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An analysis of Mauritian winter rainfall
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ABSTRACT. Long-term winter rainfall records for twelve stations from various sectors of Mauritius
have been subjected to basic statistical analysis and spectral analysis. Three cyclone-free months,
June-August, have been examined for this first study. Cyclone season rainfall will be the subject of a
second paper. It is observed that the drier areas exhibit more variability in rainfall. The wet winters
were around the years 1885, 1909, 1926-27, 1939-40, 1951-54, 1961-62 and 1972. The dry winters
were around 1883-84, 1886, 1902-03, 1915-16, 1921-23, 1942-48 and 1956-57. Three stations show the
presence of a rather strong element of simple Markov persistence. Spectral analysis reveals that the
data do contain spectral peaks, but very few are significant at the 95% level. However, it is interesting
to note that the pericdicities in the ranges of slightly over 2 years, 3 to 4 years, 10 to 13 years and

16 to 20 years are comparable to the results obtained by other investigators.

1. Introduction

Mauritius is an old volcanic island about
1800 km® situated near 20.5 deg. S and 57.5
deg. E. The contours in Fig. 1 show some of
the topographical features.

Mauritian economy depends largely on
agriculture, and therefore on rainfall. It has
sometimes been asked “Is Mauritius drying
up ?” Obviously, no simple answer exists to
this question,

Over tropical regions year-to-year changes in
temperature are of small amplitude. In middle
and higher latitudes these changes are signi-
ficantly greater. Since prevailing general circu-
lation is largely influenced by such changes,
year-to-year femperature variation cannot be
used in the tropics as a measure of the change
in the circulation features. Here, the variation
of rainfall amounts can be considered as an
index of changes in the circulation. An analysis
of long-term rainfall records from tropical sta-
tions may, therefore, be useful in the study of
climatic change.
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Quite a number of stations scattered over the
island possess long ‘term rainfall records. No
earlier statistical analyses of these data are
traceable. This paper is probably a first statis-
tical treatment of some of these long-term
records.

Situated in the tropics, Mauritius is often
visited by tropical cyclones(Padya 1976) in
the southern summer season. The island relies
heavily on these disturbances for its rainfall,
and summer rainfall is very variable compared
to winter rainfall (see Table 1). This is the
reason why it has been decided to treat the two
seasons separately.

" Situated in the tropics, Mauritius if often
undertaken by many investigators. Tyson et af.
(1975) analysed time series of rainfall from a
large number of south African stations. They
found evidence of oscillations in some areas,
Jagannathan and Parthasarathy (1975) studied
Indian rainfall and showed the lack of associa-
tion between the well-known quasi-biennial
oscillation (QBO) and the so-called 11 - year
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Fig. 1. Station location, height a. m. s, L. (m) (in brackets)
and contours (m)

solar cycle. Kousky and Chu (1978) observed
spectral peaks in the period ranges of 2-3 years,
3-5 years and 10-20 years.

Fruitful theoretical studies of climatic fluctua-
tions are not expected at least in the near future
(Mitchell er al. 1966). Undertaking suitable
statistical analyses of time series may prove to
be useful in the sense that, though the fluctua-
tions are unexplainable on a physical basis,
past history may give some indication about
the future.

In an attempt to better view the variabilily
of rainfall over Mauritius and to learn about
climatic change, the intention here is to analyse
the long term winter rainfall records from va-
rious parts of the island. It is hoped that studies
of the variability of this basic climatic parameter
in this part of the world will contribute to the
understanding of the large scale behaviour of
the atmosphere.

2, Data

Twelve stations with relatively long ( ~ 100
years) rainfall records have been selected —2
from the northern plains (Pamplemousses and
Labourdonnais) 4 from the southern/southeastern
parts (Britannia, Union Savanne, Beau Vallon
and Ferney), 1 from the east (Flacq United
Estates Limited, FUEL), 4 from the Central
Plateau (Reduit, Alma, Curepipe Gardens and
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Fig, 2. Monthly long term mean rainfall (mm) and
number of years of data (in brackets)

Arnaud) and 1 from the west (Medine). Fig. 1
~hows the location of the stations selected, their
identification numbers, and their heights in
metres (m) above mean sea level (amsl).

