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The impacts of climate change and climate variability on human life have led the scientific community to monitor the behavior of
weather and climate variables at different spatial and temporal scales. This paper explores seasonal and annual trends of rainfall in the
Lake Tana basin (LTB) and their teleconnections with global sea surface temperatures (SSTs) over the period between 1979 and 2015.
The nonparametric Mann-Kendall test and Sen’s slope estimate are applied to the rainfall data collected from the National
Meteorology Agency (NMA) of Ethiopia for detecting and estimating rainfall trends. Additionally, Pearson’s correlation coeflicient
method is used to determine the effect of SST variations on rainfall. The assessment of rainfall trends indicates that the amount of
annual rainfall in the Lake Tana basin is increasing, but the rate of increase is not statistically significant. Seasonal analysis reveals that
the smallest amount of rainfall occurs in the Bega season, and this season is getting drier with time. However, the analysis indicates
that the other two seasons (Belg and Kiremt) are becoming wetter. The rainfall in Kiremt is increasing significantly (significant at the
p = 0.05 level) in Debre Tabor station with a rate of 10.20 mm/year. Besides, 78.1% of the total annual rainfall in the basin occurs
during this rainy (Kiremt) season, whereas Bega and Belg contribute some 9.4% and 12.5%, respectively. Furthermore, the correlation

analysis of rainfall and SSTs indicates that rainfall of the LTB is highly affected by the variations of SSTs.

1. Introduction

The impacts of climate change and climate variability on
human life have led the scientific community to monitor the
behavior of weather and climate variables. Rainfall as one of
the most important of these variables has a direct and in-
direct impact on the natural environment and human life. A
large spatial and temporal variability of rainfall leads to an
increased incidence of extreme events such as floods and
droughts. It is also recognized that rainfall is one of the key
climatic variables that affect both the spatial and temporal
patterns on water availability [1]. Moreover, erratic rainfall
can trigger various disasters, for example, floods, landslides,
water logging, erosion, and salinity intrusion [2]. Every
minor change in the rainfall intensity or amount imposes a

severe challenge on the rural people since their main live-
lihood depends on agriculture which mostly relies on a short
rainy season.

Various studies have indicated changes in the spatial and
temporal variability and trends of rainfall pattern due to
climate change and climate variability at different spatial
(e.g., regional and national) and temporal (e.g., annual,
seasonal, and monthly) scales in Ethiopia. For example, a
study by Worku [3] indicates that flooding is a familiar event
in the upper Blue Nile basin and did cause a lot of de-
struction in the past years. Bewket and Conway [4] have
discussed about the decline of annual rainfall in the
northwestern parts of Ethiopia, while there was no clear
trend of annual rainfall in other parts during their obser-
vation time. Osman and Sauerborn [5] also determined that
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FIGURE 1: Study area and location of the meteorological stations (red points) used in the study.

summer rainfall, locally called Kiremt rainfall, in the central
highlands of Ethiopia declined in the second half of the 20th
century. Therefore, monitoring and quantifying the back-
ground trends of rainfall in the country as a whole and its
sections is of vital importance.

Hydrologic time series almost always exhibit seasonality
due to the periodicity nature of the weather. In Ethiopia, this
arises greatly from seasonal variations in the precipitation
volume, as well as in the rate of evapotranspiration. This
variation can also be associated with the sea surface tem-
perature (SST) dynamics. Previous studies mention that
correct representation of ocean-atmosphere interaction is
important for simulating certain aspects of climate such as
the organization and propagation of intraseasonal variability
[6, 7] and precipitation variability and its relationship with
underlying sea surface temperatures [8-10]. Trends of
surface temperature and rainfall over Ethiopia may be af-
fected by global ocean-atmosphere coupling [11]. However,
the analysis of rainfall trends is important in studying the
impacts of climate change and variability on water resource
planning and management [12]; it has been recognized that
global or continental scale observations of historical climate
are less useful for local or regional scale planning [13-15].

Despite many papers have been documented on rainfall
trends and variability, their analysis is limited to the main
rainy season (June to September) and large spatial scales in
Ethiopia; there are also very limited works done on the other
seasons and around the LTB, and most researches lack
to relate the variability or trends to large-scale drivers like
SST. The aim of this study is therefore to analyze the spatial
and temporal trends of rainfall in the LTB and their asso-
ciation with the global SST variations. The study uses the

Mann-Kendall trend analysis, Sen’s slope estimator, and cor-
relation techniques. Although the Mann-Kendall test is suit-
able for cases where the trend may be assumed to be monotonic
and thus no seasonal or other cycle is present in the data, the
Sen’s method uses a linear model to estimate the slope
(magnitude) of the trend and the correlation coeflicient is used
to evaluate the relationship between rainfall and SST variations.

