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Abstract

The intraseasonal timescale is attractive in Central Africa (CA) where so-
cio-economic activities are highly based on rainfall. The parameterization of
intraseasonal oscillations (ISO) then remains a great challenge for the improve-
ment of sub-seasonal to seasonal (S2S) prediction in this region. In this pa-
per, we applied wavelet analysis on the 2.5° x 2.5" daily Outgoing Longwave
Radiation (OLR, used here as rainfall proxy) to study the variations in the in-
tensity of the 30 - 60-day intraseasonal rainfall oscillations over Central Afri-
ca within the last three decades (1980-2009). Results showed that the mean
ISO intensity (ISOI) strongly fluctuates from day to another. The plots of
monthly mean ISOIs revealed that the ISO activity is highly seasonal with
above-normal ISO intensity during December-May and below-normal activi-
ty during June-November. The analysis of yearly mean ISOI showed that the
ISOI exhibits strong interannual variations with the years of very low ISOIs
such as 1982, 1994, 2001, 2007, 2009, 2015 and the years of very high ISOIs
such as 1981, 1985, 1986, 989/1990, 1997, 2003, 2005. The regression analysis
between ISOI and El Nifio Southern Oscillation (ENSO) indices showed that
even though the relationship between ISO and ENSO is nonlinear, warm
ENSO (EI Nifo) events tend to reduce the ISOIs while cold ENSO (La Nifa)
events tend to increase it.
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1. Introduction

In many African countries, the economic activities of the population are highly
rainfall dependent. The rainfall variation, in terms of the annual cycle and inte-
rannual variability, is a source of vulnerability in the region. In Central Africa
(CA) for example, the main sources of income in several families are agriculture
and livestock. However since many decades, one of the crucial problems gener-
ally faced by farmers is the ability to predict the rainfall distribution within a
season.

The zone called CA in this study extends from 15°S - 15°N and 5°E - 45°E and
essentially covers the land and part of Atlantic and Indian oceans on its edges.
Meteorologically speaking, it is a very interesting zone because it is quite various,
both in relief and surface conditions (Tchakoutio et al., 2012). These factors may
allow the rainfall to vary within very short distances (Figure 1). Unfortunately
until now, CA represents a serious gap in climate variability studies, especially at

intraseasonal timescales.
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Figure 1. (a) Annual mean rainfall in CA, the plot is based 2.5° x 2.5° pentad GPCP pre-
cipitation (mm) for the period 1981-2000. (b) Surface elevation over the study area based
on 30-min topographic data (meter) from digital elevation model (DEM) of the US Geo-
logical Survey.
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Until the years 1960s, the low resolution data, as well as the poor mathemati-
cal tools allowed the study of the rainfall variability in the tropics only at large
temporal scales, especially the annual cycle and interannual variability. But since
the beginning of 1970s, the availability of satellite data led the researchers to the
development higher resolution satellite-based products (Arkin & Meisner, 1987;
Rao et al,, 1997; Arkin & Xie, 1997; Huffman et al., 1997; Huffman et al., 2001;
Adler, 2003; McCollum et al., 2003; Huffman et al., 2009). Consequently, the re-
searchers developed some powerful mathematical techniques to study the rain-
fall varijability within a season. The notion of intraseasonal timescale then raised
in the scientific community and since then, many authors studied the characte-
ristics of intraseasonal rainfall variability in some regions in the tropics (e.g.
Madden & Julian, 1971; Madden & Julian, 1972; Anderson et al., 1984; Madden
& Julian, 1994; Sultan & Janicot, 2001; Jury & Mpeta, 2001; Tazalika & Jury,
2008; Maloney & Jeffrey, 2008; Tchakoutio et al., 2012; Tchakoutio et al., 2013a;
Tchakoutio et al., 2013b; Tchakoutio et al., 2014). But the documentation on
intraseasonal variability in tropical Africa is highly based on West Africa, East
Africa and Southern Africa (e.g. Sultan & Janicot, 2001; Jury & Mpeta, 2001;
Sultan & Janicot, 2003; Camberlin & Pohl, 2006; Tazalika & Jury, 2008; Janicot &
Sultan, 2004; Janicot et al., 2011). This confirms that CA a serious gap in the
study of the tropical climate variability, though it is well-known that the intra-
seasonal modes such as MJO can substantially modulate rainfall variability at
various timescales. In recent years, some authors started addressing the problem
(Tchakoutio et al., 2012, 2013a, 2013b, 2014), but in spite of their findings, the
key challenge remains the best parameterization of ISOs for their use in the im-
provement of the rainfall prediction in tropical Africa.

