35 27 -29 2
2016 134 96 38 42 4
Average 103 105 41 52 +11




Observed vs. April Hindcast ACE
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Figurel: Observed versusarly April hindcast values oACE for 19822010along with
reattime forecast values for 2022D16.

New April Forecast Predictors

February- -
March SLP

Figure2: Location of predictors for owgarly April extendedrange statistical prediction
for the2017hurricane season.

1C



Table2: Linear correlation between eati\pril predictor andACE overthe period from

19822010.
Predictor Correlation w/ACE
1) JanuaryMarch Atlantic SST (5°S5°N, 1640°W) (+) 0.56
2) March SLP (2810°N, 2635°W) () -0.42
3) FebruaryMarch SLP (520°S 85120°W) (+) 0.33
4) ECMWF 1 March SST Forecast for September Nino 3-&%§ -0.42
90-150°W) €)

Table3: Listing of 1April 2017 predictors for th017hurricane seasonA plus (+)
means that positive values of the parameter indicate incréasacane activity.

Predictor 2017Forecast Value  Impact on2017TC Activity
1) JanMar Atlantic SST (5°S35°N, 1640°W) (+) +0.5SD Enhance

2) Mar SLP (2840°N, 2035°W) () +0.8SD Decrease

3) FebMar SLP (520°S, 85120°W) (+) -0.2 SD Slightly Decrease

4) ECMWF 1 Mar SST Forecast for Sep Nino 3 +1.4SD Decrease
(5°S5°N, 90150°W) €)

Table 4: Statistical model output for th@17Atlantic hurricane seaspalong with the
final adjusted forecast

Forecast Parameter and 198110 Median  Statistical Final

(in parentheses Forecast Forecast

Named Storms (12.C 9.5 11

Named Storm Days (60.] 44.0 50

Hurricanes (6.5 5.2 4

Hurricane Days (21.3 18.5 16

Major Hurricanes (2.0 1.9 2

Major Hurricane Days (3.9 4.0 4

Accumulatel Cyclone Energy Index (92 75 75

Net Tropical Cyclone Activity (103% 85 85

2.2 Physical Associations among Predictors Listed in Tabl2

The locations and brief descriptionstbé predictors for our early April statistical
forecast are now discuskelt should be noted that all predictors correlate with physical
features during August through October that are known to be favorable for elevated
levels of hurricane activity. These factors allegenerally related to Augusdctober
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vertical wind shar in the Atlantic Main Development Region (MDR) from2@Q°N, 70-
20°W as shown in Figur8.

VERTICAL
WIND PROFILE
IN THE MDR | TROPOPAUSE (16 km)

10-20°N
20-70°W

|

a b 1

|

¢ |

0

Zonal Wind (u) ms-1

Figure3: Vertical wind profile typically associated with (a) inactive Atlantic basin
hurricane seasons and (b) active Atlantic basin hurricane seasomrsthatdb) has
reduced levels of vertical wind shear.

For each of these predictors, we display a-{fmamel figure showing linear correlations
between values of each predictor and Augdstober values of sea surface temperature
(SST), sea level presaSLP), 200 mb zonal wind, and 850 mb zonal wind,
respectively. In general, higher values of S3dwer values of SLP, anomalous
westerlies at 850 mb and anomalous easterlies at 200 mb are associated with active
Atlantic basin hurricane seasons. S®irelations are displayed using the NOAA
Optimum Interpolation (OISST, SLP and 850 mb zonal wind correlations are displayed
using the Gmate Forecast System Reanalysi§&8R), while 200 mb zonal wind
correlations are displayed using the NCEP/NCAR Reaisalas there are questions
about the quality of the upp&vel wind reanalysiduring the 19808 the CFSR.

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

(5°S-35°N, 40-10°W)
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Warmerthannormal SSTs in the tropal and subtropical Atlantic during the January

March time period are associated with a wedkannormal subtropical high and

reduced trade wind strength during the boreal spring (Knaff 1997). Positive SSTs in
JanuaryMarch are correlated with weakeadie winds angveakerupper tropospheric
westerly winds, lowethannormal sea level pressures and abogemal SSTs in the

tropical Atlantic during the following Augusdctober period (Figurd). All three of

these AugusOctober features are commonly @gated 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 (~0.6) with NTC. Predictor 1 alstrongly correlate§ =0.65) with August

October values of the Atlantic Meridional Mode (AMM) (Kossin and Vimont 2007) over
the period from 1982010. The AMM has been shown to impact Atlantic hurricane
activity through alterations in the position antensity of the Atlantic Inteifropical
Convergence Zone (ITCZ). Changes in the Atlantic ITCZ bring about changes in tropical
Atlantic vertical and horizontal wind shear patterns and in tropical Atlantic SST patterns.

