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1.0 2017 ATLANTIC HURRICANE SEASON OUTLOOK

Each year, various agencies issue outlooks for tropical cyclone activity in the Atlantic basin. The most
widely followed is likely the Colorado State University (CSU) outlook, followed by the National Oceanic
and Atmospheric Administration (NOAA) outlook, and then the University College London’s Tropical
Storm Risk (TSR) outlook. These are issued to draw attention to the science and to provide users,
clients, and insurance agencies with a prediction of the severity of the upcoming hurricane season.
NOAA’s Atlantic hurricane season outlook (9 August) favors an above-normal season, with the
possibility that the season could be extremely active. There is a 70% probability of 14-19 named storms
(including the 6 storms named at issue time), 5-9 hurricanes, and 2-5 major hurricanes. The CSU
Tropical Meteorology Project forecast from 4 August is calling for 16 named storms (including the 5
storms named at issue time), 8 hurricanes, and 3 major hurricanes. The TSR forecast from 4 August
calls for 17 storms (including the 5 storms named at issue time), 7 hurricanes, and 3 major hurricanes.
Major hurricanes are defined as reaching Category 3 or higher, with sustained 1-minute winds of 178
km/h. Freshwater flooding, followed by storm surge flooding are the greatest killers in any tropical
cyclone so it is important not to focus solely on category, which is only defined by sustained 1-minute
wind speeds (Fig. 1). Hurricane Igor in 2010 was a devastating example of this phenomenon. Hurricane
remnants can bring tremendous damage and loss of life as was seen in the wake of Hurricane Matthew
last season or Hurricane Hazel in 1954 in Toronto.

U. S. Hurricane Mortality (1970-1999)
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Figure 1. U.S. Hurricane Mortality 1970-1999 (Rappaport et al. 1999)
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Hurricane season predictions consider the various and complex interactions of intraseasonal and
interseasonal variables such as ENSO, AMO, MJO, the African Easterly Jet, Sahel rainfall, The Atlantic
SLP pattern, mid-level relative humidity, and wind shear. The Atlantic Multidecadal Oscillation (AMO)
which is defined by the sea surface temperature (SST) patterns of the North Atlantic is considered a
major driving force in Atlantic tropical cyclone activity. Positive values yield higher numbers of storms
and increased Accumulated Cyclone Energy (ACE).

This report will focus on two major influences, the AMO and ENSO (El Niflo-Southern Oscillation). The
AMO probably has the most correlation of the main variables for tropical cyclone activity. Positive values
tend to coincide with other factors which lead to greater activity, such as warmer SSTs, weaker wind
shear, weaker Azores High, and increased Sahel rainfall. The last few years have seen some conflicting
data emerge from the AMO index. The Tropical Atlantic is much warmer than normal but the SSTs in
the far North Atlantic are cooler than normal, leading to a conflicting signal (Fig. 2 and 3). The classic
Earth Science Research Laboratory (ESRL) calculation leads to a positive value, but the more dynamic
Klotzbach and Gray (2008) calculation leads to a negative value. This second number takes into greater
account the strength of the Bermuda-Azores High and the far North Atlantic SSTs. There is therefore
some speculation that the era of very active tropical cyclone activity in the basin since 1995 is ending,
to be replaced by a persistent negative AMO state and lower numbers of storms. It is important to note
that overall there is little to no correlation between the relative risk of landfall at a given location and how
busy the hurricane season is. It only takes one storm to have a devastating impact.

NOQAA/NWS/NCEP/EMC Marine Maodeling and Analysis Branch
RTG_SST Anomaly (0.5 deg X 0.5 deg) for 25 Aug 2017
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Figure 2. Atlantic Basin SST Anomaly, August 2017
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Figure 3. Positive AMO SST Pattern on the left (Trenberth et al. 2017)