The Madden-Julian Oscillation (MJO) has been proved by several authors to
dominate tropical variability on timescales of approximately 30 - 60 days (Mad-
den & Julian, 1972; Madden & Julian, 1994; Matthews, 2000; Lau & Chan, 1983;
Lau & Chan, 1986; Tchakoutio et al., 2012). As the MJO modulates deep convec-
tion in the tropics, it has strong impacts on many climate phenomena at differ-
ent spatial and temporal scales. Some examples can include the onset and break
of the summer monsoons (Yasunari, 1979), the formation of tropical cyclones
(Liebmann et al., 1994; Maloney & Hartmann, 2000; Bessafi & Wheeler, 2006)
and the onset and decay of some ENSO events (Kessler, 2001).

Until now in the climate studies, one of the greatest challenges remains how to
effectively take into account the MJO in climate models. In general many studies
carried out on MJO parameterization consisted of assigning to the whole globe
or a region of the globe, a single index which describes the ISO variations over
the entire region. This index is most often derived from the Principal Compo-
nents Analysis of the OLR or wind data, where one or two principal components
are retained (e.g Kessler, 2001; Tchakoutio et al., 2012). But in the regions such
as Central Africa where climatic parameters sometimes vary drastically from one
point to another, the ideal would be to construct a gridded dataset of ISOIs, at

different time scales (daily, monthly, etc.). This might significantly improve re-
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gional climate forecasts in CA.

This paper addresses the variations in the 25 - 70-day ISOI in Central Africa
using wavelet analysis. The data time series of daily ISO intensity is firstly built
using wavelet transform, and we further performed the analyses on the resulting
dataset at different time scales.

The work is organized as follows: in the next section, the data and method of
analysis will be described. Section 3 shows the relevant results obtained and their
analyses. Finally, the paper ends with Section 4 that presents the summary and

conclusions.

2. Data and Methods

As stated earlier, one of the great obstacles for the study of the intraseasonal
rainfall variability in Africa has so far been the availability of high resolution
rainfall data. But since the advent of satellite measurements, the satellite-based
data are of great interest. Amongst these products, some are very attractive be-
cause of their good temporal and spatial resolutions. Moreover some satellite
data have been proved to have linear relationship with rainfall and are then more
often used as rainfall proxy. One of these rainfall proxies, used in this study is
the daily Outgoing Longwave Radiation (OLR) at 2.5° x 2.5° latitude-longitude
resolution (Gruber & Krueger, 1984; Liebmann & Smith, 1996). It is well known
that in the tropics, deep convection and rainfall can be estimated through low
OLR values (values less than a well-chosen threshold). This observation led many
authors to the use of OLR in the estimation of rainfall (Arkin & Meisner, 1987;
Arkin & Xie, 1997; Yoo & Cartoon, 1988).

The Global Precipitation Climatology Project 2.5° x 2.5° rainfall data is also
used in this study. In fact it is a merged product obtained by combining the sa-
tellite estimates and gauge measurements using a weighted average (Huffman et
al., 1997; Huffman et al., 2001; Adler, 2003). The GPCP products has been vali-
dated by many authors at regional and global scales (Mccollum et al., 2003) and
are more and more used in place of gauge observations or supplement to gauge
observations. But they are not generally used for long-term studies because of
short time coverage.

To quantify the strength of ENSO and extract individual El Nifio and La Nifia
events, the monthly Nifio-3.4 region (5°S - 5°N, 160°E - 150°W) sea surface
temperature anomaly (SSTA) index is used (Trenberth, 1997). These data can be
found on the NOAA website.

In many studies in geophysics, some frequencies are of greater interest than
others. The filtering technique is then used to isolate the desired frequencies and
attenuate the others generally called noise. In this study we used the Lanczos fil-
ter (Lanczos, 1956; Duchon, 1979). Its main advantage is the reduction of Gibb’s
oscillation.

Fourier transform is a technique that allows us to know the contribution of
different frequencies to a given signal. This process is called the spectral analysis.

The Fourier transform, X (f), of a given function X(t) can be written as:
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X(f):+j x(t)e 2" "dt (1)

In atmospheric sciences, we generally deal with time series, not an analytical
function that we can be easily integrated. This means that taking a Fourier trans-
form of discrete data simply turn into taking the discrete approximation to the
Fourier integrals. For a given signal x(n), the discrete Fourier transform x(n)
can be calculated as follows:

N-1 _jerXn
X(n)=> x(n)e N ()
k=0
where Nis the number of signal samples. In general x(n) and X (n) have the
same dimensions.

