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ABSTRACT. The data of the monthly cyclone frequencies over North Indian Ocean for the period 1877-1998 has
heen analysed to study the Jong-term trends and fluctuations, Analysis has been made scparately for depressions and
cyclones for the pre-monsoon, monsoon and post-monsoon scasons along with the annual frequencies. The data was
subjected 1o 11-year moving averages and the epochs of increasing and decreasing trends have been identified. A
consistent decreasing trend after 1950s is a notable feature.

The time series of the monthly cyclone frequency were passed through 3 high-pass filter to eliminate periods
greater than 21 years and then subjected 1o spectrum analysis using Maximum Entropy Method to obtain dominant

periodicities. Three significant periodicities a1 22-2
attributed to QBO, ENSO and decadal frequencies
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1. Introduction

Understanding the patterns of the frequency of
cyclonic systems over the tropical oceans assumed
importance in the scenario of global climate change. In
association with an increasing trend in the global
temperatures, it is of interest to examine the frequency of
cyclonic systems. For the Indian region surrounded by
the North Indian Ocean, cyclonic systems provide most
of the annual rainfall essential for agriculture and water
resources management. The frequencies of depressions
(maximum wind speed between 16-33 knots) is more
during the summer monsoon season and provide well

(37)

8; 3.5-6.5 and 10-15 years have been identified which could be

distributed rainfall for a major part of the country which is
useful for agricultural operations. Cyclonic storms
(maximum wind speed greater than 33 knots), generally
form during the pre and post-monsoon seasons, cause
devastation but also provide substantial rainfall to the
coastal regions useful for water resources management.

In this background, a study of the trends and
variability in the frequency of the cyclonic systems for
individual Ocean basins is useful for understanding the
various effects of climate change. Recent studies report
conflicting results such as that the global warming may
not contribute for increase either in frequency or intensity
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TABLE 1

Mean and standard deviation (SD) of total cyclonic systems (C. S.), depressions (1)) and storms (S)

Region Category Pre-monsoon Monsoon Post-monsoon Annual
Mean SD Mean SD Mean SD Mean sD
Bay of Bengal C..5. 0.95 0.73 543 218 J.92 1.54 10.11 2.88
Arabian Sca €.5. 0.27 0.30 0.39 0.66 0.05 0.81 1.33 1.25
North Indian C.S. 1.20 0.85 5.84 2.32 417 1.74 11.43 327
Ocean D 0.36 0.69 41 217 1.70 138 6.29 3.09
S 0.84 0.74 72 1.37 247 1.37 5.15 2.15

of tropical cyclones (Lighthill er al., 1994) and that the
doubling of carbon dioxide affects to the reduction of
cyclonic storms from  general circulation  model
experiments (Bengtsson et al., 1996).

Few attempts have been made to study the
fluctuations and trends of the cyclonic systems over North
Indian Ocean. Mooley (1981) observed an increase in the
mean annual frequency of the severe cyclonic storms over
Bay of Bengal after 1964 and attributed this only to the
improvements in storm detection. Mooley and Mohile
(1983 and 1984) reported an increase in the frequency of
the storms crossing the Indian coasts during 1965 and
1980. Of the studies related to other ocean basins, Gray
(1990) found that the Atlantic Hurricane activity
decreased during 1970-1987 by about 50% compared o
the period 1947-1969. Gray (1995) reported decrease in
the cyclone frequency over the Australian. Atlantic
Oceans and south China Sea and an increase over the
north and south central Pacific Ocean during EI-Nino
years. Studies for the Pacific Ocean indicated decrease in
the number of hurricanes affecting the North American
coast ( Landsea and Gray, 1992 ; Goldenberg and Shapiro,
1996). Limited attempts have been made to study the
periodicities of cyclone frequencies. Dominant
periodicities at 2.1, 3.0 and 35-40 years for the cyclones
over Bay of Bengal for the post-monsoon season were
reported by Subbaramayya and Rama Mohana Rao
(1984). Shapiro (1982) reported significant periodicities
at 2.5 and 4.5 years for the Atlantic hurricanes. Elsner et
al. (1999) examined the hurricane activity of the
North Atlantic basin for the period 1886-1996
and observed dominant oscillations at 2.5 and 5-6
years periods and attributed them to Quasi-Biennial
Oscillations (QBO) and ENSO and a near decadal
frequency at 7-9 years.

