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Abstract: The rainfall modeling at regional scale remains a great challenge in the tropics because of the complexity of the
processes that induce rainfall variability. Then the good parameterization of some atmospheric processes will be of great
contribution towards the improvement of regional models. In this paper we applied wavelet transform on 2.5°x2.5° daily
Outgoing Long-wave Radiation (OLR) datasets for the period 1981-2015 (35 years) to extract Intraseasonal Intensity (ISOI)
and intraseasonal Period (ISOP), with application to Central Africa (CA). In fact for each grid point in the study area, the
wavelet transform was applied to the 25-70-day filtered daily OLR time series and the wavelet spectrum is obtained. In the
resulting spectrum, the maximum variance for each day is taken as ISOI and the period exhibiting that maximum variance is
the ISOP. The plots of seasonal mean ISOI and ISOP obtained showed that the ISO characteristics (amplitude, frequency)
strongly vary from season to another. The ISO amplitude is extremely high during December-February (DJF) and March-May
(MAM) and lower during JJA and SON seasons. As for the period of oscillations, the ISOP peaks during MAM and JJA
seasons. But for the four seasons, the period is predominantly contained between 40-50 days, suggesting the dominance of
Madden-Julian Oscillation (MJO) signal.
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based on rainfall. So the distribution of rain within the season
is very important for the planning of agro-pastoral activities
in these regions.

Before the 1960s, it was very difficult to carry out studies
on rainfall variability at a shorter timescales because of the
low temporal resolution of the available data, which were
most often monthly or annual datasets. Most of studies on
rainfall variability addressed the annual cycle of rainfall as
well as the interannual variability. But since the advent of
satellite measurements in the beginning 1970s, many datasets
are available at very good spatial and temporal resolutions,
up to the hourly scale for some satellite products [7-10]. The

1. Introduction

Rainfall variability in Africa at different timescales will
continue to draw the attention of many researchers around
the world. In fact the high instability observed in the rainfall
regime in the tropics during the recent years led researchers
to better study some atmospheric phenomena more deeply in
order to explain these fluctuations in terms of amount and
distribution of rainfall [1-6]. Moreover rainfall is of great
importance in tropical Africa because the population is
mostly rural and therefore their main sources of incomes
such as rainfed agriculture, livestock and fishing are strongly
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notion of intraseasonal scale then appeared in the scientific
community and many researchers then investigated the
intraseasonal variability of some atmospheric fields around
the world [11-15]. In the tropics rainfall is among
atmospheric variables, one of those which are very difficult
to predict because of their high spatio-temporal variations. To
improve understanding of the distribution and variability of
rainfall as well as its forecast, many researchers studied the
intra-seasonal variability of rainfall in several regions across
the tropics [12, 14].

However Central Africa (15°S-15'N, 0- 50°E) remains a
region whose climate is poorly understood because the
majority of studies carried out in Aftrica at intraseasonal time
scales have been biased towards West or East Africa [12, 13,
15-16]. Very few of these studies focused mainly on Central
Africa (CA). Indeed climatologically speaking, CA is a very
complex region because of its geographical location, as well
as its topography and vegetation. CA undergoes influence of
the fluxes coming from the Atlantic Ocean at the West
boundary and the Indian Ocean at its East boundary. The
topography of the region is quite wvarious, including
Highlands, mountains, Plateaus. The western Central Africa
(west of Rift valley) is almost covered by the Congo forest,
which keeps this region quite wet within the year. Rainfall is
highly seasonal as can be expected from its tropical location.
The Eastern part (east of Rift valley) is characterized by
widely varied vegetation ranging from desert to forest over
relatively small areas. Very few authors investigated the
intraseasonal rainfall variability in CA and they found that
the dominant mode of intraseasonal variability is MJO with
period around 30-60 days. They also found that ISO activity
in CA undergoes high annual and interannual variations [17-
19].

In the study of variations in the intensity and frequency of
ISO, many authors used the average signal at global or
regional scales. They generally used the principal component
analysis to extract the dominant modes of intra-seasonal
variability over the area and computed the ISOI from the first
two or three principal components (e.g. [14, 20]). But this
approach could not allow us to get information about the
local variations of the ISO signal. However in the regions
like CA where climatology is very complex, the ideal would
be to have an idea about the spatial variations of the ISO
intensity and frequency, in order to better understand their
influence on the climatic fields. It is therefore necessary to
build a gridded datasets of daily or monthly ISOI and ISOP
in order to investigate their spatio-temporal variations. The
ISOI index mostly used by many authors in the past was the
intraseasonal variance, generally obtained by applying a
moving average filter on a given data time series [21].

