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Abstract

The change in climate elements such as rainfall and temperature are determinant factors of hydrological components
(e.g., streamflow, water yield, evapotranspiration). Thus, understanding the trends of hydro-climate variables are impera-
tive for planning water resources management measures. This study examines the trends of precipitation and tempera-
ture (1980-2014) as well as streamflow (1990-2008) changes in the Jemma sub-basin of the Upper Blue Nile (Abbay)
Basin. A homogeneity test was performed for pre-processing data to inspect the statistical nature of data homogeneity
viz., Pettitt’s, SNHT, Buishand range test, and Von Neumann test (VNT). The Mann-Kendall (MK) test, Modified Mann-
Kendall (MMK) test, Sen's slope estimator, and Innovative trend analysis (ITA) were applied to compute the existence of
trend and the magnitude of change at an annual timescale. In a nutshell, the study portrays a change in the trends of
hydro-climate variables when using different statistical tests. The result showed that the mean annual temperature in
many stations depicted upward trends. There is a significant increasing trend (p <0.05) by 0.029 °C per year in the mean
annual temperature of all climatic stations. Based on Sen’s slope estimator, the annual precipitation and streamflow were
increased by 1.781 mm/year and 0.085 m?/s, respectively. But no significant trends were detected in precipitation and
streamflow when using Sen’s slope estimator test. The results of this study are worthwhile for evaluating the trends of
hydro-climatic variables in other areas of Ethiopia in particular and elsewhere in the world in general, which are funda-
mental for planning water resource management measures.

Article Highlights

e The annual precipitation of the sub-basin has shown e The observed rainfall and temperature trends are asso-
an increasing trend. ciated with the hydro-climate trends.

e A considerable upward trend in the annual average
temperature was found.
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1 Introduction

Globally, population growth, urbanization, and indus-
trialization have increased the amount of greenhouse
gas emissions [1-5]. The increase in the concentration of
greenhouse gas in the atmosphere is among the best-
documented global changes [5]. Because of the high
emissions of greenhouse gases into the atmosphere,
the climate system is altering noticeably and become a
global problem. According to Sharma and Ravindranath
[6] and Pachauri et al. [7], rising temperatures and sea
levels, shrinking glaciers and snow, unpredictable pre-
cipitation, and climate extremes are among the com-
monly witnessed impacts of climate change across the
world in recent decades. The earth’s surface was succes-
sively warmer in the last three decades (1980-2010) than
in any other decades since 1850 [2]. The change in pre-
cipitation was non-conclusive which shows an increase
in the Shale and Southern Africa, but a shrink in the East
Africa region was observed during 1983-2010 periods
[3].

The two key elements of climate (i.e., precipitation
and temperature) are an integral part of the hydrologi-
cal cycle and the changing pattern of these climate vari-
ables as a consequence of natural and anthropogenic
forcing are a great concern of water resource managers,
hydrologists and agriculturalists [7-9]. Monthly and sea-
sonal changes of precipitation and temperature will trig-
ger a change in the agricultural and water management
activities [10]. The effect of precipitation and tempera-
ture changes on agriculture is relatively high for coun-
tries who are highly reliance on rain-fed agriculture like
Ethiopia [11].

Hydro-climate variables are playing a key role in pro-
viding worthwhile information for sustainable water
management [12-18] and decision-makers [5]. Results
from the trends of precipitation, temperature, and
streamflow are non-trivial for researchers and resource
managers to identify the spatial and time inconsist-
ency and insufficient water resources for sustain-
able economic enlargement. Essentially, the study of
hydro-climatic trends is important to detect compound
extremes which is the simultaneous or sequential inci-
dence of hydro-climatic extremes in a particular area/
region [11, 12]. Compound extremes have tremendous
impacts on the hydro-ecosystem, agriculture, and soci-
ety of the region [13]. The occurrence of compound
extremes could also exacerbate the repercussion of
climate change and other environmental changes. Sub-
sequently, the detailed characterization of trends and
spatial distributions of hydro-climatic variables and
compound extremes is non-trivial [10]. Checking the
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data reliability/homogeneity is crucial for any climate
and hydrologic data before doing further analysis. The
interpretation of homogenous and checked data leads
to making appropriate conclusions [11].

Several studies have been undertaken concerning the
trends of temperature and precipitation in different parts
of Ethiopia [14-20]. An increase in temperature and an
inconsistent trend of rainfall was observed in different
regions of Ethiopia [14-16]. For instance, a decline in main
season rainfall and annual rainfall was investigated in the
eastern, southern, and southwestern parts of Ethiopia, and
in the Baro-Akobo, Omo-Ghibe, Rift Valley, and Blue Nile
River (Abbay) basin in the last four decades [15, 17]. These
studies have used different linear, parametric, and non-
parametric statistical approaches to detect the trends of
rainfall and temperature. By using linear trend analysis, a
statistically non-significant growing trend of precipitation
was detected in the Upper Blue Nile (Abbay) Basin [19]. On
the other hand, Worku et al. [20] has assessed the observed
changes in the extremes of daily rainfall and temperature
trends in the Jemma sub-basin of the Upper Blue Nile
(Abbay) Basin using Mann Kendall and Sen’s slope esti-
mator. However, applying the classical Mann—Kendall (MK)
trend test has restrictions for detecting significant trends
[20]. The Modified Mann-Kendall (MMK) test is the non-
parametric trend detection test with free distribution in
contradiction outliers [22].

