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Summary 

Investigations are made of the observed singularities in January daily rainfall 
means at a number of Australian. stations. Simple graphical methods throw doubts 
on the random nature of a number of the series, and these doubts are strengthened by 
results of a significance test involving the parameters of the statistical distribution of 
daily rainfall. Further work will be necessary to decide whether the observed peaks 
are due to other than chance, because (i) in the January data the apparent effects were 
not observed at all the stations studied, and (ii) in a brief survey of some December 
and. February data the series appeared to be completely random. 

I. INTRODUCTION 

During the last 10 years a considerable amount of meteorological literature 
has been devoted to investigations into apparent singularities in daily rainfall 
amounts and the related problem of deciding whether there are preferred dates 
for the occurrence of heavy falls. 

The suggestion was made by Bowen (1953) that the observed peaks in 
amounts of daily rainfall over a period are not due to random causes but result 
from the presence of increased amounts of meteoritic dust, the increases occurring 
on or near particular dates. The hypothesis is that the extraterrestrial dust 
provides nuclei which are rain-producing, and that the dates of peak rainfall 
occur approximately 30 days after the Earth enters a major meteor stream. 

The problem of deciding whether the observed peaks in daily rainfall are 
random or not is extraordinarily complex. The difficulty arises from the extreme 
skewness of the statistical distribution. The skewness is positive, and at most 
stations in Australia, medians and modal values of daily rainfalls are zero for 
every day of the year. In examples such as these it is apparent that the quoting 
of the standard deviation has very little meaning, and the standard errors of 
means do not provide adequate tests for investigating the observed differences. 
between samples. This has been expressed quantitatively by Hannan (1955» 
when he considered daily rainfalls and showed that observations 16·5 standard 
deviations from the mean occur with a probability of 10-4, while if the distribution 
had been normal with the same mean and standard deviation, the occurrence of 
an observation more than 6·1 standard deviations from the mean would occu~ 
with a probability of 10-9 • 

* This paper was presented at the International Conference on Cloud Physics held in Canberra 
in September 1961. 

t Bureau of Meteorology, Melbourne. 
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Because of the difficulties introduced by the extreme non-normality of the 
parent data most of the investigations which have been undertaken in this field 
have been based on distribution-free methods (e.g. see Brier 1961). Most of this 
paper, which must be classed as a preliminary investigation, also relies on non
parametric methods, but in a later section the statistical distribution of daily 
rainfall has been derived and it is shown that a very good fit to the particular 
data can be obtained using the r-distribution. This was demonstrated by Das 
(1955). 

This study is directed, not towards investigating the possible activity of 
meteoritic dust particles as rain-forming nuclei, but rather towards deciding 
whether the observed peaks in daily rainfall are due to random causes. 

II. THE DATA 

The selection of data for the investigation was governed by the ready 
availability of long and reliable rainfall records which had already been committed 
to punch cards. 

The analysis extends over the months of December, January, and February 
for Sydney, Melbourne, and Adelaide, and includes also January data for Port 
Macquarie in New South Wales, for Brisbane and Rockhampton in Queensland, 
.and for Port Hedland in Western Australia. 

In a later more complete investigation it is hoped to extend the study to 
stations throughout Australia and covering the complete year. 

III. GRAPHICAL ANALYSIS OF JANUARY DATA 

Graphical analysis of January data is now considered. In his original 
paper Bowen (1953) referred for the most part to Sydney daily rainfall and in 
subsequent investigations (Bowen 1956a, 1956b) he pooled data from Australian 
and overseas stations. In the present work, data from individual stations are 
treated separately and no corrections have been made for the occurrence of 
leap years. It is realized that the first restriction does away with desirable 
interstation smoothing, but a study of daily rainfall records shows that pronounced 
peaks at one or two stations may " carry" a number of other series which are 
.apparently random, and so convey the impression that the occurrence of the 
peaks is spread over a much greater area than it is in fact. Also, weighting 
systems introduce considerable subjectivity and so are suspect (cf. Jenkinson 
1960). Since the data consist of results of observations made once each day 
(at 9 a.m.) a correction for the leap year is a refinement which is hardly justified. 

The January mean daily rainfalls for Sydney, Melbourne, Adelaide, and 
Hobart are shown in Figure 1, the first three curves being for the 100 years 

·1861-1960, and the Hobart graph covering the period 1907-60. It will be seen 
that while the scale is constant over the four curves, the origin is not at zero in 
all cases. 

As found by Bowen (1953), using slightly different period lengths, there are 
very pronounced peaks in the Sydney data for January 12 and 23. These do 
'not show up in the curves for the other cities, although at Melbourne there is a 
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small peak on January 22. .A comparison between the four curves does not 
suggest an influence which is common to all. 

Bowen's hypothesis has been criticized (Martyn 1954; Swinbank 1954), 
part of the criticism is based on the grounds that the variability of daily rainfall 
is so great that if a few years records are added to or taken from the data being 
investigated, an entirely new set of peaks can be produced. Also, if very few 
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Fig. I.-Mean daily rainfall for January at Melbourne, Adelaide, 
Sydney, and Hobart. 

extreme values are omitted the peaks disappear. The validity of these arguments 
can be seen by referring to the Appendix, which sets out in tabular form the 100 
years (1861-1960) of the January rainfall at Sydney, the units being recorded in 
hundredths of an inch. The bottom row shows the total for each day for the 
complete period. 

The total for January 23 is 24·09 in. and it will be seen that in the 100 years, 
rainfalls of more than 1 in. have occurred on this date only six times. The total 
for January 12 is 23 ·99 in., and on only seven of these dates have the daily totals 
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Fig. 2.-Mean daily rainfall for January at Sydney, four 25-year 
curves. 
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exceeded 1 in., the last occurrence being in 1918 when a fall of 6 ·53 in. was 
recorded. From these values it is apparent that even if the occurrence of 
singularities can be shown to be non-random, their use as aids to prediction 
must be very limited. 
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Fig. 3.-Sydney daily rainfall for January, percentiles. 

From the data set out in the Appendix, the total number of falls greater than 
1 in. is 96. If a Poissonian distribution is fitted to the variate represented by 
the number of occurrences of falls greater than an inch on anyone date, and 
acting on the null hypothesis that such falls are equally likely on any day, then 
the seven occurrences on January 12 constitute the only value which is significant 
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at the 5% level. However, reliance cannot be placed on a test of significance 
based on the Poissonian distribution since the dates in question were all selected 
because of their associated rainfall peaks. 

Following on the criticisms mentioned above, the investigation by graphical 
methods was continued under two headings: 

(i) The division of the total records into subseries. 
(ii) The plotting of percentile values of daily falls. 

In the first of these, the 100-year records were subdivided into four con
secutive 25-year series. This subseries length was selected arbitrarily and without 
reference to the parent data. Figure 2 contains the January data for Sydney 
set out in the form of the four 25-year graphs, and it will be seen that in all of 
the curves a peak has occurred on January 22 or 23 while in three of them a peak 
appears on January 12 or 13. 
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Fig. 4.-Mean daily rainfall for January at Port Macquarie. 

The degree of uniformity of these peaks in the individual sub series appears 
sufficient to raise doubts concerning the random nature of the generating process, 
and the doubts are further strengthened by studying the percentile curves. 

Figure 3 shows a number of percentile graphs of the same data. The first 
curve represents extreme value rainfall at Sydney on each January date over the 
100 years, the second shows the 99th percentile, that is, the second highest 
rainfall on each date, and then the process has been continued in unit steps down 
to the 90th percentile. The 90th and 85th percentile values are also plotted, 
and the ordinate scale in each case has been kept constant to emphasize the 
rapid decrease in amount when relatively few high values are omitted. 