The monthly totals of rainfall for these stations
were available from the Mauritius Meteorological
Department. The only missing value was for the
year 1920 for Reduit, The mean value has been
used at the missing point. Table 1 and Fig. 2
have been presented for reference purposes.
Winter in this paper has been defined as the
months of Jure, July and August (JJA).

Table 2 lists the data periods and some of the
basic statistics for winter. The percent of the
seasonal (JJA) mean to the long-term (grand)
mean are graphed in Fig. 3 along with binomi-
ally smoothed (S point curves).

Homogeneity tests on the data have not been
attempted in this study in view of the fact that
very few stations are selected and, moreover,
though Mauritius is a very small island, it can
be categorized into various climatic regimes due
to the mountainous topography.

Up to now, no real reference climatological
slations, or, as is sometimes called, “benchmark”
stations, have been designated. Furthermore, the
record lengths differ. Since over 200 rainfall
stations are presently operating, a study is being
planned in order to establish reference climato-
logical stations,
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TABLE 1

Stations ]l:’)at_a!d Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
erio

Pamplemousses 189620|o Mean(mm) 231 220 248 163 116 83 81 75 50 49 66 145 1527
;1 189) SD.(mm) 160 146 159 101 97 53 4 41 29 36 64 138 364
COV(%) 6 666 64 62 84 64 3 55 38 L3 (87 - E9% 04

Labourdonnais 1862 fo Mean (mm) 208 204 237 158 119 82 79 66 43 44 58 123 142
0

) SD.mm) 145 152 153 109 103 57 45 45 28 37 64 123 374

COV.(%) 6 74 65 6 8 70 ST 6 6 8 109 100 26

Britannia 1886 to Mean(mm) 334 336 388 313 239 193 175 155 105 100 125 234 2697
29958)0 S.D.(mm) 201 209 205 165 147 125 76 82 58 74 119 176 31

CONED. 160, B3 5 6, 6 M S St N B8

Union Savanne 1869 to Mean(mm) 254 242 275 231 158 120 114 101 68 63 83 170 1879
zlg 18 ;?) SD(mm) 162 143 181 160 109 70 59 65 45 44 85 134 453
COVI() 68 59 RES B 60 88 51 6 66 0 ST02 e Y24

Beau-Vallon 1865to Mean(mm) 226 195 254 192 154 103 91 745 TS0 GY S FAN159 1631
(1]9185% SD(mm) 153 119 161 120 107 60 55 54 35 sl 84 141 417
COVvV(%) 68 6l 63 62 . 69 38 60 72 60 DGR 108 S SR0N (26

FUEL 1878 to Mean(mm) 269 278 338 248 183 145 129 100 74 65 96 1922116
{?3;’, SD(mm) 169 156 209 154 117 110 67 58 48 43 79 235 569

COV(¥) 63 3% 6 6 64 76 52 58 64 6 8 12 27

Medine 1904 to Mean(mm) 166 161 193 89 48 31 19 16 12 27 41 124 927
}-??f SDmm) 134 9 23 72 S 37 26 37 19 34 26 126 @

COV(% 8 62 124 81 104 120 133 228 154 129 113 101 40

Alma 1871 to Mean(mm) 446 442 465 326 231 200 204 181 126 115 136 280 3159
2?,83) SD(mm) 237 226 274 200 159 98 81 84 60 68 93 240 652

COVA%) 53 51 59 61 6 49 40 46 48 59 69 8 21

Arnaud 1887to Mean(mm) 477 466 314 392 291 270 283 267 182 142 159 287 3730
ggj SD.(mm) 253 221 298 208 165 125 106 118 80 84 121 188 820

CONGCY 53 47 S8 RIS 57 48 B3T 44 4L SYIEETS S AR )

 — 1878 to Mean(mm) 322 286 363 266 222 150 129 111 71 87 101 216 2323
o) SD(mm) 218 179 194 162 155 92 75 T 4 71 %0 191 59

COV(%) 6 6 5 6 7 6 38 70 61 8 8 8 23

Reduit 1887to Mean(mm) 255 259 257 134 87 70 68 64 44 44 66 170 1519
B SD@mm 177 150 175 9% 6 46 31 36 25 31 60 19 350

COV(%) 6 58 6 7 179 6 4 5 58 70 92 N7 2

Curepipe 1883 to Mean(mm) 444 429 443 314 232 205 217 211 149 123 143 266 3177
Gardens 1980 Sp(mm) 249 212 235 180 138 8 9 91 & T2 101 209 617

