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Abstract

Climate change is affecting rainfall variability. This paper investigated the
June-September (JJAS) rainfall variability using reanalyzed and observed da-
tasets from 1976 to 2015 in Togo. The rotated empirical orthogonal function
(REOF) method was used to get the distribution patterns of JJAS rainfall. The
Mann-Kendall (MK) statistic was also used to detect temporal trend of the
rotated principal component time series (RPCs) that represent the modes of
positive loadings. The REOF method has revealed four significant patterns
that explained 65.1% of the total variance; the first, the second and the fourth
REOF modes exhibit mainly positive loadings, whereas the third exhibits
negative loadings. The first mode (REOF1) represents mainly the southern
part of Togo; the second mode (REOF2) represents the northern part, the
third mode (REOF3) represents the western part and the fourth (REOF4)
represents the north-eastern part of Togo. The Mann-Kendall test has re-
vealed an increasing and significant trend of rainfall in the northern region of
Togo. In contrast, the trends were not significant in the southern and
north-eastern parts of the country. These results form a basis on which adap-
tation strategies may be taken in this region with high rainfall variability.

Subject Areas

Atmospheric Sciences

Keywords

REOF, Mann-Kendal Test, Rainfall Variability, Togo

1. Introduction

Water is essential to support all human socio-economic development activities
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such as hydroelectric energy generation, industry, tourism, agriculture and food
security [1] [2] [3]. According to [1], rainfall distribution in Africa is very un-
even and its climate can be identified as arid and semi-arid. Only the northern
and southern parts of the continent (Sahara, Kalahari) experience the extremely
arid conditions.

According to the Fourth Assessment Report (AR4) of the Intergovernmental
Panel on Climate Change (IPCC), trends from 1900 to 2005 have been observed
in rainfall amount in many large regions. In the last two decades, an important
inter-annual variability of rainfall was observed in Africa [4] [5]. Increased va-
riability of rainfall, combined with prediction of higher temperatures and in-
creasing amounts of evapotranspiration, may have a huge impact on the eco-
nomic and social characteristics of the regions [6].

A number of studies have been conducted on the variability of rainfall in the
West Africa (WA) region [7]-[12]. For example, Sanogo et al [9] have investi-
gated the spatio-temporal characteristics of the recent rainfall recovery in WA
from 1980 to 2010 using REOF method. The results show a significantly positive
rainfall trend for annual totals in the Sahel between the west coast and 15°E while
the trend along the Guinea coast is weak and non-significant. The study has ar-
gued that this missing significance is partly related to the hiatus in rainfall increase
in the 1990s, but also to the larger inter-annual rainfall varjability. Koumare [7]
has also analyzed the spatial and temporal distribution of June to September (JJAS
or wet season) seasonal rainfall over WA using EOF analysis. The result showed
that the spatial distribution of rainfall during wet season was relatively uniform
(EOF1), showing positive loadings in most parts of the study region, except
southeastern part. These studies and others had also revealed a number of factors
such as the Inter-Tropical Convergence Zone (ITCZ), monsoon winds, easter-
ly/Westerly waves, which influence variability, trends of rainfall over WA.

Although these various studies are very informative for planning purposes in
the region of WA, there is also a need to understand the variability of rainfall in
the country’s scale. Such studies are few over Togo. Even though Batebana et al.
[13] investigated the rainfall characteristics over Togo, the associated atmos-
pheric circulation anomalies were mainly discussed. To fill this gap, this work
aims to determine a significantly spatial pattern of June-September (JJAS) rain-
fall variability in Togo for the period 1976-2015. The temporal variability of time
series corresponding to the significant patterns, is also explored in terms of a
long-term trend by using methods of Mann Kendal test. The output of this work
could help farmers and other climate users to plan and adapt to variability and

changes in climate.

2. Materials and Methods
2.1. Study Area

Togo, located in West African region within the latitude-longitude zones of 6°N

- 12°N and 0°E - 2°E, is one of the smallest countries in the region with an area
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coverage of around 56,600 km? [13].

The country is bordered by Ghana to the west, to the north by Burkina Faso,
to the east by Benin and to the south by the Atlantic coast of the Gulf of Guinea.
The inland of Togo is made up of vast plains and numerous hills. The highest
elevation point is Agou’s mountain located in the south-western parts of the
country reaching over 986 m in height (Figure 1). Togo is divided into five re-
gions named: Maritime, Plateaux, Centrale, Kara and Savane.

Rain-fed agriculture is the backbone of the Togo’s economy, contributing ap-
proximately 45% of the country’s Gross Domestic Product (GDP). The climate
over Togo is semi-arid and the precipitation is unimodal in the northern part of
the latitude 8°N while it’s bimodal in the southern part.