Because of the degree of skewness of the data, it was to be expected that 
dates showing peaks in mean values would coincide with those of peaks in extreme 
values, and this is borne out by the first curve in Figure 3, in which the peaks on 
January 12-13 and 23 are prominent. What would not be expected in a random 
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series is the manner in which these peaks, and particularly that of January 12-13, 
persist down to the 90th percentile . 

.An interesting point about these data is that there is not a significant cor
relation between the total rainfall on any date and the number of wet days. 
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Fig. 5 (a).-Mean daily rainfall for January at Port Macquarie 
1871-1885 and 1886-1910. 

Using the 100 years of January rainfall at Sydney, the sample correlation between 
these two variates was found to be +0 ,14. Here 

t=r(1-r2)-1(n-2)1 
=0 ·14(1-0 '142)(29)1 
=0'78, 

and with 29 degrees of freedom, a t-value of 2 ·04 would be required for significance 
at the 5% level. This effect had already been noted by Bowen (1953). 
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The graphical analysis of January data was extended to other stations to 
determine whether peaks also occurred about these two dates, Figure 4 shows 
the graph of daily rainfall for the period 1871-1960 for Port Macquarie (31 0 28' S." 
1520 55' E.). There are well-defined peaks on January 12, and 22, and 23. This 
second peak survived in each subseries based on the periods 1871-85, 1886-1910, 
1911-35, and 1936-60, these graphs are presented in Figure 5. The peak on 
January 12 is not so pronounced in the smaller series. 
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Fig. 5 (b).-Mean daily rainfall for January at Port Macquarie 
1911-1935 and 1936-1960. 

The fact that the peak on January 22-23 is found in all four subseries is 
not put forward as proof of the non-random nature of the occurrence since heavy 
rainfalls at Sydney and Port Macquarie are usually associated with the same 
meteorological situations. Thus if a rare event has occurred by chance at 
Sydney, then because of the widespread effect of the pressure systems, the same 
general results will be recorded at Port Macquarie. However, the fact that the 
existence of the peaks has been noted at both places does reduce the probability 
of them being due in some way to observational irregularities. 

Figure 6 contains three graphs of daily rainfall means for January at Brisbane 
(27 0 28' S., 153 0 02' E.), the first being for the" total" period 1909-60, and 
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the others being for the two subseries 1911-35 and 1936-60. The long period 
curve shows trend characteristics, and superimposed on these are pronounced 
peak.s including those of the 13th and 24th. When compared with the subseries 
graphs there is not the degree of consistency which appeared in the curves for 
Sydney. 

Figure 7 shows the graph of daily rainfall for January at Rockhampton 
(23 0 45' S., 150 0 30' E.) for the period 1908-60 and contains a large peak on 
January 21-23 and a smaller peak on January 10-11. These peaks persist in 
curves of the subseries data, 1911-35 and 1936-60, as shown in Figure 8. 
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Fig. 6 (a).-Mean daily rainfall for January at Brisbane. 

The Rockhampton data show that the major January rainfall peaks are 
located on or about the same dates as those of Sydney. While it is true that 
summer rainfall at each place occurs for the most part with the southward 
movement of tropical cyclones or of northern troughs, the distance between the 
stations (approx. 700 miles) is such that it is unusual for the one meteorological 
situation to cause heavy rainfall at both simultaneously. 

The extent of this meteorological dissimilarity is illustrated in Table 1. It 
contains, for the years 1888-1960, the rainfall recorded at both places on the 
3 days January 21, 22, and 23 in any year in which at least one inch fell at either 
station on one of these days. 

It can be seen that in 22 of the 73 years being considered an inch of rain fell 
on at least one of the three dates at either place, but that falls of an inch Or more 
a day at both stations in the same period and year occurred on only five occasions. 
These were 1895, 1922, 1927, 1933, and 1955. 
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A study of the relevant synoptic charts illustrates the different types of 
meteorological situations leading to the results set out in Table 1. In 1918r 
when only 0 ·03 in. of rain fell in Sydney over the 3-day period, Rockhampton 
received more than 20 in. A cyclonic depression with centre below 996 mb 
crossed the coast near Rockhampton on January 22, and on 23 it was located at 
23° S., 145° E. Sydney was covered by a ridge of high pressure during the period. 

In 1924, Sydney recorded more than 3 in. of rain during the relevant 3 daysr 
while Rockhampton reported only 0·11 in. The surface charts for the period 
showed two cyclonic centres each below 998 mb located off the east coast of 
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Fig. 6 (b).-Mean daily rainfall for January at Brisbane. 

Australia. One of these was near 20° S., 152° E. and the other near 30° S., 157° E. 
during most of the 3-day period. The rainfall at Sydney occurred in the resulting 
strong on-shore winds, while Rockhampton was practically rainless because of 
the area of divergence about it. 

These two cases provide the general pattern for the cause of rain at only 
one of the stations. The situation for 1955 is exceptional. Reference to Table 1 
shows the similarity of the rainfall amounts at both places during the period. 
The surface synoptic charts for the 3 days contained a low pressure system extend-
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ing from 160 S., 1330 E. to 21 0 S., 1450 E. and from there to the east coast near 
Sydney. Heavy rainfall was recorded in most of the Northern Territory, 
Queensland, and New South Wales during the 3 days being considered. 

In the following sections, after deriving the statistical distribution of the 
daily rainfalls, a test is attempted on the significance of the observed peaks. 
The method used is to select peak dates in Sydney and then test the Rockhampton 
rainfalls on these dates, the validity of the test resting on the assumption that 
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Fig. 7.-Mean daily rainfall for January at Rockhampton. 

the Rockhampton and Sydney peaks are independent of each other. From the 
discussion of the 1955 data this is obviously not strictly true, but from an overall 
study of Table 1 and the relevant synoptic charts it appears that the approxi
mation is reasonable. 

Before passing on to the examination of the statistical distribution, January 
data of Port Hedland (20 0 19' S., 1180 24' E.) were analysed graphically. This 
station was selected because it is on the north-west coast of the Continent and 
so not subject to the same meteorological systems as the places previously 
examined. Figure 9 shows the mean daily rainfall for Port Hedland for the 
period 1913-60 and also the curves for two subperiods 1913-35 and 1936-60. 
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The total period curve shows maximum peak values on January 30, 12, and 
21, while the last two only have survived in both of the smaller period curves. 

From these graphical surveys of daily rainfall for January there does appear 
evidence that peaks observed at Sydney persist beyond the geographic boundaries 
of Sydney's climatic region, and as indicated above, the following section is 
devoted to examining the effect quantitatively. 
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Fig. S.-Mean daily rainfall for January at Rockhampton, two 
25-year series. 

IV. THE DISTRIBUTION OF DAILY RAINFALL 

Daily rainfall has a skew distribution with lower limit zero and it approxi
mates the r-distribution. Das (1955) suggested a truncation technique whereby 
it is possible, using an approximation, to take into account the number of zeros 
and small values below an arbitrarily selected truncation point. 
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TABLE 1 

DAILY RAINFALL (IN.) 

