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TROPICAL CYCLONES IN JULY


What are tropical cyclones?  Wikipedia defines a tropical cyclone as a storm system characterized by a low-pressure center surrounded by a spiral arrangement of thunderstorms that produce strong winds and heavy rain.  Figure 1 is a picture of a tropical cyclone (http://en.wikipedia.org/wiki/Tropical_cyclone).
Figure 1:  Hurricane Isabel (2003) as seen from orbit during Expedition 7 of the International Space Station. The eye, eyewall and surrounding rainbands that are characteristics of tropical cyclones are clearly visible in this view from space.





The Philippines is a country that experiences an average of 20 TC’s per year.  Most of these TC’s happen during the month of July, which ranks this month as number 1 in having the most number of tropical cyclones.  Table 1 shows the number of tropical cyclones that occurred in the Philippines per month from years 1948 to 2011.  It can be seen from the data that in 1953, no tropical cyclone occurred in July.  This really caught my attention since our family spends most of our vacations together on the month of July since this is the start of Summer Break for my sister’s children because they live in New Jersey, U.S.A.  This July, they’ll come home again for vacation, so that leaves me with the thought of finding out how many tropical storms we can expect this coming July.
Table 1: Number of Tropical Cyclones in the Philippine Area of Responsibilty (PAR) 1948 to 2011