2.2. Data

The study has used reanalyzed monthly rainfall data from the Global Precipita-
tion Climatology Center version 2018 (GPCC), gridded at 0.5 x 0.5 resolution
[14]. The GPCC rainfall data version 2018 that is used in this study spans from
1976 to 2015. The GPCC rainfall data is obtained from

https://www.esrl.noaa.gov/psd/. Also used is the observed rainfall data from nine

synoptic stations provided by the national meteorological service of Togo (Table
1). The GPCC data is mainly used in this study because it has a regular grid
spacing. The observed rainfall data is only used to validate the reanalyzed data
from GPCC.

2.3. Methodology

In order to understand and define the spatial patterns of rainfall variability for
JJAS season over Togo, the rainfall data is analyzed by using REOF method. In ad-
dition, the Mann-Kendall test statistic is used to reveal the trends of rainfall [15].

2.3.1. The Empirical Orthogonal Function (EOF) Method

The empirical orthogonal function also known as principal component analysis
(PCA), try to determine a relatively small number of independent variables
which transfer as much of the original information as possible without redun-
dancy. This method may be used to elucidate the structure of the variability
within a dataset in an objective way, and to determine the relationships within a
set of variables [16]. In this method, a set of orthogonal functions to express a

time series is used as follows.
Z(x,y,t)=> PC(t)xEOF (x,y) (1)

where, Z(X,Y,t) is the original time series as a function of time (#) and space
(%) and probably correlated to each other. By construction, the spatial patterns
(PCAs) and temporal coefficient are both orthogonal. Such orthogonality has the
advantage of isolating uncorrelated modes, but sometimes it also leads complex-
ity of spatial structures and difficulty in physical interpretations [17]; thus it may

cause misunderstanding and confusion.
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Figure 1. Area of study showing the Digital Terrain Model of Togo with its five regions.

Rotated EOF (REOF) analysis was then introduced in order to overcome these
problems of EOF analysis. VARIMAX rotation method is chosen because it
maximizes the variance of squared correlations between each rotated principal
component (RPCs) and each variable, so that the simplest pattern is described

while explaining the maximum amount of variance.

2.3.2. The Mann-Kendall Statistical Test
To access the significance of trends of PCAs, the Mann-Kendall test (MK) has

been used. The MK test is a rank-based non-parametric method that is used to
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Table 1. List of synoptic station used in the study and geographical details.

Station name Station ID Longitude Latitude Altitude (m)
Lomé 65,387 1.25315 6.17455 19.60

Tabligbo 65,380 1.50789 6.60475 40
Kouma-Konda 65,378 0.572 6.95617 641
Atakpamé 65,376 1.12143 7.53838 400
Sokodé 65,361 1.15176 8.99517 387
Kara 65,357 1.20357 9.62788 342
Niamtougou 65,355 1.083333 9.8 462
Mango 65,352 0.46916 10.36191 146
Dapaong 65,351 0.22809 10.836 230

check any trend in a given time series against the null hypothesis of no trend
[18] [19]. The mathematical expression in Equation (2) was used to calculate the
standardized MK trend statistic (S).

n—:

S:iz sgn(x; - ) ()

i=1 j=i+1

where X and X; are sequential data for the i, and jJ, terms, n is the

sample size and

1 x>%
sgn(x; =% )=10 X, =X 3)
-1 x5 <x

In detecting trend, a hypothesis was set as follows; null hypothesis (Hy), signi-
fied no trend and alternative hypothesis (H,), indicated the presence of trend,
either increasing or decreasing monotonic trend. The variance of S'is calculated
using Equation (4);

n(n-1)(2n+5)

V(s) =T (4)

The probability associated with S and the sample size, 1, are calculated to as-
sess the significance of the trend. Significance of the trend is assessed using a Z
value, where negative and positive scores of Z denote downward and upward
trends respectively. For a two-tailed test, at a given a level of significance, H, is
accepted if the |Z| >Z_,,>where Z, , istabulated from the standard normal
distribution tables. The probability associated with MK and sample size n is
computed to statistically quantify the significance of the trend. The normalized

test statistic; Zis calculated using Equation (5);

7-—5"1 it 550
ar(S)
=0 if S=0 (5)
St i s<o
ar(S)
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The trend is considered decreasing if Zis negative and computed probability

is greater than the level of significance.

3. Results and Discussion

3.1. Temporal Features of Rainfall

The variation of rainfall amount from 1976 to 2015 in Togo is shown in Figure
2. There was an obvious annual cycle, characterized by a peak in September for
both reanalyzed and observed rainfall datasets. The rainfall amounts increased
gradually from January to September, and then decreased quickly from Septem-
ber to December. The monthly rainfall amounts for both reanalyzed and ob-
served were the highest in June, July, August and September. For these four
months, the rainfall amount represents 62.56% (reanalyzed data) and 61.22%
(observed data) of the annual rainfall amount showing the clear existence of
rainy season from June to September (JJAS) [9]. Since the two rainfall datasets
(reanalyzed and observed) exhibit the similar pattern, the reanalyzed data from

June-September is used in this study.

