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Abstract

As one of very rare and unusual tracks of hurricane Ophelia, it exists over the
North Atlantic Ocean during the period of 9-17 October 2017. The present
work investigates the role played by blocking system over North America on
the development of hurricane Ophelia. The 6-hour daily data of NCEP/NCAR
reanalysis composites for the meteorological parameters are used. The me-
teorological elements used in the present work are (geopotential height and
meridional wind components at 500-hpa level). The domain of this data is the
northern hemisphere domain. Moreover, the 6-hour data on the surface
pressure at the center of hurricane Ophelia and its maximum wind through
the period (9-17 October) have been used. The time series, anomaly and cor-
relation coefficient methods have been used to analyze the meteorological
data. The results revealed that the persistence of blocking high system over
the North America during the period of 9-17 October 2017 controls the de-
velopment, strength, and the track of hurricane Ophelia over the North At-
lantic Ocean.

Keywords

Blocking System, North America, North Atlantic Ocean, Hurricane Ophelia

1. Introduction

Hurricane Ophelia developed over the North Atlantic Ocean on 9 October 2017.
It was considered as the easternmost major hurricane (Category 3 intensity) ac-
cording to Saffir-Simpson scale of hurricanes. The hurricane Ophelia initiated
near the west of the Azores as a tropical storm. It dissipated over Ireland and

United Kingdom on 17 October 2017 as an extratropical storm. Three deaths

DOI: 10.4236/gep.2018.612001

Dec. 4, 2018 1

Journal of Geoscience and Environment Protection


http://www.scirp.org/journal/gep
https://doi.org/10.4236/gep.2018.612001
http://www.scirp.org
https://doi.org/10.4236/gep.2018.612001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Y. Hafez, A. Labban

occurred in Ireland directly attributed to Ophelia. The total losses from the
storm estimated at US$ 1.18 billion in Ireland and around US$ 13 million in the
United Kingdom (Moore, 2018). Figures 1-3 illustrate the satellite images of the
development, dissipation and the track of hurricane Ophelia. This hurricane is
one of very rare and unusual tracks of hurricanes in the North Atlantic Ocean.
This storm steadily strengthened over the first days before becoming a hurricane
on 11 October. After becoming a Category 2 hurricane and turning in intensity for
a day, Ophelia intensified into a major hurricane (of category 3) on 14 October,
south of the Azores. Archipelago is near the Azores Savard from a severe weather
with strong winds and heavy rainfall. After achieving peak intensity, Ophelia
began sapping as it accelerated over progressively colder waters to its northeast
towards Ireland and Great Britain (Stewart, 2018). However, there are several li-

teratures studying the teleconnection between the existences of Atlantic hurricanes

and blocking over the northern hemisphere (McTaggart-Cowan et al., 2006;

Figure 1. MODIS satellite image of Ophelia on Friday morning, October 13, 2017. At the
time, Ophelia was a Category 2 storm with 87 knot winds. Image credit: NASA.

Figure 2. Landfall of Hurricane Ophelia over Ireland Meteosat satellite capture by uni-
versity of Dundee satellite reserving station at 9:00 GMT 16 October 2017.
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Figure 3. The track of hurricane Ophelia [Source: US National Hurricane Center].

Pezza & Simmonds, 2006; Hafez, 2008; Hafez, 2011; Mattingly et al., 2014). The
blocking systems control the atmospheric circulation and weather conditions in
the northern hemisphere (Treidl et al., 1981; Park & Ahn, 2014; Whan et al,,
2016; Brunner & Steiner, 2017). In fact, blocking high episodes have a great im-
pact on the weather and climate of several areas because they are depicted by the
sudden change in the atmospheric flow, affecting the normal synoptic systems
(Sinclair, 1996; Wiedenmann et al., 2002; Renwick, 2005; Hafez, 2012; Hafez &
Almazroui, 2013; Hafez & Almazroui, 2016). However, there are several criteria
for blocking definition. The Rex definition of blocking is defined the blocking
episodes by using of synoptic charts and putting quantitative conditions (Rex,
1950a, 1950b, 1951). Dole (1982) defines the blocking episode using of numeric
conditions. The present work aims to study the anomaly of geopotential height
and meridional wind component over the North America and Atlantic Ocean
during the period of hurricane Ophelia; moreover study the correlation relation
between them and the characteristics of hurricane Ophelia (development,
strength, track); finally, uncover the teleconnection between the blocking system
persist over North America and the existing, developments and extreme track of
hurricane Ophelia over the northern Atlantic Ocean through the period of 9-17
October 2017.