COVA%) 56 49 53 57 59 48 36 4 42 H 7 B 19

Mean (mm) , Standard Deviation (S.D., mm) and Coefficient of Variation (C.0.V., %)
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TABLE 2
Winter (JJA) rainfall basic statistics

Grand Stan- Co- High- Cor- Low-]. Cor- Mean Cornu
sea- dard effi- est res- est res- devi- crite-

Station Station  Altitude Period of sona! devi- cient (% pond- (%  pond- ation rion
number  amsl  record WAy ation of ofm) ing ofm) ing al lai/o
(m) mean ¢  varia- vear year (mm)
(mm) (mm) tion
1000
m
(#A)
Pamplemousses 061346 79 1862II ?80 239 86 36 229 1972 45 1948 68 0.79
(119
Labourdonnais 040365 73 1862-1980 226 91 40 255 1972 34 1884 1 0.78
(119)
Britannia 271334 229 1886-1980 523 192 37 281 1909 47 1941 135 0.70
(25)
Beau Vallon 252416 21 1865-1980 269 103 38 267 1909 38 1922 76 0.74
(116)
Union Savanne 304322 64 1869-1980 336 118 35 240 1909 38 1921 89 0.75
(112)
FUEL 127410 146 1878-1980 373 156 42 307 1962 43 1942 110 0.71
(103)
Medine 155233 91 1904-1980 67 61 91 492 1909 6 1922 41 0.67
an
Alma 144340 451 1871-1980 58 171 29 244 1953 48 1915 128 0.75
(110)
Amaud 228295 576 1887-1980 819 228 28 209 1926 44 1957 173 0.76
(94)
Curepipe Gardens 194304 561 1883-1980 633 167 26 179 1961 46 1920 129 0.77
(98)
Ferney 216420 6 1878-1980 390 145 37 238 1909 30 1936 111 0.77
(103)
139293 309 1887-1980 203 71 35 220 1909 37 1893 55 0.77
Reduit (94)

E 8 ¥ U 9o § ¥ € Yo 8 #, 8 9.8 £

Fig- 3(a). Percent of scasonal (JJA) mean to the long-term
mean raw and binomially filtered (5-point) data

Fig. 3(b). Same as Fig. 3 (a)
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3. Results and discussion

3.1, Basic statistics

Before embarking into complicaled analyses,
it is always important to look at some of the
basic statistical properties of the data.

Tables 1 and 2 list the basic statistical para-
meters derived from the raw data sets. For refer-
ence and comparison purposes, in Table 1 are
given the mean rainfall (mm), standard devia-
tion (mm), and the percent coeflicient of variation
i.e; 100 times the ratio of the standard deviation
to the mean, for all the stations month by month.
Table 2 shows some of the parameters for the
winter season (JJA). It is deduced that the drier
areas exhibit more variability in rainfall. How-
ever, an approximate value for the standard
deviation, may be estimated from Fig. 4 when
the mean is known.

Most regions experienced wet winters around
the following years: 1885, 1909, 1926-27, 1939-
40, 1951-54, 1961-62 and 1972. The dry winters
were around 1883-84, 1886, 1902-03, 1915-16,
1921-23, 1942-48 and 1956-57 (see also Fig. 3).

Table 2 also includes the ratio of the mean devia-
tion to the standard deviation known as the Cornu
criterion (Brooks and Carruthers 1953) here de-
noted by a . This parameter gives an idea of the
normality of the distributions. For example,
for a set of 100 observations to be normally dis-
tributed, a would be expected to lie approximately
between 0.76 and 0.83 (95 per cent limits). It is
seen that most of the obseravtions are roughly
normally distributed. It should, however, be borne
in mind that satisfaction of the Cornu criterion
does not guarantee normality of a distribution.

The frequency distributions were set and the
coefficients of skewness and kurtosis computed
(not egresented). All the distributions were ob-
served to be slightly positively skewed (mean>
mode). The plots of cumulative frequencies on
normal probability paper indicated that the dis-
tributions for Medine, FUEL and Britannia are
notably different from normal. An interesting
observation is that, for all the stations, the mode
is at about the 85 per cent point. This means that,
for a particular location, the most frequent winter
rainfall amount is about 85 per cent of the grand
seasonal mean for that station.