El Nifio-Southern Oscillation is a measure of the anomaly in SSTs and winds over the tropical eastern
Pacific Ocean (Fig. 6). El Nifio conditions are reached when the Nifio 3.4 region reaches 0.5 °C or above
and remains so for five consecutive three-monthly periods. La Nifia conditions are reached when Nifio
3.4 reaches -0.5 °C or below and remains so for five consecutive three-monthly periods. While this is
mainly a Pacific SST phenomenon, it affects the whole global circulation. El Nifio tends to produce
greater values of wind shear across the Atlantic Basin, especially the Caribbean, whereas La Nifia
produces the opposite effect (Fig. 7). This affects the overall number and intensity of hurricanes (Fig.
8). Strong eastern-based El Nifio produce the greatest reduction of hurricanes, while a weaker central-
based EIl Nifio produces greater numbers of hurricanes in the Gulf of Mexico and the United States but
lesser numbers in the central Atlantic. The current three monthly May-June-July value is 0.3 °C. This
value has tended to fall over the past few weeks, and the latest weekly value is -0.5 °C (Fig. 4). There
is a likelihood of ENSO-neutral conditions persisting through the heart of the hurricane season and into
the fall, with the slight possibility of La Nifia conditions developing (Fig. 5). This is a large change from
spring ENSO predictions which favored an El Nifio state to develop in hurricane season. This leads to
greater confidence of an above normal hurricane season in the Atlantic.
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Figure 5. SST Anomaly in the Nifio Regions
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Figure 6. Probabilistic ENSO Forecast

El Nino Did Its Job
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Figure 7. Strong anomaly of westerly wind shear induced by strengthening El Nifio, 2015
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Figure 8. Relative increase/decrease of cyclone tracks in relation to the ENSO state (Kim et al. 2009)
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2.0 HISTORICAL AND ANALOG YEARS OF THE HURRICANE SEASONS

Based on Environment Canada and Climate Change (ECCC) records, Newfoundland experiences more
tropical storms than Labrador. Figure 9(a-b) shows the frequency of tropical storms by year for both
locations between 1901 and 2000.

() Tropical Storm Frequency by Year
(Newfoundland 1901 to 2000)

(0 Tropical Storm Frequency by Year
(Labrador 1901 to 2000)

Figure 9. Tropical storm frequency by year for Newfoundland (a) and Labrador (b)

The same records reveal the month of September as having the greatest storm frequency with October
being second, as seen in figure 10 (a-b). While Labrador has never received a tropical storm in October
it is important to note that the overall lack of storms in Labrador may be skewing the statistic, and
October tropical storms could certainly occur in Labrador in October, given a conducive set-up.
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Figure 10. Tropical storm frequency by month for Newfoundland (a) and Labrador (b)

The database of Newfoundland tropical (TC) and post-tropical cyclone (PTC) landfalls was extended to
include the 2001-2016 seasons. Since 1950, there have been 49 TC or PTC that have made landfall on
the Island of Newfoundland. During the same period, there were 30 neutral ENSO years, 18 La Nifia
years and 19 El Nifio years (Table 2-1). For these purposes, ENSO state was defined by the Oceanic
Nifio Index (ONI), which was discussed in the first section of this report. The findings are quite robust,
showing considerable skill over climatology if the ENSO state is El Nifio or La Nifia. La Nifia is much
more active than neutral or El Nifilo conditions, with a return period of 1 TC or PTC per year. Neutral is
very close to the climatological return period of 0.7 per year. El Nifio is much less active than neutral or

La Nifla seasons, with a return period of only 0.53 TC or PTC per year. Similar findings are shown in
Figure 8.

This is not meant to be a comprehensive database of all storm that affected Newfoundland, given that
there are occasionally significant effects from storms that do not make landfall. Storms which pass east
of the Avalon Peninsula can still bring heavy rains to central and eastern Newfoundland as much of the
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heavy rain in a transitioning system is located to the left or west of the storm track. Consider, for example,
Hurricane Matthew last year, where the low level centre dissipated well south of Nova Scotia, but the
injection of tropical moisture into another mid-latitude system caused severe flooding in western and
central Newfoundland and eastern Nova Scotia. Storms which affect Newfoundland most regularly
approach from the south-southwest and generally pass near Bermuda before arriving on the NL coast
(Fig. 18 and 19).

Given that we are currently in a neutral ENSO season, and the ENSO is a robust predictor for
Newfoundland storms, it is used as the primary factor for finding analog seasons. AMO, NAO (North
Atlantic Oscillation), AO (Arctic Oscillation), and PDO (Pacific Decadal Oscillation) were also considered
in defining analogs. AMO does not seem to affect the likelihood of impacts in Newfoundland but it is
illustrative, given its effects on the circulation and the number of storms in the Atlantic basin.