By this process the Fourier transform will generate values of amplitudes and
phases averaged over the entire time series for each frequency component. At
last, the amplitude and phase of the signal can then be represented as a function
of the frequency.

The wavelet analysis is very useful in signal processing for numerical analysis
discrete time series (Daniel & Yamatoto, 1994; Chao & Naito, 1995; Torrence &
Campo, 1998). Its main feature is the time-frequency decomposition. It is a very
powerful tool for harmonic analysis, because unlike the classical Fourier analysis
which allows just the transformation of time series from the time-space into the
time-frequency space, the wavelet analysis is able determine both the dominant
time scales of variability and how they vary with time. The detailed literature on
wavelet transform can be found in Torrence & Campo (1998). After applying
wavelet transform on our 30 - 60-day filtered daily OLR time series, we obtained
for each grid point the wavelet spectrum, giving for each period (frequency) and
for each day, the value of wavelet power (Figure 2). We then used the criteria of
maximum power to determine the daily ISOI. In fact we considered that the ISO
intensity corresponding to a given day is highest wavelet power corresponding
to this day. The procedure is applied to all grid points in the study area to obtain
the daily ISOI. By this algorithm we have built a dataset of the ISOIs, with the
same dimensions as the original time series.

For a discrete sequence x(n) , the wavelet transform W,(s) is defined as the
inner convolution of X(n) with a scaled and translated version of y(%).

W, (s)= Nf X" {M} (3)

n'=0 S

where sis the “dilation” parameter used to change the scale, and nis the transla-
tion parameter used to slide in time (Daubechies, 1990). J¢ is the constant time
interval between two consecutive values. The asterisk (*) denotes complex con-
jugate. Then By varying the wavelet scale s and translating along the localized
time index n, one can plot an image representing both the amplitude at any scale
and how this amplitude evolves with time.

Wavelet functions y have many kinds. But for our study, we used the Morlet
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Figure 2. A case of wavelet decomposition of 25 - 70-day filtered OLR data
averaged over CA (top left). Attached is the mean power spectrum that shows
frequency composition of the signal (top right), and (down) the day-to-day
variations of mean wavelet power within 1981-2015.

wavelet which has better local character both in time domain and in frequency

domain. For w, > 5, the Morlet wavelet is defined as:
R 7%

w(t)= %e e (4)

Then after applying wavelet transform on our 30 - 60-day filtered daily OLR
time series, we obtained for each grid point the wavelet spectrum, giving for each
period (frequency) and for each day, the value of wavelet power (Figure 2). We
then used the criteria of maximum power to determine the period of ISO for
each day. In fact we considered that the ISOI corresponding to a given day is the
highest wavelet power associated with this day. This procedure is applied on all
the grid points in the study area to obtain the daily ISOIs. By this algorithm we
have build a dataset of the ISOIs, with the same dimensions as the original time

series.

3. Results and Discussions
3.1. Daily Variations

For this study, we choose our wavelet parameters such that the scales can range
from 2 to 100 days. After applying the algorithm described in Section 2 on the 30
- 60-day filtered OLR time series, we obtained the daily ISOIs time series, with
the same dimensions as the original dataset. In statistics the normalization can
be use to create shifted and scaled versions of statistics, where the intention is

that these normalized values allow the comparison of corresponding normalized
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values for different datasets, or for datasets containing data of different scales, in
a way that eliminates the effect of certain gross influences, as it is more often the
case in the anomalies time series. In this study, the values of intensities obtained
presented some abrupt changes from grid point to another. This caused the val-
ues of wavelet power to range from 0 to about 16,000 W>/m*. We then opted to
normalize the time series for easy analyses. The data of each grid point form a
vector, and to normalize this vector, we took the deviation from the mean in the

units of standard deviation.

g= X=X 5)
O

where X is the normalized value of X, X the mean, and o the standard devi-
ation of the grid data time series.