In general, although trend analysis of hydro-climate
variables is important for planning water resources man-
agement measures, there are scanty of studies on trends
of hydro-climate variables in Ethiopia in general and in
the Jemma sub-basin of the Upper Blue Nile (Abbay) Basin
(study sub-basin) in particular. In Ethiopia, most of the
existing studies are focused on the trend analysis of pre-
cipitation and temperature alone [16]. In addition, major-
ity of previous studies were used the classical MK trend
test [18-20]. Furthermore, most of the preceding studies
in Ethiopia did not evaluate the homogeneity of the data
before applying them for trend analysis [19]. Therefore,
this study is aimed to identify the trends of hydro-climate
variables by means of the MK test, modified (MMK) test,
Sen’s slope estimator, and Innovative trend analysis (ITA).
Additionally, in the current investigation, the whole auto-
correlation structure was taken into account to depict its
impact in trend analysis.

2 Material and methods
2.1 Description of the study area

The Jemma sub-basin is part of the Upper Blue Nile
Basin with an approximate area of 15,000 km?. The
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sub-basin lies between 10.57 N—9.12 N and 38.7 E
-39.48 E. The annual precipitation of the sub-basin
has an even distribution pattern that ranges from
700-1400 mm. The two rainfall seasons in the region
are summer (June-August) and spring (March-May).
The northern part of the Jemma sub-basin is character-
ized by low precipitation. The sub-basin experienced an
average temperature ranging from 9 to 24 °C. Extreme
temperature and rainfall events, as well as periodic
droughts, are characteristics of the Jemma sub-basin
[20]. The majority of the population relies on rain-fed
agriculture for their living, which is constantly impacted
by climate change [37]. The sub-basin comprises dif-
ferent agroecology’s which range from cold moist sub-
afro alpine in the eastern part of the sub-basin to warm
sub-moist lowlands in the central and western part of
the sub-basin [23]. The study area has a mix of cropland
(56.72%), grazing land (14.64%), bare land (10.45%),
shrubland (6.44%), woodland (6.05%), and forest areas
(1.20%) as its primary land uses/covers while Eucalyptus
plantations, afro-alpine vegetation, and water bodies
cover the remaining parts [37].

2.2 Data sources

This study used climate (1980-2014) and hydrological
(1990-2008) data from seven representative meteoro-
logical stations and four streamflow gauges, respectively
that are located within the study area. The rainfall and
temperature data were obtained from the National Mete-
orology Agency (NMA) of Ethiopia. The climatic stations
are distributed in different parts and represent different
agro-ecologies of the sub-basin (Fig. 1). The streamflow
data were acquired from the Ministry of Water and Energy
(MoWI). The streamflow data was collected from the Ber-
essa, Chacha, Robit and Alelitu hydrological gauges (Fig. 1;
Table 1).

2.3 Homogeneity test

Homogeneity assessment for hydro-climate data is crucial
before test detection on account of the observed long-
term data series affected by external factors. This test was
adopted for pre-processing data to explore the statistical
nature of data homogeneity [24-26]. The four homoge-
neity tests viz., Pettitt’s, SNHT, Buishad range test, and
Von Neumann test (VNT) were performed to assess the
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Fig. 1 Locations of the Jemma sub-basin and meteorological and hydro-gauging stations
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Table 1 Descriptions of meteorological and hydro-gauging stations

Meteorological stations Latitude (°) Longitude (°) Period (Years)

Alemketema 10.03 39.03 1980-2014
Debrebirhan 9.63 39.5 1980-2014
Fichie 9.77 38.73 1980-2014
Lemi 9.82 389 1980-2014
Mehal Meda 10.32 39.66 1980-2014
Gohatsion 10 38.24 1980-2014
Wereilu 10.58 39.44 1980-2014
Hydro gauging stations

Chacha 9.55 39.45 1990-2008
Beressa 9.6 39.48 1990-2008
Alelitu 9.39 38.57 1990-2008
Robi 9.38 39.0 1990-2008

data series homogeneity at different stations. Using many
homogeneity tests was important to minimize unreliability
issues in the data series.

2.4 The Pettitt-Whitney-Mann test

The Pettitt test was applied in trend detection to decipher
the most considerable change point. The Pettitt test con-
siders a series with N samples as a two sub-sample rep-
resented by x 1 ... xt,and xt+1 ...xN, and a test statistics
version of the Mann-Whitney.