2. Data and Methodology

The 6-hour data of NCEP/NCAR reanalysis composites for the meteorological
parameters are used. The NCEP/NCAR Reanalysis 1 project is using a
state-of-the-art analysis/forecast system to perform data assimilation using past
data from 1948 to the present. A large subset of this data is available from PSD
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in its original 4 times daily format and as daily averages. The meteorological
elements used in the present work are geopotential height and meridional wind
components at 500-hpa level. The domain of the present study is the northern
hemisphere including the area over the North America and north Atlantic re-
gions. The NCEP/NCAR gridded for these meteorological data are with tempor-
al interpolation of 2.5-degree latitude x 2.5-degree longitude. The period of this
data is the period of hurricane Ophelia (9-17 October 2017). The long-term
mean for 6-hour values of the meteorological parameters taken over the period
(1981-2010). This data supported from the site of NOAA/OAR/ESRL PSD,
Boulder, Colorado, USA and according to (Kalnay et al., 1996). In addition to
that, the 6-hour of meteorological elements of hurricane Ophelia surface pres-
sure and wind speed used in the present study (Stewart, 2018). The data sets
analyzed using time series, anomaly methodology and linear correlation coeffi-
cient techniques (Hafez & Almazroui, 2013). The correlation analysis follows the
Pearson correlation method according to Kendall and Stuart (1973). Moreover,

the satellite images of hurricane Ophelia and its track has used.

3. Blocking Criteria

To clarify the role of blocking system on the development, hurricane Ophelia the
definition of blocking episode needed first. In fact, there are several definitions
of blocking systems. Some of them are according to the synoptic criteria and
other definitions according to numeric criteria. The synoptic and numeric crite-
ria of the blocking formation systems are defined by Rex (1950a, 1950b, 1951),
Namias (1964), Dole and Gordon (1983) and Dole (1986). For the purpose of the
present study, the blocking system defined based on criteria of Rex (1950a,
1950b) and Dole (1986). In this work, the definition using synoptic charts side
by side to anomaly conditions of geopotential height conditions at the 500-hPa
level. These criteria have basic conditions such as the westerly air current aloft
must split to two distinct branches. This splitting must be northern latitude of
30°N. The using of these synoptic criteria has advantage for clarify the synoptic
situation of the main westerly air current aloft and initiation of the blocking case
in the atmospheric air weather charts. For numeric, quantitatively, the anomaly
in geopotential height value at 500 hPa level must be more than +100 m for a
high pressure flag for several longitudes. In addition to that, the anomaly is less
or equal (100 m) for low pressure flag for several longitudes. Moreover, these
conditions must persist more than or equal to five continues days. This numeric

method has exact quantitative values for blocking detection.

4. Results and Discussion

4.1. Analysis of the Meteorological Elements of Hurricane Ophelia
(9-17 October 2017)

Time series analysis has been used to analysis the variation of surface pressure at

the center of hurricane Ophelia and the maximum wind through the period
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(9-17 October 2017). The results revealed that:

1) The surface pressure gradually decreased from 1008 hpa on 9 October 0000
UTC to reach to 966 hpa on 13 October 0600 UTC. After that, it has slightly in-
creased to reach 974 to 13 October 1200 UTC. The pressure values decrease
again to record 963 hpa on 14 October 0600 UTC. Through the period (14 Oc-
tober 1200 UTC to 15 October 1800 UTC), the pressure is a constant value of
959 hpa. The surface pressure become increasing sharply from 959 hpa on 16
October 1200 UTC to reach its maximum value 997 hpa on the dissipation of the
hurricane Ophelia on 17 October 1800 UTC. The variability of surface pressure
at the center of the hurricane is completely clear in Table 1 and Figure 4.