2. Methodology

2.1. The Study Area. The LTB (Figure 1) is geographically
located in northwestern Ethiopia at latitude 10.95° and
12.78°N and longitude 36.89° and 38.25°E, with a drainage
area of about 15,000 km? [16]. Lake Tana, the largest lake in
Ethiopia and the third largest in the Nile basin, is located in
this basin. This lake is the largest freshwater and oligotrophic
high-altitude lake in the world [17]. It is shared by the four
administrative zones called Awi, North Gondar, South
Gondar, and West Gojjam. The climate of the area is largely
controlled by the movement of the intertropical convergence
zone (ITCZ) and tropical highland monsoon, which results
in a single rainy Kiremt season between June and September.
Rainfall (70-90% of total annual rainfall) occurs in this
season. The mean annual rainfall is about 1358.42 mm, and
the mean annual temperature is about 21°C.

2.2. Data. This study uses rainfall data of five meteorological
stations on a monthly basis for the 1979-2015 timescale,
collected from the National Meteorology Agency of Ethiopia
(NMA), Bahir Dar branch office. Specific locations and the
period of the rainfall data record of the meteorological
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TaBLE 1: Geographical description of the meteorological stations
and rainfall data record period.

TaBLE 2: Descriptive statistics of the annual rainfall for each station
during 1979-2015.

1((;) f:;l'zzarll S;Ztrf: Lat. Long. Alt. (m) rfcf)r;gdusefd Rainfall Adet BSZ;r Dangila l;:é)é: Gondar
Adet 11.27 3749 2179 1979-2015 Min. 914.78 1076.50  1192.90  1096.70 843.8
Lake Bahir Dar 1157 37.36 1800  1979-2015 Max. 168510 1711.60 2008.60 1928.40  1258.7
Tana basin b lgannglab ﬂ;g igg;l ;;32 }g;g—;g}g llz{lein 1227.23  1403.14 1633.01 1459.41 1069.36
ebre labor . . - 1rs
Gondar 12.60 37.45 1967 1979-2015 quartile 112740 1251.50  1478.30  1281.80 990.30
Lat. = latitude (*); Long. = longitude (°); Alt. = altitude. Mgdian 1174.20 1418.20 1640.44 1493.70 1055.50
Thlrd. 1346.60 1508.70 1745.60 1579.70 1162.30
quartile
450 SD 187.22 163.94 202.31 199.71 106.44
Variance 35,050.60 26,877.85 40,928.16 39,883.31 11,328.67
400 + CvV 1.47 117 0.83 0.14 0.10
SE 33.63 29.45 36.34 35.87 19.12
20 r SD = standard deviation; CV = coefficient of variance; SE = standard error.
300 -
F
:E/ 0 In Ethiopia, there are three seasons with four months
:: 200 | each, classified based on climatological means of rainfall
s and temperature. These seasons are locally known as Bega
150 (October, November, December, and January), Belg (February,
100 L March, April, and May), and Kiremt (June, July, August, and
September) [22, 23]. In this study, we divided the time
>0 series of monthly rainfall data into three seasons and an-
nual time-series categories as suggested by [22, 23].

(Months)
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FIGURE 2: Mean monthly amount of rainfall for the selected stations
averaged over the period 1979-2015.

stations are described in Figure 1 and Table 1, respectively.
And the mean monthly rainfall of each station is illustrated
in Figure 2. Station selection has been done based on quality,
long-range data, and representation of various climatic
zones in the study area. Additional criteria are, as suggested
by Alexandersson in 1986 [18], the study of historical climate
varijability, and the change should utilize reliable data that
are free of artificial trends or changes. Artifacts of the
measurement caused by changes in the observation practice,
equipment, site exposure, and location can led to misleading
results when used in trend analyses [19]. Hence, the ho-
mogeneity test of the time-series rainfall data following some
of the most reliable procedures recently proposed in the
technical and scientific literature [20] has been applied in
this study. The homogeneity test is an important issue to
detect the variability of the data with time. We also utilize the
SST data from the four observations of the National Oceanic
and Atmospheric Administration (NOAA) COBE-SST ver-
sion to relate the variations in the trend of rainfall with the
global seasonal and annual SST dynamics [21]. Currently, the
Earth System Research Laboratory, Physical Sciences Division
(PSD), makes available these reanalysis data sets to the public
in the standard netCDF file format at the following website:
http://www.esrl.noaa.gov/psd/.

