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Our hiouse is here
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Our car is here ’
Our dog is here |
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Special Report: Why New Orleans Still lsn't Safe

TIME

T years after Katrina, this floodwall
i%:all that stands bebween
Pew Orrleans and the next hurricane.
It pathetic.
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environmental ignL;?nm s seiling up the city

for another catastrophe,
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Durlng the tlme of Greeks and Romans, mytholog as p‘gg'd'ﬂhe - le eft by
these two cultures. The name Gaia, the goddess of planet Earth: *-Qo eted in beauty with.. ™ -
Venus or Aphrodite. Many other characters were part of this celestial  fam y of crez —
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Born in Catalan, Spain 1837 Nl A
came to Havana Cuba in 1870 as Director of the a

Weather Laboratory__
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Meteorological Observatory in the Royal College NS

of Belén.

He was a Jesuit and a Scientist. Died Havana,

Cuba July 23, 1893.

through debris and questioning sur-
vivors. Everything was painstakingly
recorded.

Father Vines developed a demand-
ing daily weather observation sched-
ule for himself. This included obser-
vations every hour from 4 a.m. to 10
p.m., an international observation at
7:30 p.m. and, in times of special
need, an observation every hour of
both day and night. He recorded
pressure, temperature (normal, max-

In his day, the Reverend
Benito Vines was the
world’s greatest authority
on Aflantic hurricanes.

the storm’s center, and he was also
the first to forecast hurricane move-
ment on the basis of cloud movement,
The Pilot Charts of the U.S. Hydro-
graphic Office printed and reprinted
the “laws” of Father Vines. The May
issue of the 1889 Prlot Chart reads:
“These important laws, established
by the study and long experience of
Father Vifes, should be thoroughly
understood by every navigator and
utilized by shaping his course so as o

1875, he established Vines
Law, essential to the study
of tropical storms

The May issue of the 1889
Pilot Chart reads: "These
important laws, established
by the study and long
experience of Father Vines,
should be thoroughly
understood by every
navigator and utilized by
shaping his course so as to
avoid a hurricane."




Father Vines was the first

to suggest that the clouds well in advance of a hurricane
could be used to locate the storm's center

the first to forecast hurricane movement on the basis of
cloud movement

discovered the first law of anticyclones of the Caribbean
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Father Vines invented the Antilles
Cyclonoscope to help other forecasters
detect, locate, and track hurricanes and
determine their size and intensity. The
interior circle and the pointer labeled
"vortice"” (bottom) rotate with respect to
the outer compass, showing the bearing
of the eye of the storm in relation to
surface wind direction and cloud
movements at various levels.

On October 6, 1900, Willis L. Moore, Chief of

the U.S. Weather Bureau, wrote in
Colliers Weekly that ". . . probably the
Reverend Benito Viies gave more
intelligent study to the investigation of
tropical cyclones than any other

scientist."



Hurricane Science — New Generations

Dr. William M. Gray and Phil Klotzbach, both from Colorado Dr. Kerry Emanuel from MIT, his
State University, head the Tropical Meteorology Project at book “The Divine Wind” is an
CSU’s Department of Atmospheric Sciences. Dr. Gray is a excellent introduction to the world
pioneer in the science of forecasting hurricanes. of hurricanes.



Hurricane’s Science
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A Simple Model of the Anatomy of a Hurricane

How tall is a hurricane?

Let keep in mind that most of the clouds and
storms will be located within the troposphere.
Thus, in a first approximation the top edge for a
hurricane might be considered the upper
boundary of the troposphere, a number around 10
km. Therefore, hurricanes are more or less 10 km
tall.

How wide they are?

Typical hurricanes are considered those for which
the distance from their center of circulation to
their outermost closed isobar ranges between 3
and 6 latitude degrees, in other words, hurricanes
with a radius between 333 and 666 kilometers (look
at these numbers, interesting!!!).

With this information in mind, which picture
illustrates better this situation?

The eye is normally circular in shape, and may
range in size from 3 to 370 km (2 — 230 miles) in
diameter.
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A Simple Model of the Anatomy of a Hurricane

Hurricane sizes are estimated by measuring the

distance from their center of circulation to their
outermost closed isobar.
If the radius (R) is:

Hurricane size Radius in Degrees Radius in Km
classification Latitude

*Less than two degrees latitude, then the Very Small or midget Less than 2

cyclone is “very small” or a midget.

* Radii of 2 — 3 degrees are considered “small”. Small Between 2 and 3

Radii between 3 and 6 latitude degrees are Average size Between 3 and 6

considered “average size”.

* Tropical cyclones are considered “large” when Large Between 6 and 8

the closed isobar radius is 6 — 8 degrees of Very Large Greater than 8

latitude.
* “Very large” tropical cyclones have a radius of
greater than 8 degrees.

