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Cross Correlation Analysis of Gamma Exposure Rates and Rainfall,
Hours of Saylight, Average Wind Speed in Gangneung Area
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Abstract

In this study, we analyze the cross correlation between Gamma exposure rates and Rainfall, Hours of
daylight, Average wind speed using cross-correlation coefficient pp--y and DCCA cross-correlation coefficient(DCCA
p) method. Our data are measured simultaneous in Gangneung regional. First, we find the ppo-y between Gamma

exposure rates and Rainfall is Day(3~7days) 0.57~0.48, Month(30days) 0.39, Season(90days) 0.34, Year(360days) 0.26,
between Gamma exposure rates and Hours of daylight is Day -0.20~-0.23, Month -0.22, Season -0.17, Year -0.13,
between Gamma exposure rates and Average wind speed is Day -0.10~-0.12, Month -0.11, Season -0.05, Year -
0.05. Second, our finding is cross- correlation between Gamma exposure rates and Rainfall, is no cross-correlation
between Gamma exposure rates and Hours of daylight, Average wind speed.

Key Words : Gamma exposure rates, Cross correlation coefficient ppo0y, DCCA p, DFA
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Table 1. DCCA cross—correlation coefficient pj,-c, in terms of

cross—correlation.

P pcca Condition
1 Perfect cross—correlation
0 No cross—correlation
-1 Perfect anti cross-correlation
2
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1.5/| 2 Random 1 -Random 2
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Fig 1. DCCA cross-correlation coefficient ppq4 between
Random data 1 - Random data 1(pp¢¢,= 1), Random data 1

- Random data 2(p,,,= 0) and Random data 1 - Reverse
Random data 2(p,ccy= —1).
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Fig 2. DCCA cross-correlation coefficient p, ., between
Gamma exposure rates - Rainfal, Gamma exposure rates -
Hours of daylight and Gamma exposure rates - Average wind

speed.
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Table 2. Values of ppeoeg With seasonal components.

Scale Days(3~7)
Real data 3 4 5 6 7
Gamma exposure rates
) 057 053 050 049 0.48
- Rainfal |
Gamma exposure rates
. -0.20 -0.20 -0.21 -0.22 -0.23
- Hours of daylight
Gamma exposure rates
) -0.10 0.2 -0.12 -0.12 -0.12
- Average wind speed
Scale Month Season Year
Real data 30 90 360
Gamma exposure rates
) 0.39 0.34 0.26
- Rainfall
Gamma exposure rates
. 0.2 -0.17 -0.13
- Hours of daylight
Gamma exposure rates
) -0.11 -0.05 -0.05
- Average wind speed
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Fig 3. DCCA cross—correlation coefficient ppq, between

Shuffled Gamma exposure rates - Shuffled Rainfall(pp 4 =0),

Shuffled Gamma exposure rates - Shuffled Hours of
daylight(pp 4 =0) and Shuffled Gamma exposure rates -




: 1976-0620

N

9]
n

St

o

o]

TEso] &7 Zulx gl A
=] AFE¥ DCCA p ¥

S .0
wha =

DS

3k

3

Journal of the Korean Society of Radiology, Volume 7, Number 5
O

«

94

&

ol A AHE

H =
i

Shuffled Average wind speed(pp ey =0).

A1 0] vtttk ojAo®

£

ol

)

S

3|
Z|

Kl

r

IV,

B

=

=

#ol 75
51, 0] ppees @ AREE o]

H

19t Bl ol

g o] AL Wash-out®] 2}

S

t}. DCCA p
o #&

[ex]
AN
A
huy

N

2 .
oy

T &R
~ 0

,IO
o

oy

X
N

T~

w oy

T

A AE Ate]2] DCCA p W

=
Ry

4

P
o

BN
P

oy

351

A

]

7

L
L

ojtt. A

]

il

Foll A vl T2
g AAD Abololl A A

7} A%How oFold Roltk
A

}

su
gl

Ho
-

L

i

L
o] e BA g

2 AelolAe mR 4

: A new method for analyzing two nonstationary time

1 Al s

~

A
DCCA p Wiol 2718 vt 9] ggron

A. Bunde and S. Havlin, Fractals in Science, Springer, Berlin,

1994.
Statistical tests for power-law cross-correlated processes, Phys.

Rev. E, Vol 84, No 066118, 2011.
B. Podobnik and H. E. Stanley, Detrended cross-correlation

B. Podobnik, Z.-Q. Jiang, W.-X. Zhou and H. E. Stanley,
series, Phys. Rev. Lett., Vol 100, No 084102, 2008.

J. Feder, Fractals, Plenum Press, New York, 1988.

[21 M. F. Bamsley, Fractals everywhere, Academic Press, 1993.
analysis

[1]
[3]
[4]
[5]

o
A

er:,l

[e]

jolct. upe}

9

A el A 20091 5-E
)

g 1 997}

A

T

3

[¢)
-0.20~-0.23(%), -0.22(8), -0.17(AF, -0.13

Ppcoca

ki
w
A=

0.57~0.48(), 0.39(Y), 0.34(714), 0.26(

2011374 =4 =
o oj

Ppcca

A gEd ¢

L

Fu



"Cross Correlation Analysis of Gamma Exposure Rates and Rainfall, Hours of Saylight, Average Wind Speed in Gangneung Area”

[6] D. Horvatic, H. E. Stanley and B. Podobnik, Detrended
cross-correlation analysis for non-stationary time series with
periodic trends, Europhys. Lett., Vol 94, No 18007, 2011.

[71 G. F. Zebende, DCCA cross-correlation coefficient, quantifying
level of cross-correlation, Physica A, Vol 390, No 614, 2011.

[8] R.T. Vassoler and G.F. Zebende, DCCA cross-correlation
coefficient : Quantifying level of cross-correlation, Physica A,
Vol 391, No 2438, 2012.

[9] C.K. Peng, S. V. Buldyrev, S. Havlin, M. Simons, H. E.
Stanley and A. L. Goldberger, Mosaic organization of DNA
nucleotides, Phys. Rev. E, vol 49, No 1685, 1994.

[10] G. Lim, K. Kim, J.-K. P and K.-H. C, J. Dynamical Analyses
of the Time Series for the Temperature and the Humidity,
Korean Phys. Soc., Vol 62, No 193, 2013.

[11] Hohwan Cha, Jachwa Kim, Time Series Analysis of Gamma
exposure rates in Gangneung Area, Journal of the Korean
Society of Radiology, Vol 7, No 1, 2013.

[12] Minsun Yu, Jaeseung Lee, Inchul Im, Evaluation of
Approximate Exposure to Low-dose lonizing radiation from
Medical Images using a computed Radiography (CR) System,
Journal of the Korean Society of Radiology, Vol 6, No 6,
2012.

[13] Kyotae Kim, Sangsik Kang, Sicheul Noh, Bongjae Jung,
Changhoon Cho, Yeji Heo, Jikoon Park, Absorbed Spectrum
Comparison of Lead and Tungsten in Continuous X-ray Energy
using Monte Carlo Simulation, Journal of the Korean Society of
Radiology, Vol 6, No 6, 2012.

[14] http://www.kma.go.kr/

352