3.2. Trend

The Mann-Kendall rank statistic (Mitchell
et al. 1966) has been widely used in the literature
as a powerful test when the most likely alternative
to randomness in a climatological series is some
form of trend,} linear or non-linear. This test is
robust, that is, departure from a normal (Gaus-
sian) frequency distribution need not be taken in to

account (Mitchell e al. 1966). The statistic = is
given by the equation:

N
4 2 ;
i=1_
N(N—I)

where n; is the number of values greater than
the ith value in the series subsequent to its position
in the time series. For N = 10, 7 is closely nor-
mally distributed. The test statistic

e J*ﬁw,t_'lﬁ
TN ON (VD)
where f, is the desired probability level of the
normal distribution for two-tailed test.

1

T =

The Mann-Kendall rank statistics, = , as well as
the corresponding upper and lower limits of the
95 per cent level test statistic, (r), are tabulated
in columns 5, 6 and 7 of Table 3. It is clearly seen
that, for the whole period of data dealt with here,
only Reduit shows a value of = indicative of trend.
But trend effects cannot be substantiated in the
data analysed for all the other stations.

3.3. Serial correlation

Lageone serial correlation (ry) has been computed
using the following formula :
N—1 N
N2 [(N—1) Z %X — (_Eixa' »
§ = =

-

£ N N
N 2 x2 — { 2 x)

i=1 T
In testing the statistical significance of r; for the
null hypothesis of randomness, the test statistic
used is:

(rl)l = —1 i’g\/ﬁ:-—z,f(Nﬂ])

where, again, #, is the value of the standard deviate
in the normal distribution corresponding to the
desired significance point of r; (Mitchell e al.
1966; Sneyers 1975). Wherever r; is positive,
the one-tailed 95 per cent probability point of t,
is used, and where ry is negative, the two-tailed
value is used. It should be noted that negative
values of r, are indicative of marked high-fre-
quency oscillations.

The lag-one serial (r;) correlati'ons for all the
stations are given in Table 3. It is observed that
the r; correlations for Britannia, Beau Va!lon
and Reduit are negative (high frequency oscilla-
tions) while the others show positive correlations.
Performing the tests to assess the significance of
the correlations revealed that the values for
Labourdonnais, FUEL, and Arnaud are signifi-
cantly different from zero at the 95 per cent level.
This form of non-randomness was investigated
further by comparing the r,2 and ry® values for these
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TABLE 3

Lag-one serial, correlations, r,, test statistics (r,)!, and Munn-Kendall statistics

Mann-Kendall Statistics
Lag-one (ry)e (ry e (7)s ()
serial 95% 95%, T 95% 95%
Station correlation 1-tailed 2-tailed 1-tailed 2-tailed
L
Pamplemousses + 0.038 + 0.142 + 0.171 -+ 0.053 +0.102 4+ 0.122
—0.159 —0.188
Labourdonnais + 0.169* + 0.142 + 0.171 — 0.019 + 0.102 +0.122
—0.159 —0.188
Britannia —0.014 + 0.158 + 0.190 + 0.061 + 0.115 + 0.137
—0.179 —0.212
Beau Vallon — 0.035 + 0.144 + 0.173 —0.044 1 0.103 4+ 0.123
—0.161 —0.191
Union Savanne + 0.052 + 0.146 + 0.176 — 0.069 £ 0.105 4 0.125
—0.164 —0.194
FUEL + 0.174% -+ 0.152 + 0.183 -+ 0.023 &+ 0.110 + 0.131
—0.172 —0.203
Medine + 0.057 + 0.174 + 0.210 —0.036 £ 0.128 + 0.152
—0.201 —0.237
Alma -+ 0.010 + 0,148 -+ 0.178 — 0,028 + 0.106 4+ 0.127
— 0.166 —0.196
Arnaud + 0.204* + 0.159 + 0.191 — 0,053 £ 0.115 4+ 0.137
— (0.180 —0.212
Curepipe Gardens + 0.134 + 0.156 + 0.188 -+ 0.037 4 0.113 4+ 0.134
—0.176 — 0.208
Ferney + 0.007 + 0.152 + 0.183 — 0,005 4- 0.110 + 0.131
--0.172 —0.203
Reduit —0.011 + 0.159 + 0.191 + 0.148*% 4+ 0.115 -+ 0.137
—0.180 —0.213
7
9004
00T o
o
00 v e
e -]
(5]
@
400 @
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200
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Fig. 4. Yearly mean versus standard deviation
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stations to r, (lag-two) and r3 (lag-three) \{alues
respectively. This showed the absence of simple
linear Markov-type persistence (red noise).

