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This work contributes to the correlation study of climate indices (AAO and 10D) and rainin
the south - western part of Madagascar. We used mathematical tools such methodol ogy. We took
a series of weather data from France, first rainfall data, data and climate indices from 1979
to 2000 (A.A.O) and 1971 to 2000 (1.0.D) in site NOAA other. We applied principal
component analysis to determine zoning. Then we have used the F.F. T to determine the
frequency: this gives us a result that the 10D is 20.23 08 months period and the period of
65.75 months AAO. At the end we applied the cross correlation method to know their impact
on precipitation and we have got the values x = -181mois, y = 0.139 for the IOD and x = -6
months, y = -0, 1389 to the AAO And as these values are low (y = 0.139 (I0D) and y = -0,
1389 (AAO)) so our study shows that there is no correlation between climatic indices (10D,
AAQO) and rain in our study area.

INTRODUCTION: elements of climate, no doubt the rain
occupies a prominent place in everyday life,
Rainfall is a decisive factor for the for it is the source of all fresh water
development of a country. The island of available, and in some areas which farm for
Madagascar is located in the southeast oBurvives. Its excess or lack becomes a matter
Africa which it is separated by the of life or death. To understand the current
Mozambique Channel. It is between climate change and estimate its future
longitudes 43 ° East and 51 ° East on onelevelopment, it is essential to know its past
side, and latitudes 11 ° South and 26 °evolution. Therefore, the study of climatology
South on the other side. As Madagascar idor rain more effective weather forecasting
included in the tropics, it has two different long and short term, is a key point of
seasons that could be subdivided intointegrated development process. The
microclimate (climate varies considerably precipitation may be disturbed by waves
from region to region and from season to(climate indices). Our goal is to see the
season): the rainy season or season humigorrelation between precipitation and climate
austral summer (November to April); the dry indices AAO (Antarctic Oscillation) and 10D
season in austral winter (March to October).(Indian Ocean Dipole) in the south -
From the international point of view, we western part of Madagascar specifically
can see in the last decade, a majobetween longitudes 42.5° East and 46.5° East
imbalance in climatology: if one suffers from and between latitudes 21.5° North and 26.5
flooding in some countries, others of ° South. For this, we have divided this work
drought. For Malagasy people, among all theinto three parts: In the first part the Principal
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Component Analysis (P.C.A) monitoring
results obtained by this method, the
second part is the Fourier Transformation

(F.F.T) and the results and in the last part the °

results by applying the cross correlation.

METHODOLOGY AND RESULTS:

) Principal Component Analysis
(P.C.A)

Purpose: We used this method to
determine the zoning

The principal component analysis: a set of
methods to carry out linear transformations
a large number of inter correlated variables
SO as to obtain a relatively small number of
uncorrelated components. This approach
facilitates analysis by grouping the data
into smaller sets and allowing eliminating
the problems of multi collinearity between
variables.
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Figure 1: correspondence between
individuals and their name

We present below some results of the

P.C.A conducted with the MATLAB
software on these data.

[.1) RESULT ON1.0.D

.1.1) Choice of nhumber of axes to
remember
Table 1: Eigenvalues and variance of 10D
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The total inertia (100%) of the point cloud
is distributed according to 12 values. It
keeps only the factors whose inertia is
greater than 100/12 = 8.3 %, this leads us
to select the first three axes (greater than
8.3 %, see Table 1), which holds 86,463 %
of the total inertia.

1.1.2) Variables on result

|variables (axes F1 et F2 : 72,66 %)| |Variables (axes F1 et F3 : 59,43 %)|

[Variahles(axes F2etF3:40,84 %)] Fgure

Figure 2: Variable Projection (I. O.D)

1.1.3) Profit on individuals
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Figure 3: Projection of individuals (1.0.D)

The climate index 1.0.D is periodic. We
see that it begins the months of March and
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April is the maximum months of bl et 8 15 : 2141 bl mas i 5 19879y

September and October and disappears the| £ ﬁd‘f{:" ii; s :'

month of December; and having projected ! C & %
Ceanmsno)| L o A )

individuals (Year) on factorial F1- F2, F3
and F1- F2 -F3, we note that there was an
appearance of climate IOD index during the
years 1980-1982 and 1994-1997. This
verifies that the IOD period is 1-4 years

[.2) RESULT ONA.A.O

[.2.1) Choice of humber_of axes to
remember

Table 2: Eigenvalues and variances

(A.A.O)
IR R R R
Vilermore| 1060 2146 1353 1300 1015 O09F 0T 040 0346 0X5 0186 009

Vasmee'o 123,913 17806 12046 L1407 8460 6510 5474 340 328 290 13 0%

Comlehy {25313 45309 36345 871750 %6202 8283 88700 011 95324 97695 9247 1000

The total inertia (100%) of the point cloud
is distributed according to 12 values. It
keeps only the factors whose inertia is
greater than 100/12 = 8.3%, this leads us to
select the first five axes (greater than 8.3
%, see tableu2), which holds 76.2 12 % of
the total inertia.

[.2.2) Variables on result
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Figure4. Variable Projection (A.A. O)

1.2.3) Profit on individuals
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Figure5: Projection of individuals (A.A. O)

The A.A.O is periodic climatic index
(Figure 9). And the years we have seen the
emergence of the A.A.O climate index are:
1980 - 1983 - 1988 - 1993 -1994-1995 -
1999. This shows us that the AAO period
is 1-5 years.

