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Abstract

In the present study, the primary aim concentrates on the modeling of hurricane force
winds; that is, maximum sustained winds related to pressure, location and linear velocity.
We were successful in modeling the wind speed within storm as afunction of the
contributing entities. In this study, we were able to re-eval uate the association between
wind speed and pressure within storms and know thiswill lead to historical
breakthroughs in how we see hurricanes and predict hurricanes. This paper isthe first
paper of aseries, and its analysis of wind speed versus pressure indicates that further
analysis of the Saffir-Simpson Scale is necessary, as well as determining if pressureis an

indicator or a consequence of a hurricane force wind speed.
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Introduction

There are statistical models in forecasting the track of hurricanes, but how well do
we understand the mechanics underlying the birth and pathway of atropical storm. At
each level, we must rank the explanatory variables according to their contribution to the
model and determineif it is possible to average categories. What isthe difference in
directional movement with respect to the season? Furthermore, what are the interactions?
Is the best-fit model linear or non-linear? How well do the obtained models predictions

compare with actual data?

Data containing wind speed, pressure and location of five category five storms

Data gleaned from UNISYS Tropica Prediction Center: for this paper only the
five most recent storms classified as category 5 are considered. Provision included:
charts on the track of the storm, tracking information, position in latitude and longitude,

maximum sustained windsin knots, and central pressure in millibars.

Year Storms Max Sustained Wind Pressure Color
2005 Wilma 150 882 Purple
2005 Rita 150 Red
2005 Katrina 150 902

2004 Ivan 145 910

2003 Isabd 140 920

Table 1: Table of maximum hurricane force winds and their associated
pressures for five resent storms in the Atlantic region

These five storms will provide a glimpse into understanding the transitions

between Category O (tropical storm) to Category 1, etc.



Modeling maximum sustained winds in hurricane conditions using
The phenomenon of hurricane force winds depends on the surrounding pressure
as well as the latitude at which the circulations form. Hurricanes cannot form on the

equator thanks to the Coriolis effect.

Primary variables available with hurricane records

w Maximum sustained wind speed
P Pressure at center
LAT Longitude (in radians)
LON Latitude (inradians)
X Converted to Cartesian coordinates
y Converted to Cartesian coordinates
AX The changeinx
Ay Thechangein y
5 =+/(Ax)* + (Ay)’  The distance between movements
At The changeintime
AX)* +(Ay) _ . : :
v=|V|= ( )At ) The magnitude of the approximate linear velocity
Here the approximate linear velocity isv = %i +% J -
D= I At Duration (up to that point)
d Day of Year
Y Y ear

Foremost, either wind speed or pressure could be considered as the response
variable; however, the believe is the low pressures cause hurricanes to form, therefore in
this paper we will treat the wind speed as the response variable and the pressure to be a

contributing or explanatory variable.

Furthermore, the measurements of latitude and longitude are not uniformly scaled,

they exist in a sphere; therefore latitudes for various longitudes are further apart near the



equator and closer together near the poles. To try modeling hurricanes into terms of its
position, these measurements first need to conversion to a Cartesian coordinates; where

linear movements are a valid measure and therefore approximation linear velocities exist.

Conversion for latitude and longitude into Cartesian coordinates
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Comparison of Latitude versus Longitude and the Cartesian coordinate using five storms
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Figure 1: Scatter plot of latitude versus Figure 2: Scatter plot of converted
longitude latitude versus longitude into Cartesian

coordinates x and y



It isinteresting to note that four out of five of the storms move west the further north the
storms moves, but the last storm moves mainly east as the storm moves. Furthermore, as
illustrated in Figure 3, this single storm started were the other four storms ended and
ended where two of the other storms began. As for the latitude, the all storms started
closer to the equator as illustrate in Figure 4 and possible with a few wobbles, moves

north.

What is the difference in directional movement with respect to the season?
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Figure 3: Line graph for longitude Figure4: Line graph for latitude

Notice that Wilma occurred during winter when the earths rotation with respect to
the sun is in the southern hemisphere, whereas the other four storms were in the summer
months when the earths rotation with respect to the sun isin the northern hemisphere. See
appendix A. This will be significant when modeling the directionality of future

hurricanes.
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However, in the paper, we will be interested in which parameter to include in the
model: latitude and longitude or the transformed x and y. Since x and y illustrate the

real linear movement of the storm, these transformed information with be included in the

following model.