In this study an attempt has been made to analyse the
cyclone frequency data available so far for the period

1877-1998 for the North Indian Ocean. The cyclonic
systems have been classified into two categories  as
Depressions (wind speed in between 16-33 knots) and
Cyclones (all systems with maximum winds > 33 knots).
Systematic analysis has been made to identify long-term
trends of the two categories separately for the three
seasons ie. Pre-monsoon, monsoon and Post-monsoon
seasons along with annual totals.  The epochs of
increasing and decreasing trends during 1877-1998 have
been identified. The dominant periodicities have been
estimated through spectrum analysis using Maximum
Entropy Method (MEM).

2. Data and method of analysis

The data related to the number of cyclonic systems
for the North Indian Ocean region has been collected for
the period of 1877-1998 (122 Years). Data for the period
1877-1970 has been obtained from the published report of
the India Meteorological Department (IMD, 1979). Data
for 1971-1998 has been collected from the Indian Daily
Weather Reports published by the IMD. The cyclonic
systems have been classified into two categories (i)
depressions with maximum wind speed between 16 to 33
knots and (i) cyclones which include all storms with
maximum wind speed greater than 33 Kknots. The
occurrences of the number of depressions and cyclones
have been categorised for every month during the period
1877-1998. ‘

The data has been analysed for the two different
categories and for three different seasons i.e. pre-
monsoon, monsoon and post-monsoon along with annual
frequencies. The total frequencies in the months of April
and May are taken for the pre-monsoon; of June, July.
August and September for monsoon and October,
November and December for Post-monsoon season. The
trend during the period 1877-1998 has been fitted using
linear regression technique. In order to study the long-
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Figs. 1 (a&Db). (a) Time Serics and (b) 11-Year Moving Averages of Number of Depressions over North Indian Ocean

term trends in the frequencies of cyclonic systems, 11-
year moving average analysis has been adopted. This
analysis has been carried out to eliminate short-term
fluctuations and for better delineation of the long-term

trends. The epochs of the long - term fluctuations are
identified from the lowest minimum and highest
maximum points and the lengths of the trends are
estimated.
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1980).

method of Mitchell ef al. (1966). The filtered time series
were then subjected to spectrum analysis using
maximum entropy method  (Barrodale

and  Erickson,
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Figs. 3 (a&b). (a) Time Series and (b) 1 1-Year Moving Averages of Number of Cyclonic Systems over North Indian Ocean

3.  Results been computed for Bay of Bengal and Arabian Sea
separately (Table 1). The cyclonic systems in the Arabian

The Mean and Standard Deviation (SD) of the Sea constitule a minor component contributing to only 10-
cyclonic systems for the three seasons i.e. pre, monsoon 20% compared to Bay of Bengal. Correspondingly

and post-monsoon seasons along with the annual have the SD is higher than the mean indicating high variability
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Figs. 4 (a-c). Power Spectra of Number of (a) Depressi

over the Arabian Sea region. Due to this reason the means
and SDs of only total cyclonic systems for Bay of Bengal
and Arabian Sea and for the depressions, cyclones and
total cyclonic systems for the North Indian Ocean were
computed for the annual and three seasons and are
presented in Table 1. Though the depressions and storms
have nearly the same annual frequency. the depressions
are more during the monsoon season while storm
frequency is more during the post-monsoon season. The
variability of the depressions is more during the pre and
post-monsoon seasons while the variability of the storms
is low and similar during the three seasons. This analysis
indicates that cyclonic systems are more frequent over
Bay of Bengal compared to the Arabian Sea and that the
depression and storm frequencies are more during

4] 01 02 03

ons, (b) Storms and (¢) Cyclonic
Indian Ocean. (The periodicitics in years corresponding 10 the peaks are noted in the Figure)

systems aver  North

monsoon and post-monsoon seasons respectively with low
variability.