Sydney Rockhampton 
Year 

Jan. 21 22 23 Jan. 21 

1890 0 0 0 0·03 
1893 0 0 1·05 0 
1894 0·01 0 0 0 
1895 0·32 0·80 2·13 1·74 
~899 0 0·01 0 0 
1901 0 3·06 0·17 0 
1918 0 0·03 0 4·56 
1922 1·15 0·06 0 0 
1924 1·34 0·70 1·30 '0 
1927 0 1·15 0·07 0·71 
1929 0 0 0 2·02 
1930 0 0 0 3·33 
1931 0·07 0 0 1·02 
1933 0·21 0·71 3·72 3·20 
1946 0·21 0 0·02 3'46 
1951 1·31 0 0·12 0 
1952 0 0 0 1·00 
1953 0 0 0·82 0·76 
1955 0 0·32 5·98 0 
1956 0·97 0 0 0·98 
1957 0 0'10 1·07 0 
1960 0 0·14 0·59 1·46 

The gamma distribution has the form 

1 
f(m) = ~Yr(y) e-z/f3my-l. 

The di-gamma function is given by 

d 
Ij!(y) = dy In r(y). 

The maximum likelihood equations are 

and 

22 

0·02 
0 
0 
0·55 
0·05 
0 
9·69 
1·30 
0·09 
0·33 
0·39 
2·26 
0·02 
0·67 
0·13 
0 
0·11 
0·03 
0·28 
6·67 
0 
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1 oL (1) d n n 1 m 
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23 

1·05 
0 
2·49 
0'87 
2·22 
0 
7'53 
0 

0·02 
1·49 
0·05 
5·32 
0 
2·14 
0·09 
0 
0·03 
1·23 
6·75 
0·45 
0 
0 

(1) 

(2) 

(3) 

(4) 

(5) 
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where a is the truncation point (in this analysis it has been selected as 0 ·05 in.), 
N is total number of observations, 
n is number <:0 ·05 in., 
m is number>0·05 in. 

The derived formula is approximate in that it involves writing ay/y for 
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Fig. 9.-Mean daily rainfall for January at Port Hedland. 

In applying the theory to the Sydney data for January for the 100-year 
period, these two values were calculated and were found to be 11·37 and 11·16 
respectively, so little precision was lost by the approximation. 

The calculation of the parameter values was carried out by means of tables 
(Davis 1933) and the computations of the expected frequencies were then made 
using Pearson's (1951) incomplete gamma tables. 
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Class 
Interval 

(in_) 

0 -0-10 
0-11-0-20 
0-21-0-30 
0-31-0-40 
0-41-0-50 
0-51-0-60 
0-61-0-70 
0-71-0-80 
0-81-0-')0 
0-91-1-00 
1-01-1-50 
1-51-2-00 
2-01-3-00 
3-01-5-00 
5-01-7-10 

SINGULARITIES IN DAILY RAINFALL 

TABLE 2 
TRUNOATED GAMMA DISTRIBUTION 

Sydney Daily Rainfall January (1861-1960) 

Observed Frequency Expected Frequency 

fo L.!o fe L.fe 

2507 2507 2518-4 2518-4 
180 2687 155-6 2674-0 
112 2799 106-9 2780-9 
55 2854 63-5 2844-4 
43 2897 46-2 2890-6 
30 2927 45-6 2936-2 
24 2951 14-9 2951-1 
18 2969 24-1 2975-2 
20 2989 18-4 2993-6 
14 3003 14-6 3008-2 
56 3059 46-2 3054-4 
20 3079 21-4 3075-8 
11 3090 16-5 :1092-3 
5 3095 6-8 3099-1 
5 3100 0-9 3100-0 

TABLE 3 
TRUNOATED GAMMA DISTRIBUTION 

Rockhampton Daily Rainfall January (1908-60) 

Class Observed Frequency 
I 

Expected Frequency 
Interval 

(in_) fo L.!o fe L.!e 

0 -0-10 I 1262 12(i2 1259-4 1259-4 
0-11-0-20 84 134(i 

, 
102-7 1362-1 I 

0-21-0-30 46 1392 39-9 1402-0 
0-31-0-40 32 1424 35-7 1437-7 
0-41-0-50 30 1454 26-6 1464-3 
0-51-0-60 I 17 1471 21-5 1485-8 
0-61-0-70 

I 
20 14(11 18-4 1504-2 

0-71-0-80 18 150(1 I 12-6 1516-8 
0-81-0-(10 13 1522 14-0 1530-8 
0-91-1-00 8 1530 11-3 1542-1 
1-01-1-50 46 1576 37-3 1579-4 
1-51-2-00 25 1601 21-5 1600-9 
2-01-3-00 20 1621 22-7 1623-6 
3-01-4-00 11 1632 10-2 1633-8 
4-01-5-00 4 1636 6-2 1640-0 
5-01-6-00 3 1639 2-(i 1642-6 
6-01-7-00 2 1641 1-4 

I 

1644-0 
>7-00 2 1643 1-8 1645-8 

315 
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Table 2 contains the observed and theoretical frequencies and cumulated 
frequencies within class intervals of the January daily rainfalls for Sydney over 
the 100 years. 

The parameter values for the theoretical distribution were 

y=0'104, 
~=1·11. 

The fit is obviously very good and the x2-test showed no significant difference 
between the observed and theoretical distributions. 

TABLE 4 

TRUNOATED GAMMA DISTRIBUTION 

Rockhampton Dally Rainfall January 21, 22, and 23 (1908-60) 

Class Observed Frequency Expected Frequency 
Interval 

(in.) fo "L,fo fe "L,fe 

0 -0·10 114 114 74·3 74·3 
0·11-0·20 5 119 45·7 120·0 
0·21-0·30 8 127 5·1 125·1 
0·31-0·40 2 129 2·6 127·7 
0·41-0·50 4 133 3·8 131·5 
0·51-0·60 0 133 2·0 133·5 
0·61-0·70 2 135 2·2 135·7 
0·71-0·80 I 3 138 1·4 137'1 
0·81-0·90 0 138 1·6 138·7 
0·91-1·00 1 139 1·1 139'8 
1·01-1·50 6 145 5·2 145·0 
1·51-2·00 2 147 2·4 147·4 
2·01-3·00 3 150 3·9 151·3 
3·01-4·00 3 153 2·3 153·6 
4,01-5,00 1 154 

I 
1·5 155·1 

5·01-6·00 1 155 1·1 156·2 
6·01-7·00 2 157 0·7 156·9 

(>7·00) 2 
I 

159 2·1 159·0 

The test is approximate when applied to data in this form (see Watson 
1957) but it can be applied here with reasonable confidence because of the large 
expected frequency in each cell and because of the number of degrees of freedom. 

The x2-value was found to be 20·70 and for 12 degrees of freedom (grouping 
the last three rows of Table 2) this is not significant. 

A theoretical distribution was fitted to the Sydney data for the peak date 
January 22 and the parameters were found to be 

y=0'107, 
~=5 ,75. 

The theory was next applied to the complete January data for Rockhampton 
(1908-60) and the expected and observed frequencies are contained in Table 3, 
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Again the fit is very good and the x2-value of 12 ·66 for 14 degrees of freedom 
(combining the last four rows of Table a) is not significant. 

The relevant parameter values were 

y=0'100, 

~=2·19. 

To test whether rainfall on peak dates at Rockhampton is significantly 
tuiIerent from the rainfall on other days, it is obviously pointless to select the 
extreme values and then test them. However, if, following on Table 1 above 

~ 
w 
I 
u 
~O·05 

o·oot---t---+----+----t----+-----t---i 

w 
I 
U 

~ O·051---+-

ADELAIDE (1861-1960) "-----t--

o·oot---t----j---+----t----+---+---1 

o·r5h---+----+-~--+_ 

~ 
w 
I 

~o'ro 

DATE 

Fig. 1O.-~fean daily rainfall for December at Melbourne, 
Adelaide, and Sydney. 

and the relevant discussion, we can assume that large rainfalls at Sydney and 
Rockhampton are independent of each other, it is quite logical to test the rainfalls 
at Rockhampton on dates selected because they showed peaks at Sydney. 