2.3. Descriptive Statistics. In this study, we use these de-
scriptive statistics to display information about the distri-
bution of the rainfall data. These approaches are more
precise and objective. The statistical descriptions of the
annual rainfall of each meteorological station and seasonal
rainfall of the Lake Tana basin are stated in Tables 2 and 3,
respectively.

2.4. Mann-Kendall Trend Test. The Mann-Kendall (MK)
test [24, 25], a nonparametric test method, has been widely
used to detect whether trends exist in meteorological or
hydrologic time series [26]. The Mann-Kendall trend test is
also less sensitive to outliers, and it is the most robust and
suitable for detecting trends in rainfall [27]. The non-
parametric model Mann-Kendall test has been applied
to the seasonal and the annual rainfall series to investigate
the rainfall trends. For making statistical decision, the
test statistics are evaluated at the 5% (p = 0.05) level of
significance.

The Mann-Kendall test statistic is denoted by S and is
computed using each pair of the observed values x; and x; of
the random variable under consideration. Each pair is then

inspected to find out whether x;>x; or x;<x;. The
Mann-Kendall statistic S of the series x is given by
n-1 n
S= z sgn(xj —x,»), (1)
i=1 j=i+l

where sgn is the signum function and x; and x; are the
annual values in the years i and j, i > j, respectively, and
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TaBLE 3: Descriptive statistics of the seasonal and annual rainfall in the LTB.

Rainfall Min. Max. Mean First quartile Median Third quartile SD Variance CV SE

Bega 34.55 274.88 124.18 89.15 108.28 145.20 54.39 2958.05 0.44 8.94
Belg 45.36 378.72 164.45 114.36 157.92 199.54 71.89 5167.72 0.44 11.82
Kiremt 695.25 1365.01 1063.57 1022.59 1067.7 1106.93 114.59 13,131.72 0.11 18.84
Annual 1055.95 1640.12 1352.20 1287.54 1325.33 1411.14 120.20 14,448.19 0.09 19.76

SD = standard deviation; CV = coefficient of variance; SE = standard error.

if x;—x;>0,

1
sgn(x,- —x-) =10

f if x;—x;=0, (2)

-1 if x;-x;<0.
Under the null hypothesis of no trend, the statistic S in

(1) follows approximately normal distribution with mean
zero and variance

n(n-1)2n+5)- "t (t—1) (2t + 5 )
18

2_
o5 =

where m is the number of tied groups and ¢, is the number of
data points in the group k.

When the sample size n> 10, as used in this study, the
test statistic Z is calculated from [25]

(S—-1
—_— if $>0,
US
Z=40 if S=0, (4)
S+1
o if $<0,
OS

The null hypothesis that there is no trend is rejected
when the computed Z value is greater than Z_, in absolute
value, where Z, is the smallest Z which has the probability
less than «/2 to appear in case of no trend. Accordingly,
a positive value of Z indicates an upward trend and a neg-
ative value of Z indicates a downward trend. Finally, we
explored the trend through time-series tables and plots of the
rainfall data.

2.5. Sen’s Slope Estimator. Sen’s slope estimation [28] is
another nonparametric method for trend analysis of the
precipitation data set. It is used to detect the magnitude of
the trend. The Sen’s slope estimation is considered more
robust than the least-squares method due to its relative
insensitivity to extreme values and better performance even
for normally distributed data [29]. In general, the slope Q
between any two values of a time series x can be estimated
from

(ve=x;)
T, = K TN) g (5)
=

where x; and x; are the data values for j and k times
of a period (j> k). The slope is estimated for each obser-
vation. For a time series x having n observations, there are
a possible N = n(n—1)/2 values of T; that can be calculated.

According to Sen’s method, the overall estimator of the slope
is the median of these N values of T;. The overall slope
estimator Q; is thus

T (n+1)2 for N odd observations,

Qi:

1
3 (TN/2 + T(N+1)/2) for N even observations.