Predictor2. March SLP in the Sulipical Atlantic(-)

(20-40°N, 35-20°W)

Our April statistical scheme in the late 1990s used a similar predictor when evaluating the
strength of the March Atlantic sttbopical ridge (Azores High). If the pressure in this

area is higher than normal, ircelates strongly with increasédlantic trade winds.

These stronger trades enhanceammixing and upwelling, driving cooler tropical

Atlantic SSTs. These cooler SSTs are associated with Higélenormal sea level

pressures which can create a-®glhancing feedback that relates to higher pressure,
stronger trades and cooler SSTs during the hurricane season &ji¢kinaff 1998). All

three of these factors are associated with inactive hurricane seasons.

Predictor3. FebruaryMarch SLP in thesoutleasterrtropical Pacific(+)

(5-20°S,120-85°W)

High pressure in theoutheastertropical Pacific during the months of Februdharch
correlates strongly with a positive Southern Oscillation Index and strong trades blowing
across the eastern tropl Pacific. Strong trade winds help prevent eastward propagating
Kelvin waves from transporting warmth from the western Pacific warm pool region and
triggering El Nifio conditions. During the Auge@ttober period, positive values of this
predictor are aociated with weaker tradasdlower sea level pressurasthe tropical
Atlantic and relatively cool SST anomalies in the eastern Pacific (typical of La Nifia
conditions) (Figuré&). The combination of these features is typically associated with
more adwe hurricane seasons.

Predictord. ECMWEF 1 March SST Forecast for September Nirid 3

(5°S-5°N, 150-90°W)
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The ECMWF seasonal forecast sysi¢hms shown skill at being able poedictSST
anomalies associated with ENSO several months into theef(8tockdale et al. 2011).
ENSO has been documented in many studies to be one of the primary factors associated
with interannual fluctuations in Atlantic basin and U.S. landfalling hurricane activity
(Gray 1984, Goldenberg and Shapiro 1996, Bove eB8B,1Klotzbach 2011), primarily
through alterations in vertical wind shear patterns. The enseawbtaged ENSO

forecast for September values of the Nino 3 region from a 1 Marebastdate

correlates with observations at 0.63, which is impressive @ernsgthatthis forecast

goes through the springtime predictability barrier, where fluctuations in HBERITI0
greatly reduced forecast skilvhen the ECMWF model predicts cool SST anomalies for
September, it strongly correlates with observed cool atiemthroughout the tropical
Pacific associated with La Nifia conditions, as well as reduced vertical wind shear,
especially across the Caribbean (Figtixe
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August-OctoberCorrelations wi Predictor1 (1982-2010) (+)
(a) SST (b) SLP

Figure4: Linear correlations between Janudgirch SSTin the tropical and subtropical
Atlantic (Predictor 1) and AugusDctober sea surface temperature (panel a), August

October sea level pressure (panel b), Augatbber 850 mb zonal wind (panel ¢) and
AugustOctober 200 mb zonal wind (panel d). All four of these parameter deviations in
the tropical Atlantic are known to be favorable for enhanced hurricane activity.
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August-OctoberCorrelations wi Predictor2 (1982-2010) (-)
(@) S8ST (b) SLP
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Figure5: Linear correlations between k&a 9P in the subtropical Atlanti¢Predictor2)

and AugustOctober sea surface temperature (panel a), Augosiber sea leveressure

(panel b), AugusOctober 850 mb zonal wind (panel c) and AugDstober 200 mb

zonal wind (panel d). The predictords pri ma
appears to be with MDRveraged SSTThe correlation scale has beereversed (sign

changed)to allow for easy comparison of correlations for all four predictors.
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August-OctoberCorrelations wi Predictor3 (1932-2010) (+)
(a) SST (b) SLP

Figure6: Linear correlations between Februdgrch 9P in the southern tropical Pacific