3.4. Spectral analysis
(@) Method

The procedure used here is along the lines
suggested by Jenkins and Watts (1968). For a
series of N observations, x;, i=1. 2,.., N, the
smoothed spectral density estimates, Rz(f)
at frequency f and for unit data spacing (one year
in this case) are given by the formula :

R o125 k) co "f—"]
R (1) =2 {142 ' Mux () 003 "),

L= 1 2:05 0 B2 P=2M

where,
ez (k)
Rm(k)_fm: (0) 'y
the autocorrelation function,
e e 1
R=10.1,2.. ..;M+1; * =¥ Z x;

Sk

=

W(k) is the lag window with truncation points
M, defined at discrete points k. In this study, the
Tukey window has been used, so,

W(k):[§ (l4cos (kE/M), E< M
0 s k> M

The number of frequency points, F, was chosen
such that F=2M in order to obtain a detailed plot
of the spectral. The bandwidth, B = 4/(3M)
with the Tukey window, and the corresponding
number of degrees of freedom, D = 8N/(3M).
The steps generally followed in the computation
of the spectral estimates are summarized in Appen-
gl:x ﬁ) along with a note on the procedure (Appen-
ix B).

(b) Statistical significance tests

. for spectral
peaks

The significance of spectral power esti-
mates may be determined by several methods.
For example, Mitchell et al. (1966) suggest that,
when r; differs from zero by a statistically signi-
ficant amount, and, morcover, o & r?y, rymsrp®,
then the appropriate null hypothesis to be assumed
Is that the series contains Markov “red noise”.
In this study, however, it is observed that this cri-

terion is not satisfied and a simple Markov process
cannot be assumed.

The spectral power density distributions were
tested against the “white noise” null hypothesis,
that is, by assuming the generating process is purely
random. The term “white noise”” has long been
stablished by analogy with the optical spectrum

of white light which has all its optical frequencies
present with approximately the same intensity.
In plots of the spectral densities, white noise is
represented by a horizontal straight line : equal
power is allocated to all frequencies. With a maxi-
mum lag of 20, the white noiseis estimated to be at
the 0.025 level.

The confidence limits depend on the number of
degrees of freedom, D, that is, on the length of
record (&), on the maximum lag used (M), and
on the particular window employed. For exam-
ple, for N=119, M=:20, and employing the Tukey
window, the number of degrees of freedom=15.87
and the corresponding 95 per cent upper con-
fidence limit is approximately 0.041. This result
is obtained by multiplying the white noise value
(0.025) by the chi-square divided by degrees of
freedom, y? /D. The y? values are given in Fisher
and Yates (1963).

In the case of Labourdonnais, FUEL and Ar-
naud, the lag-one correlations were found to be
significantly different from zero. Though they
are not truly suggestive of Markov *‘red noise”,
their spectra are tested against a tentative “‘red
noise” null continuum as suggested by Mitchell
et al. (1966). This continuum was designed by
using the following approximate formula :

w0 i i )
S(f) M+1 ( 14-r2—2 ry cos (=f/M)
f=Os 1) 2!" s4p M’
M=Maximum lag

(¢) Results

Spectral analysis of the rainfall data reveals
some interesting features. Though many of the
spectral peaks are not statistically significant
at the 95 per cent level obtained from the 2
divided by degrees of freedom (x?/D) distribution,
the fact that most of the curves show similar
patterns is encouraging. Morf:-over,.the spectral
density estimates show peaks In regions of wave
lengths corresponding to those in other studies.

Before proceeding with the comments on spectral
results, it should be mentioned that the spectral
peaks observed here correspond to wavelengths
that were unsuspected before the analysis. As
pointed out by Madden and Jullian (1971), ?md
quoted by many investigators, when the detection
of a spectral feature is a posteriori (that is, after
the fact), the usual app_hcatwn of the classical
chi-square sampling limits should not be used
to establish confidence levels. One s;mplc method
of dealing with this problem is to raise thea p.rio;i
x2/D significance level to a point where it is
unlikely that any estimate exceeds that limit
(Mitchell er al. 1966).
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Fig. 5 (a). Spectral estimate v period (years)

Smoothed spectral density profiles forfthe indi-
vidual stations are displayed in Fig. 5. For a
better view of the details in the spectra, the density
estimates are presented on a semi-logarithmic
frame.