Ranking of independent variables by maximumimprovement in R?

1. Pressure P 90.72%
2. X 93.00%
3.y 94.03%
4. Duration D 94.34%
5. Dayof Year d 94.55%
6. Veocity v 94.79%
7. dx 94.88%
8. dy 95.07%
9. dt 95.17%
10. Distance 6 95.19%
11. Year Y 95.19% (No improvement)

Table 2: Ranking of independent variables



Linear Regression
First, wewill consider the regression using all categories within the five selected

hurricanes and all parametersranked in Table 1.

e a,+aP+a,x+a,y+4,D+ad+av A
|+ 40X+ ady + A, dt + 4,5 + &,Y

Regressing this model using the data outlined above, we have the following printout

including the associated p-values, see Figure 7.

Initial Model: Full linear model

Cependent variable is: wWIMD

Mo Selector

482 total cases of which 5 are missing

F =squared = 95.2% F =squared (adjusted? = 95 1%

= = 8.727 with 397 - 12 = 285 degrees of freedom

Source Sum of Squares df HMean Square F-ratio
Regression SE36ez254 11 527564 593
Residual 29320.7 383 761576

Yariable Coefficient = e. of Coeff t-ratio prob
Constant -3879.32 2137 —0.982 B.3269
FRES -1.12716 881549 -72.8 io@.aaa1
# 9.489 14=-5 1.064e-6 .84 i B.eaa1
b -13.1567e-56 1.485e-6 —8.86 i B.eaa1
DURATIOMN B.67Z37E B.2182 z.88 B.e8z2
DAY —@.8837455 B.BZB67 -2.92 B.8837
WELODCITY 5.58847e-5 4. 237e-6 1.55 B.1213
[= 2 -77.3814=-5 14 1e—6 -5.48 i B.eaa1
d 53.8624e-5 18.7e-0 364 68883
dt -7. 77545 12.83 —0.644 B.5281
DISTAMCE 5] 28.36e-6 —H. 196 B.2451
TYEAR 2.828443 1.967 1.33 B. 1843

Figure 7: Multiple regression of wind speed over pressure,

time, location and other associated measures
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Figure 8: Residual plot for model Figure 9: Normal probability plot for the
outlined in Figure 7 residuals of the model outlined in Figure 7

Note: & = VAL, therefore this model actually contains the interaction of between
velocities and the change in time and is insignificant. Other insignificant variables are the
change in time and the year. Moreover, there is an obvious bowing of the data.
Therefore, it illustrates the fact that thereis at least one higher order term.

Model One: Full linear model with significant linear terms and quadratic term

a, +aP+a,x+ay+4,D+a,d+av

W= + 8,0x + &, dy )
+4,,P?
Dependent wariable is: WIND

Mo Selector

482 total cases of which 5 are missing

R =squared = 9518 R squared <{adjusted) = 95.8F

= = 7.819 with 397 - 18 = 387 degrees of freedorm

Source Sum of Squares df HMean Square F-ratio
Regression 583915 =1 BS5181.6 1,863
Residual 23666.5 287 61,1383

Yariable Coefficient s.e. of Coeff t—-ratio prob
Constant -2648.89 265.9 -7.24 i B.eaa1
FRES 6.71895 B. 7662 277 i B.eaa1
X S, 12246e-6 o81.5e-9 14 IoE.eaE
b -13.5435=-6 1.251e-6 -10.8 i B.eaa1
DURATICOMN B.2873a7 6. 1836 1.97 68588
DAY —-B.88 1476 B.02433 -3.25 B.a883
WELODCITY 2.5285=-6 1.797e-6 1.96 B8589
[= 2 -58.8522e-5 18.46e—6 -5.55 i B.eaa1
=k G52.8245=-5 14.72e-6 4.27 i B.eaa1
[ —B.884 18853 488, 3=—5 -18.2 i B.eaa1



Figure 10: Multiple regression including significant linear

terms and a single quadratic term for pressure
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Figure 11: Residual plot for model Figure 12: Normal probability plot for
outlined in Figure 10 the residuals of the model outlined in

Figure 10

This yields R* =96.1% and RZ; =96.0%), over the previous R? =95.2% and
RY; =95.1%.