Figure 2 shows the day-to-day variations of the ISOI within 1981-2015. It can
clearly be seen on this figure that the ISO strength undergoes severe changes
from day to another. The long-term average daily ISO intensity ranged from 0 to
530 W?*/m". A peak of ISO activity is observed at the beginning and end of the
year (December-May). There are some years with very high signal such as 1980,
1985, 1990 and the years of very low signal such as 1982, 1984, 1994, and 2001.
Many studies carried on variations in the characteristics of intra-seasonal oscil-
lations have been made on a global scale. In addition, almost all these studies
have been carried out at global scale. Generally the authors associated to the en-
tire globe or region a single index to describe the variations of the intraseasonal
oscillations. The advantage of the present study is that it makes it possible to as-
sociate with each grid point an index, making it easier to study the spatio-temporal
variations of ISO activity.

Figure 3 shows the monthly mean ISO intensity within the year. In this figure
one can observe that the ISO activity is highly seasonal, as ISOI peaks during
December-May and minimizes during June-November. It is clear from this fig-
ure that the ISO activity is cyclical throughout the year. In fact one can note a
zone of maximum activity ISO forms a loop on the Congo Basin in December,
and this loop extends to the southwestern Tanzania until the Indian Ocean on
East Africa borders. This zone of maximum intensity expands gradually within
the year to disappear in May, giving chance to a low ISOI zone. At the center of
this zone, one can see that the ISO activity evolves the opposite way, that is, the
ISO activity at the center is high during December-May and lower during June-
November. But this zone is very small and we can therefore consider that it does
not influence the seasonality of ISO. One can emphasize our analysis by averag-
ing the ISO intensity in the whole CA for each month. The box plot is a standar-
dized way of displaying the distribution of data based on the five number sum-
maries: minimum, first quartile, median, third quartile, and maximum. Figure 4
shows the box plots of the monthly ISO intensity climatology. From this figure,
one can confirm that the ISO activity in Central Africa is highly seasonal. The

high ISO season December-May is mainly a continuous single season. In fact, it
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is clear that the mean ISO intensity is above-normal (positive) during Decem-
ber-May and below-normal (negative) during June-November (Table 1). The
highest amplitudes of variations (Maximum-minimum) are also observed during

December-May for almost all months.

06 04 02 0 02 04 06 08 1

Figure 3. Monthly mean ISO intensity averaged within 1981-2009. The values are dimen-
sionless and the corresponding months are indicated at the left top of each plot.
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Figure 4. Box plots of the long-term monthly normalized ISOI (dimension-
less). The central mark on each box represents the median value. The edges
of the boxes denote the 25th and the 75th percentile. Boxes extend to ex-
treme values to show the amplitude of the statistical distribution.
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Table 1. Statistics of the monthly mean ISOIs (normalized values) over CA within the study

period.

Month Mean Standard deviation Minimum Maximum State
JAN 0.18 0.41 -0.79 1.63 Above-normal
FEB 0.34 0.50 -0.79 1.95 Above-normal

MAR 0.47 0.52 -0.69 1.95 Above-normal
APR 0.48 0.49 -0.65 1.73 Above-normal
MAY 0.23 0.38 -0.71 1.17 Above-normal
JUN -0.12 0.26 -0.76 0.65 Below-normal
JUL -0.35 0.16 -0.77 0.10 Below-normal
AUG —-0.43 0.14 -0.76 0.32 Below-normal
SEP -0.38 0.20 -0.70 0.63 Below-normal
oCT -0.26 0.21 -0.53 0.63 Below-normal
NOV -0.13 0.20 -0.44 0.41 Below-normal
DEC 0.08 0.28 —-0.65 1.02 Above-normal

3.2. Interannual Variations and Relationship with ENSO

One aspect of ISO studied so far is the interannual variations of ISO activity and
its relation with low-frequency phenomena such as ENSO. These interannual
variations include several parameters such as the amplitude (intensity), the fre-
quency, the speed and the direction of propagation of the oscillations. But the
present study focuses only on the intensity of the oscillations. The investigation
of the interannual variations of the ISO intensity has already caught the atten-
tion of many previous authors in different regions of the globe (Madden & Ju-
lian, 1994; Hendon & Liebmann, 1990; Hendon et al., 1999; Slingo et al., 1999;
Zhang et al., 1999; Harry & Matthew, 2004; Tchakoutio et al., 2012, 2013b). But
as stated in the introduction, in general, these studies consisted of assigning to
the whole globe or a region of the globe, a single index which describes the ISO
variations over the entire region. This index is generally derived from the Prin-
cipal Components Analysis of the OLR or wind data, where one or two principal
components are retained. But in the regions such as Central Africa where cli-
matic parameters sometimes vary drastically from one point to another, the ideal
would be to construct a gridded dataset of ISOI indices, at different time scales
(daily, monthly, etc.). This would significantly improve regional climate forecasts
in CA. The wavelet analysis used in the present study may seem to be a very at-
tractive tool for this purpose. It allows us to obtain the spatio-temporal distribu-
tion of ISO (here given by the wavelet power).