.3) RESULT ON RAIN
1.3.1) Choice of humber_of axes
to remember
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Table 4: Eigenvalues and variance of rain

|FL B M |K i B [P 0 |F1 |F2
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The total inertia (100%) of the point

cloud is distributed according to 12
values. It keeps only the factors whose
inertia is greater than 100/12 = 8.3 %,
this leads us to select the first three
axes, which retains 95 = 641 % of the
total inertia.

[.3.2) Resultsvariables
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Figure 6: Variable Projection (rain)

1.3.3) Results on individuals

|ndmvidus (axes F1 et £2 : 86,47 %)| Lindividus (axes

Figure 7: Projection of individuals (rain)

From Figure 6, we see that during the
austral summer (November to April),
there is a strong precipitation (rain) during
the months of December, January
and especially February; and rain
decreases during the austral winter

(March to October). Some places
(individuals) as C1 (Antsoha) C4
(Ampanihy) -D4 (Ankililoaka) - D5 (Faux
Cap) have high precipitation in relation to
other, during the austral summer. In the
latter, the rain is much more abundant in
southern winters. We see that every month
are correlated except September which is
correlated to any month. This shows
us that there is some places (individuals)
who have more precipitation than normal
in southern winter (winter rainfall) in
our study area as: Bl (Lake Ihotry) -B2
(Andobotoka) -B3 (Tulear) (see Figure 7).

II) Fast Fourier Transformation (F.F.T)

Purpose: We need this formula
Transformed Fast Fourier to see the

periodicity of our climate indices (1.0.D
and A.A.O).
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Figure 8: Fast Fourier Transform (I0D)

GeNsod spectral

Figure 8 shows that the monthly period of
climatic index 10D is 20.2308 months
which corresponds to 1.68 years, frequency
0.049/months, and the spectral density of
315.9; we also found that there is no other
peaks at low spectral density to the point
16.46; and finally developed to the point
26.3 43.83; which allows us to say that the
phenomenon is repeated every 16; 26 or 43
months.

11.2) Resultson A.A.O
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2000 2o L et low so they have a low correlation, when

simply IOD hardly influences the rain in our
area of study.

L : [11.2) Cross- correlation of Rain and
0 W W w0 2 AAO

INTERCORRELATION (PLUIE & AAQ)
T

Figure 9: I'ast I'ourier Transform (4.41.0)

It is clear that the monthly period the : ‘ My .|L
A.A.O climate index is 65.75 months ; A{"?}r{vt‘
(Figure 9) which corresponds to 5.479 . [l
years, frequency 0.015 months -1, and the “ o.lfow T T
spectral density of 1979, it was also found L — %

that there is no other peaks at low spectral Figure 11:Cross-correlation rain and the AA0O
density to the point 12.52; developed 16.44

23.91 and finally at the point; that allows From this figure 11, the weather index

us to say that the phenomenon is repeatedA_A_O is ahead 6 months compared to the

every 12; 16 or 23 months. precipitation (the value x = -6 months) and

the A.A.O has little influence on the latter

Hl)CROSSCORRI_ELATI_ON because of the low value of correlation
Purpose: We applied this methodology patween the two (the value y = -0, 1389).
(the cross-correlation) to determine the

correlation between climate indices (1.0.D DISCUSSION AND CONCL USION
and A.A.O) and rain in our study area.

In this work, we analyzed the correlation
between rain and the climatic indication
T » .O.D and A.A.O. We used the monthly
R A ) N N N N average rainfall (1979 to 2000) and the
0 oce 1 Y I R PG S |IOD during the 30 years from 1971 to
¢ e r“-‘J ----- 2000; AAO during the 22 years from 1979
AR N 0 1 1 e to 2000 in the Southwest region of
; b Madagascar between longitudes 42.5° East
and 46,5Est and between 21.5° South

T oo, S E O itude and 26.5 © South.

[11.1) Cross-correation of Rain and 10D

o.aL

Figure 10: Cross-correlation rain and the After the C.P.A for rain data, we had the
1.0.D following outcomes: places (individuals)

as Cl (Antsoha) - C4 (Ampanihy) - D4
We see that the largest peak 10 is (Ankililoaka) - D5 (Faux-Cap) have high

coordinated x=-181 months andy = 0.139 precipitation during the austral summer
that is to say the -181mois shows us that the (November to April) especially the month

climate index 10D passes 181 months (~ 15 ©f February. The month of September is
correlated with any month and the

years) before there is a rush to turn but is _ . _
formation of the F3 axis, this month

not sure yet because the value 0.139 is very
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represent 51.57% of contribution which
mean that, there is also a places
(individuals) such as: Bl ( Lake lhotry) -
B2 (Andobotoka) - B3 (Tulear) that have
more precipitation than normal during the
austral winter (winter rain). The result of the
Fast Fourier transform (FFT) confirms that
climate index IOD period is ~ 20 months
and that of the AAO is ~ 65 months. Finally,
due to the low correlation values: =y - 0,
1389 (for AAO) and y = 0.139 (for IOD),
after applying the method of cross
correlation; climate indices (IOD and
AAO) have no impact on the rain in our
study area.

Normally we need to work on a series of
data for 30 years but for the AAO data is
not available unless from 1979 to 2000
alone.
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