— 2648.09 + 6.71895P + (8.12246x 10 °)x — (13.5435x10°)y
+0.207587D — 0.081476d + (3.5205x10°)v
—(58.0522x107°)Ax + (62.8245x10°) Ay

—0.00410053P?

Model One (1): w= ©)



Comparison of Modd | predictions and the recorded Wind Speed

Cependent wariable is: HODEL 1
ko Selectar

482 total cases of which 3 are rmissing

F =squared = 9518 F =squared Cadjusted) = 9518

= = 7.987 with 397 - 2 = 395 degrees of fresdom

Source Sum of Squares df Hean 5Square F-ratio
Fegression S63161 1 563161 9.78e3
Residual 22739.3 295 57.5679

Yariable Coefficient s.e. of Coeff t—-ratio prob
Constant 2.523 11 B.96 1 367 8883
‘WIMD B.96 1175 B.8897 18 92.9 i B.eaa1

Figure 13: Simple linear regression to compare predicted

values using Model | to that of the actual wind speed
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Figure 16: Normal probability plot for

theresiduals of Model |

Therefore, 96.1% of the variation in the wind speed is explained by the five main
explanatory variables outlined as primary variables in the study; namely, pressure,
latitude and longitude converted, day of year and duration. For the simple
transformations used to obtain the remaining contributing entities see the outlined section

labeled conversion for latitude and longitude into Cartesian coordinates.
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Additional Interaction between three most significant factors

a, +aP+a,x+ay+4,D+4ad+3av

Interactive Model: W= {+ &,dx + &,dy + &,,P? (4)
+a,,PX+a,Py+a;xy
Cependent variable is: wWIMD

ko Selector

482 total cases of which 5 are missing

F =squared = 9718 F squared {adjusted? = 97.0F%

= = 6.834 with 397 - 12 = 284 degrees of freedom

Source Sum of Squares df HMean Square F-ratio
Regression 591643 12 49363 .6 1. 063
Residual 17932.1 284 46,698 1

Yariable Coefficient s.e. of Coeff t—-ratio prob
Constant -6Ea. 126 SBz.4 -1.21 B.2269
FRES 2.76158 B.8942 4.21 i B.eaa1
# 27.852=-6 17.47e—-6 212 B.8346
b 225.32Ve-6 26.98=—-6 .89 i B.eaa1
DURATIOMN B.638718 B. 1142 5.683 i B.eaa1
LAY -8, 17764 B.82313 =7.66 IoE.eaE
WELODCITY 11.9388=-5 1.747e-6 6.83 i B.eaa1
i -39.9979=-5 9. 34e-0 -6.42 i oB.aaE1
=k 94.6117=-6 13.43e-6 7.684 i B.eaa1
P2 —B.88334659 484, 3=—6 -82.28 io@.aaa1
P 5] 16.74=-3 B.712 B.4763
P -271.77%3=-9 28.99=-93 -5.97 i B.eaa1
' 7.535891e-12 T33.3e-15 18.3 i B.eaa1

Figure 17: Multiple regression including significant linear

terms, a single quadratic term for pressure and interaction
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Of the included interactions, there is only one insignificant interaction; that is, the

pressure P is not interactive with the coordinate x.

Model Two (I1): Full linear model with quadratic term and significant interaction

—727.895+3.91341P + 49.1989x 10 ° x + 210.721x10° y
+0.650216D —0.178422d +11.9516x10°v

Model Il: W= <—60.005x10°dx + 94.4684x 10 ° dy

—0.00337569P?

—256.827x107° Py + 7.71408x 10 xy

Cependent variable is: wWIMD

Mo Selector

482 total cases of which 5 are missing

F =squared = 9718 R squared {adjusted? = 97.0F%

= = B6.829 with 397 - 12 = 285 degrees of freedom

Source Sum of Squares df HMean Square F-ratio
Regression 91619 11 S37E3.6 1.15e3
Residual 17935.8 383 45, 6383