Figure 5 presents the year-to-year spatial structures of the normalized ISOIs,
within our study period. As can be seen on this figure, the spatial distribution of
the ISOI varies considerably from one year to another, with some zones of high
ISO activity and others corresponding to lower ISO activity. The strong ISO ac-

tivities are generally observed in Northern Congo, over Ethiopia, and Southwestern
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Figure 5. Yearly mean ISOI in the study area for the years 1981-2015. The
intensity is dimensionless, because the data have been normalized. The cor-
responding year is indicated at the left top of each plot.
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Tanzania, extending to the Indian Ocean. This result seems consistent with the
work of Tchakoutio et al. (2012), who documented three dominant modes of
intraseasonal variability in CA, with spatial loadings centered respectively over
northern Congo, southern Ethiopia, and southwestern Tanzania, respectively.
There are some years where ISOI seems to be very high, such as 1980, 1985,
1990/1991, 2000 and the years where ISO intensity looks extremely low such as
1982, 1983, 1986, 1993/1994, 1997/1998, 2002, 2003, 2008. Many authors at-
tempted to investigate the interannual modulation of ISO activity by low fre-
quency phenomena such as ENSO in different geographical locations on the
earth (e.g. Vincent et al., 2008; Takayabu et al., 1999; Tchakoutio et al., 2012).
Almost all these studies documented a nonlinear relationship between ISO activ-
ity and ENSO, but it was proved that the extremely cold ENSO years generally
corresponds to very high ISO activity and the extremely warm ENSO years are
more often associated with low ISO signal (Tang & Yu, 2008; Tchakoutio et al.,
2012; Tchakoutio et al., 2013b).

Nowadays the oceanic Nifio index is mostly used for identifying El Nifio
(warm ENSO) and La Nifia (cool ENSO) events in the in the tropical Pacific. For
simplicity, the threshold method is applied to identify the years of warm ENSO
(EI Nifio) and the years of cold ENSO (La Nifia). We normalized all values of
ENSO index for easy comparison, by taking the deviation from the mean in the
units of standard deviation. A year should be considered as warm ENSO when
the index is greater than +0.7 standard deviation and cold ENSO when the index
is lower than —0.7 standard deviation. The neutral years correspond to an ENSO
index between +0.7 and —0.7 standard deviation. Following this threshold me-
thod described above, the warm ENSO years selected are 1982, 1983, 1992, 1997,
and the cold ENSO years are 1985/1986, 1989/1990, 1999/2000 and 2008/2009.

Figure 6 shows year-to-year evolution of the normalized mean ISOI in CA, as
well as the normalized Niflo-3.4 SST indices for the period 1981-2015. In this
figure, one can note a strong year-to-year variations in the ENSO index, espe-
cially within the decades 1981-1990 and 1991-2000. The ENSO varied less dur-
ing the last two decades (2001-2015). The ISOI evolves the same way, exhibiting
the highest variations during the first two decades of our study period. One can
then note in Figure 6 that the warm ENSO years generally correspond to be-
low-normal ISO intensity and the cold ENSO years to above-normal ISO inten-
sity. This remark can be further highlighted in Table 2 that displays interannual
variations of the ISOI and ENSO indices within the study period. Figure 7 shows
the scatter plots and the regression line between the Normalized ISOI and ENSO
indices. The regression line has a negative slope confirming that warm SSTs tends
to reduce the ISOI while warm SSTs tends to increase ISOI. However the low
values of the correlation coefficients indicate that the relationship between ISO
periods and ENSO is nonlinear. In fact the ISO and ENSO are atmospheric and
oceanic modes of variability with different timescales, thus their relationship is
most likely nonlinear. Nevertheless the correlation coefficient increases from —0.17

to —0.28 when we consider only the extreme ENSO years (El Nifio and La Nifia)
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Figure 7. Regression between ENSO indices and the normalized ISOL.
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Table 2. Interannual variations of the ISOI and ENSO indices for the years 1980-2009. All
the values are dimensionless because the fields have been normalized for easy comparison.
The warm and cold ENSO indices are marked with star for clarity.