(6)

When significant trends in the data were detected, 95%
confidence intervals were calculated using nonparametric
techniques as described by Salmi et al. [30]. The positive or
negative slope Q; is obtained as an upward (increasing) or
downward (decreasing) trend.

The Mann-Kendall and Sen’s tests were done by using
MAKESENS, a Microsoft Excel template, which was de-
veloped by the Finnish Meteorological Department for
detecting and estimating trends in the time series of the
annual values of atmospheric and precipitation concentra-
tions. MAKESENS is a widely used software for detecting
and researching rainfall trends [31-34]. Detail information
about MAKESENS can be obtained from the article written
by Maiittd et al. [35], and the website of the Finnish Me-
teorological Institute can be used to get more information on
the MAKESENS application for trend calculation.

2.6. Correlation Coefficient. In this study, we use Pearson’s
correlation coefficient (r) as defined by [36], with the sig-
nificance assessed using the rainfall pattern of the LTB and
the likelihood global sea surface temperature variations. A
two-tailed, 5-percent significance level is adopted unless
indicated otherwise. It should be mentioned that this sig-
nificance test assumes normally distributed populations for
both variables. The Pearson correlation coefficient r in this
research is defined as follows: Suppose that there are two
variables X and Y, each having » values X, X,, ..., X,
andY,, Y,, , Y, respectively. Let the mean of X be X
and the mean of Y be Y. Then, Pearson’s r is given by

L XX-R-Y)
VE (X -X)' 3 (Y, -7

where the summation proceeds across all n possible values of
X and Y in this sample.

By design, r is described as —1<r<1. A correlation
coeflicient of approximately —1 indicates that as values of
one variable increase, there is a perfectly predictable decrease
in values of the other variables (in our case, SST and rainfall),
and a correlation coefficient of approximately 1 indicates

(7)
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FIGURE 3: Mean seasonal amount of rainfall for each station from
1979 to 2015.

that as values of one variable increase, there is a perfectly
predictable increase in values of the other variables. How-
ever, a correlation coefficient of 0 indicates that as one
variable changes (goes up or down), what happens to the
other variables cannot be predicted.

3. Results and Discussion
3.1. Station Basis Trend Analysis

3.1.1. Seasonal Rainfall. The mean seasonal amounts of
rainfall for the five stations in the LTB have been analyzed
and summarized in Figure 3. The lowest amount of rainfall
occurs during the Bega season, and the highest amount of
rainfall occurs during the Kiremt season for all stations. The
mean seasonal rainfall during Bega varies from 100.7 to
156.8 mm. Rainfall gradually increases from the Bega season
to the Belg season every year. During the Belg season, the
mean rainfall varies from 115.8 to 215.5mm. The lowest
amount of rainfall in this season occurs in Bahir Dar, and the
highest amount of rainfall occurs in Dangila. After Belg, the
rainfall increases sharply. The highest amount of rainfall
occurs during Kiremt, and the amount of rainfall varies from
800 to 1200 mm. During the Kiremt season, the maximum
amount of rainfall occurs in Dangila (mean rainfall
1260.7 mm) where its domination extends to the other
seasons, and Bahir Dar and Debre Tabor receive a little more
than 1100 mm of rainfall. Adet and Gondar receive the
lowest amount of rainfall which is around 800 mm. After
Kiremt, rainfall decreases sharply to its lowest amount.
The trend statistics for the seasonal trend of rainfall
(Table 4) show that there is an increasing trend during
Kiremt in all meteorological stations except Adet. Kiremt
rainfall is increasing in Bahir Dar, Dangila, Debre Tabor, and
Gondar, and the rate (Sen’s slope) of increase is 2.14, 1.53,
10.20, and 3.18 mm, respectively. The rate of decrease in
Kiremt rainfall in Adet is 4.34 mm. The increasing trend of
Kiremt rainfall is statistically significant in Debra Tabor
(bold values in Table 4). During Belg, rainfall shows an
increasing trend in Dangila and Debre Tabor and a de-
creasing trend in Adet, Bahir Dar, and Gondar. On the
contrary, Bega rainfall decreases in all stations except in
Dangila which shows an increasing trend. The decreasing

TABLE 4: Seasonal rainfall trend and Sen’s slope estimate for each
station in the LTB, at a significance level of a = 0.05.