Analog years depict similar SST patterns and conditions in addition to similar teleconnection phases, so
they often share a comparable hurricane season. For the current SST setup, the years 1961 and 2013
are considered the best analog years, with 2008 following. The current 500mb steering pattern shows
a stronger than normal ridge over the central Atlantic (Fig. 11) with a strong trough in Ontario, Quebec,
and the Northeast United States. There is also a strong ridge in western Canada and the western US
which has plagued interior British Columbia with wild fires. The years 1961 and 2013 matched well with
neutral ENSO states, positive NAO and AO, and positive PDO, with Figures 12 and 13 showing a similar
500mb height distribution this year thus far. The year 2008 (Fig. 14) is considered an acceptable match
as the indices themselves are the same sign, but the 500mb anomaly presentation is quite different.
The tracking charts for all the analog seasons are illustrated in Figures 15, 16, and 17.
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Figure 11. 500mb height anomalies for the current Hurricane Season to date
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Figure 12. 500mb height anomalies for the 1961 Hurricane Season to date
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Figure 13. 500mb anomalies from the 2013 Hurricane Season to date
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No significant impacts to Newfoundland.
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Figure 16. 2008 Atlantic Hurricane Season tracking chart.

Tropical Storm Laura gave the Hibernia Oil Platform tropical storm force winds to 47 knots

near midnight October 1st, 2008.
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Figure 17. 2013 Atlantic Hurricane Season tracking chart.

No significant impacts to Newfoundland.

Table 2-1: ENSO state, storm return period, and skill over climatology

Storms

Years

ENSO state

Return Period

Skill over
Climatology

21

30

Neutral

0.7

4.3%

18

18

La Nina

1.0

36.7%

10

19

El Nino

0.53

28.0%

49

67

0.73

Environment & Infrastructure

ISO 9001:2008 Quality Management System (St. John’s, NL)

amecfw.com

Page 17 of 22



Water Resources Management Division
Hurricane Season Outlook 2017 (Final)
Amec Foster Wheeler Project #: TA1712744
8 September 2017

FSU Meteorology
Probability of a tropical cyclone eventually

Ressarch funded by Risk Prediction Initiative (RPI)/BIOS.
passing

over Canadian Maritimes @

any intensity based upon a given position. Using 1886—2013 best—trock.

50N

55N -,ﬁg E‘} . ';‘%
‘!_' & - :_‘.n.r
™= = v,

*

45N 11

30M 1

35N

25N 4

MW = =

15N 4

ILULE
1

SN

100W 90w BOW TOW EOW SOW

0 40 B0
htto:/ /moe.met.fsu.edu/tcorob

200
Prabability (%)

400 30W

)\

A
daimec

foster
wheeler

Figure 18. Using historical tracks to estimate likelihood of a tropical cyclone impacting Atlantic Canada

FSU Meteorclogy
Probability of a ; I
64+ knot intensity bosed upon a given position.

Research funded by Risk Prediction Initiotive (RPI)/BIOS.
of a tropical cyclone eventually possing over Canadian Maritimes @

ging 1886—2013 best—trock.

55N _,ﬁ: E} . _;tg*
50N '{"- N "'_1..?
- = v

43N 1

40N

35N

= :

30N

25N

20N = - .

15N

10N

SN

100W 90w 80W FOW BOW SO0

40
htte:/ /moe.met.fau.edu/teorob

200
Probability (%)

400 30W

Figure 19. Using historical tracks to estimate likelihood of a hurricane impacting Atlantic Canada
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3.0 AVERAGE NEWFOUNDLAND AND LABRADOR HURRICANE SEASON

The Canadian Hurricane Centre’s (CHC) records are updated through 2014 and Amec Foster Wheeler
has been archiving tropical/post-tropical cyclones since 2014. The 56 year combined records (1960-
2016) show 45 tropical/post-tropical cyclones in the Atlantic Ocean have made landfall in or have passed
within 100 km of Newfoundland and Labrador. This represents 10% of all tropical/post-tropical cyclones
that have formed in the Atlantic Ocean for this period.