Acting on this assumption, a truncated r -distribution was fitted to the 
Rockhampton rainfall for January 21, 22, and 23 for the period 1908-60, these 
dates being selected because January 22 contained a major peak in Sydney data. 
The expected and observed frequencies are shown in Table 4. 

A X2-value has not been computed here, since from inspection it is apparent 
that above the 0 ·10 in. interval the fit is very good and below that value it is 
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extremely poor. This may be due in part to the difficulty in interpolating 
accurately in the lower portion of Pearson's (1951) incomplete r-tables. 

The relevant parameter values were found to be 

y=O'097, 

~ 
w 
I 
U 
~ 

ifl 

~=5·10. 

(1861-1885) 

Qo2H~-l---+---+--+--/'tt-,.--+---+-,--l 

I 
U 
~ O·I�_--\/----j~+----+.I_-++_-___H'_\_cl_+_+I_-j 

DATE 

Fig. H.-Mean daily rainfall for December at Sydney, four 
25-year curves. 

It is apparent that all four y-values are almost identical, but the ~-values for 
January 22 in Sydney and for the 3 days, January 21, 22, and 23 in Rockhampton 
are considerably greater than the corresponding values for the complete month. 

The standard errors of the estimates of the values of the parameters y and 
1/~ can be obtained by calculating the second derivatives of the maximum 
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likelihood equations and relating them to the inverse of the variance-covariance 
matrix (Moran 1957). The resulting equation has the form: 

var (y) cov (y, ~) _E(02L) 
oy2 

and the right-hand side reduces to : 

[ 
-NtjJ'(y) + ~2 

N~ 

where tjJ'(y) is the tri-r-function and is (djdy)[tjJ(y)]. 

This equation was applied to both sets of Rockhampton data. For the 
whole month: 

N =1643; n=1190; y=0'100; ~=2 ·19; 
'V(0'100)==101'4333 (Davis 1933, Vol. 2, p. 29), 

and var(lj~) was calculated as 0·0019. 

The standard error of this estimate is 0·044. 

Then for the 3 days January 21, 22, and 23 : 

N=159; n=107; y=0'097; ~=5'10; 

tjJ'(O '097) =108 ·4833. 

The variance of this estimate of (1/~) was found to be 0 ·0034 and the standard 
error of the estimate is 0 ·058. 

An approximate test of significance is based on the assumption that the 
ratio 

observed difference between the two (lj~) values 
[sum of the variances of the two estimates]! 

is a standard normal variate. This gives 

0·457-0·196, 0·261 
[0'0019+0'0034P~ 0 ·073' 

This is greater than 3·5 and so is highly significant. 

Obviously the observed difference between the values would have been 
greater if the calculation had been carried out for two distinct samples of .28 
and 3 days instead of including the latter in the larger group as was done here. 

Relying then on the following two assumptions: (i) The independence of 
major rainfalls at Sydney and Rockhampton; (ii) the adequacy of the fit of the 
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trunoated r-distributions; it appears that there is good evidence to support the 
hypothesis that the period January 21-23 contains preferred dates for the 
occurrence of heavy rainfalls at Rockhampton. 

V. GRAPHICAL ANALYSIS OF DECEMBER AND FEBRUARY DATA 

A hrief investigation by graphical methods was extended to data for 
December and February for Sydney, Melbourne, and Adelaide. 

Mean value curves for the three stations for December are shown in Figure 10, 
and as before, there seems little regularity between the curves. 

0'15 

0'10 

00()() 
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~ 
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(\ /\ IN I~ I/~ 
\I v 
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v~ J V\ 
v-------V 

SYDNEY (1861-1960) 

f\ \ 

r \ . l/\ n I 
\ 

, 
1 

/ v' V 1 
1 
1 ,I 

10 15 
DATE 

20 25 

Fig. 12.-Mean daily rainfall for February at Melbourne, Adelaide, 
'and Sydney. 

As in the case of the January records, the Sydney series was divided into 
four consecutive sub series of 25 years and the resulting curves appear in Figure 11. 
The major peaks in the " total" series occur on the following dates: 

1 9 13 18 31 

while in the four subseries, major peaks occur as follow: 
(1861-85) 15 25 29 
(1886-1910) 1 13 18 
(1911-35) 10 13 30 
(1936-60) 2 1719 
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The corresponding curves for the February data appear in Figures 12 and 13. 
The first of these shows some measure of regularity between the graphs of the 
Melbourne and Adelaide rainfalls in that there are peaks which are common 
to both on February 7, 14, and 18, but the major peaks in Sydney occur on 
February 10, 16, and 25. 

o·J 

I 
U 

" 0-2 

0'1 

0'1 f--~+-+---+---\rt--I-

10 15 
DATE 

(1861-1885) 

20 25 

Fig. 13 (a).-Mean daily rainfall for February at Sydney, 
two 25-year curves. 

From Figure 13 containing the four 25-year subseries of Sydney data, major 
peaks occur on the following dates: 

1861-85 
1886-1910 
1911-35 
1936-60 

6 17 25 
8 13 20 

11 16 25 
10 19 22 

It is apparent that neither of these sets of Sydney curves possesses the 
regularity of the corresponding graphs for January, and the data for these 
2 months appear to be randomly distributed in time. 

VI. OONCLUSIONS 

There seems fairly reliable evidence to support the hypothesis that there 
are preferred dates for the occurrence of heavy rainfalls in January at a number 
of Australian stations. The evidence cannot be classed as conclusive because 
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of some apparent gaps in the pattern, since, for example, the effects seem quite 
pronounced at Sydney, Port Macquarie, and Rockhampton, less definite at 
Port Hedland and hardly perceptible at Brisbane. 

These effects have been demonstrated by methods of non-parametric analysis 
in which peaks in mean daily rainfalls at individual stations persisted when the 
complete series of observations had been divided into a number of subperiods. 
The same peaks also persisted in the residual curves of Sydney January data, 
when up to and including the 10 highest falls on each date were omitted. 

w 
I 
U 
~ 

(1936 -1960) 

O-lr---t-----+tt-

Oo31-----t----I-H-------If--

0'2 r---f----jf-t-lf--I-\----II----+---1I+---+-orl-lt--

DATE 

Fig. 13 (b).-Mean daily rainfall for February at Sydney, 
two 25-year curves. 

Supporting evidence for the hypothesis came from the fact that the same 
peaks were found beyond the boundaries of a particular rainfall regime, that is 
as indicated above, they occurred at both Sydney and Rockhampton, and the 
striking feature of this section of the work was, that while these two stations 
showed peaks in average rainfall on the same calendar dates, the great majority 
of the heavy falls did not occur at each place in the same year. 

This fact was used as the basis for a parametric test of Rockhampton data, 
when by applying a truncated r-distribution, a highly significant difference 
was found between all-January data and the data for 3 days, the days being 
selected at Rockhampton because they were peak dates in Sydney. 
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Thus the distribution-free methods and the parametric tests both tend to 
confirm the suggestion that there are non-random processes in the production 
of daily rainfalls in January, though the obvious question which was raised 
above and which has not been answered is-" If the effects are real why are they 
not apparent at all stations ¥ " 

The survey of December and February series was very limited, but in both 
cases there was no evidence that the processes were other than random. This 
poses another basic question-" If the effects in January are real, why should 
they not extend to the adjacent months? " 

The answers to these questions can come only from examination of more 
data and an attempt will be made to include in a later investigation records 
from stations in all rainfall districts of Australia and covering all months. 