“Yariable Coefficient s e. of Coeff t-ratio prob
Constant -727.895 4731 -1.54 B. 1247
FRES 291341 B.8679 4.51 i B.eaa1
X 49, 1923%9=-5 3.700e-6 13.1 IoE.eaE
b 218.721e-6 28.74e-5 6.85 i B.eaa1
DURATIOMN B.658216 B. 1886 5.47 io@.aaa1
DAY -@. 178422 B.823 14 -7.71 i B.eaa1
WELODCITY 11.9516e-6 1.745e-6 6.85 i B.eaa1
[= 2 —6@. 885425 9.334=-6 -5.43 i B.eaa1
=k 94, 468425 13.42e-5 7.684 i B.eaa1
P~z —B.88337369 48z2e-6 -g.4 i oB.aaE1
P -256.827Ve-9 2Z.84=-9 -7.B2 i B.eaa1
' 7.71488=-12 599.8e- 15 11 i B.eaa1

Figure 20: Multiple regression including significant linear
terms, a single quadratic term for pressure and significant

interaction

13
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Figure 21: Residual plot for model (2) Figure 22: Normal probability plot for

model (2)

This yields R? =97.1% and RZ; =97.0%, with or without interaction between the

pressure and the converted x value. Invoking the law of parsimony, we will not include

thisinteraction in our model.

Comparison of Modd Il predictions and the recorded Wind Speed

Dependent wariable is: HMODEL 2
ko Selectar

482 total cases of which 5 are missing

R squared = 97.18 R =squared {oadjusted) = 97.68%
= = B.642 with 397 - 2 = 395 degrees of freedom

Source Sum of Squares df Hean 5Square F-ratio
Regression 574183 1 574183 133
Residual 17425.3 295 44,1147

“Yariable Coefficient s=.e. of Coeff t-ratio prob
Constant 2.67328 B.8412 318 .88 16
\WIMD B.97E536 B. 883587 114 io@.aaa1

Figure 23: Simple linear regression to compare predicted
values using Model |1 to that of the actual recorded wind

Speed

14
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Figure 24: Scatter plot of predicted

values using Model 11 versus the actual

wind speed
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Predictions using both models for each hurricane compared with record wind speed
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Figure 27: Line graph comparison for hurricane Wilma
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Figure 28: Line graph comparison for Figure 29: Line graph comparison for
hurricane Rita hurricane Katrina
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Modd 2o: Model 11 (2) for category zer o storms (tropical stormsand depressions)

Cependent wariable is: WIND

Mo Selectaor

121 total cazes of which 5 are missing
F =squared = 51.8% F =squared Cadjusted? = T9.88
= = B.187 with 116 - 12 = 104 degrees of fresdom

Source
Regression
Re=sidual

Yariable
Constant
FRES

S

N
CURATIOM
CAY
WELOCITY
d

d%

Pz

P

e

Figure 32

Sum of Squares df Hean Square F-ratio
17827 11 1621.54 42.4
2986.89 184 28,2778
Coefficient s=.e. of Coeff t-ratio prob
-16566.1 4945 -3.25 B.8811
24,0594 9.969 291 G887
4396585 5.318=-6 B.27 i B.e8a1
T3.3969=-5 151.2e-6 B.485 B.6285
B.824294 B.1718 4.8 i B.e8a1
-@8.314 B.84283 -7.23 i B.e8a1
7.2536 1e-6 3. 186e-5 2.34 B.682 14
-72.3117=-6 11.56e-6 -6.26 i B.e8a1
187.835e-6 17.62e-6 5.8 1 B.aEE1
—@.8 1354865 B.Ba3855 -3.67 B.a884
5] 152.82-9 -B.761 B.4433
6.49822e—12 1.183e-12 5.89 i B.e8a1

Multiple regression including significant linear

terms, a single quadratic term for pressure and significant

interaction for category zero only
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Here the see with such low wind speeds, our model is less reliable; that is, the model
when estimated using only data defined as a tropical storm or depression explains only

81.8% of the variation in the wind speed.
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Figure 33: Residual plot for model (2) Figure 34: Normal probability plot for
the residuals of model (2)
—16566.1+ 34.9694P + (43.9658x 10 °)x + (73.3969x10°°)y
+0.824294D — 0.314d + (7.25361x10 °)v
Model 2,: w=

|- (72.3117x10°%)Ax + (107.035x 10 ®) Ay
—0.0185406P2 — (0) Py + (6.49822x 10™2)xy

The wind speed depends less on the latitude and longitude, and more on the changein

latitude and longitude. Recall: x = f (LAT,LON) and y = g(LAT,LON)
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Predictions for hurricane Ivan Category O:

Wind Speed Model 2, Model 2

25 31.9 29.0
25 30.8 28.8
35 35.6 35.9
40 35.5 37.7
45 42.0 42.8
45 46.3 45.5
50 48.2 48.4
50 48.6 47.9
50 53.5 53.8
60 58.1 57.9
60 55.4 62.9
50 51.3 54.4
30 45.4 46.5
15 29.8 29.6
15 24.7 24.8
15 22.2 21.3
15 21.0 20.8
15 20.2 19.6
10 21.9 19.8
10 4.3 3.5
30 36.1 31.6
35 38.5 38.6
35 38.5 39.6
35 38.1 39.1
40 33.9 34.2
50 43.8 43.1
45 29.9 28.3
40 30.8 29.4
40 32.2 31.2
30 30.8 29.3
25 25.7 25.6
20 14.8 15.8

Table 3: Wind speed, predictions for

model 2, and modd 2
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Figure 37: Scatter plot of predictions using model 2 versus model 2

We see these models are more concurrent for the lower wind speeds. Asthe wind

speeds increase, there is more disparity between the two models, but are highly correlated

with R*=98.1% and R, =98.0%. Notice however, the recorded data is only

measured in multiples of five.
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Model 2;: Modé (2) for category one storms

Cependent wariable is: WIMD

Mo Selectar

F =squared = 64.7F F =quared C{adjusted? = 28.8F%

= = 4.281 ‘with 2V - 12 = 13 degrees of freedom

Source Sum of Squares df Hean Square F-ratio
Regression 485 275 11 44,1159 2.5
Residual 264,725 15 17.6484

Yariable Coefficient s.e. of Coeff t—ratio prob
Constant -19622.3 17.72e3 -1.11 B.2835
FRES 42 6571 25.87 1.22 B.2427
# 28.1888e-5 24 .68=—6 B.215 B.4288
b 292.832e-56 467 . 42-5 B.5627 B.5484
DURATICON —@.8226496 B.5581 -@8.8412 B.9677
LAY —-8.2988931 6. 1343 -1.87 B.8385
WELODCITY 5] 11.63e-6 B 1a7 B.9139
[= = -158.771e-6 122.3e-6 -1.3 B.2139
=y 156.542e-56 92 .53=-6 1.69 B.1113
P2 -6, 8238542 B.H17326 -1.23 B.2841
P 5] 484 .3=-9 -@.652 B.5243
™ 5] 4. 733e-12 B.5627 B.5481

Figure 38: Multiple regression including significant linear

terms, a single quadratic term for pressure and significant

interaction for category one only
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Predictions for hurricane Ivan Category 1

Wind Model 2, Model 2

65 65.1 65.5
75 74.8 75.3
70 69.9 78.5
65 62.7 68.0

Table 4: Wind speed, predictions
for model 2; and model 2

Model 2,: Model (2) for category two storms

Cependent wariable is: WIMD

ko Selectar

F =squared = 23.2% F =quared C{adjusted? = 14.8F%
= = 3.5943 with 52 - 12 = 48 degrees of freedom

Source Sum of Squares df Hean Square F-ratio
Regression 249 426 11 22 6751 1.81
Residual SBZ.816 48 12.5584

Yariable Coefficient s.e. of Coeff t—ratio prob
Constant 111.59 2147 B.B137 B.9391
FRES -5.38682 16.66 -@.319 B.7518
# -18.7958=-5 24 .69=-6 -@8.437 B.6643
b -922.94 1e-5 648 .42—-6 -1.42 B. 1624
DURATICON B.66627E B.6373 B 959 B.3382
LAY -8.8945513 B.B3239 -1.14 B.2591
WELODCITY 5] 4. 536e-6 . 1438 B.28332
[= = 12.5431e-56 25.57e-6 B.491 B.6264
=y -19.8285=-5 48, 53e-6 —@.463 B.6413
P2 B.@E55E397 B HES05 B.515 B.5421
P 958.897e-9 621.8=-9 1.41 B. 1673
™ 5] 4. 2539e-12 -8.526 B.6816

Figure 41: Multiple regression including significant linear
terms, a single quadratic term for pressure and significant

interaction for category two only
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Figure 42: Residuals for model 2, Figure 43: Normal probability plot for

model 2,

Predictions for hurricane Ivan Category 2:

Wind Model 2, Model 2

90 92.5 93.4
90 915 98.3
90 91.4 99.1
90 91.3 96.6
95 92.0 95.2

Table 5: Wind speed, predictions

for model 2, and model 2
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Model 25: Model (2) for category three storms

Cependent wariable is: WIND

Mo Selector

43 total cases of which 1 is missing

F squared = 6718 F =quared {adjusted} = 56.7%

= = 2.796 with 47 - 12 = 353 degrees of freedom

Source Sum of Squares df HMean Square F-ratio
Regression 557,164 11 SE.6513 6.4
Residual 273687 33 7.81962

“Yariable Coefficient s.e. of Coeff t-ratio prob
Constant -2491.58 5208 -@.47 B.6412
FRES 7.52938 18.4 B.7z24 B.4738
X -28.292e-5 18.64=-6 -1.96 B.8574
b 281.317e-6 203, 9e-6 1.28 B. 1765
DURATICOMN —-@.7583929 B.2681 ] B.8467
DAY B. 132453 B.84 165 4.328 B.88a1
WELODCITY 5] 2.464=—6 -@.539 B.5737
3 -15.621=-6 23.26e-5 -B8.672 B.5862
=y 5] 28. 16e-5 B.348 B. 7299
P2 -8 . 684993684 B.a83a97 -@.931 B.3335
P 5] 217e-9 -1.29 B.2a71
™ -4 16168=-12 1.89e-12 -2.2 B.8343

Figure 44: Multiple regression including significant linear
terms, a single quadratic term for pressure and significant

interaction for category three only
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Figure 45: Residuals for model 23 Figure 46: Normal probability plot for

model 23
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Predictions for hurricane Ivan Category 3:

Wind Model 25 Model 2
100 102.5 107.9
110 110.5 118.8
110 110.0 116.6
110 110.0 116.6
110 107.6 109.1
100 98.1 93.0
100 102.2 100.1
100 102.1 99.2
105 105.0 108.4
105 105.2 107.4
100 99.3 101.7

Table 5: Wind speed, predictions

for model 23 and model 2

Model 24: Model (2) for category four storms

Dependent wariable is: WIMD

Mo Selector

F squared = 75.3% F =squared Cadjusted? = 72.4%
= = 2.921 with 186 - 12 = 94 degrees of freedom

Source
Regression
Residual

Yariable
Constant
FRES

S

N
CURATICN
LA™
WVELOCITY
di

d

P2

P

st

Figure 47:

Sum of Squares df Hean Square F-ratio

549,68 11 222698 26

1165.41 94 12.398
Coefficient s.e. of Coeff t—-ratio prob
2599.18 B85 B 865 B.38393
-2. 73125 5.617 —@.49 B.6254
11.289=-6 18, 1e—6 1.1 B.2698
252.684e-5 177.8e—6 1.93 B.8582
B. 13329 B.1731 B.744 B.4585
—-@.8434259 88393 -1.1 B.2744
-14.8169=-5 3.992e-6 -3.51 B.a8a7
-137.4292-5 23.99e-6 -3.73 ioB.aaE
56.94 14=-5 51.36=-6 1.1 B.27a4
45, 1686=-5 B HEZRET B.E173 B.9362
-388.73=-9 193.62—3 -z.81 B.8475
5] 1.764e-12 B.746 B.4574

Multiple regression including significant linear

terms, a single quadratic term for pressure and significant

interaction for category four only
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Figure 48: Residuals for model 24 Figure 49: Normal probability plot for
model 24

Predictions for hurricane Ivan Category 4:

Wind Model 2, Model 2 Wind Model 2, Model 2

115 112.8 120.8 130 129.8 135.8
115 112.7 121.0 125 128.9 132.8
115 1111 122.1 125 130.0 135.6
115 118.2 111.5 135 131.0 139.7
115 118.5 113.0 135 130.5 138.9
115 120.8 118.8 135 130.3 137.4
120 120.9 117.5 130 129.6 139.5
120 117.0 108.2 130 131.0 140.7
120 117.5 108.7 130 131.3 140.1
120 120.7 116.9 135 125.2 129.1
120 121.6 117.6 120 122.5 121.3
125 124.8 125.5 120 123.6 124.6
125 125.4 126.2 120 123.0 124.8
130 132.0 138.7 120 124.3 127.7
130 131.0 134.3 120 122.0 121.3
130 131.2 137.4 120 120.7 119.7
125 128.3 131.3 120 119.6 117.8
125 128.2 130.0 120 116.7 113.4
125 127.1 128.6 115 116.3 112.7
125 126.5 126.5 115 116.9 112.1
125 125.0 126.6 115 118.4 117.0
120 125.2 124.0 115 115.7 116.6
130 129.2 132.2 115 118.4 113.9
135 131.2 137.9 115 114.9 112.8
135 130.3 137.0 115 112.3 109.4
130 130.0 139.7 115 110.7 102.1

Table 6: Wind speed, predictions

for moddl 2, and model 2
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Model 25: Model (2) for category five storms

Cependent wariable is: WIMD

ko Selectar

F =squared = 64.6F8 F =quared C{adjusted? = 54.0F%
= = 2.998 with 49 - 12 = 37 degrees of freedom

Source Sum of Squares df Hean Square F-ratio
Regression 455,334 11 41,394 5.13
Residual 249.768 a7 6.735849

Yariable Coefficient s.e. of Coeff t—ratio prob
Constant 513717 5195 B.929 B.3291
FRES —-8.45357 9611 -@.381 B.38339
# 18.8895=-5 21.7e-6 B.824 B.4893
b 245, 174e-56 239.6=-6 1.82 B.3168
DURATICON -@8.8911314 B 2653 -@.249 B.2a358
LAY —-@.8985694 B.E3161 -1.12 B.2vav
WELODCITY 5] 9.6817e-6 B.B312 B.93537
[= = -36.44:3e-5 53.853e-6 -1.52 B, 1373
=y -968.412 1e-6 £8.89=-6 -1.82 B.3157
P2 B. 68324754 B HE4337 B.74 B.4638
P 5] 27E.5=-9 -1.685 B.3818
™ 5] 3.875e-12 B.9683 B.3724

Figure 50: Multiple regression including significant linear
terms, a single quadratic term for pressure and significant

interaction for category five only

-1.23 5] 1.23
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Figure 51: Residuals for model 25 Figure 52: Normal probability plot for

model 25
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Predictions for hurricane Ivan Category 5:

Wind Model 25 Model 2
140 137.6 133.7
140 139.7 138.6
140 142.7 143.1
140 142.6 142.4
140 140.9 138.7
145 141.1 141.3
145 143.1 143.3
145 142.3 143.6
145 143.5 145.1
140 142.1 140.0
140 140.5 136.2
140 141.2 138.0
140 139.7 135.2
140 141.5 139.6
140 141.4 140.7
140 140.5 141.1
140 140.2 138.6
140 140.7 140.3
140 137.8 132.5
140 140.0 132.4

Table 7: Wind speed, predictions

for model 25 and model 2

Comparison of model 2 predictions and the sub-models 2; predictionsin union

First, consider the general model 11 (2) versus the wind speed; 97.1% of the

variation in the wind speed is explained by the least square regression of model (2) (as

shown in Figure 53) whereas 98.9% of the variation in the wind speed is explained by the

conditional model (2;) (shown in Figure57).
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Model (2) versus reported wind speed

Cependent wariable is:
ko Selectar

482 total cases of which 3 are missing

F =squared = 9718

WIND

F =squared tadjusted? = 97.0F

= = B.742 with 397 - 2 = 395 degrees of freedom

Source Sum of Squares df Hean Square F-ratio
Fegression 591621 1 591621 1323
Residual 17954.5 295 45, 4544

Yariable Coefficient s.e. of Coeff t—ratio prob
Constant —@.88 187e8s B 2643 —@.88 124 B.9998
Maodel 2 1.8888 1 B BBETES 114 i B.eaa1

Figure 53: Simple linear regression to compare predicted

values using mode! 2 to that of the actual wind speed
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Figure 54: Scatter plot of predicted values

using model 2 and the recorded wind speed
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Model (2union) Versus reported wind speed

Cependent wariable is: WIND

ko Selectar

482 total cases of which 3 are missing

F =squared = 92.9F% F =squared tadjusted? = 92.9%
= = 4.833 with 397 - 2 = 395 degrees of freedom