(Predictor 3) and AugusDctober sea surface temperature (panel a), AuQostler sea

level pressure (panel b), Augt@ttober 850 mb zonal wind (panel ¢) and August

October 200 mb zonal wind (panel d). The pr
sea level pressure and trade wind strength across the tropical Atlantic.
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August-OctoberCorrelations w/ Predictor4 (1982-2010) (-)
(a) SST (b) SLP

(d) 200mbu
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Figure 7: Linear correlations between a 1 March ECMWF SST forecast for September
Nino 3 (Predictor 4) and Augu€ictober sea surface temperature (panel a), August
October sea level pressure (panel b), Augatbber 850 mb zonal wind (panel ¢) and
AugustOctdoer 200 mb zonal wind (panel d). The predictor correlates very strongly
with ENSO as well as vertical shear in the Caribbéelre correlation scale has been
reversed (sign changedbo allow for easy comparison of correlations for all four
predictors.

3 Forecast Uncertainty

One of the questions that we are asked regarding our seasonal hurricane
predictions is the degree of uncertainty that is involv@dr predictionsare our best
estimate, but there is with all forecasts an uncertainty as to howheglhill verify.
Uncertainty withthe April outlook is quite large, given the uncertainty in the state of both
ENSO as well as th&tate of theAtlantic basinSST configuration
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Table5 provides our early April forexst, with error bars based on onendtad
deviation of the 1982010 crossvalidated hindcast errolWe typically expect to see 2/3
of our forecasts verify within one standard deviation of observed values, with 95% of
forecasts verifying within two standard deviations of observed vaMete the rather
large uncertainty ranges at this extended lead tioaege changem the atmosphere
ocean system frequentbccur dumg the spng months and can lead to significant
alterations to the seasonal forecast as the peak of the hurricane seasarhapproa

Table5: Model hindcast error and oB017hurricane forecast. Uncertainty ranges are
given in ;e standard deviation (SD) increments.

Parameter Hindcast 2017 Uncertainty Rangé 1 SD
Error (SD) | Forecast (67% of Forecasts Likely in this Range

Named Storms (NS) 3.4 11 7.67 14.4

Named Storm Days (NSD) 215 50 28571 715

Hurricanes (H) 2.4 4 167 6.4

Hurricane Days (HD) 12.7 16 3.371 287

Major Hurricanes (MH) 1.5 2 0.5-35

Major Hurricane Days (MHD) 55 4 07 95

Accumulated Cyclone Energy (ACE) 53 75 2271 128

Net Tropical Cyclone (NTC) Activity 50 85 35-135

4 Analog-Based Predicors for 2017Hurricane Activity

Certain years in the historical record have global oceanic and atmospheric trends
which are similar t2017. These years also provide useful clues as to likely trends in
activity that the forthcoming017hurricane seasamay bring. For this earlgpril
extended range forecast, we determine which of the prior years in our database have
distinct trends in key environmental conditions which are similar to cufebtuary
March2017conditionsas well as projected Augu€ictober2017conditions Table6
lists our analog selections.

We seleatdprior hurricane seasons sinces@8vhich hal similar atmospheric
oceanic conditions to those currently being experieaogidthose that we expect to see
this summer and fallWe seathed for years thatere generally characterizég neutral
to weak La Niia conditionsthe previous year with a transitionw@ak or moderate El
Nifio conditions during the current year. We selected a variety of tropical and North
Atlantic SST anomaly cdigurations due to the large uncertainty as to what the Atlantic
will look like this summer and fallWe anticipate thahe2017hurricane seasonill
have about as mudctivity asthe average abur five analog yearsWe believe thathis
season shodlexperiencealightly belowaverage activity
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Table6: Best analog years f@017with the associated hurricane activity listed for each
year.

Year NS NSD H HD MH MHD ACE NTC
1957 8 41.25 3 21.00 2 3.75 79 78
1965 6 3950 4 27.25 1 7.50 84 86
1972 7 30.75 3 6.25 0 0.00 36 35
1976 10 4950 6 25,50 2 1.00 84 86
2002 12 57.00 4 10.75 2 3.00 67 83
Average 8.6 43.6 4.0 18.2 1.4 3.1 70 74
2017Forecast | 11 50 4 16 2 4 75 85

5 ENSO

Weak LaNifia conditionsoccurred over the tropical Pacific duritigs past
winter and have since transitioned to neutral ENSO conditibhe Nino 3.4 index (5°S
5°N, 176120°W)rapidly decreased from 1.5°C in early April to below normal SSTs by
the middle of June. The Nino 3.4 index hovered areQr&fC for severainonths during
the summer and fall of 2016. TH&5°C threshold in the Nino 3.4 region is generally
considered to be the threshold for La Nifia conditiddSTs have been slowly increasing
since December and are now slightly above normal.