3.1. Trends

An examination of the different time series show the
presence of long-term trends, but the epochs of the trend
changes cannot be identified due to short-term variations.
So the time series were subjected to 1l-year moving
averages (o eliminate short - term fluctuations which
facilitate the identification of significant trends. The
trends of depressions and storms over North Indian Ocean
have been computed for the annual and three different
seasons for different epochs of increasing and decreasing
trends in the moving average series. The plot of time
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TABLE 2

Periodicities of depressions (D), storms (S) and total syclonic systems (C. 8.) over north Indian ocean

Season Category Periodicity in years

D 2.6 54 13.0
Pre-monsoon S 24 3.2 438 Tt 13.1

‘ C.S. 22,26 44 0.6 13.1

D 2.4 4.0 8.4 184

S 22 38 0.0 15.3
Monsoon C.S. 2.6 3.7 9.2

D 37 6.1

S 2.6 3.5 57 15.3
Post-monsoon C.S. 3.2 5.1

D 24 37 6.1 13.1

S 22,28 3.7 48 1S 18.4
Annual C.S. 24 3.7 5.1 10.2 18.4

series for the depressions and associated 11-year moving
average series are presented in Fig.l. The depressions
during the pre-monsoon season i.e. during April and May
have a low mean value with 0.36 and with a negligible
trend of 0.002 depressions/year. The moving averages
show increasing trends and decreasing trends during
1917-1949 and 1949-1989 respectively.  During the
monsoon season the depressions have a mean of 4.11 and
a very low decreasing trend of —0.006 depressions/year
could be noted. The corresponding Il-year moving
average series show clear and distinct trends with
decreasing trend up to 1910 and increasing trend during
1910-1950 and again decreasing trend there after. The
depressions during the post-monsoon season have a mean
value of 1.70 and show an increasing trend of 0.010
depressions/year. The corresponding moving average
series indicate decreasing trend up to 1890 and then an
increasing trend up to 1950 followed by decreasing trend
there after. The annual time series have a mean value of
6.29 and show a small increasing trend of 0.007
depressions/year. The associated moving average series
show decreasing trend up to 1910 followed by increasing
trend during 1910-1948 and then decreasing trend from
1948 onwards.

This analysis indicates that the depressions had a
decreasing trend during the earlier part up to about 1910
and then an increasing trend from 1910 onwards till
around 1950 followed by a continuous decreasing
trend from 1950. This is interesting as very
long-term trends are indicated with near centennial
variations.

The time series and associated 1l-year moving
averages for the storms during the three seasons and

annual are presented in Fig. 2. The storms during the
pre-monsoon season have mean of 0.84 and show a small
increasing trend of 0.002 storms/year. The associated
mov-  ing averages show increasing trends between
1882-1935 and 1950-1965 and decreasing trends during
1935-1950 and from 1965 onwards. The storms during
monsoon season have a mean of 1.72 and show a
decreasing trend of 0.012 storms/year. The associated
moving averages show increasing trend up to 1890
followed by long decreasing trend from 1890 continuing
till now. The storms during the post-monsoon season
have a mean of 2.47 and show a small increasing trend of
0.009 storms/year. The corresponding moving averages
show increasing trends during 1882-1930 and 1950-1970
and decreasing trends during 1930-1950 and from
1970 onwards. The annual mean of the storms has
a value of 5.15 and show negligible negative trend with
the value of 0.002 storms/year. The corresponding
moving averages show two increasing trends during
the period of 1882-1928 and 1950-1970 and two
decreasing trends during 1928-1950 and from 1970
onwards.

The above analysis indicate that the storms
have increasing trends during 1880-1930 and 1950-1970,
while decreasing  trends could be observed during
1930-1950 and from 1970 onwards. In contrast, the
storms have shorter duration of 20-30 vyears for
increasing and decreasing trends compared to those of
depressions.

Similar analysis for North Indian Ocean cyclonic
systems (all systems with strength of depression and
more) has been performed and the results are presented in
Fig. 3. The time series has a mean value of 1.20 and show




small increasing trend of 0.003 cyclones/year. During the
pre-monsoon season the number of cyclonic systems is
less compared to the other two seasons. The 1l-year
moving averages show increasing trend up to 1961
followed by a decreasing trend up to 1985 and indication
of increasing trend after 1985 could be noted. For the
monsoon season the cyclonic systems have a mean of 5.84
and show decreasing trend of 0.018 cyclones/year. The
associated 1l-year moving averages show a decreasing
trend up to 1912 followed by increasing trend till
1945. Subsequent to this, a decreasing trend is present
till 1990.

