
Patricia: a record-breaking hurricane?
Written by Mario Cortina Borja (/component/contact/contact/121) on 04 November 2015. Posted in Environment & Nature (/environmentnature)

Hurricane Patricia was the most powerful storm in recent history. But how do its 200mph winds compare to other storms in the modern
record? Mario Cortina Borja digs into past data and makes a prediction for how fast the next recordbreaking storm might blow.

Tropical storms are a seasonal feature of the Earth's oceans. Depending on where these terrifying phenomena occur they are called either
typhoons (northwest Pacific Basin) or hurricanes (northeast Pacific and northern Atlantic basins) but in general they are referred to as
cyclones. Often, once they reach the coast and move inland, they hurt (and sometimes kill) thousands of people and affect large swathes of
territory.

Many feared this would be the case with one recent cyclone, which quickly gathered force in the Eastern Pacific basin before moving towards
the western coastal Mexican states of Nayarit, Jalisco and Colima. Eventually, on 23 October, the cyclone changed from a tropical storm to a
Category 5 hurricane; contingency plans were activated. (http://www.unisdr.org/archive/46475)

The storm was named Patricia, following a practice dating back to the mid20th century, whereby storms are given personal names so that
they may be easily identified by the public. Unlike other devastating storms, such as hurricane Katrina (2005) and typhoon Haiyan (2013) –
which caused extensive loss of life and massive economic damage in, respectively, the Gulf coast of the USA, and in Southeast Asia –
Patricia quickly degraded to a Category 2 tropical storm, first landed on a mountainous, sparsely populated area, and caused relatively little
damage (see Figure 1).
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Figure 1. The points show the location of the storm at 6hour intervals. The colour represents the storm's maximum sustained wind speeds
as classified in the Saffir–Simpson hurricane wind scale, and the shape of the data points represent the nature of the storm, according to the
legend.

Luck was clearly on Mexico’s side as prior to the category downgrade, Patricia was described as being the most powerful tropical cyclone
ever recorded. But is this actually the case?

There are several scales to rank the intensity of tropical storms. One of the most common is the SaffirSimpson scale
(http://www.nhc.noaa.gov/aboutsshws.php) (Table 1), which was proposed in the early 1970s and modified in the 2010s as a pure wind
speed scale, based on the maxima of average 1minute sustained wind speeds typically measured at 10m above the Earth's surface.

Category Sustained wind speed Type of damage due to hurricane winds

1 74 – 95 mph Very dangerous winds will produce some damage

2 96 – 110 mph Extremely dangerous winds will cause extensive damage

3 111 – 129 mph Devastating damage will occur

4 130 – 156 mph Catastrophic damage will occur

5 ≥157 mph Catastrophic damage will occur

Table 1. SaffirSimpson hurricane wind scale

There is also the Dvorak technique (http://www.ssd.noaa.gov/PS/TROP/dvorak.html), developed between 1969 and 1984, which uses visible
and infrared satellite images to estimate the intensity of a tropical storm. Its outputs loosely correspond to ranks of maximum sustained wind
speed and minimum barometric pressure.

Neither of these scales account for the many other variables related to the impact a storm might have, such as duration, accumulated
energy, size, amount of rain and velocity of barometric pressure fall. However, the maximum sustained wind speed is regarded as a working
definition of storm intensity.

Patricia’s maximum sustained 1minute wind speed was 201.95 mph (325 kmh) and its minimum pressure was 879 mbar (hPa). It was
estimated at 8.3 on the Dvorak scale (https://www.washingtonpost.com/world/the_americas/hurricanepatriciathreatenscatastrophic
damagetomexico/2015/10/23/4cab988c79d211e5a958d889faf561dc_story.html), which has an upper limit of 8. To find out if this truly
was the most powerful storm on record, I collected data  on the 240 category 4 and 5 tropical storms recorded since 1950; 95 occurred in
the Eastern Pacific, 93 in the North Atlantic and 52 in the Western North Pacific basin. Each storm had estimated maximum sustained 1min
wind speeds of at least 133 mph.

Figure 2 shows how North Western Pacific typhoons have significantly higher maximum wind speeds and lower pressure than storms in other
basins; the database shows censoring at 900 hPa, and rounding for some large wind speeds for this particular basin. Figure 2 also shows
that there have been several typhoons with higher maximum wind speed and lower minimum pressure than Patricia, though they occurred
over 50 years ago. However, Patricia is by far the most intense hurricane in the Eastern Pacific basin.
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Figure 2. Regional distributions of (a) maximum sustained wind speed and (b) minimum pressure in 240 tropical storms

Figure 3 shows the yearly extrema of wind speed and barometric pressure. Accurate satellite measurements of storm wind speeds have
been available since around 1970 (http://www.usatoday.com/story/weather/2015/10/23/hurricanepatriciastrongesthurricane/74461754/);
however, we cannot say whether earlier measurements of maximum sustained wind speed or minimum pressure were over or
underestimated. Restricting comparisons to post1970 storms, Patricia is definitely the most intense storm in terms of wind speed, as well as
having the fifth lowest recorded pressure: only typhoons Nora in 1973 (875), June in 1975 (875), Rita in 1978 (878) and Tip in 1979 (870)
had lower values.
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Figure 3. Yearly extrema for wind speed and pressure, 1950 – 2015