1.54
2 1INO 3.4

MAY JUN JUL  AUG SEP OCT NOY DEC JAN FEB MAR
2018 017

Figure 8: Nino 3.4 SST anomalies from April 261through Marci2017. Figure
courtesy of Climate Prediction Center.

Upperocean heat content anomalieshe eastern ahcentral tropical Pacific
have increased considerably over the past several months and ralachedormal
levels during the middle of January. Since that time, upper ocean heat content anomalies
have generally continued to slowly increaskhough they have decreased slightly over
the past two weekslncreasing upper ocean heat content anomalesften a sign of a
developing EIl Nifio.
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Figure9: Cental and eastern tropical Pacific upper océ®B00 metersheat content
anomalies over the past yeddpper ocean heat conteariomalies havgenerally been
on an increasingend since November 261

SSTs areear normal acrogsortionsof the centrahnd eastern Pacific, with very
warm anomalies the far eastern tropical Pacififf of the west coast of South America.
Current SST anomalies in the Nino 1+2 regior1(0S, 9680°W) are some of the
warmest ever observedhese warm SST anomalies offtbe west coast of South
America may be a harbinger @fleveloping El Nifio ever(Figure 10)
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Figure 10: Current SST anomalies across the tropical and subtropical Pacific. Note the
very warm SST anomalies that currently exist off of the west cb&tuth America.

Table7 displays January and March SST anomalies for several Nino regions.
Anomalies have generaltyended upwardver the past couple of months, with the most
marked increase along the west coast of South Ame&8d anomalies irhe Nino 1+2
region have only exceeded +2.0°C in Magsimce 1950pn two other occasions: 1983
and 1998. Both of these March values occurred while coming out of strong EI Nifio
events. This event is different, however, as we have just come out of alveelsifia
event. This warming is also unusual in its magnitude, especially given that SST
anomalies in the central tropical Pacific are slightly below normal.

Table 7: January and March SST anomalies for Nino 1+2, Nino 3, Nino 3.4, and Nino 4,
respectivey. MarchJanuary SST anomaly differences are also provided.

Region January SST March SST Marchi January
Anomaly (°C) Anomaly (°C) SST Anomaly (°C)

Nino 1+2 12 20 +0.8

Nino 3 0.0 0.5 +0.5

Nino 3.4 -0.3 0.1 +0.4

Nino 4 -0.1 -0.1 0.0

In gener§ we had relatively weak Kelvin wave activity across the tropical Pacific
through most of last summer and fall (Figure 11). Towards the end of last year, a
downwelling Kelvin wave began to track across the tropical Pacific, contributing to
significant waiming in the eastern tropical Pacific around the middle of January. Since
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that time, trade winds across the eastern tropical Pacificvirealeened considerably
contributing to sustenance of these warm anomalies (Figure 12). These warm anomalies
have nev slowly progressed westward, in a manner similar to what was observed during
several prel980 El NiiogRasmusson and Carpenter 1982)
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Figure 1.: Upperocean heat content anomalies in the tropical Pacific since Ap#l 201
Dashed lines indicate dowming Kelvin waves, while dotted lines indicate upwelling
Kelvin waves. Downwelling Kelvin waves result in uppecean heat content increases,
while upwelling Kelvin waves recent in uppecean heat content decreases.
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February-March 2017 850 mb Wind Anomalies

Figure 12: February through Mdr 2017 850 mb zonal wind anomalies across the
tropical eastern and central Pacific. The trade winds have been much weaker than normal
across the eastern part of the basin.