¢(A,B) = Ra

The full circumference equals 360°. In order to convert
degrees into units of distance a simple proportion is used:

Circumference 2zR  d(A,B)

360°  360° a



http://en.wikipedia.org/wiki/Image:Sphere.jpg

A Simple Model of the Anatomy of a Hurricane

Hurricanes in a first approximation can be seen as hollow
cylinders, where the inner core would represent the so

called eye of the hurricane, and the outer cylindrical shell e . .
. . . .. Pacific | Atlantic Caribbean and
contains all rain bands. By using this simple model of a .
. Ocean Ocean Gulf of Mexico
hurricane,
1. Find the volume occupied by rain bands (Hint: the | Volume
volume of a cylinder is given by V = 1 R? H, where R 4 of
is the radius, and H the height). For typical hurricanes .
. . . hurricanes
(average size), the size of the inner core (eye of the
. . . needed
hurricane) is around 50 mi .
2. By using the table provided in the Introduction, find A= (R?-1?)
out the approximate values for volumes of water
contained in all of these three basins: Pacific Ocean, Area _Covered
Atlantic Ocean, Caribbean and Gulf of Mexico. Once by rain bands
you have gotten these numbers, compare them with I‘\.I
the volume occupied by rain bands found in the I I
previous point (a). How many hurricanes these sizes I
- H ?
are needed to fill out each one of these basins~ /T/\ \
Average Depth Area Volume \u N~——— /
Ocean or Sea m ft 106 km? 106 mi? 108 km3 108 mid
Pacific Ocean 4,300 14,000 155.6 60.1 679.6 163.1
Atlantic Ocean 3,900 12,900 76.8 30 313.4 75.2
Indian Ocean 3,900 12,800 68.5 26.5 269.3 64.7
H
Gulf of Mexico and Caribbean Sea 2,200 7,300 4.3 1.7 9.6 2.3
Artic Ocean 1,300 4,300 14.1 5.4 17 4.1
Hudson Bay 101 331 1.2 0.5 0.16 0.04
Baltic Sea 55 180 0.4 0.2 0.02 0.005
Mediterranean and Black Sea 1430 4,690 3.0 1.1 4.2 1 v
World Ocean 3790 12,430 361.1 139.4 1,370 329 \ /




Energy transport

Polar Ferrell Hadley stratosphere
Cell Cell Cell
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Thunderstorm over Lake Superior

http://vxmw.crh.noaa.gov/mqWebpics/weatherpics/Big/thunderstorm%ZOl.jpg
http://www.onr.navy.mil/focus/ocean/motion/currentsl.htm



Saffir-Simpson scale
Inequalities at work — Saving life of people!!!

Category Central Pressure Wind Speed | Storm Surge Damage
mb (inches of Hg) mp/h ft (m)

> 980 (>28.94) 74— 95 4-5(~1.5) Damage malnl_y trees, shrubbery,
unanchored mobile homes
Some trees blown down; major damage to
965 — 980 (28.50 —28.93) 6 -8 (2-2.5) exposed mobile homes; some damage to roofs of
buildings
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Variation of the barometric pressure during as a function of time for a

GULFVIEW M3

moving hurricane
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FLEEING HURRICANE
GEORGES IN KEY WEST




How to estimate the force exerted by the mass of water
in the storm surge?

Normal high tide

\
\\x X Mean sea level

. Height of storm surge

'\\\\\ .\\

Mormal high tide

Width of the storm surge area =w

- »
<«

/
7

Speed of motion
of sea water — v

Direction of motion
of the mass of water

Height above sea level = h

Volume of the mass of sea water =V
V=wdh

A

Depth of the storm surge area = d

The net force produced by
this Mass of water equals:

F :%,ogwh2

v

Urban areas located near the coast will
Suffer the impact of the storm surge forces.
If building are not made such that, they
may afford a high load on their walls, then,
they will collapse after the impact.




Sea waves and its mathematical representation:
Trigonometric functions at work

Hawaiian Wave

hottam

Amplitude

In shallow water, wave action
does nol decrease with depth

Wave Length in Feet (300,000 feet is about B0 miles long)
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y = 3sin X + sin(0.5x + 40} + 2sin(3x - 60)
= 3sin x

y = sin{0.5x + 40)

y = 2sin(3x - 60)
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Traveling Wave
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Both waves are combined,
Interfarence acours as both
wiaves cancel & add 1o each
other at certain points .

Armplituce Medulated
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Wave System "AB" - sum of Aand B
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Wave System "ABC"-sumof ABand C

Figure 2 - How simple waves add together to form a random sea.
MNote: Wave heightlenath ratios are greatly exaqaerated for clarity.



