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1. Introduction.

In late summer and early autumn high velocity dacwvinds are born over the hot equatorial watérhe oceans.
Traditionally those winds over the Pacific Ocear aglled typhoons and those over the Atlantic —ritames.
Powered by the solar intensive heating, producasy évaporation and large upward hot air streahgscircular
winds gradually gain velocity of 65 nods (120 kmylaccepted traditionally to separate the uppeit bf a thunder
storm from the lower of a hurricane. With the ferthncrease of the circular velocity, reaching stmes up to 160
nodes (280 km/h), the whole vortex spread out tpggantic ring with a diameter of several hundrédriketers
[Fig. 1.]. In the center of this ring there is a relativeblm zone called Eye of the Hurricane. Typical heamnie
characteristics are systematizedI@ble 1

Table L

Storm diameter: 200- 1300 km  |Eye diameter: | 16 - 70 km
Energy Source: |Latent heat release |Lifespan 1-30 days
Kinetic energy: 4-8 TWh Surface winds: | > 33 m/sec

Moving generally to the Weshorth Atlantic hurricanes frequently strike the Caribbean islands, Mexical #re

United States. ThPacific Typhoonsdevastate large areas from South China, Taiwaran)dpdia and Philippine
Islands. During the summers in the South hemispktenens often hit the North Australia, the Pacltands, and
MadagascajFig. 2.].

The energy accumulated during these processe®imeus. One single hurricane dissipates energighwiould be
compared with that released in an explosion of nisaathousand Hiroshima type atomic bombsThat explains
the disasters produced by a hurricane, when it touches a populated area [Fig. 3. and 3A.]
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Fig. 2. Trajectories of all recorded hurricanes ovethe world oceans.
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Fig. 3. After the hurricane... Fig. 3A. ...what remains...

Only in the USA the total cost of hurricane devaste is estimated fd2 billion US$ per year. The new developed
industrial area in China and Taiwan suffer probabbye. The total counted amount of known lives Indturricane
blows only around the Mexican gulf is ov800 000..The same estimations around China East coastds ov
500000.. Could we stop the hurricanes? Not now... Propablthe future, when we dispose and could easily
redirect enormous amounts of energies...

But it is not less important to understand all pihecesses, participating in the hurricane forma#ind so to be able
to forecast well in advance their appearances eajdctories and so, at least, to reduce signifigatiie loss of
human lives. The Cosmic Ray (CR) flux, as one &f thajor cause of high altitude atmospheric ionizativas
supposed to be a contributing factor in storms laumdicane appearance and intensification. In gawipus works
we compared separately the behavior of many sihgieicane developments with CR intensity changes in
comparatively small interval of time. Then a sligiéatistical interconnection with CR intensity chaa was first
demonstrated.



Now a new type of data appeared [4]. They prefentveraged values of all parameters of all oleseihunder
Storms (TS) and Hurricanes (H) over all parts & @lobe for the chosen day. In this work we tootada a 30
years periodJanuary 1, 1979 — December 31 2008) compare some of hurricane parameter daily gaith of

simultaneously measured data sets, describing Bhatensity, the geomagnetic changes and the aotauity. We

obtained results, showing a well expressed intarection between them. Obviously the ionization teé upper
atmospheric layers due to the CR particles is cciedewith the hurricane vortexes.

2. Data.

2.1. Hurricane Data.

We used the following daily hurricane parameterugal averaged ovell hurricanes, recorded over théole
global surface in a calendar day. These data tefére corresponding points of the trajectorie$rog. 2.]:

W -- the daily rotational velocities of alaorded hurricanes. Traditionally is measured in nautical mile per
hour, or knots.
P -- the daily barometric pressure averdgeeh minimal pressures recorded in all hurricacesters,

measured in millibars
dW/dt -- the daily average from all hourly changes @f tbtational velocities averaged over all recordedicanes.
dP/dt - the daily average from all hourly changesheflbarometric pressure
LAT --the daily geographical latitudes averaged ovenwiticanes centers.
LON -- the daily geographical longitudes averaged ovesdthurricanes centers.

2.2.Cosmic Ray Data.

From the available large amount of stations, méagwontinuously CR, we chose one near the geogralpNorth
Pole, one near the geographical South Pole andsitueted at middle latitudg3able 2.]. Their data cover the
whole 30 years period more than 99.9%. Only thendcon Climax station are till December 30, 2007.

Table 2.
LAT LONG ALT |aver.coun | Cut Off
degrees N |degrees E| m. ¢/ min GeV
McMurdo -77.85 166.72 48 9130 0.00
Climax 39.37 -106.18 | 3400 7300 2.99
Oulu 65.05 25.47 15 6055 0.78

2.3.Solar and geomagnetic data.

For our work we used:

Kp - planetary geomagnetic index for the day expieasea sum of 8 continuous 3-hourly measured Kexesl of
that day.

Cp - or planetary daily character figure - of ovetallel of magnetic activity for the day determirfeain the sum
of the eight AP amplitudes.

SS— international Sun Spot number. Records cortterZurich numbers.

F -- Ottawa 10.7-cm. radio flux adjusted to 1 AU-amered at 1700 UT daily and expressed in units@F
Watts/ meter sqg/hertz.