Station  Season IE/IZIi;::)t Trend Significance ?re;ln? /;le();;;
Kiremt -1.12 1 Insig. —4.34
Adet Bega -0.41 l Insig. -0.43
Belg -1.02 l Insig. -2.13
. Kiremt  0.54 T Insig. 2.14
BDT;“ Bega 017 ! Insig. ~0.43
Belg -0.10 | Insig. -2.13
Kiremt  0.48 T Insig. 1.53
Dangila  Bega 0.44 T Insig. 0.74
Belg 0.17 T Insig. 0.81
Debre Kiremt 1.97 T Sig. 10.20
Tabor Bega -0.10 l Insig. —-0.08
Belg 0.07 T Insig. 0.20
Kiremt 1.46 T Insig. 3.18
Gondar  Bega -0.34 l Insig. -0.20
Belg -0.31 l Insig. -0.41

MK = Mann-Kendall; Insig. = insignificant; Sig. = significant; T =upward;
| =downward.

TaBLE 5: Mann-Kendall and Sen’s test results of annual rainfall
trends in the five stations at a significance level of a = 0.05.

Station Iéliet:ts)t Trend  Significance ?I?nj /;le(:fg
Adet -1.39 l Insig. —4.48
Bahir Dar 0.51 T Insig. 2.20
Dangila 0.78 T Insig. 3.42
Debre Tabor 1.7 T Sig. 6.58
Gondar 1.26 T Insig. 2.88

MK = Mann-Kendall; Insig. = insignificant; Sig. =significant; T =upward;
| =downward.

trend of Bega rainfall is statistically insignificant in Adet,
Bahir Dar, Dangila, and Gondar; the rate of decrease is 0.43,
0.43, 0.08, and 0.20 mm, respectively. Generally, it can be
noted that the trends of season rainfall for all stations during
the study period (1979-2015) have been insignificant except
for Kiremt in Debre Tabor.

3.1.2. Annual Rainfall. Trend analysis was also performed
on an annual scale to examine whether there are trends in
the data at this scale. The annual rainfall of the meteoro-
logical stations in the LTB varies by the location of the
stations. Tables 2 and 5 show descriptive statistics and trend
results of the annual rainfall for each station in the LTB,
respectively. The annual rainfall during 1979-2015 varies
from 843.8 to 2008.60 mm recorded at Gondar and Dangila,
respectively (Table 2). Dangila which is situated in the
southeastern part of the basin has received around 21%
higher annual rainfall than Gondar. During the analysis of
the descriptive statistics, the standard deviation of the an-
nual rainfall in all stations shows high values than the av-
erage values. This relation between the standard deviation
and the average values indicates that the deviation from the
normal distribution is considerable. This fact is especially
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F1GURE 4: Rainfall trend of the Lake Tana basin at a significance level of 95% confidence interval: (a) LTB rainfall trend (slope = 0.055) during
Bega (ONDJ); (b) LTB rainfall trend (slope = 0.39) during Belg (FMAM); (c) LTB rainfall trend (slope = 0.56) during Kiremt (JJAS); (d) LTB

rainfall trend (slope =0.36) for annual.

supported by the coefficients of variation of the annual
rainfall which are over one or close to one. These show that,
in mountainous areas, the rainfall values are much different
from the average. Furthermore, it can be noted that the fact
that the CV values (Table 2) are so high is an indication of
the rainfall being highly variable and not dependable or
reliable or can be attributed to the length of the data set being
used or the quality of data. On the contrary, the lower the
coeflicient of variation of the rainfall amount in any year, the
lower the variability and the greater the dependability. Co-
efficient of variation values less than 0.5 show lower variability
from the mean. The amount of annual rainfall shows high
variability from station to station and time to time.

The results of the Mann-Kendall trend test show an
increasing trend in annual rainfall in four (Bahir Dar,
Dangila, Debre Tabor, and Gondar) out of the five meteo-
rological stations and a decreasing trend of annual rainfall in
Adet. The annual rainfall in Debre Tabor is increasing
significantly. And Sen’s slope estimate rate of increase in

annual rainfall in Bahir Dar, Dangila, Debre Tabor, and
Gondar is 2.20, 3.42, 6.58, and 2.88 mm per year, re-
spectively, whereas the rate of decrease in annual rainfall in
Adet is —4.48 mm/year (Table 5). In general, rainfall in Adet
shows distinct characteristics than that in the other stations.
This could be associated with the geographical location of Adet,
which is somewhat away from the other stations in the LTB
(Figure 1). The increase in annual rainfall of the four stations is
due to the rainfall received in Kiremt (main rainy seasons).