The frequency scale is linear since the band-
width is independent of frequency. The white-
noise or red-noise spectra and 95 per cent lower
and upper limits are superimposed.

The tentative red noise spectra seem to fit
those of Labourdonnais, Arnaud and FUEL;
that is, a rather strong element of simple Markov
persistence may be assumed in these data. In
spite of this, the peaks in the various regions
deem comments.

Labourdonnais, Arnaud and, to a lesser extent,
Reduit show remarkably high spectral power at
the low frequency end, thus indicating that the
series contain fluctuations corresponding to
periods of the order of the record lengths. In
a previous section it has already been recog-
nized that trend effects cannot be substantiated
in the data, except probably for Reduit. The
spectrum of Reduit is distorted and quite diffe-
rent from the others. It contains high power
at both extremes of the scales of {luctuation
dealt with here. Because of lack of resolution,
these wave bands will not be discussed on the
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Fig. 5 (b). Spectral estmate vs period (years)

basis of spectral analysis. Employing 5 norma-
lized symmetrical weights, the raw data series
were binomially filtered (see Appendix C). The
smoothed series in Fig. 3 elliciently filter out
the details about the low frequency variations.
A slight upward trend is visible in the smoothed
curve for Reduit up to 1974 (Fig. 3). Labour-
donnais also shows a slight upward trend from
about 1936 to 1980, while a slight downward
trend is visible in the case of Arnaud from about
1926 to 1980.

The spectra of Pamplemousses and Curepipe
Gardens show the presence of peaks, significant
at the 95 per cent level, in the region corres-
ponding to waveperiods in the range of 16 to
20 years. Peaks in this same waveband, but not
significanf, are also presen; in the specltra of
Medine, Alma and Ferney.

On the other end of the spectrum, Pample-
mousses, Labourdonnais, Medine, Arnaud and
Ferney seem to peak in the region of a wave-
period slightly over 2 years, while the absence
of such peaks at the other stations is note-
worthy. This period, which may be thought of
as a weak manifestation of QBO is not signi-
ficant in any of the records analysed. It is
interesting, however, to note that Alma, FUEL,
Beau Vallon, Union Savanne, Britannia, and
Curepipe Gardens, that is, those not exhibiting
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Fig. 5 (c) Spectral estimate vs period (years)

QBO, are all situated over the windward southern
half of the island, and that most of these stations
receive much of their rainfall from forced
orographic lifting. Also, rainfall at these stations
is much influenced by the strength of the circula-
tion which in turn is associated with the strength
and location of the subtropical high pressure
cells to the south. In a study of the winter season
rainfall climatology of the Dominican Republic,
Garcia et al. (1978) observed that mountains
and the interactive effects of synoptic-scale
frontal zones with local terrain considerably in-
fluence the distribution of rainfall over the
country. Similar interactions could be true for
Mauritius also. Other rainfall producing systems
are the waves in the lower tropospheric easter-
lies or in the upper westerlies and the interaction
of disturbed trades with local topography. It is
probable that the intensity and frequency of such
systems are themselves influenced by the quasi-
biennial pulse in such a complex mode that their
effects may either be damped or increased. It
is agreed with Jill Williams (1978) that no con-
clusions could be drawn about the quasi-biennial

the spectrum for FUEL with white noise. This
oscillation as that frequency is near the Nuquist
(folding) frequency. Because of the limited
memory of the existing calculator, the analysis
of monthly data could not be executed.

The peaks corresponding to 3-4 years for
Britannia and Ferney are significant at the 95 per
cent level. Most of the other_stations also show
a tendency to peak about this period except for
Arnaud and Curepipe Gardens where the absence
of such peaks can be noted. The latter stations
are located in the higher parts of the islands
and they are in the wettest region. Troup (1965)
indicated the existence of spectral peaks in simi-
lar wavelengths associated with the southern
oscillation, although he postulated that these
wavelengths were due to sampling fluctuations in
random series.