3.2. Spatial Variability of JJAS Rainfall

In this study, EOF analysis with VARIMAX rotation (REOF) is used for
June-September rainfall season to get a significant pattern over the study do-
main. The scree test is applied in order to determine the number of significant
orthogonal functions which identify the spatial and temporal characteristics of
possible physical significance [19]. The scree plot which is a line plot of the ei-
genvalues of principal components is shown in Figure 3. The plot (Figure 3)
shows that the first four eigenvalues are well separated from the rest and explain
65.1% of the total variance. Therefore, in this study the first four eigenvectors are
rotated according to VARIMAX approach. The VARIMAX approach distributes
the variances relatively evenly over the components [19]. Table 2 presents the
percentage of variance captured by each REOF for JJAS rainfall season. Figure 4
illustrates the first four REOF patterns. The first REOF pattern characterizes
positive loadings over all regions of the country with 23.63% of the total variance
of JJAS rainfall season (Figure 4(a)). However, the highest load values (defined
as greater than 0.4) are mainly located in the regions of Maritime, Plateaux and
south of Central. Hence, corresponding principal component (RPC) represents
mainly variability in these regions of Togo. REOF2 (Figure 4(b)) shows high
loadings in the northern part of Togo (regions of Savane and north of Kara) and
has captured 16.10% of total variance. Figure 4(c) shows the third REOF pattern
and accounts for 14.19% of total variance. The loadings are negative across the
country and the highest in absolute value is located in the west part of regions of
Kara and Centrale. The fourth REOF pattern is shown in Figure 4(d) and
represents 11.18% of total variance. It represents mainly eastern parts of Kara

and Centrale regions.
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Figure 2. Monthly rainfall amount over Togo (0.5°W - 2°E and 6°N -

11.5°N) for the period 1976-2015. Black line represents GPCC data set and
red line is the observed dataset.
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Figure 3. Scree plot; order of eigenvalues versus eigenvalues.

Table 2. The percentage of variance captured by each REOF for JJAS rainfall season.

Rotated Components First Second Third Fourth Total

Rotated Variance (%) 23.63 16.10 14.19 11.18 65.1

3.3. Trends in Rotated Principal Component Series (RPCs)

The trends in RPCs have been applied for the REOF patterns that exhibited
mainly positive loadings (REOF1, REOF2 and REOF4). The statistical summary

of MK test of these rotated principal component series (RPCs) is presented in
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Figure 4. REOF patterns of JJAS rainfall season from 1976-2015 over Togo.

Table 3 and the trend analysis of RPCs is shown in Figure 5. The result shows
that H, is rejected for RPC2, which means there is a trend. The time series of
RPC2 which characterizes mainly the rainfall variability in the north of Togo
(Savane and Kara), presents a significant increasing of rainfall trend as the
P-value (0.014) is lower than the significant level of 0.05 (Table 3). Considering
the time series of RPC1 and RPC4, H, is accepted (Table 3), showing that there
is no trend for both two RPCs, which centers mainly on the southern parts and
north-eastern parts of Togo, respectively. This was further explained by the Sen’s
slope, which shows decrease (increase) trends but not significant.

These findings are in agreement with Sanogo et al [9], where a statistically
significant positive rainfall trends were observed in the Sahel (Northern part of
Togo) and no significant trends were observed along Guinea Coast (Southern
part of Togo).
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Table 3. Summary of MK test of the rotated principal component of time series.

P-value

RPCs M-Kendell (S) Kendell’stau  Sen’s slope (two-tailed)

Alpha Test result

1 —22.000 —-0.028 —0.005 0.798 0.05 Ho accepted
2 212.000 0.272 0.027 0.014 0.05 Ho rejected
4 65.000 0.083 0.001 0.449 0.05 Ho accepted
25 3
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Figure 5. Rotated principal component time series; (a) for the first mode, (b) the second
mode, (c) the fourth mode.

4. Conclusions

This study has investigated the temporal and spatial patterns of June-September
rainfall over Togo, from 1976 to 2015. The REOF method and the MK test have
been applied in this study. The REOF method reveals four significant patterns of
JJAS rainfall in Togo. The four REOF modes account for 65.1% of variability.
The first, the second and the fourth patterns exhibit positive loadings. They are
mainly centered in the south of Togo (Maritime, Plateaux) for the first REOF, in
the north (Savane, Kara) for the second REOF and in the north-eastern part of
Togo, for the fourth REOF.

The MK trends analysis of RPC series reveals that significant increase trends
of JJAS rainfall in the northern part of Togo were observed. In contrast, the
trends analysis reveals no significant trends in the southern and north-eastern
parts of Togo.
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