The wavelet analysis is a mathematical technique which is
very useful for numerical analysis and manipulation of
multidimensional discrete signal sets. Its main characteristic
is the introduction of the time-frequency decomposition. It is
a very powerful tool for harmonic analysis, because unlike
the classical analysis which allows just the transformation in
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 [22, 23].
Unlike the moving average that gives the average variance on
a chosen frequency band, the WA gives the intraseasonal
variance as a function of frequency and time. From the
wavelet spectrum obtained from a time series, it is possible
identify for each time and each frequency, the value ISO the
variance itaken here as ISO intensity corresponding to this
frequency.

In this paper, we applied wavelet analysis on the daily
Outgoing Long-wave Radiation (OLR) data to extract the
intensity and frequency of intraseasonal oscillations in
Central Africa. The paper is organized as follows: in the next
section, the data and method of analysis will be described.
Section 3 will present the main results obtained and their
analysis. Finally, Section 4 is devoted to a few discussions
and conclusions.

2. Data and Methods
2.1. Data

The rainfall proxy, used in this study is the daily Outgoing
Longwave Radiation (OLR) at 2.5°%2.5° latitude—longitude
resolution [7, 24]. In the tropics, surface temperatures varies
modestly trough the annual cycle, the strongest variation in
the OLR result from changes in the amount and depth of
clouds. This direct physical connection with clouds led many
authors to the use of OLR in quantitative precipitation
estimation in some geographical regions around the world
[25-27]. The linear relationship OLR-rainfall allows the use
of OLR data in place of gauge observations or as supplement
to gauge observations, especially in climate variability
studies in the tropics. The OLR datasets are available on the
NOAA website
https://www.esrl.noaa.gov/psd/data/gridded/data.interp OLR.
html and can be freely downloaded.

2.2. Methods

To extract the ISOP and ISOI in CA, we applied wavelet
analysis on 25-70-day filtered OLR time series for the period
1981-2015. Filtering a time series consists in isolating useful
frequencies and attenuating the unwanted frequencies or
noise. The filtering technique used in this study is the
Lanczos filter [28]. Its main advantage is the reduction of
Gibb’s oscillation [29].

As stated above, 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 [22, 30, 31]. 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 w (2).
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W, (s) =§xn-w*{w} (1)

N

Where s is the "dilation" parameter used to change the
scale, and n is the translation parameter used to slide in time.
ot is the constant time interval between two consecutive
values. ¥ (2) is the Wavelet function. Wavelet functions have
many kinds, but in this study we used the Morlet wavelet
which has better local character both in time domain and in
frequency domain [31]. The asterisk (*) denotes complex
conjugate. 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.

To study the characteristics of ISO (ISOP and ISOI), our
original time series was first subjected to bandpass Lanczos
filter with cut-off frequencies 1/70 day™ and 1/25 day™. After
the filtering, the wavelet transform was applied to our 25-70-
day filtered data obtained, and we used the wavelet spectrum
to extract the ISOP and ISOI. By this method for each grid
point in the study area, we calculated the wavelet variance
spectrum and identified for each day the maximum variance.
The period exhibiting that maximum variance is the ISOP
and the value of the variance is the ISOI. By this algorithm
we have built the daily ISOP and ISOP datasets, with the
same dimensions as the original time series. Since the
wavelet variance obtained ranged from 0 to about 20000
W2/m*, we opted to normalize the ISOI time series in order to
the range (scale). For each grid point, we took the deviation
from the long-term mean in the units of standard deviation.
For a given original time seriesx, the normalized time series
x is calculated as:

x=22 )

Where x the mean, and ¢ the standard deviation of the
original data time series.

3. Results
3.1. ISO Intensity Variations

Figure 3 shows the seasonal mean ISOI indices averaged
within our study period. 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
also revealed in this figure that the ISO activity is cyclical
throughout the year. In fact in DJF, a zone of high positive
ISOIs (red color) is observed, which covers almost the entire
Congo Basin and extends until the Indian Ocean on East
Africa borders (southwestern Tanzania). The ISOIs then
decrease progressively (MAM), giving chance to negative
values in JJA and SON. Near the center and around this zone,
one can see that the ISO activity evolves the opposite way,
that is, the ISO activity at the center and around is high
during December-May and lower during June-November.
Further investigations are needed to clearly explain this
observation because the present study we focused on the

general aspect. In Table 1 are summarized the statistics of the
ISOI for each of the four seasons. Figure 4 shows the day-to-
day variations of the ISOI indices over WCA and ECA,
within the period 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 normalized daily ISO
intensity ranges between -0.8 and 2.6. 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 done on the
variations in the ISO characteristics have been made on a
global scale. Generally the authors associated to the entire
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 associate with each grid
point an index, making it easier to study the spatio-temporal
variations of ISO activity.