Of particular interest is the presence of high
power in the period range of approximately 10
to 13 years in the data of Union Savanne and
FUEL. These peaks are found to be significant
at the 99 per cent level, temporarily comparing
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the spectrum for FUEL with white noise. This
phenomenon is most probably associated with
the solar sunspot cycle. Absence of such peaks
in the data for the other stations is not under-
stood. If, however, it is true that circulation
strength is significantly influenced by the solar
cycle, the one may associate the 10-13 year
fluctuation in rainfall at FUEL and Union
Savanne with the circulation strength since these
stations are so situated that the wind-flow in
their vicinity is smooth compared to the other
stations which are much more affected by oro-
graphic lifting. Further analysis is needed to
support the conjecture,

The scales of fluctuations presented here are
comparable to those observed by other investi-
gators. Tyson et al. (1975) found fluctuations
in the period range of 16-20 years, 10-12 years,
and 3-4 years as well as the quasi-biennial
oscillation in south Africa rainfall data. 2 -3,
3-5 and 10-20 year fluctuations were also
found by Kousky and Chu (1978) in their
analysis of annual rainfall data from northeast
Brazil. Similar period range were also found by
Rodhe and Virji (1976) in east African rainfall
records. ' R Bk

While, as already mentioned, the solar cycle
may be responsible for the 10-13 year fluctu-
ation, the physical interpretation of the other
peaks are not obvious. The characteristic non-
linear interactions of the Sun-Ear'h-Ocean -
Atmosphere model are liable to produce com-
plex subharmonic fluctuations of the order of
fractions of the scales of primary forcings such
as solar heating or some other unknown forces
(Brier 1978).

4. Conclusions

Rainfall data, of the order of 100 years for
twelve stations scattered over the island of
Mauritius have been analysed. Marked dry and
wet periods are observed, and they coincide for
most of the stations. Simple Markov persistence
seems to explain a good fraction of the variance
in the data for Labourdonnais, FUEL and
Amnaud. The spectral results are comparable
with those of studies for other areas of the world.
The presence of peaks, significant at the 99 per

cent level, at wavelengths of 10-13 years is
thought to be associated with the solar cycle.
Other less pronounced, peaks are noted in the
period ranges of : slightly over 2 years, 3-4
years and 16-20 years. It seems that some
feature of the southern hemispheric circulation
pattern may be responsible for the control of
temporal and spatial distribution of rainfall.

At present the phenomena as presented here
receive little attention.

However, it is hoped that such studies and
their results may some day help in the under-
standing of the underlying complex interactions.
Moreover, they may prove to be useful in
scasonal  forecasting and  “foreshadowing”.
Hence, increased understanding of the nature
and mode of operation of these fluctuations may
have at least some practical value.

Even though these fluctuations may, from the
statistical point of view, only represent sampling
fluctuations, such results must be taken into
account in seasonal “foreshadowing”.

Appendix A

On computation

All the computations were performed on the
Hewlett Packard 9825A of the Mauritius
Meteorological Service. The capacity of the
machine is only 16K bytes and has cassette
facility, Because of the limited memory of the
equipment, the following steps were followed :

Type in and record monthly rainfall data
for all the stations (each on separate files).
Load program to compute autocorrelation
function (acf).

Load rainfall data for a station.

Compute acl and record on a data file (say
number F).

Load spectral analysis program.

Load acf data from file F.

Compute

(1) Spectral density profile for selected trun-
cation points,

(2) Number of degrees of frecedom, and
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(3) Bandwidth.
Appendix B

Note

The general objective in any spectral analysis
is to estimate the spectral density as accurately
as possible. In order to learn from the data
enough about the shape of the spectrum and in
order to achieve reasonable fidelity and stability,
the window closing procedure, as suggested by
Jenkins and Watts (1968), has been followed
here. This technique involves computing the
smoothed spectral estimates initially with a wide
bandwidth (that is small lag values, M) and then
using progressively smaller bandwidth (large
M’s). The smallest M is chosen by considering
the plots of the autocorrelation functions
and deducting at what lag-value fhe function
damps out and becomes negligible. The im-
portant practical question is when to stop the
process of narrowing the bandwith, that is, when
to stop looking for finer details. No rigid rules
are set to answer this question. In the interest
of maintaining stability, a compromisé has to be
made. Employing several lag values, it was de-
cided fo settle the problem with a lag value of
20, thus achieving reasonable number of degrees
of freedom and reasonable bandwidth,

Appendix C

Low-pass filtering

Recognizing the dangers of misinterpertation
which may be associated with the application
of the simple, equally weighted, moving average
filter it was decided to use a 5-point binomial
filter. In order to filter out the high frequency
variations, the 5 weights, W(k), were computed
from the formula :

n!