2) The wind strength analysis clarifies that the hurricane Ophelia has seven
stages of initiation on 9 October to the dissipation on 17 October 2017. It devel-
oped as a tropical storm on 9 October 0000 UTC with maximum wind 35 knots.
This stage continues until 11 October 1200 UTC to wind reached to 60 knots.
After that time, it becomes a hurricane of category 1 according to the Saf-
fir-Simpson hurricane scale and the wind reached to 80 knots on 12 October
1200 UTC. The Ophelia reached to category 2 on 12 October 1800 UTC and stay
in this category to 14 October 0600 UTC and record on it a maximum wind of
95 knots. It has reached to category 3 on 14 October 1200 UTC and stay shortly
to 1800 UTC through that day with maximum wind recorded 100 knots. This
wind value is the highest value of wind of hurricane Ophelia through its life pe-
riod. On 15 October 0000 UTC hurricane Ophelia weakness to category 2 and
the maximum wind reached to 85 knots on 15 October 1200 UTC. The weakness
of hurricane Ophelia continues to reach to category on and the maximum wind
record is 65 knots on 16 October 1200 UTC. Finally, it becomes an extratropical
storm and reach to the dissipation stage on 17 October 1800 UTC within the
wind record is 40 knots. The wind values and its variations clarified in Table 1
and Figure 5. It is clear that the highest wind speed is nearest to the point of
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Figure 4. 6-hour surface pressure (hpa) at the center of hurricane Ophelia through the
period (9-17 October 2017).
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Table 1. The characteristics of hurricane Ophelia from 09 October to 17 October 2017
each 6 hours.

Date/Time . . Longitude Wind Speed Hurricane
Latitude (°N) A Pressure (mb)
(UTC) (*W) (kt) Category
09/0000 30.5 40 1008 35
09/0600 30.9 40 1008 35
09/1200 31.3 40 1008 35
09/1800 31.7 39.6 1005 40
10/0000 32 39.1 1005 40
10/0600 31.9 38.8 1003 45 Tropical storm
10/1200 31.6 38.5 1002 45
10/1800 31.3 38.2 1002 45
11/0000 30.9 37.8 1000 50
11/0600 30.4 37.2 998 55
11/1200 30 36.7 994 60
11/1800 29.8 36.2 991 65
12/0000 29.9 35.8 986 70
Category 1
12/0600 30.2 35.7 982 75
12/1200 30.4 35.7 975 80
12/1800 30.5 35.6 971 85
13/0000 30.5 35.1 967 90
13/0600 30.9 344 966 90
13/1200 314 334 974 80 Category 2
13/1800 32 32.5 973 80
14/0000 32.6 31.5 970 85
14/0600 334 29.7 963 95
14/1200 34.2 27.7 959 100
Category 3
14/1800 353 25.2 959 100
15/0000 36.4 22.6 959 95
15/0600 37.9 19.8 959 90 Category 2
15/1200 39.9 17 959 85
15/1800 43.1 14.3 959 80
16/0000 47.6 13.4 958 75
Category 1
16/0600 50 12.1 957 70
16/1200 52.3 10 959 65
16/1800 55.3 8.3 969 60
17/0000 57.3 6.1 977 50
Extratropical
17/0600 58.7 2.9 987 45
storm
17/1200 59.3 1.5E 994 40
17/1800 60.1 5.3E 997 40

[Source: Stewart (2018)].
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Figure 5. 6-hour maximum wind (Knot) at the center of hurricane Ophelia through the
period (9-17 October 2017).

minimum value of pressure 957 hpa at the center of hurricane Ophelia. Whe-

reas, the lower pressure values became constant of 959 hpa.

4.2. Study of the Anomaly of Geopotential Height at 500 hpa over
North America and West of the Atlantic Ocean through the
Period (9-17 October 2017)

A 6 hour daily data of geopotential height at 500 hpa over north America and
west of the Atlantic ocean through the period (9-17 October 2017) has been used
to study the anomaly of geopotential height to catch the blocking episode and
the blocking system. Analysis of this anomaly revealed that:-

1) Over the North America, it is found that there is a negative anomaly of
geopotential height less than (—100 m) and arranged between (-100 m) to (225
m) over the 500 hpa level through the period 09 October to 11 October 1200
UTC. Meanwhile, there is a positive anomaly more than (+100 m) from the day
of 11 October 1800 UTC to the day of 16 October 0000 UTC. This positive ano-
maly arranged between (+175 m and +250 m). After that period and to the end
of the time interval of hurricane Ophelia there is a negative anomaly values ar-
ranged from (-100 m) to (—150 m).It is noticed that the days of 12 October and
14 October recorded the maximum positive anomaly (+200 m) through the
whole period of hurricane Ophelia. As it is clear from the Table 2 and Figure 6.