VII. ACKNOWLEDGMENTS 

Thanks are due to Professor P. A. P. Moran for his advice on the statistical 
treatments in the paper and to Mr. J. V. Maher of the Bureau of Meteorology, 
Melbourne, for advice and assistance in calculating the theoretical frequencies 
of the r -distributions. 

VIII. REFERENCES 

BOWEN, E. G. (1953).-Aust. J. Phys. 6: 490-7. 
BOWEN, E. G. (1956a).-J. Met. 13: 142--51. 
BOWEN, E. G. (1956b).-Tellus 8: 394-402. 
BRmR, G. W. (1961).-J. Met. 18: 242-6. 
DAS, S. C. (1955).-Aust. J. Phys. 8: 298--304. 
DAVIS, H. T. (1933).-" Tables of the Higher Mathematical Functions." Vols. 1, 2. (Principia 

Press: ,Bloomington, U.S.A.) 
HANNAN, E. J. (1955).-Aust. J. Phys. 8: 289-97. 
JENKINSON, A. F. (1960).-J. Met. 17: 376-7. 
MARTYN, D. F. (1954).-Aust. J, Phys. 7: 358--64. 
MORAN, P. A. P. (1957).-Trans. Amer. Geophys. Un. 38: 519-23. 
PEARSON, K. (1951).-" Tables of the Incomplete Gamma Function." (Cambridge Univ. Press.) 
SWINBANK, W. C. (1954).-Aust. J. Phys. 7: 354-8. 
WATSON, G. S. (1957).-Biometrika 44: 336-48. 



-
-
-
-

~
l
 2 

3 
4 

5 
6 

7 
8 

9 

Y
ea

r 
-
-
-
-
-

18
61

 
0 

0 
2 

0 
6 

3 
13

 
1 

0 

62
 

4 
1 

0 
0 

0 
0 

1 
6 

0 

63
 

0 
6 

0 
0 

0 
5 

0 
0 

0 
64

 
21

 
0 

0 
0 

·4
 

21
 

1
3

 
6 

0 
65

 
0 

0 
0 

0 
0 

3
8

 
0 

o 
5

6
 

66
 

0 
0 

0 
2 

0 
0 

0 
0 

0 

67
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
68

 
0 

0 
0 

0 
0 

1 
0 

1 
5

0
 

69
 

o 
18

 
0 

0 
0 

0 
0 

0 
0 

70
 

0 
0 

o 
3

3
 

2 
0 

0 
0 

0 
71

 
25

 
0 

0 
0 

0 
0 

21
 

0 
72

 
5

2
 

0 
8 

0 
0 

0 
4 

0 
0 

73
 

0 
0 

0 
4 

0 
0 

0
1

4
0

 
2 

74
 

0 
0 

0 
0 

0 
3 

4 
o 

12
 

75
 

0 
0 

0 
0 

0 
0 

o 
25

 
2

9
 

76
 

0 
0 

2 
o 

47
 

5 
0 

0 
0 

77
 

o 
26

 
0 

1 
0 

0 
0 

1 
28

 
78

 
5 

o 
10

 
0 

0 
0 

0 
0 

79
 

0 
0 

0 
0 

0 
o 

15
 

0 
0 

8
0

 
0 

0 
0 

3 
0 

0 
0 

o 
20

 
S

l 
0 

0 
0 

0 
7 

0 
0 

0 
0 

82
 

0 
0 

3 
0 

0 
0 

0 
0 

0 
83

 
0 

o 
23

 
4

3
 

20
 

0 
0 

S
4 

0 
0 

()
 

0 
0 

.(
) 

()
 

0 
0 

85
 

o 
11

 
22

 
0 

0 
()

 
0 

0 
0 

86
 

0 
1 

0 
2 

0 
0 

0 
()

 
0 

87
 

()
 

0 
0 

3 
()

 
9 

0 
0 

0 
88

 
0 

0 
0 

8 
0 

0 
0 

0 
0 

89
 

0 
0 

o 
5

6
 

0 
0 

2 
0 

()
 

90
 

0 
0 

o 
3

0
 

99
 

0 
0 

0 
91

 
0 

0 
0 

0 
0 

21
 

3 
0 

0 
92

 
27

 
0 

0 
0 

0 
0 

0 
0 

1 
93

 
1

1
7

 
75

 
5 

o 
3

5
 

0 
0 

0 

1
0

 0 0 

A
P

P
E

N
D

iX
 

S
Y

D
N

E
Y

 D
A

IL
Y

 R
A

IN
F

A
L

L
, 

JA
N

U
A

R
Y

 
1

8
6

1
-1

9
6

0
 

(H
u

n
d

re
d

th
s 

o
f 

In
ch

es
) 

11
 

12
 

1
3

 
1

4
 

15
 

1
6

 
17

 
1

8
 

1
9

 
2

0
 

21
 

0 
0 

1 
o 

13
 

3
7

 
2 

9 
13

 
0 

8
9

 
0 

1
6

 
0 

0 
0 

o 
11

 
48

 
1

0
9

 
3 

3 

2
2

 
23

 

4 
0 

93
 

31
 

0 
0 

1 
19

 
9

5
 

0 
4 

0 
0 

0 
0 

5 
3

7
5

 
2

5
 

0 
1 

18
 

2 
0 

o 
17

 
0 

0 
0 

0 
7 

0 
0 

27
 

0 
0 

97
 

5
7

 
2

3
 

7 
0 

0 
0 

0 
5 

0 
0 

19
 

0 
8 

4 
0 

0 
0 

0 
o 

1
0

3
 

0 
5 

4 
1 

4 
0 

0 
0 

0 
1 

0 
3 

0 
0 

16
 

97
 

0 
0 

47
 

0 
0 

2 
0 

0 
0 

0 
12

7 
11

 
3 

9 
5

2
 

21
 

0 
6 

0 
0 

0 
0 

4 
2 

23
 

15
 

0 
1 

21
 

0 
2 

0 
0 

0 
0

1
4

9
 

1 
1 

0 
0 

27
 

2 
0 

0 
9

8
 

0 
0 

21
 

4
0

 
0 

0 
0 

0 
0 

0 
0 

11
 

67
 

22
 

2 
2 

2
8

0
 

17
 

0 
0 

0 
0 

3
8

 
1 

0 
0 

27
 

65
 

45
 

25
1 

5 
16

 
0 

0 
0 

1 
0 

0 
0 

18
 

0 
14

 
41

 
5 

0 
26

 
7 

0 
0 

12
 

0 
4

6
 

1 
0 

6 
1 

0 
0 

0 
0 

0 
o 

21
 

0 
0 

0 
0 

0 
0 

3 
0 

2 
0 

5 
3 

3
0

 
II

 
0 

4 
1 

0 
0 

0 
1 

0 
8

4
 

0 
0 

0 
0 

0 
0 

0 
I 

0 
0 

0 
0 

0 
0 

1 
0 

0 
0 

0 
0 

0 
2 

0 
8

9
 

1 

0 
0 

8 
7 

0 
0 

0 
0 

0 
3 

4
5

 
15

6 
1 

79
 

0 
0 

0 
0 

0 
0 

0 
0 

12
 

1
0

 
0 

0 
0 

0 
o 

19
 

19
 

9 
4

5
 1

32
 

8 
0 

I 
0 

1 
2 

4 
0 

0 
3 

0 
18

 
0 

0 
o 

1.
5 

0 
0 

0 
8 

0 
0 

o 
19

 
17

0 
0 

47
 

0 
0 

0 
12

9 
14

3 
0 

0 
6 

22
 

0 
0 

0 
14

 
0 

0 
() 