Conditions Necessary for a Fully Developed Sea at Given Winds Speeds

Wind Conditions Wave Size
Wind Speed in Fetch Wind Duration Average Height Average Average Period
One Direction Wavelength
19 km/hr 19 km 2 hr 0.27m 8.5m 3.0 sec
12 mi/hr 12 mi 0.9 ft 28 ft
37 km/hr 139 km 10 hr 1.5m 33.8m 5.7 sec
23 mi/hr 86 mi 4.9 ft 111 ft
56 km/hr 518 km 23 hr 41m 76.5m 8.6 sec
35 mi/hr 322 mi 13.6 ft 251 ft
74 km/hr 1313 km 42 hr 8.5m 136 m 11.4 sec
46 mi/hr 816 mi 27.9 ft 446 ft
92 km/hr 2627 km 69 hr 14.8 m 212.2m 14.3 sec
58 mi/hr 1633 mi 48.7 ft 696 ft
— 4/ :
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Storm wave trains in Havana, Cuba due to Wilma)




Atlantic Hurricane Basin Climatology:

Mean,
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Global Tropical Cyclones
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# OF MAJOR HURRICANES

ATLANTIC MAJOR HURRICANES (1944-2004)
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Statistics of hurricanes allows to look for

some periodic behavior in the hurri

incidence — Above Normal, Normal,

Below Normal behaviors.
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Ocean impacts Atmosphere impacts

The hurricane brings colder ocean water

into the box (both from below, and from
upstream)

Before

Temperature Anomaly (F) at 30,000 feet during Hurricane Katring
August 21-25, 2005

-6 -4 -2 =1 1 Z 4 6

Example: The week after hurricane
Gloria (1985) impacted New England,
it arrived as an intense fall storm in
Europe. The 4t of October, 1985
was the warmest day in the 20t
century in Switzerland (NHC)

Imagery courtesy of GSFC/NASA:
http://svs.gsfc.nasa.gov/vis/a000000/a001000/a001066/
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1910’s through 1930’s:
decreasing volcanic activity
and increasing greenhouse
gases contributed to a warming
trend

1940’s through 1970’s: as
industrial activity increased,
sun-blocking sulfates and other
aerosols from both volcanic
and anthropogenic sources
contributed to a slight cooling

Since 1980: the increase in
anthropogenic greenhouse gas
emissions has overwhelmed
the aerosol effect to produce
global warming
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How far Global Climate Changes may
affect the genesis and the dynamics of

hurricanes worldwide?

Total Season Hurricane Energy

Hurricane Energy Increases with Sea Temperature
2.5
+ Annual Energy and Temperature
Trend Line i
Rejected Trend 2003 /
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Tracking a Hurricane: Domain and Range

WecrtherBug‘ Your Weather Just Got Better. o WeatherBug Stations
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A point with coordinates (x,y) where

Xis the Longitude and Y the Latitude
The domain of the hurricane’s track

Is the collection of all longitudes, while
The range is the collection of latitudes.




Hurricane’s Tracks
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Possible tracks:
*Aline-y=mx+b

* A parabola-x =ay?+ by + ¢
* A cubic curve

* A curve with a loop

Y i F. 7 T 1 F i B & I ) X 1 i = { X h"_'.f )
e ZI NATIONAL HURRICANE CENTER P \ X :ﬁ/) ‘"‘_;-" N
\ \ TN
(| ATLANTIC « CARIBBEAN « GULF OF MEXICO « HURRICANE TRACK CHART \ .:' | =} ’ /-’ 45
! * .
HUMBER TYPE iyl >
1 -+ X P
: =
] i 40
5 \ " o
: (o
8 ) 2
9 Wy
e e ] 35
12 ]
13 3
14
15 -
{ 20
o\ ) 25
'\.I r.-
4| |
'rl_.‘ !. 20
A 4
A\ N
9 2]
\ e
| s
y { - w
[ \ e,
Y i
\ 10
g B - - . il | B . w— Hurricans {H} . 3
L { — = ———— =t Tropical Steem (T)
N b - ‘-'f.—r_ !3 —'-:'1'4"“‘-‘_-.- A — Tr:;:.l Dep e
= AV L \ 5 +++ Extrabropical It
f ‘f P - we Wavellow h
il i1 L i, — Sublropicsl Depresscn | O
1 - ; Lt s Sublropicsl Storm (ST}
e \ St ) 5 72X | \ 2 P al 1200 UTC u
e > i ! | Teogical Cyclons  Husbas t
/ . - % { \ I A | h
7 Sle===]p e
a5 a0 :5) 80 75 70 ) 50 55 50 45 4 35 30 257 e

Is there any correlation
between the kind of a curve
a hurricane’s track will
follow and the weather or
season?
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Hurricane Data Base

Month / Track Line Parabola Cubic Other

June

July

August

September

October

November

Work in teams and follow the steps

1. Pick a month

2. Go to hitp://www.aoml.noaa.gov/hrd/hurdat/DataByYearandStorm.htm and analyze the
latest 30 years for every month. Count how many times in a Month the track is either
a line, or a parabola, or a cubic function or something else.