2) Over the west of the Atlantic ocean, it has become clear that the period
from 9 October to 11 October there is a positive anomaly of (+100 m) or more
and arranged between (+100 m) and (+250 m). For all the period after that pe-
riod there is a negative anomaly from (-150 m) to (=300 m). It is noticed that,
the day 12 October to day 14 October recorded the maximum negative anomaly
between (—200 m and —300 m). The day of 12 October is the day of the highest
negative anomaly with (=300 m) through the period of hurricane Ophelia. As
shown in Table 2 and Figure 6.
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Table 2. The 6 hours anomaly of geopotential height at level 500 hpa over the North
America and west of Atlantic Ocean during the period of hurricane Ophelia (9-17 Octo-

ber 2017).
Anomaly of geopotential height at 500 hpa level (m)
Date/Time (UTC)
Over north America Over west of Atlantic Ocean
09/0000 -200 200
09/0600 =225 225
09/1200 -175 225
09/1800 -125 250
10/0000 -150 250
10/0600 -150 200
10/1200 -150 200
10/1800 -100 150
11/0000 -100 200
11/0600 -150 150
11/1200 -200 100
11/1800 200 150
12/0000 200 -300
12/0600 200 -300
12/1200 200 -300
12/1800 250 -300
13/0000 200 -200
13/0600 225 -225
13/1200 250 -200
13/1800 225 -225
14/0000 200 -200
14/0600 200 =175
14/1200 200 -175
14/1800 175 =175
15/0000 200 -150
15/0600 175 -150
15/1200 200 -150
15/1800 175 -100
16/0000 175 —100
16/0600 -100 -100
16/1200 -100 -100
16/1800 -125 -200
17/0000 -150 -200
17/0600 -100 -200
17/1200 -150 -200
17/1800 -175 =175

DOI: 10.4236/gep.2018.612001 8 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2018.612001

Y. Hafez, A. Labban

—————— NOAA/ESRL Physical Sciences Division

TROANN

\:‘-
S © by AY >
Yo ALY
120W 60W 0 60E
500mb Geopotential Heights (m) Composite Anomaly
10/9/17 12z to 10/9/17 12z
NCEP/NCAR Reanalysis

I I I
50 100 150 200 250

-250 -200 -150 -—100

500mb Geopotential Heights (m) Composite Anomaly
10/10/17 12z to 10/10/17 12z

NCEP/NCAR Reanalysis

[ [ [ [ T
-300 -200 -100 0 100 200 300

500mb Geopotential Heights {(m) Composite Anomaly
10/11/17 12z to 10/11/17 12z

NCEP/NCAR Reanalysis

[ T 0 T T T e
=350  -250  -150 -50 50 150 250 350

(©)

DOI: 10.4236/gep.2018.612001 9 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2018.612001

Y. Hafez, A. Labban

oh——— NOAA/ESRL Physical Sciences Division
S = - 1005 —
0

500mb Geopotential Heights {(m) Composite Anomaly
10/12/17 12z to 10/12/17 12z

NCEP/NCAR Reanalysis

120W

500mb Geopotential Heights (m) Composite Anomaly
10/13/17 12z to 10/13/17 12z

NCEP/NCAR Reanalysis

[ T T T T T T 1

-250 -200 -150 -100 -30 Y] 50 100 150 200 250

500mb Geopotential Heights (m) Composite Anomaly
10/14/17 12z to 10/14/17 12z

NCEP/NCAR Reanalysis

I [T T T T T
-250 -200 -150 -—100 =50 O 50 100 150 200 250

DOI: 10.4236/gep.2018.612001 10 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2018.612001

Y. Hafez, A. Labban

500mb Geopotential Heights (m) Composite Anomaly
10/15/17 12z to 10/15/17 12z

NCEP/NCAR Reanalysis

[ o0 T T T T T s

-250 -200 -150 -100 -30 0 50 100 150 200 250

500mb Geopotential Heights (m) Composite Anomaly
10/16/17 12z to 10/16/17 12z

NCEP/NCAR Reanalysis

[ T T T
0 50 100 150

-250 -200 -—-150 -—1Q0

500mb Geopotential Heights {(m) Composite Anomaly
10/17/17 12z to 10/17/17 12z

NCEP/NCAR Reanalysis

[ I T T T T 7
-250 =200 -—-150 -—-10Q0 -50 o} 50 100 150 200 250

@

Figure 6. Daily composite anomaly of 500 hpa geopotential height at 1200 UTC for the period of hurri-
cane Ophelia (9-17 October 2017).
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3) Figure 7 shows that the anomaly of 6-hour geopotential height (m) at 500
hpa level over north America varies contradicted to its values over the west At-

lantic ocean through the period of hurricane Ophelia (9-17 October 2017).