For Labrador, hurricane activity is limited by the fact that a hurricane must traverse land or cross over
cold ocean water to reach Labrador. As hurricanes move north and pass over the colder waters of the
Labrador Current, it dramatically decreases the energy available to fuel the storm. In addition, hurricanes
have typically lost strength by the time they reach Labrador because they have made landfall by that
point, cutting off the source of warm, moist air that was encouraging storm development.
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4.0 2017 NEWFOUNDLAND AND LABRADOR HURRICANE SEASON OUTLOOK

Given the current oceanic and atmospheric conditions in addition to the concurring forecasts of NOAA
and CSU discussed earlier, there is a potential of 1 to 2 tropical/extratropical cyclones to affect
Newfoundland and Labrador through the rest of this season with the highest impact expected to be
along southern Newfoundland and Labrador as shown in figure 11. Historically, September shows the
highest impact month for Newfoundland and Labrador with the threat likely to remain through October
for the island of Newfoundland. The current normal to below normal SST area south and east of island
of Newfoundland is likely to curb further intensification of cyclones tracking through that area. However,
weather systems transitioning from being tropical in origin into a strong area of low pressure are likely
to produce periods of heavy rainfall and strong sustained winds that can cause significant damage.

;/\kl 3 Port Burwell

Channel-po

Figure 20. Tropical/extratropical cyclones track high impact risk map for NL and Labrador (WRMD), 2017
Hurricane season
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5.0 CLOSURE

We trust that this report meets your needs. Please do not hesitate to contact the undersigned if you
have any questions or comments regarding the hurricane season outlook.

Yours sincerely,

Amec Foster Wheeler Environment & Infrastructure,
a Division of Amec Foster Wheeler Americas Limited

Prepared by: Prepared by:
v = . "
WM /‘//%z{ /,2?%’
Matt Baker Nick Camizzi
Atmospheric Scientist Atmospheric Scientist
Reviewed by:

E’é‘-':“':-é';:-df"'-"‘ﬂ'ﬁ £ ;?ﬂ e _

Elizabeth Loder
Weather Office Manager — St. John’s

Environment & Infrastructure amecfw.com Page 21 of 22
ISO 9001:2008 Quality Management System (St. John’s, NL)



Y

L\
Water Resources Management Division 4‘
Hurricane Season Outlook 2017 (Final)
Amec Foster Wheeler Project #: TA1712744 aimec
8 September 2017 foster
wheeler

6.0 REFERENCES

Kim, H.-M., P. J. Webster, et al. 2009: Impact of Shifting Patterns of Pacific Ocean Warming on North
Atlantic Tropical Cyclones. Science 325 (5936): 77-80.

Klotzbach, P.J., and W.M. Gray, 2008: Multidecadal Variability in North Atlantic Tropical Cyclone
Activity. J. Climate, 21, 3929-3935, https://doi.org/10.1175/2008JCLI2162.1.

Rappaport, E.N., Fuchs, M. and M. Lorentson: The Threat to Life in Inland Areas of the United States
from Atlantic Tropical Cyclones. 23rd Conference on Hurricanes and Tropical Meteorology,
Dallas, TX, Amer.Meteor.Soc., 6B.3, https://ams.confex.com/ams/99annual/abstracts/456.htm.

Trenberth, Kevin, Zhang, Rong & National Center for Atmospheric Research Staff (Eds). Last modified
03 March 2017. “The Climate Data Guide: Atlantic Multi-decadal Oscillation (AMO).” Retrieved

from https://climatedataguide.ucar.edu/climate-data/altantic-multi-decadal-oscillation-amo.

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/enso_evolution-status-fcsts-
web.pdf

www.cpc.ncep.noaa.gov/products/outlooks/hurricane.shtml
https://www.ec.gc.ca/hurricane/default.asp?lang=En&n=0C4CAE35-1
http://moe.met.fsu.edu/tcprob/maritimes.php

www.tropicalstormrisk.com
https://www.weather.gov/images/bro/tropical/2015/seasonsummary/elninowindshear.png

http://webcms.colostate.edu/tropical/media/sites/111/2017/08/2017-08.pdf

Environment & Infrastructure amecfw.com Page 22 of 22
ISO 9001:2008 Quality Management System (St. John’s, NL)