3. Create a histogram summarizing your findings. Try to explain your results.



http://www.aoml.noaa.gov/hrd/hurdat/DataByYearandStorm.htm
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s Santa Rosa - 13
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Total Strikes

Note: When comparing values for counties/parishes, differences in geographical size should be considered.

Total number of hurricane strikes by counties/parishes, 1900-2007

Data from NWS NHC 46; Hurricane Experience Levels of Coastal County Populations from Texas to Maine. Jerry D. Jarrell, Paul J. Hebert, and Max Mayfield. August, 1992, with updates.




Graphical Representation in a plane
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X eyt e it e Y intercept of a line Vertex (minimum or maximum)
Y =m X + b Equation of a line in the slope-intercept form Y =aX2+Db X +c Equation of a parabola

m — slope or rate of change, m > 0 line goes up, m < 0 goes down
b -y intercept of a line

Larger the value of “m” closer to the y-axis a line is located

Y =m X is called a linear variation or proportion

Y =m/ Xis called an inverse variation or inversely proportional

X, = - b/2a coordinate of the vertex
Ifa>0itopensup, a<0itopens down
Larger the value of “a” narrower a parabola looks like

m= Yo=Y = rise What do variables X and Y have in common with the real world?

Xp =X run Cause and Effect Principle
X plays the role of cause or control parameter
Y plays the role of effect or result obtained by changing the control parameter




1. Substitute (X,Y) into the equation of the
Parabola.

2. Set the system of linear equations:
X;=a(Y,)?+bY, +cC
X,=a(Y,)+bY,+c
Xs;=a(Y3)? +bY;+cC

N

» 3. Solve the system in order to obtain the

f
//L\% X coefficients a, b, and c.
I a v)* v, 1
17 A=Det| (Y,)> Y, 1
/ / (Y3)2 Y, 1

A=Det X, Y, 1 a=
Xy Y, 1

V X, VY, 1
A
A

Points of the parabola

X=aY2+bY+c 4. Once coefficients are obtained, then

find the vertex according to:

2
_b X, =a(Y, ) +hY, +c

Y_
V' 2a



Polar Coordinates and Planar Curves
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X =1r(0) cos(0)
Y =r(0) sin(0)
(x,y) rectangular coordinates




Hurricanes move following a trochoidal curve

M\ Tool trajectory
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waves are formed by frictional drag of the wind
across the water surface. Growth of the wave 1=
from the sheltering effect of the wave crest.







Logarithmic Spirals — The preferred spirals of Nature
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Mathematics and Atmospheric Sciences

Ongoing research project # 1: The effect of Climate and Weather
Variability on Hurricane Dynamics

Schematie for Global
Atmospheric Model

‘_ Transport
Condensation ‘
s db
A \\

Transpiration

Groundwater Flow



Ongoing research project # 2: Asthma — Weather connection

Air Quality and Respiratory disorders: Modeling asthma attacks

considering the environmental triggers,

the mechanics of lung

functioning, immune response and genetic factors.

Urban Heat Island Effect

Asthma Statistics Worldwide: A brief overview
# of people diagnosed: more than 150 M

Europe: the # of cases has doubled

USA: the # of cases has increased more than 60%

India: between 15 and 20 M

Man is likely playing a role in climate
change through urbanization and land
use changes competing with greenhouse
Gases and cycles of Nature

Africa: between 11 and 18% population

# of deaths yearly: around 180,000 o

Miami Dade County — 7.1% Middle and HS ChS g
were reported with a: —\

The # of hospitalizations due to asthma has doubled

The # 1 cause of school absences and 35 % of parents

missed work

Asgthma Prevalence by Age
United States, 1980-19384
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—-_G14
Saurce: Mafenal Healh Surey, 1590- B34

In cities, vertical walls, steel and concrete
absorb the sun’s heat and are slow to cool
at night

Nights may be 10 or more degrees warmer
in and near cities than in rural areas some
nights

Temperatures measured in cities increase

as they grow.  Asthma-related Absences,
in Millions, 2002-03

14.7

15—

12.8
- [ 10.1

11.8

2002 2003

- School days, children 5-17 years

[_] Work days, employed adults
18 and over
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