During post-monsoon season the total cyclonic
systems have a mean of 4.17 and show an increasing trend
of 0.019 cyclones/year. The corresponding moving
average series show an increasing trend from 1895-1970
followed by a decreasing trend after 1970. The time series
for annual has a mean value of 11.43 and shows a small
increasing trend of 0.005 cyclones/year. The moving
average series for the annual total show increasing trend
from 1910 till 1940 and decreasing trend there after. In
summary it may be concluded that there is an increasing
trend from 1900 to the middle of the century followed by
a decreasing trend.

3.2. Periodicities

The time series have been passed through a high-
pass filter to filter out the periods greater than 21 years.
The filtered time series were then subjected to spectrum
analysis using Maximum Entropy Method (MEM) to
identify the important periodicities. Separate analyses
have been performed for the annual and the pre-monsoon,
monsoon and post-monsoon  seasons and for two
categories  i.e. depressions, storms and all cyclonic
systems. The peaks have been noted in the order
showing their relative intensity such that the first
noted periodicity has the maximum power  spectral
density [Figs. 4 (a-c)].

The depressions during the pre-monsoon season
show peaks at 13.0, 54 and 2.6 years. During the
monsoon season strong peaks at 2.4 and 18.4 years have
been noted along with peaks at 4.6 and 8.4 years. During
the post monsoon season only two peaks were
noted corresponding to 6.1 and 3.7 years. For
the annual totals three prominent pea s at 13.1, 2.4
and 3.7 years are present along with a weak signal at 0.1
years.

In the case of pre-monsoon storms, peaks were
observed at 4.8, 7.7, 13.1, 2.4 and 32 years. The
monsoon storms show peaks at 15.3, 3.8 and 2.2 followed
by a weak peak at 6.6 years. The post monsoon storms

MAUSAM, 52. 1 (January 2001)

have peaks at 3.5, 15.3, 5.7 and 2.6 years. The annual
totals have a strong peak at 3.7 years followed by 18.4,
11.5,4.8,2.8 and 2.2 years.

Considering the total cyclonic systems during the
pre-monsoon season, peaks were noted at 6.6, 4.4, 2.2,
3.1 and 2.6 years. During the monsoon season, peaks at
2.6. 3.7 and 9.2 years could be noted. During the post-
monsoon season. only two peaks at 5.1 and 3.2 years are
observed. For the annual cyclonic systems, peaks at 3.7,
2.4, 18.4 and 5.1 vears along with a weak signal at 10.2
years are noted.

the categories of
depressions and storms and the total for the three different
seasons and the annual are presented in Table 2.

The periodicities noted for

From the above observations three significant
periodicities have been found at 2.2-2.8 years, 3.5-6.5
years and 10-15 years which could be attributed to the
quasi-biennial oscillation, ENSO phenomenon  and
decadal variations.

4. Summary and conclusions

The data for all the cyclonic systems which are
classified as depressions and cyclones for the period 1877-
1998 has been analysed to study the long-term trends and
periodicities for the annual totals and for the pre-
monsoon, monsoon and post-monsoon seasons.  The
frequent occurrence of depressions during monsoon
season and cyclones during the pre and post-monsoon
seasons has been the consideration for classification into
two categories as depressions and cyclones. The time
series have been subjected to | l-year moving averages 10
eliminate short-term  fluctuations and to  facilitate
delineation of increasing and decreasing trends. The
following conclusions could be drawn from the above
analysis:

(a) The depressions (maximum wind speed
between 16-33 knots) corresponding to the
annual as well as the pre-monsoon, monsoon
and post-monsoon  seasons show three
consistent trends which are a decreasing trend
up to 1910 followed by an increasing trend up
to 1950s and then a decreasing trend from
1950s till the present time. This indicates a long
decreasing trend from 1950s continuing till
NOW.

(b) The trends of the cyclones (all systems with
maximum wind > 33 knots) show an increasing
trend till 1930s followed by a decreasing trend

up to 1950 and then an increasing trend up to
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1970 and a decreasing trend there after. This
observation indicates that there  was
an increasing trend after middle of this century
for about 20 years and decreasing trend there
after.

(¢) Considering all the cyclonic systems (wo
significant trends have been observed i.e. an
increasing trend till the middle of this century
followed by a decreasing trend.