3.2. ISO Period Variations

Many authors who attempted to study ISOs in the tropics
focused only on the ISO intensity. But the investigation of
ISO activity also in terms of frequency will be of great
importance in the modeling task, especially over CA where
the climate features sometimes exhibit abrupt change within
few kilometers. The investigation of the ISO frequency might
be used to develop a method by which the frequency of
oscillations should be set. The ISOP indices are computed
here using the method described in the previous section, that
is, the ISOP is the period corresponding to the maximum
variance. Figure 5 shows the seasonal mean ISOP in CA. The
seasonality of ISO periods is clear, showing two seasons of
long ISOP (DJF and JJA), intercepted by two seasons of
short ISO (MAM and SON). It is also noticeable that the
ISOP seems to be longer in Eastern CA when compared with
western CA. In Table 2 are summarized the statistics of the
ISOP for each of the four seasons. In Figure 6 is displayed
the day-to-day variations of ISOP indices in WCA and ECA
during 1981-2015. This figure reveals the strong variations in
the ISO with years of longer oscillations such as 1985 and
1999, and years of shorter oscillations such as 1987 and 1992.
The daily ISOP indices are ranged between 38-49 days. It can
also be confirmed that the oscillations appeared to be longer
in ECA, when compared with WCA.

4. Summary and Conclusions

The goal of this study was to use the wavelet transform to
compute the intensity and frequency of 25-70-day intraseasonal
atmospheric oscillations in Central Africa. To achieve this goal,
we applied discrete wavelet transform on 2.5°%2.5° daily OLR
datasets for the period 1981-2015 (35 years). After filtering the
original datasets, the wavelet transform was applied to the 25-
70-day filtered datasets obtained, and for each day the maximum
variance is taken as ISOI index and the period exhibiting that
maximum variance is the ISOP index.

The plot of seasonal mean normalized ISOI showed that
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the highest ISOIs are generally observed during DJF and
MAM, while the low ISO are observed during JJA and SON.
The plots of yearly mean ISOIs revealed that the ISOI
undergoes strong year-to-year variations with years of very
high amplitude and years of lower ISOIs. Globally the ISOI
decreased for decade to another, with the highest values
during 1981-2010, and the lowest values during the recent
years (2010-2015). For the ISOP, the peak periods are
obtained during MAM and JJA. But for the four seasons the
daily periods are mostly ranged between 40-50 days,
suggesting the dominant MJO signal. The plot of yearly
mean ISOP also show strong interannual variations for all the
four seasons. Further studies are necessary to deeply
investigate the physical process that induce the variations of
ISOP and ISOI in CA, and it will then allow researchers to
improve the parameterization of ISO processes in CA, for the
good use in regional climate models.

Surface elevation (source:GTOPO30)
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Figure 1. Topography of the study area based on 30-min topographic data
(meters) from Digital Elevation Model (DEM) of the US Geological Survey.
The WCA (15°S-15°N, 0-30°E) and ECA (15°S-15°N 30°E —50°E) are
shown as solid boxes.
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Figure 2. Wavelet spectra of the OLR anomalies averaged over Central
Africa. A 120 days cut off high pass filter was applied to long term
anomalies in order to remove any aspect of seasonal cycle and interannual
variability.

Figure 3. Seasonal mean ISOI in CA averaged within 1981-2009. The values
are dimensionless since the ISOI field is normalized, and the corresponding
season is indicated at the left top of each plot.

Figure 4. Daily variations of the ISOI indices for WCA and ECA within the
period 1981-2015. The values are dimensionless since the 1SOI field is
normalized.

Figure 5. Seasonal mean ISOP within the study period. The periods are in
days and the corresponding seasons are indicated at the left top of each plot.

S0P (days)

Figure 6. Daily variations of the ISOP indices for WCA and ECA within the
period 1981-2015.
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Table 1. Statistics of the seasonal mean ISOIs (normalized values) over CA within the study period.

Season Mean Standard deviation Minimum Maximum State

DJF 0.21 0.41 -0.89 1.85 Above-normal

MAM 0.39 0.44 -0.65 1.81 Above-normal

JJA -0.30 0.18 -0.76 0.61 Below-normal

SON -0.22 0.23 -0.71 0.59 Below-normal
Table 2. Statistics of the seasonal mean ISO periods (in days) in CA, averaged within the study period.

Season Mean Standard deviation Maximum Minimum

DJF 45.11 2.27 50.65 40.96

MAM 44.01 1.97 39.01 48.73

JJA 46.45 2.44 53.17 43.22

SON 4433 2.12 39.32 50.9
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