Year Normalized ISOI Status Normalized ENSO index Status
1980 1.16 Above—normal 0.55 Neutral
1981 0.55 Above—normal 0.9 Neutral
1982 -1.62 Below—normal 1.41* Warm
1983 0.01 Above—normal 0.68 Neutral
1984 —-0.47 Below—normal 0.67 Neutral
1985 2.01 Above—normal -1.12* Cold
1986 0.80 Above—normal -1.2* Cold
1987 0.02 Above—normal 0.12 Neutral
1988 0.03 Above—normal 2.08* Warm
1989 1.02 Above—normal -1.23* Cold
1990 1.66 Above—normal -1.53* Cold
1991 0.33 Above—normal 0.71 Neutral
1992 -1.44 Below—normal 1.03* Warm
1993 -0.38 Below—normal 0.67 Neutral
1994 0.41 Above—normal —-0.58 Neutral
1995 -0.1 Below—normal -0.5 Neutral
1996 0.39 Above—normal —-0.58 Neutral
1997 -0.1 Below—normal 1.84* Warm
1998 0.01 Above—normal 0.10 Neutral
1999 1.01 Above—normal -1.71* Cold
2000 -0.31 Below—normal -1.36* Cold
2001 0.12 Above—normal 0.53 Neutral
2002 -1.21 Below—normal 1.01* Warm
2003 0.07 Above—normal 0.36 Neutral
2004 0.00 Above—normal 0.56 Neutral
2005 0.59 Above—normal 0.05 Neutral
2006 -0.04 Below—normal 0.14 Neutral
2007 -0.61 Below—normal —-0.88 Neutral
2008 0.06 Above—normal -1.11* Cold
2009 —-0.63 Below—normal -1.09% Cold
2010 —-0.55 Below—normal 0.21 Neutral
2011 -0.56 Below—normal -1.83 Cold
2012 0.03 Above—normal -0.02 Neutral
2013 -1.22 Below—normal -0.41 Neutral
2014 -0.01 Below—normal 0.16 Neutral
2015 -1.23 Below—normal 2.08 Warm
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described above. Figure 8 displays the mean ISOI for Warm ENSO and cold
ENSO years, as well as the difference between the two values, for each grid point
of our study area. As could be expected from the previous analyses, the differ-
ence is positive almost all over the study area, confirming that the average ISOI

is higher for La Nifia years, when compared with El Nifio years.

4. Summary and Conclusion

The primary objective of this study was to investigate the spatiotemporal varia-
tions in the 25 - 70-day ISO intensity in Central Africa based on wavelet analysis.
For this purpose we used as rainfall proxy the 2.5° x 2.5° daily OLR datasets
within the period 1981-2015.

In our analysis we choose Morlet wavelet and we took the parameters such
that the period of the oscillations span from 2 days to 109.86 days. But we li-
mited the period from 25 days to 70 days by Lanczos filtering. For each day of
the study period, we obtained the values of wavelet power corresponding to each
period (frequency) between 2 and 109.86 days and we retained for this day the
maximum value of wavelet power that falls within this period range. Through
this algorithm, the values of ISO intensity obtained vary between 0 to about
16,000 W*/m*. That is why opted to normalize the time series for easy analyses.

Figure 8. Mean normalized ISOI for Warm and cool ENSO
years, and the difference between Warm and cold ENSO vyears.
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For each grid point, we then took the deviation from the mean in the units of
standard deviation. Though this algorithm, we built a dataset of normalized dai-
ly ISOI and this dataset has been subjected to some statistical analysis to extract
relevant information.

The plot of daily mean ISO intensity revealed that the ISO intensity highly
fluctuates from day to another, in accordance with some previous studies. The
analysis of monthly mean ISO periods showed that ISO activity is highly season-
al, with above-normal ISO activity during December-May, and below-normal
ISO activity during June-November. We also investigated the interannual varia-
tions of ISO activity, and we found out that the ISO intensity undergoes large
interannual variations with some years of very strong ISO activity and years of
low ISO activity. The plots of ISO intensity and ENSO indices showed that the
relationship between the two quantities is not linear, but nevertheless it is clear
that the extremely warm ENSO (El Nifio) years generally correspond to be-
low-normal ISO activity and the extremely cold ENSO (La Nifa) years are often
associated with above-normal ISO activity. While we are still looking for a good
model for the parameterization of ISO, the main challenge remains the use of
the relationship MJO-ISO to considerably improve the regional and global cli-

mate models in the tropics.
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