4.3. Study of the Anomaly of Meridional Wind Component at 500
hpa over West and East of Atlantic Ocean through the Period
(9-17 October 2017)

A 6 hour daily data of the meridional wind component at 500 hpa over the west
and east of the Atlantic ocean through the period (9-17 October 2017) has been
used to study the anomaly of the meridional wind component. Analysis of this
anomaly revealed that:

1) Over the west Atlantic ocean, it is clear that the meridional wind is a sou-
therly wind with anomaly reached (-17.5 m/s) for the period from 09 October
0000 UTC to 10 October 0600 UTC. From 11 October 0000 UTC to the day of
16 October 0600 UTC, there are negative anomaly of meridional wind compo-
nent and the wind is southerly wind. The maximum negative anomaly is reached
to (=30 m/s) on the end of the day of 16 October and stay for the day of 0000
UTC. The meridional wind becomes northward from the day of 16 October 1200
UTC until the dissipation of hurricane Ophelia on 17 October. Table 3 and Fig-
ure 8 illustrates the variations of meridional wind components over the west At-
lantic Ocean.

2) Over the east Atlantic Ocean, it found that, the meridional wind is a nor-
therly wind from the day of 9 October to the start of the day of 11 October. The
northerly wind anomaly reached to (+15 m/s) through that period. From the
night of the day 11 October until the mid of the day of 17 October, the meri-

dional wind is completely north wind over the east part of the Atlantic Ocean. It
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Figure 7. 6-hour anomaly of geopotential height (m) at 500 hpa level over north America and west Atlantic
ocean through the period of hurricane Ophelia (9-17 October 2017).
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Table 3. The 6 hours anomaly of meridional wind component at level 500 hpa over the west
and east Atlantic Ocean during the period of hurricane Ophelia (9-17 October 2017).

Anomaly of meridional wind component (m/s) at 500 hpa level

Date/Time (UTC)
Over west Atlantic Ocean Over east Atlantic Ocean
09/0000 -15 15
09/0600 -17.5 15
09/1200 -17.5 12,5
09/1800 -15 15
10/0000 -15 10
10/0600 -12.5 15
10/1200 0 10
10/1800 0 10
11/0000 -10 10
11/0600 -10 -10
11/1200 -15 0
11/1800 -10 15
12/0000 -10 15
12/0600 -10 10
12/1200 -10 10
12/1800 -10 15
13/0000 -10 15
13/0600 -15 20
13/1200 =20 20
13/1800 =25 20
14/0000 =25 25
14/0600 =25 25
14/1200 -22.5 22.5
14/1800 =25 25
15/0000 -15 25
15/0600 -15 25
15/1200 =25 25
15/1800 -30 30
16/0000 =30 20
16/0600 =25 25
16/1200 15 20
16/1800 10 20
17/0000 15 25
17/0600 20 25
17/1200 20 =25
17/1800 20 =30
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Figure 8. Daily composite anomaly of 500 hpa meridional wind component (m/s) at 1200 UTC
for the period of hurricane Ophelia (9-17 October 2017).
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reaches its maximum positive anomaly of (+30 m/s) on the day of 15 October.
For the two days 14 and 15 October, the meridional wind anomaly is a higher
value between 25 m/s and 30 m/s. Table 3 and Figure 8 illustrates the variations
of meridional wind components over the west Atlantic Ocean.

3) Figure 9 illustrates that the variability of 6-hour anomaly of meridional
wind component at 500 hpa level over the west Atlantic ocean is contradicting to
the east Atlantic ocean through the period of hurricane Ophelia (9-17 October
2017).