The above results indicate that the decreasing
trend after the middle of this century is consistent
both in the depressions as well as the total cyclonic
systems. However the storms also show decreasing
trend after 1970s which was preceded by an
increasing trend of 20 years. This clearly indicates
a decreasing tendency in all cyclonic systems after
1970s which may be coinciding with the observation
of global warming and climate change during the
last three decades.  This result may support the
model result of Bengtsson ef al.(1996), that doubling
of CO, reduces the number of cyclonic storms. However,
it may not be concluded that  this decrease is due
to global warming because of the observation of
decreasing trends before 1950s and the trend for the
total period 1877-1998 is negligible. Further
studies should be conducted to establish any possible links
of the global warming to the decrease of cyclone
frequency.

The analysis of the identification of dominant
periodicities yielded interesting results. The periodicities
at 2.2-2.8; 3.5-6.5 and 10-15 years have been consistently
observed in both depressions and cyclones in all the
three seasons. Peaks at periodicities above 15 years
have been ignored because of the cut-off frequency of the
high-pass filter used in this analysis to eliminate periods
higher than 21 years. The periodicity of 2.2-2.8 years can
easily be attributed to the observed quasi-biennial
oscillation as reported in previous studies (Shapiro,
1982, Subbaramayya and Rama Mohana Rao, 1984,
Elsner et al., 1999). The fluctuations with 3.5-6.5
years may be consequences of ENSO (Trenberth, 1976
and Elsner et al., 1999). and the signal at 10-15
years may be due to decadal oscillation (Elsner et al.,
1999).

The above results indicate that the observed QBO
and ENSO phenomenon have a clear reflection in the
cyclone frequencies over North Indian Ocean. It might be
interesting to explore the periodicities of the sea surface
temperatures and upper tropospheric parameters like wind
and temperatures to further understand their association.
The mean decadal oscillation may be an indication of its

association with 11-year Sunspot activity (Elsner er al.
1999).

Acknowledgements

This work has been carried out with the financial
assistance from the Department of Science and
Technology, Government of India, New Delhi under
Grant No. ES/48/APM/006/94.

References

Bengtsson, L., Botzet, M. and Esch, M., 1996, “Will green house gas
induced warming over the next 50 years lead to higher
frequency and greater intensity of hurricanes?”, Tellus, 48A,
57-73.

Barrodale, I. and Erickson, R. E., 1980, “Algorithms for least squares
linear prediction and maximum entropy spectral analysis- Part I:
Theory:”, Geoplysics, 45, 420-432.

Elsner, J. B.,. Kara, A. B. and Owens, M. A., 1999, “Fluctuations
in North Atlantic hurricane frequency”, J. Climate, 12,
427-437.

Goldenberg, S. B. and Shapiro, L. J., 1996, “Physical mechanisms
for the relations between El-Nino, West African rainfall with
North Atlantic major hurricane activity”, J. Climate, 9, 1169-
1187.

Gray, W. M., 1990, “Strong association between West African rainfall
and US landfall of intense hurricanes”, Science, 249. 1251-
1256.

Gray, W. M., 1995, “Tropical cyclones”, WMO Monograph, World
Meteorological Organisation, Geneva, 163 p.

India Meteorological Department, 1979, “Tracks of Storms
and Depressions in the Bay of Bengal and Arabian
Sea 1877-1970", India Meteorological Department, New Delhi,
186 p.

Landsea, C. W. and Gray, W. M., 1992, “The strong association
between Sahelian monsoon rainfall and intense Atlantic
hurricanes”, J. Climate, 5, 435-453.

Lighthill, J., Holland, G ., Gray, W., Landsea, C., Craig, G., Evans, J.,
Kurihara ,Y. and Guard, C., 1994, “Global climate change and
cyclone — A meeting review”, Bull. Ame. Met. Soc., 75, 11,
2147-2157.

Mitchell, J. M.(Jr.), Dzerdzeevskii, B., Flohn, H., Hofmeyr, W. L.,
Lamb, H.H., Rao, K. N. and Wallen, C. C., 1966, “Climatic
change”, WMO Technical note No. 79, World Meteorological
Organisation, Geneva, 79 p.