Thus there seems to be strong evidence for Patricia’s intensity being very likely the largest ever recorded, certainly in terms of wind speed.
Further, to forecast the speed of the next recordbreaking hurricane I fitted the model for interval prediction of records from an extreme value
parent distribution described by Arnold, Balakrishan and Nagaraja  to the sequence of annual maxima for wind speed, as shown in Figure 4.2
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Figure 4. Annual maximum wind speeds, 19702015

The sequence of record wind speeds, starting in 1970, is {173.98, 177.09, 183.30, 189.52, 195.73, 201.95} mph, corresponding to the years
{1970, 1971, 1973, 1979, 2013, 2015}. Based on this sequence the predicted value for the next wind speed record is 204.95 mph with 90%
prediction interval equal to (201.95, 210.73) mph. Excluding Patricia from this calculation, the predicted value and 90% interval would be
198.68 and (195.73, 204.92) showing that this latest recordbreaking storm increased by 3% the predicted value for the following record.

The recent occurrence of huge storms Wilma, Haiyan and Patricia have renewed the discussion on whether a Category 6 should be
introduced in the SaffirSimpson scale for storms with sustained wind speed over 174 mph. However, the late Robert Simpson, one of the
meteorologists who defined the scale, argued that such modification is not useful. He said: "When you get up into winds in excess of 155
mph... if that extreme wind sustains itself for as much as six seconds on a building it's going to cause rupturing damages that are serious no
matter how well it's engineered.” (http://novalynx.com/store/pc/SimpsonInterviewd53.htm) Category 5 storms appear often enough, and
only chance and preventive measures can help reduce the loss of life and resources that they usually leave in their wake.

References
1. From the lists of category 4 and 5 hurricanes available at https://en.wikipedia.org/wiki/Lists_of_Atlantic_hurricanes
(https://en.wikipedia.org/wiki/Lists_of_Atlantic_hurricanes), and https://en.wikipedia.org/wiki/List_of_Pacific_hurricanes
(https://en.wikipedia.org/wiki/List_of_Pacific_hurricanes)

2. Arnold BC; Balakrishnan N; Nagaraja HN (1998) Records, Wiley, New York; section 5.7.2.

https://www.statslife.org.uk/images/significance/2015/graphs/Patricia-Figure-4.png
http://novalynx.com/store/pc/Simpson-Interview-d53.htm
https://en.wikipedia.org/wiki/Lists_of_Atlantic_hurricanes
https://en.wikipedia.org/wiki/List_of_Pacific_hurricanes


back to top

How trustworthy are electronic voting systems in the
US?
1 comment • 3 months ago•

jimblack — Great stuff. Curious if you have looked at any of
the results from the 2016 Presidential Election related to the
…

Experts urge reconsideration of decision to drop A
level Statistics
1 comment • 3 months ago•

Richard John Moss — As a large employer of data analysts
and statisticians I find in near impossible to identify A level
…

Sir David Cox honoured with first International Prize in
Statistics
4 comments • 3 months ago•

Edgebo — Please post a link to the paper.

Lost in the crowd? A statistician explains how to find
your friends at a …
3 comments • 3 months ago•

Michael Peake — Thanks Nathan. I'll check this out this
evening and have a play. Nice to see lots of comments in
there :)

ALSO ON STATSLIFE.ORG.UK

0 Comments statslife.org.uk Login1

 Share⤤ Sort by Best

Start the discussion…

Be the first to comment.

Subscribe✉ Add Disqus to your site Add Disqus Addd Privacy🔒

 Recommend

12

Articles by date

▼ 2017 (3)
▼ January (3)
• Slowtalking the inaugural (/politics/3156slowtalkingthe
inaugural)
• 6 Nations Rugby – who’s the biggest overachiever?
(/sports/31476nationsrugbywhosthebiggest
overachiever)
• Why don’t people get it? Seven ways that communicating
risk can fail (/socialsciences/3136whydontpeoplegetit
sevenwaysthatcommunicatingriskcanfail)

► 2016 (50)
► 2015 (75)
► 2014 (22)

Categories

Sports

(/sports)

Culture

(/culture)

Politics

(/politics)

Social Sciences

(/socialsciences)

Health & Medicine

(/healthmedicine)

Economics & Business

(/economicsandbusiness)

Environment & Nature

(/environmentnature)

Science & Technology

(/sciencetechnology)

History of Stats & Science

(/historyofstatsscience)