3. Data processing.

All the daily data LAT; LON; W; P; dw/dt; dP/dt; KP; CP; SS; F; McMurdo; Climax; Oulu) were carefully
analyzed for errors. Two additional sets were dated: POLAR McMurdo+Oulu average) and All
(McMurdo+Oulu+Climax average) arranged together they formed a large mdttBccolumns x 10950 rows.

Then an averaged year se€t from every one of these 30 years sets of data Yeryeone parameter wi
calculated. Sothe new matrix became {17 x 365}. The“averaged year sét data were smoothed wi
“running average” method. Sométhese parameteyearly changes are shown on figures 4-14.
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Fig. 4.1.The geographical area where the upper changes areqgpected.
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Fig. 11, Fig. 12.

The graphgFig. 11. and Fig. 12.]presenting the averaged yearly changes of CR iityems two stations: the fe
Southern McMurdo and very Northern O. Theyseem to be very similar. They have two maximums figher
one is during the corresponding winter t.

Table 4 All
All P |dw/dtdr/dt| KP | cP | flux | S5 | McM | Climx | Oulu| M+0 M+C+O
w | 079 036 014 061 064 063 0.17| 084 042 0.18] 0648 061
P 0.03 -0.11|-0.60 -0.64| -0.7 0.39| -0.70 -0.82 -0.70| -0.893 -091
dW /dt] 092|-022 -022| 041 064 043 -033 -057| -0.099 -0.20
Ldp/dt 045 045 01 04| -029 0.33 054] 01684 025




From the graphs on these figures it could be gledetiuced that a statistical interconnection betweaany of them
exist. More convincingly that is exhibited on thable 4 All., where the calculated correlation coefficients ar
presented.

Depending on the sign of the LATITUDE of the averdgirricane center the whole matrix was dividetanth and
South parts. As it could be seenféig. 4, on the Northern hemisphere this center remainsd23% (from April 29
till December 5). On the Southern — only 144 ddrant December 6 till April 28).

The correlation coefficients calculated separafetythe North and South parts are presented casrelipgly on
Table 4(N) and Table 4(S)The statistical error of these coefficients is lgsm 0.01.

Table 4 N. and 4 S.

N P__ldw/dtdp/dt| KP | CP flux | ss | McM | Climx | Oulu| M+O M+C+O
W 0.97 051 0.21] 0.73 075 071 0.41] 088 055 020 082 076
P 034 0.02|-077 -0.79 081 -0.28 -082 070 -0.38] -085 -086
dw /dt 0.91| 0.01 000/ 0.17 0.81| 056 019 054 022 0.03
dp/dt 0.32 0.32| 0.12 070/ -0.32 0.50 075 0.06 0.29
S P |dw/dt{dr/dt] kP | CP flux | ss | mMcM | climx |Oulu| M+O  M+C+O
W 0.91 027 ©0.11] 053 055 0419 -021] 051 050 0.67] 0.6205 0.60
P _0.55 0.41|-0.36 -0.38| 034 043 078 -0.74 -0.73] 080 086
dwW/dt .0.97| 0.39 037| 064 060 0864 083 0.12|0.4156 0.73
dp/dt 0.53 0.52| 071 0.53] 051 079 0.06] 0251 0.61

4. Conclusions.

Here the results are based on elaboration of & amgpunt of continuous measured data in a long@g@erf 30 years.
It could be accepted that these data control maltti all possible influences over hurricane appree and
development.

Obviously the main influential meteorologli parameter over the hurricane rotational spa#g i€ the
atmospheric pressure (P). The correlation coefficleetween W and P is -0.79. It is even higheraicalated
separately for the Northern (-0.97) and for thetBern (-0.91) hemisphere.

A similar strong connection was found besw the first derivatives dW/dt and dP/dt. Fomnthbe correlation
coefficients were correspondingly: -0.92 [for bdtbmispheres], -0.91 [for the North one] and -0far fhe South
one].

For the first time on the basis of theseb@l Data we received a strong interconnectiombenh the main
hurricane characteristics W and Cosmic Ray intgms&asured on high latitudes.

The first derivative dW/dt correlates alswy well with the CR intensity, measured in tleu® hemisphere.

The geomagnetic field presented with treraged daily values of KP and CP indexes corrg@asitively with
W. [0.61], [0.65.].

The hurricane rotational wind (W) appeaiete more actively connected with Solar Fluxt{i@n with the
Solar Sun Spots (SS). And just the opposite:fiteederivative (dW/dt) is influenced more fraime Sun Spots
(SS) than from the Solar Flux (F) [In the Southleemisphere that is not well pronounced].

The result obtained on the basis of theséobally averaged data could confirm that the hurriane
rotational wind velocity changes are closely connésd with:
1. CR intensity.
2. The Geomagnetic activity.
3. The solar radio frequency flux.
Intensive efforts for quantitative evaluaibn of these interconnections are in progress.

Acknowledgments

Special thanks to Prof. J.B. Elsner for the hurricdata. We are thankful to the University of Dedeavfor the CR
data (grant ATM-0527878.). We highly acknowledgeel people from Oulu Station for the high quality @&a.



References

[1] Elsner J.B. and S.P. Kavlakodtmosph.Sci.Letters Vol. 2. p. 86-93.2001.

[2] Kavlakov S.PIntern. Journ. of Modern Physics Vol.20-29. p. 6699-6701. 2005

[3] Kavlakov S.P., J. Perez-Peraza and J.B. El$exufisica Internacional Vol.47-1. p. 207-213. 2008.
[4] Elsner J.B. — private communication 2010.