Source Sum of Squares df Hean Square F-ratio
Fegression BE3 144 1 [=1SIEREES a7es
Residual 64328, 73 295 16,2883

Yariable Coefficient s.e. of Coeff t—-ratio prob
Constant -27.3328=-5 B.5133 -533.6e-6 1.6868
Maodel 2_ 1 B.885195 19z i B.eaa1

Figure 57: Simple linear regression to compare predicted

values using model 2; in union to that of the actual wind
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Figure 58: Scatter plot of predicted
values using model 2; in union and the

recorded wind speed
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Figure 60: Normal probability plot for
Figure59: Residuals for model 2; in

model 2; in union
union

Notice there is significantly less error in the scatter plot for the model formed

using the individually formulated using models 2; in union. However there is almost the
same error for tropical storms. Therefore our models are more reliable for predicting the
wind speeds of hurricane category storms and less reliable for category zero storms; that
is, this model is less reliable in predicting tropical storms and depressions. By

considering one model over al categories over a model generated by six individua

models for each category we loss 1.8% of the explanation.

Model 20,: Model (2) for category winds measured less than or equal to w

In anayzing the various categories, the question becomes when should we adjust
the coefficientsin our model to better predict the wind speeds in an ever-changing
environment.

Consider the sequential model 2; where i is the category of storm and j is the

maximum wind speed included in the model starting with tropical depressions.
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2
Minimum Wind Speed Maximum Wind Speed Category R? Radi

0 30 TD 74.5% 38.3%
0 35 TD,TS 61.6% 54.4%
0 40 TD,TS 57.6% 50.6%
0 45 TD,TS 52.0% 45.9%
0 50 TD,TS 60.4% 56.1%
35 45 TS 57.3% 41.3%
35 50 TS 60.5% 52.0%
35 55 1 71.5% 65.7%
35 60 1 78.7% 77.5%
35 65 1 81.1% 78.6%
35 70 TS,1 84.3% 82.5%
35 75 1 80.1% 77.9%
35 80 1 81.7% 79.8%
65 80 1 55.5% 31.9%
65 85 1,2 58.2% 47.8%
65 90 1,2 65.2% 60.4%
65 95 1,2 66.8% 62.4%
65 100 1,3 73.5% 70.8%
65 105 1,3 74.8% 72.6%
65 110 1,3 78.6% 77.0%
65 115 14 83.2% 82.1%
65 120 14 85.2% 84.4%
65 125 14 86.7% 86.1%
65 130 14 88.5% 88.0%
65 135 14 88.9% 88.5%
65 140 15 90.6% 90.3%
65 145 15 91.0% 90.7%
65 150 15 91.5% 91.3%
70 155 15 90.4% 90.1%
75 155 15 89.8% 89.4%
0 63 0 81.8% 79.8%
64 82 1 64.7% 38.8%
83 95 2 33.2% 14.8%
96 112 3 67.1% 56.7%)
113 135 4 75.0% 72.4%
36 0 - 5 64.6% 54.0%)

Table 9: Regression for various interval s of wind speeds
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Results and Inter pretations (Discussion)

Statistically, with just a few prior pieces of information, we can estimate with
high degree of accuracy the associated wind speed; that is, our model explains 97.1% of
the variation in the in the wind speed. Some of the secondary result, estimating the
coefficients for the various categories may need to be re-evaluated since it has be shown
that the Saffir-Simpson scale does not categories hurricane force winds appropriately
according to significant changes in the pressure. Reclassification of the categories might
yield a better fitting model when regressed categorically. Furthermore, coupling physics
with statistics should produce a much more reliable model; however, categories aside, the
non-linear statistical model develop can still be used to more accurately estimate the

intensity of a storm.

Conclusion

With the present day technology and the historical data now readily available,
hurricane prediction will become more accurate in the near future. This model predicts
the intensity of the storm, now we need to address the issues of direction and duration
and how this relates to the intensity. The spaghetti string models, averaged and used to
make the cone shaped predictions and forecast as new information is gathered, can be
adjust to be more accurate or simply replaced my stochastic systems developed by

stati sticians working with meteorol ogist.
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Appendix A: Celestial Rotations

Eotation ais points 1o Celestial Fole
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