The Statistics Dictionary

(/thestatisticsdictionary)

https://disqus.com/
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fpolitics%2F2288-how-trustworthy-are-electronic-voting-systems-in-the-us%3AbTp9nh-iRiNzaz4ONKZ7jye_euk&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5291572701&zone=thread&area=bottom&object_type=thread&object_id=5291572701
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fpolitics%2F2288-how-trustworthy-are-electronic-voting-systems-in-the-us%3AbTp9nh-iRiNzaz4ONKZ7jye_euk&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5291572701&zone=thread&area=bottom&object_type=thread&object_id=5291572701
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fnews%2F3066-experts-urge-reconsideration-of-decision-to-drop-a-level-statistics%3AQ0SkdNphixiSuDkllrO71RsZQ4U&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5257258225&zone=thread&area=bottom&object_type=thread&object_id=5257258225
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fnews%2F3066-experts-urge-reconsideration-of-decision-to-drop-a-level-statistics%3AQ0SkdNphixiSuDkllrO71RsZQ4U&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5257258225&zone=thread&area=bottom&object_type=thread&object_id=5257258225
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fnews%2F3052-sir-david-cox-honoured-with-first-international-prize-in-statistics%3AEtfiuaTQWddIV2cvlFIAgmbFHIw&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5235486707&zone=thread&area=bottom&object_type=thread&object_id=5235486707
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fnews%2F3052-sir-david-cox-honoured-with-first-international-prize-in-statistics%3AEtfiuaTQWddIV2cvlFIAgmbFHIw&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5235486707&zone=thread&area=bottom&object_type=thread&object_id=5235486707
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fculture%2F2920-lost-in-the-crowd-a-statistician-explains-how-to-find-your-friends-at-a-music-festival%3ASilkq0NmFLzgrVxDI_oz_nB_vos&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5291831439&zone=thread&area=bottom&object_type=thread&object_id=5291831439
http://disq.us/url?url=https%3A%2F%2Fwww.statslife.org.uk%2Fculture%2F2920-lost-in-the-crowd-a-statistician-explains-how-to-find-your-friends-at-a-music-festival%3ASilkq0NmFLzgrVxDI_oz_nB_vos&imp=4urc8ek3ncmkc1&prev_imp=4ur3f84uf2vn2&forum_id=4621544&forum=statslife-org-uk&thread_id=5294042469&thread=5291831439&zone=thread&area=bottom&object_type=thread&object_id=5291831439
https://disqus.com/home/forums/statslife-org-uk/
https://disqus.com/home/inbox/
https://publishers.disqus.com/engage?utm_source=statslife-org-uk&utm_medium=Disqus-Footer
https://help.disqus.com/customer/portal/articles/1657951?utm_source=disqus&utm_medium=embed-footer&utm_content=privacy-btn
https://www.statslife.org.uk/politics/3156-slow-talking-the-inaugural
https://www.statslife.org.uk/sports/3147-6-nations-rugby-who-s-the-biggest-overachiever
https://www.statslife.org.uk/social-sciences/3136-why-don-t-people-get-it-seven-ways-that-communicating-risk-can-fail
https://www.statslife.org.uk/sports
https://www.statslife.org.uk/culture
https://www.statslife.org.uk/politics
https://www.statslife.org.uk/social-sciences
https://www.statslife.org.uk/health-medicine
https://www.statslife.org.uk/economics-and-business
https://www.statslife.org.uk/environment-nature
https://www.statslife.org.uk/science-technology
https://www.statslife.org.uk/history-of-stats-science
https://www.statslife.org.uk/the-statistics-dictionary


In the current issue

December 2016 (Volume 13 Issue 6)
(https://www.statslife.org.uk/significance/3118)

(https://www.statslife.org.uk/significance/3118)

How game theory and algorithms inform realworld
security strategies
(https://www.statslife.org.uk/significance/3118)

ADHD: the statistics of a "national disaster"
(https://www.statslife.org.uk/significance/3118)

Dead voters: How many are there?
(https://www.statslife.org.uk/significance/3118)

Subscribe

Significance magazine is available by subscription or
as a member benefit in joining the American Statistical
Association, or the Royal Statistical Society.

Please visit the website of the American Statistical
Association (http://www.amstat.org/) or the Royal Statistical
Society (http://www.rss.org.uk/significance) for information
on becoming a member or to renew your membership.

(http://www.rss.org.uk)

(http://www.amstat.org/)

(https://twitter.com/signmagazine) (https://www.facebook.com/SignificanceMagazine)
(http://www.statslife.org.uk/index.php/significance?

format=feed&type=rss)

https://www.statslife.org.uk/significance/3118
https://www.statslife.org.uk/significance/3118
https://www.statslife.org.uk/significance/3118
https://www.statslife.org.uk/significance/3118
https://www.statslife.org.uk/significance/3118
http://www.amstat.org/
http://www.rss.org.uk/significance
http://www.rss.org.uk/
http://www.amstat.org/
https://twitter.com/signmagazine
https://www.facebook.com/SignificanceMagazine
http://www.statslife.org.uk/index.php/significance?format=feed&type=rss