3.2. Regional Trend Analysis. In addition to the trend
analysis of rainfall at the station level, we examined the
regional-level trends by averaging the rainfall of all stations
in the study area. Although the climate change affects re-
sources in a cumulative manner, it is useful to determine
whether certain seasons are more susceptible. Table 3
presents the descriptive statistics of the seasonal rainfall
in the Lake Tana basin for the period of 1979-2015 and
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FIGURE 5: Mean seasonal and annual rainfall and equivalent linear regression trend line and 5-year moving average line plotted for the

different aggregated station data sets. (a) Bega. (b) Belg. (c) Kiremt.

seasonal contribution to the annual rainfall. The mean
seasonal rainfall is 124.18 mm, 164.45 mm, and 1063.57 mm
for Bega, Belg, and Kiremt, respectively. Similarly, the mean
annual rainfall is 1352.20. Inspection of seasonal rainfall
shows that 78.1% of the total annual rainfall in the basin is
received during the Kiremt season. The Belg season receives
the second highest amount of rainfall next to Kiremt. 12.5%
of the total annual rainfall occurs during the Belg season. The
lowest amount of rainfall occurs during the Bega season, that
is, 9.4% of the total annual rainfall.

Previous studies confirm the similar statistical values of
the seasonal rainfall around the LTB. For example, Setegn
et al. [37] have indicated that 70-90% of total rainfall in the
LTB occurs during the Kiremt season between June and
September. The availability of high rainfall during the
Kiremt season is part of a larger East African monsoon
season spurred on by the shifting of the intertropical con-
vergence zone (ITCZ) northward [38, 39]. Consequently,
Bega is the driest season in the LTB and Kiremt is the wettest.

The standard deviation and coefficient of variance are
high in the seasonal rainfall relative to the average values
(Table 3). The coeflicient of variance for Bega and Belg is
44%, indicating that the Bega and Belg rainfall in the LTB is
highly variable. However, the Kiremt and annual rainfall
coeflicient of variation values are 11% and 9%, indicating less
variability. Cherkos [40] summarizes that the coefficient of
variation values <20% indicate less variability, between 20%
and 30% indicate moderate variability, and >30% indicate
high variability.

(d) Annual.

The regional rainfall trend (Figure 4) reveals an in-
creasing trend in both seasonal and annual timescales. But
the rate of increase is still insignificant as it is indicated by
Sen’s slopes. The rate of increase for Bega, Belg, and Kiremt
rainfall was 0.055, 0.39, and 0.56 mm. Similarly, annual
rainfall was increased by 0.36 mm during 1979-2015.
Rainfalls in the study period have been rather highly variable
(Figure 5). Previous studies near the Lake Tana basin and
other parts of Ethiopia have also found insignificant trends
at different spatial and temporal scales. For example, from
the trend analysis of 53 years’ daily precipitation data in
Debre Markos, Shang et al. [41] found that there is no in-
creasing trend in the extreme precipitation in Debre Markos.
Similarly, Wing et al. [42] studied the trends and spatial
distribution of the annual and seasonal rainfall in different
parts of Ethiopia using data from 134 stations of 13 wa-
tersheds during 1960 to 2002 and showed no significant
changes in annual watershed rainfall for any of the water-
sheds examined, except that a significant decline in Kiremt
rainfall was recorded in watersheds located in the south-
western and central parts of Ethiopia. A recent study of the
trend by Addisu et al. [43] at the significance level of & = 0.05
using NCEP data around the Tana basin found statistically
significant annual rainfall irregularities. Although the Kir-
emt rainfall shows an increasing rate of 0.56, still it is not
significant unless it is influenced by the significant trend of
seasonal and annual rainfall in Debre Tabor station.