11
 

3
4

 
2 

0 
2 

0 
0 

20
 

() 
15

6 
1 

0 
0 

0 
0 

5 
1

0
 

12
 

5
5

 
16

 
0 

2 
0 

8 
0 

0 
0 

2 
1 

0 
1 

0 
()

 
5 

1 
0 

0 
0 

0 
0 

o 
14

 
19

 
0 

1 
70

 
1

9
4

 
17

 
7 

0 
0 

0 
0 

2
4

 
0 

0 
3 

0 
2 

0 
()

 
0 

0 
0 

0 
0 

0 
()

 
6 

0 
8 

23
 

2 
0 

16
 

1 
0 

0 
0 

5 
1 

29
 

28
 

29
 

3
5

 
4 

1 
0 

0 
0 

0 
13

 
68

 
6 

0 
6 

o 
93

 1
21

 
8

2
 

0 
0 

0 
1 

2 
7 

18
1 

16
7 

10
5 

0 
0 

o 
71

 
2 

0 
0 

0 
0 

0 

0 
0 

0 
0 

21
 

4 
0 

0 
0 

47
. 

18
 

0 
o 

1
0

5
 

2
4

 
25

 
2

6
 

27
 

2
8

 

2
9

 
0 

0 
0 

0 
22

 
23

 
0 

0 
0 

0 
5 

5
5

 
16

 
0 

0 
0 

0 
0 

0 
3 

0 
0 

0 
4 

1 
0 

0 
13

 
23

 
1 

0 
0 

0 
0 

0 
0 

0 
1 

79
 

0 
0 

0 
0 

0 
0 

0 
0 

31
 

2
4

 
1

8
4

 
4

7
 

0 
0 

48
 

11
 

1 
0 

39
 

0 
0 

1 
1 

0 
0 

3 
3

5
 

16
1 

0 
1 

o 
18

 
1 

3 
3 

0 
0 

0 
28

 
1 

0 
0 

0 
9 

5 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
o 

5
3

 
1 

1 
0 

10
 

I)
 

5 
0 

0 
0 

0 
fj

 
0 

0 
o 

29
 

0 
12

 
2

2
4

 
0 

0 
0 

23
 

0 
0 

8 
5 

5
8

 
9 

0 
9 

22
 

27
 

1
9

5
 

6 
8 

13
7 

1
3

4
 

11
 

()
 

0 
()

 
0 

0 
0 

2 
0 

15
 

17
 

0 
5 

0 
0 

0 
o 

4
8

 
1 

1 

3~1 
0 

0 
0 

43
 

8 
1 

0 
0 

2
9

 
3

0
 

0 
3

6
 

0 
0 

3
3

 
0 

0 
0 

4 
12

8 
19

1 
3

6
 

0 
14

 
28

 
16

 
0 

1 
0 

0 
0 

0 
0 

0 
0 

0 
8 

2 
0 

13
 

1 
0 

0 
0 

0 
0 

0 
0 

0 
0 

IS
 

0 
0 

0 

16
1 

0 
()

 
0 

3 
()

 

0 
0 

0 
0 

0 
0 

7 
5

4
 

o 
24

9 
19

 
23

 
0 

0 
1 

7 

3 1
0

3
 

0 0 0 1 0 37
 1 

11
 3 0 0 1 0 0 0 0 0 0 12
 1 10
 0 0 0 0 3 

8
6

 
11

) 

11
 

e,..
, 

b
:l

 
.....

 

Q
 o ~~ o Z
 >1
 



A
p

P
E

N
D

IX
 
(C

on
ti

nu
ed

) 

~
 1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

1
4

 
15

 
16

 
17

 
18

 
19

 
2

0
 

21
 

22
 

2
3

 
2

4
 

25
 

2
6

 
27

 
28

 
2

9
 

3
0

 
31

 
Y

ea
r 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

1
8

9
4

 
4 

0 
0 

0 
0 

5 
1 

11
 

6 
7 

0 
1 

0 
2

0
 

0 
3 

0 
2 

0 
0 

1 
0 

0 
6 

12
 

7 
35

 
14

 
0 

23
 

4 
9

5
 

13
 

19
 

19
 

2
6

 
2 

0 
o 

16
 

25
 

10
 

4 
0 

0 
0 

5 
55

 
10

 
9 

19
 

18
 

32
 

80
 

21
3 

21
 

0 
1 

14
5 

2
4

 
38

 
1 

3 
9

6
 

0 
0 

0 
0 

0 
0 

0 
6 

0 
0 

0 
0 

0 
o 

27
 

14
 

5 
0 

2 
23

 
3 

3 
0 

o 
11

 
69

 
1 

0 
0 

3 
0 

97
 

0 
0 

0 
o 

39
 

0 
0 

0 
0 

93
 

2 
0 

1 
2 

0 
0 

1 
5 

0 
0 

0 
0 

3 
0 

0 
0 

20
 

2 
45

 
0 

0 
9

8
 

0 
1 

0 
0 

0 
0 

0 
0 

0 
3 

1 
0 

6
6

 
11

 
o 

85
 

1 
1 

0 
0 

1 
58

 
0 

4
2

0
5

 
97

 
0 

5 
0 

0 
0 

9
9

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

o 
19

 
4

9
 

0 
0 

0 
0 

0 
o 

13
2 

0 
0 

1 
0 

0 
0 

0 
0 

0 
0 

4 
0 

1
9

0
0

 
3 

0 
0 

o 
23

 
41

 
14

 
7 

13
 

o 
2

5
 

0 
0 

0 
0 

01
 

0 
0 

0 
1 

3 
0 

0 
o 

33
 

2 
4 

0 
0 

0 
0 

01
 

0
1

6
8

 
0 

0 
0 

0 
0 

0 
1 

0 
0 

68
 

0 
0 

1 
5 

0 
0 

0 
0 

o 
3

0
6

 
17

 
0 

0 
0 

0 
69

 
12

 
0 

0 
0

2
 

5 
1 

0 
o 

38
 

70
 

22
 

0 
0 

9 
0 

0 
11

 
1 

0 
0 

0 
0 

3 
1 

1 
0 

0 
0 

0 
0 

15
 

1 
0 

0 
0 

0
3

 
0 

0 
0 

o 
62

 
0 

0 
0 

0 
0 

0 
0 

17
 

8 
3 

0 
0 

0 
1 

0 
0 

8 
1 

o 
31

 
7 

64
 

26
 

0 
0 

0 
0

4
 

0 
2 

98
 

0 
1 

0 
0 

4 
0 

0 
0 

0 
0 

13
 

32
 

0 
0 

0 
0 

9 
14

 
1 

0 
0 

0 
2 

14
 

0 
0 

0 
2 

0
5

 
0 

0 
6 

12
 

29
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
8 

0 
0 

0 
0 

11
 

0 
4

4
 

64
 

0
6

 
3

9
 

3 
0 

0 
0 

0 
0 

9 
25

 
0 

0 
15

 
0 

65
 

5 
0 

0 
1 

0 
0 

0 
1 

0 
0 

0 
5

6
 

0 
0 

0 
0 

0 
07

 
6 

15
 

0 
0 

0 
0 

0 
5 

10
 

1 
5 

11
 

0 
0 

7 
3 

0 
1 

0 
0 

7 
0 

0 
0 

0 
0 

69
 

13
6 

31
 

0 
0 

0
8

 
0 

0 
0 

0 
0 

1 
0 

o 
21

 
11

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
7 

3 
3 

3 
0 

°1 
o 

12
1 

10
 

09
 

0 
0 

0 
0 

0 
2

6
 

2 
4 

2 
21

 
6 

0 
1 

0 
0 

0 
0 

60
 

0 
7 

12
 

0 
0 

0 
0 

0 
0 

0,
 

0 
0 

0 
10

 