46 MAUSAM, 52, | (January 2001)

Mooley, D. A., 1981, “Increase in annual frequency of the severe Shapiro. L. J.. 1982, “Hurricane climatic fluctuations. Part I Patterns and
cyclonic storms of the Bay after 1964 - Possible causes’ Cycles”. Mon. Wea. Rev.. 110, 1007-1013
Mausam, 32, 1, 35-40

Subbaramayya. |. and Rama Mohana Rao, S., 1984, “Frequency of Bay
Mooley, D. A. and Mohile. C. M., 1983, “A study of the ¢yclonic storm of Bengal cyclones in the post-monsoon season”, Mon. Wea
incident on the different sections on the coast around Bay of Rev.. 112, 1640-1642
Bengal”. Mausam. 34, 2. 139-152

Trenberth. K.E. 1976, * Spatial and temporal variations of the
Southern Oscillation”. Quart. J. Roy. Meteor. Sor., 102, 639-

653

Mooley, D. A. and Mohile, C. M., 1984, "Cycloni
Arabian Sea, 1877-1980", Mausam, 35, 2,




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110
	Image00111
	Image00112
	Image00113
	Image00114
	Image00115
	Image00116
	Image00117
	Image00118
	Image00119
	Image00120
	Image00121
	Image00122
	Image00123
	Image00124
	Image00125
	Image00126
	Image00127
	Image00128
	Image00129
	Image00130
	Image00131
	Image00132
	Image00133
	Image00134
	Image00135
	Image00136
	Image00137
	Image00138
	Image00139
	Image00140
	Image00141
	Image00142
	Image00143
	Image00144
	Image00145
	Image00146
	Image00147
	Image00148
	Image00149
	Image00150
	Image00151
	Image00152
	Image00153
	Image00154
	Image00155
	Image00156
	Image00157
	Image00158
	Image00159
	Image00160
	Image00161
	Image00162
	Image00163
	Image00164
	Image00165
	Image00166
	Image00167
	Image00168
	Image00169
	Image00170
	Image00171
	Image00172
	Image00173
	Image00174
	Image00175
	Image00176
	Image00177
	Image00178
	Image00179
	Image00180
	Image00181
	Image00182
	Image00183
	Image00184
	Image00185
	Image00186
	Image00187
	Image00188
	Image00189
	Image00190
	Image00191
	Image00192
	Image00193
	Image00194
	Image00195
	Image00196
	Image00197
	Image00198
	Image00199
	Image00200
	Image00201
	Image00202
	Image00203
	Image00204
	Image00205
	Image00206
	Image00207
	Image00208
	Image00209
	Image00210
	Image00211
	Image00212
	Image00213
	Image00214
	Image00215
	Image00216
	Image00217
	Image00218
	Image00219
	Image00220
	Image00221
	Image00222
	Image00223
	Image00224
	Image00225
	Image00226
	Image00227
	Image00228
	Image00229
	Image00230
	Image00231
	Image00232
	Image00233
	Image00234
	Image00235
	Image00236
	Image00237
	Image00238
	Image00239
	Image00240
	Image00241
	Image00242
	Image00243
	Image00244
	Image00245
	Image00246
	Image00247
	Image00248
	Image00249
	Image00250
	Image00251
	Image00252
	Image00253
	Image00254
	Image00255
	Image00256
	Image00257
	Image00258
	Image00259
	Image00260
	Image00261
	Image00262
	Image00263
	Image00264
	Image00265
	Image00266
	Image00267
	Image00268
	Image00269
	Image00270
	Image00271
	Image00272
	Image00273
	Image00274
	Image00275
	Image00276
	Image00277
	Image00278
	Image00279
	Image00280
	Image00281
	Image00282
	Image00283
	Image00284
	Image00285
	Image00286
	Image00287
	Image00288
	Image00289
	Image00290
	Image00291
	Image00292
	Image00293
	Image00294
	Image00295
	Image00296
	Image00297
	Image00298
	Image00299
	Image00300
	Image00301
	Image00302
	Image00303
	Image00304
	Image00305
	Image00306
	Image00307
	Image00308
	Image00309
	Image00310
	Image00311
	Image00312
	Image00313
	Image00314
	Image00315
	Image00316
	Image00317
	Image00318
	Image00319
	Image00320
	Image00321
	Image00322
	Image00323
	Image00324
	Image00325
	Image00326
	Image00327
	Image00328
	Image00329
	Image00330
	Image00331
	Image00332
	Image00333
	Image00334
	Image00335
	Image00336