Figure 5 illustrates fitting of the linear regression trend
and 5-year moving average line to the seasonal and annual
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FIGURE 6: Rainfall and SST (averaged over 50 S-50 N, 200-200 E) correlations: (a) correlation coefficient of the Bega (ONDY]) rainfall trend
and SST raw; (b) correlation coefficient of the Belg (FMAM) rainfall trend and SST raw; (c) correlation coeflicient of the Kiremt (JJAS)
rainfall trend and SST raw; (d) correlation coeflicient of the annual rainfall trend and SST raw.

rainfall data series. The 5-year moving average line is
a powerful trend indicator showing variations of the long
study period in short bands. The seasonal and annual rainfall
shows high interseasonal and interannual variability. This
variability is tracked by the periodic fluctuations between
consecutive wet years and consecutive dry years. The vari-
ation range of rainfall variability differs among different
seasons. For instance, a recent weather variability of the year
2015 is remembered by the shortage of Kiremt rainfall in
many parts of Ethiopia including the current study area;
however, Bega and Belg seasons show a positive deviation
from their long time averages (Figure 5). On the contrary,
the linear regression trend confirms that there was no sig-
nificance in the seasonal and annual rainfall trends during
1979-2015. It is worth witnessing that the Mann-Kendall
trend test for the entire period was not statically significant.

3.3. Rainfall-SST Relationship. Previous studies have dem-
onstrated that significant relationships exist on seasonal and
intraseasonal timescales between precipitation and SST,

shortwave flux, latent heat flux, and zonal momentum flux
[8]. In this study, we focus on the relationship between
seasonal and annual rainfall and SST by calculating corre-
lations coefficients. Accordingly, the correlation coeflicients
show a positive relationship of rainfall with the SST varia-
tions particularly in the tropical region (Figure 6). Some
parts of eastern Indian Ocean and Pacific Ocean also show
negative correlation coeflicients. This is associated with the
variability in opposite modes of temperatures in the oceans
such as El Nifo-Southern Oscillation (ENSO) of the Pacific
Ocean and Indian Ocean Dipole (IOD) of the Indian Ocean.
These opposite SST anomalies provide varying rainfall as
high and low to Ethiopia and the LTB in particular. A study
in the upper Blue Nile basin by Seleshi and Camberlin [44]
revealed that boreal summer rains correlation with ENSO
has shown that warm ENSO periods (El Nifio years) are
typically associated with lower precipitation and drought
years, while cold periods (La Nifa years) are associated with
higher precipitation quantities. The average fluctuation of
the oceanic SST particularly the ENSO is between 3 and 7
years; the combined linear regression and 5-year moving
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average plot (Figure 5) confirms the fluctuations of rainfall
between this period. Furthermore, the year 2015 (which was
El Nifio year) was considered as one of the warmest years in
record and a dry year to Ethiopia; this is due to the failure of
the Kiremt and annual rainfalls associated with the positive
ENSO (El Nifio) events.

4. Conclusions

The present study assessed the seasonal and annual trends of
rainfall in the Lake Tana basin and their relationship with
SST anomalies using time-series data from 1979 to 2015.
Understanding of trends of rainfall would provide useful
information for the planning, development, and manage-
ment of water in any area or region. The hydrological re-
sponse of any region depends on several climatic variables,
particularly rainfall. The seasonal and annual trend of
rainfall was analyzed at station and basin levels. The
Mann-Kendall trend analysis confirms that there was no
significant trend observed in all seasons. In addition, the
linear regression trend analysis confirms the insignificant
trend analyzed by the Mann-Kendall test. However, the
seasonal and annual deviation and 5-year moving plots
confirm that rainfall in the LTB was highly variable during
the entire study period of 1979-2015. Generally, rainfall in
Bega is decreasing in four out of five stations. This season
receives the lowest amount of rainfall, that is, 128 mm per
year. Hence, Bega is becoming drier. Although the annual
rainfall in the Lake Tana basin is increasing, the rate of
increase expressed by Sen’s slope is still not statistically
significant. The seasonal contribution to the total annual
rainfall was 78.1% during the rainy (Kiremt) season and
12.5% and 9.4% during Belg and Bega seasons, respectively.
Furthermore, the rainfall has been related to the SST drivers
to examine whether the strong seasonal variability and
annual variability are associated. From the rainfall-SST re-
lationships, we conclude that the rainfall of the Lake Tana
basin is affected by the SST variations.

Further studies are recommended to be conducted to
investigate other rainfall characteristics at high (daily)
temporal resolution such as extreme rainfall, dry days, rain
days, and other climate change parameters for this region to
confirm whether a significant trend exists, performing the
proposed homogenization procedures and data quality
analysis. And also local factors like topography and water
bodies must be considered in addition to the global factors
like SST.
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