[image: image2.emf]Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Annual 

Total Rank

1948 1 0 0 0 1 0 3 1 3 2 6 3 20 26

1949 1 0 0 0 0 2 5 2 4 3 3 2 22 15

1950 0 0 0 0 0 2 3 1 2 3 2 1 14 56

1951 0 0 0 0 1 1 1 4 2 1 1 2 13 59

1952 0 0 0 0 0 5 2 3 4 4 4 5 27 3

1953 0 1 0 0 1 2 0 5 2 2 3 2 18 37

1954 0 0 1 0 1 0 1 6 2 3 3 1 18 37

1955 1 1 0 1 0 0 2 3 1 4 1 1 15 52

1956 0 0 1 2 0 0 4 4 5 1 5 3 25 5

1957 2 0 0 1 0 2 1 2 3 3 1 0 15 52

1958 1 0 0 0 0 1 4 3 3 2 3 0 17 41

1959 0 1 1 0 0 0 1 4 2 4 3 2 18 37

1960 1 0 0 1 1 2 2 6 1 3 0 2 19 31

1961 1 1 1 0 1 4 5 2 4 1 1 2 23 10

1962 0 1 0 0 2 0 4 6 4 1 3 0 21 20

1963 0 0 0 0 1 3 4 2 3 1 0 2 16 47

1964 0 0 0 0 2 1 9 5 5 3 3 2 30 2

1965 2 1 1 0 2 2 6 2 3 1 1 0 21 20

1966 0 0 0 1 3 1 7 1 3 2 2 2 22 15

1967 0 1 1 1 1 2 4 5 0 2 3 1 21 20

1968 0 1 0 0 0 2 2 3 3 1 3 0 15 52

1969 0 0 0 1 1 0 4 2 4 1 1 1 15 52

1970 0 1 0 0 0 3 2 4 4 4 2 1 21 20

1971 1 0 1 3 3 3 4 2 3 5 2 0 27 3

1972 2 0 0 0 0 2 4 2 4 1 1 1 17 41

1973 0 0 0 0 0 1 2 4 1 3 1 0 12 62

1974 1 0 0 0 0 3 4 4 2 5 2 2 23 10

1975 1 0 0 0 0 0 1 2 4 3 2 1 14 56

1976 1 1 0 1 1 2 4 3 4 0 2 3 22 15

1977 1 0 0 0 1 1 4 2 4 2 2 2 19 31

1978 0 0 0 1 0 3 1 7 6 4 2 1 25 5

1979 0 0 1 1 2 1 3 3 3 4 2 2 22 15

1980 0 1 1 1 3 2 4 3 2 2 3 1 23 10

1981 0 1 0 0 0 3 5 4 3 2 3 2 23 10

1982 0 0 2 0 1 0 5 4 4 2 0 2 20 26

1983 0 0 0 0 0 0 3 3 4 6 4 3 23 10

1984 0 0 0 0 0 1 2 7 1 4 3 1 19 31

1985 1 0 0 0 1 2 2 3 4 3 0 1 17 41

1986 0 1 0 1 1 2 3 2 1 4 3 3 21 20

1987 1 0 0 0 0 1 4 3 2 2 2 1 16 47

1988 1 0 0 0 1 3 3 0 3 6 2 1 20 26

1989 1 0 0 0 1 2 6 1 2 3 2 1 19 31

1990 0 0 0 0 4 3 2 3 4 1 2 1 20 26

1991 0 0 1 1 1 1 4 2 4 2 2 1 19 31

1992 0 0 0 0 0 2 3 5 1 3 2 0 16 47

1993 0 1 0 2 1 2 5 5 6 4 2 4 32 1

1994 1 0 0 1 2 2 6 4 3 3 1 1 24 9

1995 0 0 0 0 1 0 2 3 4 4 0 2 16 47

1996 0 1 0 1 2 0 3 2 4 2 2 0 17 41

1997 1 0 0 0 1 2 3 3 0 1 2 1 14 56

1998 0 0 0 0 0 0 1 3 3 2 1 1 11 63

1999 1 1 0 2 0 2 2 2 2 2 2 0 16 47

2000 0 0 0 0 3 0 4 2 3 3 2 1 18 37

2001 0 1 0 1 1 2 4 1 2 1 3 1 17 41

2002 1 0 2 0 1 2 5 2 0 0 0 0 13 59

2003 0 0 0 1 3 1 4 6 4 3 2 1 25 5

2004 0 1 1 1 2 4 1 3 4 3 4 1 25 5

2005 0 0 1 1 1 1 3 2 4 1 2 1 17 41

2006 1 0 1 0 1 1 4 3 2 3 2 2 20 26

2007 0 0 0 0 1 0 1 3 3 2 3 0 13 59

2008 0 0 0 1 4 1 3 3 4 0 4 1 21 20

2009 1 1 0 0 3 1 4 1 4 4 2 1 22 15

2010 0 0 1 0 0 0 2 4 2 2 0 0 11 63

2011 0 0 0 1 2 3 6 1 4 1 0 1 19 31

TOTAL 27 19 18 29 67 97 212 198 191 160 132 84 1,234

RANK 10 11 12 9 8 6 1 2 3 4 5 7


1948 to 2009 Data, PAGASA, Typhoon2000.com, NDRRMC

2010 Data, Typhoon2000.com (URL: http://www.maybagyo.com/season10s.htm, Accessed date: January 4, 2012), NDRRMC

2011 Data, Typhoon2000.com (URL: http://www.maybagyo.com/season11s.htm, Accessed data: January 4, 2012), NDRRMC


Figure 2 shows the trend of the number of tropical cyclones in July from 1948 to 2001.  Data from 2002 to 2011 will be used to compare the results of the model to the actual occurrence.

Figure 2
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Figure 3 is the graph of the sample autocorrelation rk, for k from 1 to 30.  The trend seems to follow the autocorrelation for an autoregressive process for the lower-order autocorrelation and a moving average process for the higher-order autocorrelation.  Since I am using excel for this project, I will fit an autoregressive process on the data.
Figure 3
[image: image4.emf]Autocorrelation

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

1 2 3 4 5 6 7 8 9 10 11 1213 14 1516 17 1819 20 21 2223 24 2526 27 2829 30

Autocorrelation



First, I assume a second-order autoregressive process and produce the following regression result:

[image: image5.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.320617793

R Square 0.102795769

Adjusted R Square 0.066175188

Standard Error 1.682887091

Observations 52

Coefficients

Intercept 1.973020528

X Variable 1 0.223733167

X Variable 2 0.174975601



Since the Adjusted R Square is too low, at 6.6%, I proceed with testing higher-order autoregressive processes and choose a fourth-order autoregressive process since it produces the most favorable result as follows:

[image: image6.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.447096967

R Square 0.199895698

Adjusted R Square 0.128775316

Standard Error 1.628848018

Observations 50

Coefficients

Intercept 2.555372551

X Variable 1 0.226105965

X Variable 2 0.261949185

X Variable 3 0.063091645

X Variable 4 -0.303696049



It is generated that 13% of the variance in the data is explained by the AR(4) model.  In order to test how the AR(2) and AR(4) models approximate the actual results,  I have computed the expected values below.

[image: image7.emf]Year Y Y(fitted) - AR(2) Y(fitted) - AR(4)

2002 5                 4                                      4                                     

2003 4                 4                                      4                                     

2004 1                 4                                      4                                     

2005 3                 3                                      3                                     

2006 4                 2                                      3                                     

2007 1                 3                                      3                                     

2008 3                 4                                      3                                     

2009 4                 3                                      3                                     

2010 2                 3                                      3                                     

2011 6                 4                                      3                                     



It is apparent from the results that the models weakly approximates the actual results.  This can be observed on the plots of the above results.
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Using the following formulas for AR(2) and AR(4) models, I have computed for the expected number of tropical cyclones that will occur in July 2013, and both models yield the same result of 4 tropical cyclones.

AR(2)

Y t = 1.973 + 0.224Y t-1 + 0.175Yt-2
AR(4)

Y t = 2.555 + 0.226Y t-1 + 0.262Yt-2 + 0.063Yt-3 - 0.304Yt-4
[image: image9.emf]Year Y(fitted) - AR(2) Y(fitted) - AR(4)

2013 4                                      4                                     



These results leave me to expect that there will still be tropical cyclones occurring in July 2013.  The probability of no tropical cyclones arising is very small.


It was mentioned from interpreting the graph of sample autocorrelations that the trend seems to follow an autoregressive moving average process.  This is proven from the low Adjusted R Square computed from using autoregressive processes to model the data.  It can be concluded that the dependence of the current number of tropical cyclones in a year has very low dependence on the number of tropical cyclones that happened during the past years.