" Hm— k)

The computed weights are : 0.06, 0.25, 0.38
0.38, 0.25, 0.06. This filter has an approximate
frequency response, R (f) = cos 4= f. For any
frequency of variation, f, R (f) measures the
amplitude of variation in the series after filtering
relative to that before filtering. The power transfer
funcion, that is, the square to the response func-
tion, R2 (f), relates the change of the fundamental
spectrum when operated on by the filter,

W (k) =

Acknowledgements

Mr. B. M. Padya, Director of the Mauritius
Meteorological Service, suggested this study,
reviewed the paper, and offered valuable sugges-
tions. His constant help in various aspects of the
work is gratefully acknowledged. The work was
carried under his guidance and supervision. The
author is thankful to his wife, Amita, without
whose encouragement the study would not have
been accomplished. The staff of the Meteorologi-
cal Service also helped in organising the data.
In particular, Mr. S. Vytelingum and colleagues
supplied the data in tabular form. Messrs M.
Martin, R. Gowry, R, Mungra and K. Gopaloo-
doo typed the bulk of data on the HP cassette.
Mr. S. Budloo patiently drew all the diagrams
and Mrs. P. Purmessur fook the pain to type
and retype the manuscript.

References

Brier, W. Glenn, 1978, The quasi-biennial oscillation and
feedback processes in the Atmosphere - Earth System,
Mon. Weath. Rev., 106 ; pp., 938-946.

Brooks, C. E. P. and Carruthers, N., 1953, Handbook of
statistical methods in Meteorology, Her Majesty’s
Stationary Office, London, 412 pp.

Fisher, R. A. and Yates, F., 1963, Statistical tables for bio-
logical, agricultural and medical research, Oliver and
Boyd Ltd., Edinburgh, 146 pp.

Garcia, 0., Bosart, L. and Dimego, G., 1978, On the nature
of the winter season rainfal in the Dominican Republic,
Mon. Weath. Rev., 106, 7, pp. 961-982.

Jagannathan, P. and Parthasarathv, B., 1973, Trends
and periodicities of rainfall over India, Mon. Weath.
Rev.,101,4, pp . 371-375.

Jenkins, G. M. and Watts, D. G., 1968, Spectral analysis
and its applications, Holden-Day, Inc., San Francisco,
525 pp.

Kousky, V.E. and Chu, P.S., 1978, Fluctuations in annual
rainfall for northeast Brazil., J. met. Soc. Japan, 56
5, pp. 457-465.

Madden, R.A. and Julian, P. R., 1971, Detection of a 40-50
day oscillatior: in the zonal wind in the tropical Pacific,
J. atmos. Sci., 28.,5, pp. 702-708.

Mitchell, J. M. Jr., Dzerdzeevskii, N., Flohn, H., Hofmeyr,
W.L.,Lamb, H. H., Rao, K. N. and Wallen, C. C., 1966,
Climatic change, Tech, Note No. 79, World Meteoro-
logical Oragnization, Geneva, 79 pp.




372 BEENAY M. R. PATHACK

Padya, B. M., 1976, Cyclones of the Mauritius region, The
Mauritius Printing Co. Ltd., Port Louis, Mauritius,
151 pp.

Rodhe, H. and Virji, H., 1976, Trends and periodicities in
East African rainfall data, Mon. Weath. Rev., 104, 3,
pp. 307-315.

Sneyers, R., 1975, Sur I'analysc statistique des series
d’observations, Note Technique No. 143; Organi-
zation Meteorologique Mondiale, Geneve, 189 pp.

Troup, P. D., 1965, The ‘southern oscillation’, Quart. J. R.
met. Soc., 91, 390, pp. 490-506.

Tyson,P. D, Dyer, T.G.J. and Maemetse, M. N., 1975,
Secularchangesin South African rainfall: 1880 to 1972,
Quart. J. R. met. Soc., 103,430, pp. 817-833.

Williams, J., 1978, Specitral analysis of seasonal precipita-
tion data from North America and Europe, Mon,
Weath. Rev., 106, 6, pp. 898.900.