The current potential development of EFRNiis quite different from what has
been observed with El Nos since 1980. Typically, El Ros in the recent past have
developed with westerly wind bursts in the central Pacific that have transpaed
water from thevestern andentral Pacific to the eastern Pacific. Following the
downwelling Kelvin wave and associated warming in the eastern tropical Pacific
DecembetJanuarythe trade winds in the eastern tropical Pacific have remained weak,
reinforcing these warm anomalies (Figure 1Bhe type of El Niio development that we
are curently potentially witnessing with warming developing first in the eastern tropical
Pacific and progressing westward may have been more common prior to 1980, as noted
in a classic ENSO paper publishegltwo NOAA scientists in 198¢Rasmusson and
Carpente 1982) (Figure 14).
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Figure 13: Lowlevel wind anomalies across the tropical Pacific since October 2016.
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Variations in Tropical Sea Surface Temperature and Surface Wind Fields
Associated with the Southern Oscillation/El Nifio
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(Manuscript received 2B August 1981, in final form 21 December 1981)

ABSTRACT

Surface marine observations, satellite data, and station observations of surface pressure and precipitation
are used to describe the evolution of sea surface temperature (SST) anomalies, surface wind ficlds, and
precipitation anomaly patterns during major warm episodes in the eastern and central iropical Pacific. The
sequence of events is described in terms of composite SST and wind fields {30°N-30°S) for six warm
episodes since 1949, and time series and cross-spectral analyses of mean monthly data along six shipping
lanes which cross the equator between the South American coast and - 170°W.,

During the months preceding a warm episode, the equatorial easterlies are stronger than normal west of
the dateline. This and other coherent and strongly developed anomaly patterns over the western equatorial
Pacific and South Pacific are associated with a South Pacific Convergence Zone (SPCZ) located southwest
of its normal position. During October-November prior to El Nifio, the equatorial easterly anomalies in
the western Pacific are replaced by westerly anomalies. This change coincides with the appearance of positive
SST anomalies in the vicinity of the equator near the dateline. East of the dateline (140-170°W), the wind
anomalies along the equator follow a different pattern, with the diminution of the easterlies lagging rather
than leading the development of positive SST anomalies near the Ecuador-Peru coast. Further south, SST's
mn:ﬂ:nsc nnd 'Ihe casterlies show a general decrease over most of the latitude band 10-30°S prior to the

pﬁ\ﬂ y d migration of the eastern equatonial Pamhc
SST anomaly pattern from the Suuth American coast into the central equatorial Pacific. Maximum SST

anomalies typically occur around Apnl—Junt alnlg the South American coast, and near the end of the year
around nn'w Thig westward apre e SST anomalies coincides with the intensification of wester
A Ong the equator and pmen vy & mean position
of the lntertroplcal Convergence Zone (i'I‘CZ} The southward shift of this convergence belt is nmnpamed
by & northeastward shift of the SPCZ, resulting in a smaller wedge-shaped dry zone and enhanced precip-
itation in the eastern and ceatral tropical Pacific. The surface wind anomaly field in the central equatorial
Pacific is most strongly developed during August-December following the maximum SST anomalies along
the Ecuador-Peru coast. During the northern winter following El Nifio, the positive SST anomalies, as well
as the low-level convergence and positive precipitation anomalies, are concentrated in the central equatorial
Pacific. A simple calculation based on the surface divergence composite indicates that at this time enhanced
large-scale vapor flux convergence in this area is comparable in magnitude to the enhanced precipitation,
The western end of a precipitation anomaly seesaw also appears in the data. Below normal precipitation
is observed over Indonesia during the year of El Miho. Negative precipitation anomalies in the s.ulnrnp'm
are associated with enhanced divergence and a weakened east Asian northeast winter monsoon in the
Northern Hemisphere, and a weakened summer corvergence zone east of Australia in the Southern

Hemisphere.

Figure 14: Abstract of Rasmusson and Carpenter (1982) discussingoEd@&ielopment
from east to west across the tropical Pacific.

One cavat with the development of El fb would be a trade wind surgethe
eastern tropical Pacif@ssociated with a robust Maddéumlian Oscillation (MJO) event.
If this were to occur, strong upwelling could occur along the South American coast,
potentiallyinhibiting the developmerdf EI Nifio. However, at this point, the latest
monthly MJO forecast from the ECMWEF indicates weak MJO activity for the next
several weeks (Figure 15).
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Figure 15: Monthly forecast of the MJO from the ECMWF model. The ECNiWéel
calls for continued weak MJO activity, as indicated by the green line being near the
center of the circle.

There is obviously considerable uncertainty with the future state offial Nihe
latest plume of ENSO predictions from a large numbetatissical and dynamical
modelsshows a large spread by the peak of the Atlantic hurricane season in-August
October (Figure 16). The dynamical models are generally more aggressive at calling for
warming than the statistical models, with the dynamical maxkrage calling for a
~1.0°C warm anomaly in the Nino 3.4 region by August through October, indicative of a
moderate EI Nio event.
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