~I 
0 

0 
0 

0 
0 

0 
0 

8 
2 

5 
1

2
9

 
19

 
4

9
 

88
 

1 
0 

0 
0 

0 
11

 
61

 
21

 
0 

0 
0 

0 
3

4
 

82
 

14
 

6 
11

 
1 

8 
0 

0 
9 

8 
0 

2 
0 

o 
20

7 
70

8 
3 

23
 

38
 

19
 

10
4 

22
 

1 
0 

13
 

19
 

34
 

26
 

86
 

17
6 

0 
3 

0 
14

 
12

 
11

 
0 

0 
0 

o 
10

5 
14

 
0 

0 
0 

0 
0 

0 
1 

0 
1 

2 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
13

 
0 

0 
1 

38
 

18
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

5 
1 

5 
0 

1 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

14
 

7 
0 

2 
1 

0 
0 

1 
0 

0 
0 

0 
15

 
7 

0 
0 

0 
0 

0 
0 

23
 

0 
0 

0 
0 

0 
0 

0 
9 

0 
0 

0 
15

 
I 

11
 

0 
0 

0 
0 

0 
o 

5
5

 
10

 
0 

0 
17

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

14
 

0 
10

 
16

 
2 

0 
0 

0 
0 

0 
0 

0 
0 

2 
0 

0 
0 

0 
0 

0 
0 

1 
0 

18
 

20
 

1 
0 

0 
0 

0 
0 

o 
10

3 
0 

0 
17

 
0 

o 
41

 
2 

0 
2 

0 
0 

0 
6 

1 
7 

0 
0 

1 
1 

0 
1 

0 
0 

0 
2 

73
 

5 
0 

3 
0 

15
 

21
 

19
 

10
9 

18
 

3
9

 
0 

0 
9 

0 
3 

11
 

9 
1 

2
1

2
3

 
6

5
3

 
16

2 
1 

11
 

1 
1 

0 
0 

1 
0 

3 
0 

0 
0 

0 
0 

0 
49

 
11

3 
12

8 
19

 
0 

o 
10

 
16

 
47

 
0 

o 
10

 
0 

0 
0 

1 
0 

7 
o 

11
 

0 
0 

0 
4

5
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
7 

0 
2

0
 

1 
0 

0
1

9
5

 
5

0
 

24
 

0 
0 

0 
0 

0 
0 

o 
10

9 
14

 
0 

9 
14

3 
4 

31
 

~I 
2 

14
 

15
 

I 
0 

42
 

7 
12

 
2 

0 
21

 
0 

0 
0

1
0

2
 1

06
 

9 
0 

5 
19

 
10

 
0 

4 
I 

0 
6 

0 
0 

()
 

0 
0 

0 
0 

0 
0 

0 
24

 
24

 
2 

0 
22

 
5 

2
5

 1
98

 
4

0
 

0 
2 

19
 

34
 

11
 

0 
I 

4 
10

2 
3 

3 
17

 
I 

0 
0 

85
 

11
5 

6 
0 

3 
0 

27
 

0 
0 

0 
0 

0 
23

 
0 

0 
0 

0 
0 

29
 

0 
0 

0 
0 

2 
4 

1 
0 

0 
6 

0 
0 

0 
0 

0 
0 

0 
I 

o 
14

0 
0 

0 
0 

0 
0 

2
4

 
o 

10
 

6 
0 

0 
11

 
3 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

o 
13

4 
70

 
13

0 
7

4
 

1 
4

0
 

1 
0 

0 
0 

0 
2

5
 

0 
0 

0 
o 

13
 

19
 

0 
0 

1 
5 

0 
0 

0 
0 

1 
17

4 
56

 
27

 
0 

0 
41

 
0 

70
 

5 
0 

3 
0 

0 
16

 

I~I 
26

 
26

 
3 

15
 

0 
0 

5 
4 

1 
27

 
17

 
0 

0 
0 

9 
1 

0 
0 

0 
0 

o 
26

5 
3 

1 
0 

0 
0 

0 
0 

0 
2 

0 
27

 
0 

0 
0 

0 
1 

1 
21

 
0

1
0

3
 

8 
0 

0 
0 

0 
0 

0 
2 

12
1 

0 
1 

o 
11

5 
7 

0 
0 

2 
4 

19
 

6 
()

 

U
l .....
 
~
 ~ I»- ~ U
l .....
 

Z
 

tl
 ~ >-1
 
~
 :::; z "
j I» r r C
J;

) 
t-

:l
 

O
l 



A
p

P
E

N
D

IX
 

(C
on

ti
nu

ed
) 

-
-
-
-
-
.
-
.
-
~
-
-
-
~
-
-
-
-
-
-
-
-
-
-
~
-
.
~
.
-
~
-
"
-

-
-
-
-
-
~
-
~
-
-
I
-
-
-
-
-
-
~
-
-
~
-
-
-
-

~
 2 

3 
4 

5 
6 

7 
8 

9 
10

 
11

 
12

 
13

 
14

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 

Y
ea

r 
~
-
-
-
-
-
~
 
-

-
-
~
 
-
~
 
-
-

-
-
~
 
-

-
-

-
-
-
-
-
~
~
 

-
-

-
-
-
-
-
-
-
~
-
-
-
-
~
 
~
~
 
~
-
~
~
 

-
-

19
28

 
0 

0 
0 

0 
6 

64
 

o 
20

 
4

2
 

9 
0 

0 
0 

12
 

27
 

3
6

 
0 

0 
0 

18
 

0 
0 

2 
1 

0 
0 

0 

29
 

0 
0 

0 
0 

0 
0 

4 
12

 
0 

0 
0 

0 
0 

0 
3 

0 
0 

0 
0 

4 

~I 
0 

0 
0 

0 
4 

5 

3
0

 
41

 
0 

0 
0 

1 
0 

0 
0 

0 
0 

2 
5

9
 

1 
0 

0 
1 

15
 

0 
0 

0 
0 

o 
3

0
2

 
4 

1~1 
1

0
 

31
 

o 
12

 
24

 
0 

3 
0 

0 
5 

6 
0 

0 
0 

0 
7 

9 
6 

1 
6 

20
 

0 
7 

0 
0 

18
 

23
 

0 

3
2

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
24

 
1 

0 
0 

0 

3
3

 
0 

3 
2 

9 
12

 
0 

0 
0 

1 
0 

0 
0 

0 
0 

1 
18

 
0 

0 
0 

0 
21

 
71

 
3

7
2

 
2

0
 

1 
0 

5
7

 