4.4. The Teleconnection between the Development of Hurricane
Ophelia and the Blocking System over North America

To study the teleconnection between the development of hurricane Ophelia and
the blocking system over North America linear correlation coefficient technique
used. The maximum wind speed and the surface pressure at the center of hurri-
cane Ophelia has been correlation test with the blocking system persist over
north America and Atlantic ocean through the period (9-17 October) of the year
2017. The results revealed that:-

1) There is a strong positive correlation coefficient of (0.890) between the sur-
face pressure at the center of hurricane Ophelia and the geopotential height
anomaly at 500 hpa level over the west Atlantic Ocean as shown in Table 4.

2) There is an outstanding negative correlation coefficient of (-0.859) between
the maximum wind speed for the hurricane Ophelia and the pressure at the cen-
ter of Ophelia. As illustrated in Table 4.

3) There is a significant positive correlation coefficient of (0.703) between the
maximum wind speed for the hurricane Ophelia and geopotential height ano-

maly at 500 hpa level over the west Atlantic Ocean. As clear from Table 4.

40

30 — —4—Over west of Atlantic Ocean
-m-O0ver east of Atlantic Ocean

20

Anomaly of meridional wind componant (m/s)

-40

Time: Daily 6- hour

Figure 9. 6-hour anomaly of meridional wind component (m/s) at 500 hpa level over west and east Atlantic
ocean through the period of hurricane Ophelia (9-17 October 2017).
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Table 4. The correlation coefficient matrix of the hurricane Ophelia parameters and meteorological parameters over North
America and North Atlantic Ocean through the period (9-17 October 2017).

Correlation coefficient
and
Meteorological parameters

Mazximum wind of Ophelia

pressure at the center of
Opbhelia

Geopotential height anomaly
at 500 hpa level over north
America

Geopotential height anomaly
at 500 hpa level over west
Atlantic Ocean

Meridional wind component
at 500 hpa level over west
Atlantic Ocean

Meridional wind component
at 500 hpa level over east
Atlantic Ocean

wind of
Ophelia

—-0.859*

—-0.680

0.703**

0.307

Geopotential =~ Meridional wind

X Geopotential . Meridional wind
Maximum pressure at . height anomaly at component at
height anomaly at component at 500
the center of 500 hpa level over 500 hpa level
i 500 hpa level over . hpa level over east
Ophelia . west Atlantic over west K
north America Rk Atlantic Ocean
Ocean Atlantic Ocean
—0.859% —0.680 0.703** 0.307 —0.575
1 0.890* -0.673 —-0.503 0.505
0.890* 1 —0.658 —0.498 0.455
-0.673 —0.658 1 —0.088 -0.170
-0.503 —0.498 —0.088 1 -0.496
0.504 0.455 -0.170 -0.496 1

-0.575

*: with significant level > 99%; **: with significant level > 95%.

The present work using the NCEP/NCAR 6 hour reanalysis data of meteoro-
logical parameters geopotential height and meridional wind component at 500
hpa level for the northern hemisphere to study the unique hurricane Ophelia.
Hurricane Ophelia has an unusual position of formation and extremely track
over the North Atlantic Ocean through the period (9 -17) October 2017. Its de-
velopment stages and its dissipation have been analyzed. The anomaly of geopo-
tential height and meridional wind component at level of 500 hpa studied
through the period of hurricane Ophelia. Moreover, the meteorological parame-
ters of surface pressure and maximum wind of hurricane Ophelia analyzed. The
criteria of existence of blocking episode examined through the period of hurri-
cane Ophelia. From the results, it has become clear that the distribution of posi-
tive anomaly and negative anomaly of geopotential height at 500 hpa level over
the north America and north Atlantic region control the development, strength
and the track of hurricane Ophelia toward the northward. In addition to that,
there are strong direct relationships between the existing, strength and track of
Ophelia and the persistence of blocking high over the northern America through
the period of study. One can conclude that the persistence of a huge blocking
high episode over the North America creates a deep of the low pressure system
over the north west of the Atlantic Ocean. This dipole of a pressure system caus-
es the development and control the strength and track of hurricane Ophelia.
This unique distribution of the pressure system over North America and north

of Atlantic Ocean leads to a low pressure system appears over north Atlantic in-
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stead of its normal distribution of the Azores high. In addition to that, the
blocking pressure system steer the wind component of the hurricane Ophelia to
be mainly meridional wind and catch this hurricane toward to the northward to

landfall over Ireland.
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