3
4

 
0 

2 
5 

1 
0 

2
7

1
3

7
 

0 
3 

o 
10

 
0 

0 
1 

0 
0 

0 

~I 
0 

0 
0 

17
 

0 
0 

0 
0 

1 

3
5

 
0 

0 
o 

2
4

 
6 

1
3

2
 

0 
0 

0 
27

 
0 

0 
0 

65
 

16
 

o 
21

 
0 

0 
0 

0 
0 

5 
0 

0 
2 

3
6

 
2 

0 
o 

9
4

 
3

2
 

1 
29

 
2 

0 
7 

3 
77

 
81

 
1 

o 
3

3
 

8
2

 
1 

01
 

0 
0 

0 
0 

0 
0 

0 

3
7

 
16

 
32

 
o 

14
 

0 
0 

0 
o 

8
3

 
2 

0 
20

 
3 

0 
0 

0 
3 

0 
0 

5~1 
0 

0 
0 

0 
2 

8 
0 

3
8

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

o 
31

 
5 

27
 

5
5

 
10

 
5

4
 

4 
2 

0 
3

9
 

3
9

 
18

 
0 

0 
o 

41
 

0 
0 

0 
0 

0 
0 

3 
0 

0 
0 

2 
53

 
75

 
0 

3
0

 
0 

3 
0 

0 
9 

77
 

4
0

 
14

 
0 

0 
0 

0 
o 

24
 

0 
0 

0 
0 

0 
0 

0 
0 

6 
4 

3 
4 

0 
0 

0 
0 

0 
0 

0 
0 

41
 

3 
4 

5
8

 
3

8
 

2 
47

 
1

4
 

5 
4 

22
 

1 
0 

0 
0 

0 
0 

6 
4 

9 
0 

0 
0 

0 
0 

o 
13

7 
23

 

4
2

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

0 
4 

0 
0 

0 
2 

0 
0 

0 
0 

3~1 
0 

4
3

 
69

 
21

 
0

1
0

1
 

0 
0 

0 
2 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
3 

49
 

0 
0 

1 

4
4

 
3

5
 

8
5

 
1 

0 
0 

0 
0 

0 
0 

o 
74

 
0 

0 
0 

o 
2

2
 

0 
0 

0 
0 

0 
0 

0 
3 

13
 

0 

4
5

 
0 

0 
o 

10
 

0 
0 

0 
0 

0 
0 

0 
72

 
28

 
13

 
8 

o 
49

 
0 

2 
0 

1 
0 

1 
0 

0 
0 

1 

4
6

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
28

 
12

 
21

 
0 

2 
0 

0 
0 

0 

4
7

 
o 

15
 

13
 

6 
o 

3
4

 
0 

0 
11

 
0 

0 
0 

0 
0 

o 
26

 
0 

0 
0 

0 
0 

0 
o 

14
 

0 
0 

4
8

 
0

2
1

0
 

26
 

25
 

0 
71

 
0 

0 
2 

0 
0 

20
 

74
 

1
0

2
 1

8
5

 
18

 
22

 
3 

0 
0 

0 
0 

0 
17

 
68

 
0 

0 

4
9

 
8

9
 

0 
0 

0 
0 

1 
o 

78
 

5
7

5
 1

92
 

4
6

 
2 

0 
o 

63
 

1 
13

 
0 

0 
0 

0 
0 

2 
16

 
1 

0 

5
0

 
2

4
 

88
 

8 
0 

0 
0 

o 
19

 
0 

0 
0 

0 
0 

0 
0 

1 
0 

o 
4

4
8

 
19

 
0 

0 
0 

1 
0 

1 
0 

51
 

13
 

0 
0 

0 
0 

0 
o 

43
 

0 
0 

2 
0 

0 
88

 
0 

8 
3

7
 

2
2

4
 

16
7 

13
0 

13
1 

0 
12

 
10

7 
32

 
31

 
14

 

5
2

 
0 

0 
0 

0 
0 

5
1

3
0

 
4

4
 

0 
0 

0 
0 

0 
0 

o 
10

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

5
3

 
2 

0 
0 

4 
0 

5
6

 
17

 
0 

0 
0 

0 
4 

0 
0 

o 
63

 
21

 
0 

0 
0 

0 
0 

82
 

4 
5 

1
0

 
10

 

5
4

 
91

 
3

3
 1

1
5

 
25

 
0 

0 
9 

2 
0 

0 
7 

5
5

 
1

0
 

2 
0 

1 
12

 
0 

0 
1 

0 
0 

0 
0 

0 
0 

0 

5
5

 
0 

0 
0 

0 
0 

0 
0 

2 
0 

0 
0 

0 
0 

1 
11

 
3 

0 
0 

0 
0 

2 
3

2
 

5
9

8
 

13
1 

29
 

1
9

 
0 

5
6

 
0 

0 
1 

0 
0 

0 
0 

0 
0 

5 
28

 
0 

0 
0 

5 
0 

0 
0 

2 
97

 
0 

0 
0 

o 
1

1
2

 
86

 

5
7

 
0 

1 
o 

3
5

 
16

 
0 

7 
0 

2 
2 

0 
0 

0 
0 

0 
0 

2 
4 

0 
21

 
0 

1
0

 
1

0
7

 
0 

0 
0 

4 

5
8

 
5

4
 

0 
0 

4 
0 

o 
18

 
4 

0 
o 

1
0

 
4 

0 
0 

0 
o 

83
 

11
 

0 
37

 
6 

9 
4

8
 

0 
0 

0 
0 

5
9

 
21

 
67

 
2 

2
6

 
48

 
0 

0 
8 

4 
1

8
 

1
4

 
1 

1 
0 

1 
0 

0 
0 

0 
0 

8 
8

0
 

18
 

1
5

 
0 

o 
2

0
4

 

6
0

 
0 

0 
4

0
 

5
0

 
0 

0 
0 

0 
0 

0 
0 

0 
1 

0 
0 

0 
0 

41
 

1 
0 

14
 

5
9

 
0 

0 
0 

0 

T
o

ta
l 

8
8

2
 9

8
4

 6
8

5
 9

7
5

 8
6

5
 1

02
1 

57
1 

5
4

4
 7

45
 1

21
1 

90
3 

2
3

9
9

 1
90

5 
1

0
9

5
 8

5
6

 9
2

9
 8

6
7

 1
43

1 
14

45
 1

08
1 

1
4

4
3

 1
69

6 
2

4
0

9
1

0
8

0
 8

3
0

1
3

4
2

 1
60

3 

--
-

-
-

-
-
-
~
-

28
 

2
9

 
3

0
 

31
 

-
-
-
-
-
-

-
1 

18
 

0 

0 
0 

0 

3 
0 

1 
47

 
1 

0 

0 
0 

0 
3

2
 

0 
25

 
3 

0 
0 

2 
0 

0 
0 

0 
0 

2 
0 

3 
0 

2 
74

 
0 

o 
5

7
 

5 
2 

5 
0 

0 
1 

0 
0 

01
 

0 
0 

0 
0 

0 
0 

2 
0 

0 
2 

0 
1 

5 
0 

0 
0 

0 
0 

4
5

 
0 

0 
32

 
2 

0 
0 

0 
0 

0 
0 

7 
1 

6 
4 

0 
0 

0 
0 

0 
0 

74
 

18
 

1 
0 

5
5

 
15

 
5

2
 

3 
0 

0 
0 

0 
o 

1
0

7
 

15
 

9 
1

0
8

 
0 

0 
0 

0 
1

8
 

1
4

1
3

 1
1

4
6

 1
1

2
9

 1
51

 2 o ) o o 8 o o 2 9 o o o o o 3 o 2 7 o o ) o 2 o 

~
 

~
 

0:
> 

!7.
l o ~- ~ o ~
 

><
j 