The null hypothesis HO: No change or 1=T tested
against the alternative hypothesis Ha: change or 1<1<T
using the non-parametric statistic K;=Max|Ut, T|, 1 <T<T.

t T
Ut-T= 2 Z sgn(x; — x;), (1)

i=1 j=it+1

The change point is located at K

+1if (x; —x;)  gt0,
0if (x;—x) =1, )

—Tif (x; - xj) It;0,

san(x —x) =

where, n is the number of observations and X; and Xj
are the Jth and Kth data; sgn denotes the significance
function.

The significance level related with K; is calculated as:

—6K?
Px=2xexp|—=——=
* Xp[T3+T2] (3)
where, P refers the probability of the existence of a change
point. K; is the location of change point. A p-value of less
than 0.05 (95%) was defined as a significant increasing and
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descending change in the time series considering at 5%
significance level.

2.5 Standard normal homogeneity test (SNHT)

Many studies used the Standard Normal Homogeneity Test
(SNHT) frequently to detect inhomogeneities in climato-
logical and hydrological time series. The test statistic for the
SNHT test is calculated as:

TK) = kz()"2 + (n — k)z[21A2(1 < k < n)4 (4)

Where, T(x) is used to compare the mean of the first k
years with mean of the last n-k years, n is the last year and
ks the first year.

1: k|-
z[1] = lk * Z <X—[ ]a Xmean)andz[Z]
1 x([k+1) : n—xmean)
=(n—k)>kn_k*z<( -

The critical value is

T=max(T[K]) (6)

Where, 6 is the variance the data; the year kis the change
point if the value of the T, is maximum. If the test statistic is
greater than the critical value, the null hypothesis is rejected.

2.6 Buishand’s test

Buishand'test is one the most popular and commonly used
non-parametric test to become aware of homogeneity time
series. According to [14], Buishand’ test is more sensitive to
breaks in the middle of time series. The test statistic for Buis-
hand’test is computed as:

K (v—vy
k_n2,=1( )K_

,K=1,2,.... 7
Y (YY) ! v

where, S is test statistic for Buishand'test; n is the last year
and k is the first year.

2.7 The von neumann test (VNT)

The Von Neumann test (VNT) examines the randomness and
change point detection of the time series. The Von Neumann
test (VNT) test statistic can be computed as:

Z,n: (Xi—1 _Xi—1)2
27:1 (Xi—)_()2

N=
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where N is the test static value of VNT, x is observed time-
series data, x refers to the mean of observed time-series
data.

Homogenous time series data can be found if the
expected value of N is 2. The value of N is less than 2 can
show a break pattern.

2.8 Trend analysis

The trends of annual hydro-climatological series from
hydrometric stations located in the Jemma sub-basin
were assessed using Mann-Kendall (MK) test, Modified
Mann-Kendall (MMK) test, Sen’s slope estimator, and Inno-
vative trend analysis (ITA). The reasons behind using different
statistical tests were to reduce the possible error from a sin-
gle method as well as to advance the confidence in the exist-
ence of detecting trends in hydro climatological time series.
Sen’s slope estimator was adopted to estimate the degree of
trends in hydro-climatological time series. The significance
level of a=0.05 and 0.01 was used to analyse changes in
statistical tests. R programming/software (R Development
Core Team) and different packages in-built in to the software
were used for the data analysis [27].

2.9 Mann-Kendall test

The Mann-Kendall trend test is used to detect the statisti-
cal significance of increasing or decreasing trends in long-
term hydro-climate data. The MK trend test is based on two
hypotheses; one is the null hypothesis (Ho), and the other is
the alternative hypothesis (H1). The null hypothesis articu-
lates the presence of no trend while the H1 explains a sig-
nificant increasing or decreasing trend in precipitation data
[28]. The Mann-Kendall test trends are popularly used and
not significantly influenced by the outliers occurring in the
data series [29-31].

In the current study, the Modified Mann-Kendall trend
test essentially developed from the Mann-Kendall trend test
[22, 31] was used to detect the change in precipitation, aver-
age temperature, and streamflow.

The Mann-Kendall trend test statistics S is computed as:

n—1

S= 2 Z sgn(x; —xj), (9)

i=1 j=i+1

where S is the Mann-Kendall test statistic, n is the number
of data points, X;, and Xj are the data values in time series
landj (j>i)

+1if (x; —xj) gt;0,
0if (x; —x) =1, (10)

—1if (x; —x;) It:0,

sani; ) =

Var(S) = n(n = 1)(2n+5) = Y t(t, = 1) Q4 +5), (1)
k=1

where m is the number of the attached group; n is the
number of data points; and t, represents the number of
extent k.

S—-1 .
NG ifS > 1

Z, = 0ifS =1, (12)
\/% ifS < 1

where, Z, is standardized test statistics; Var is for variance.

The non-parametric Mann-Kendall trend test is widely
adopted to detect monotonic trends in a series of envi-
ronmental data and hydro-climate data. Nevertheless,
the output of the test may have an error if an autocor-
relation exists in the data series. Pre-whitening was car-
ried out to eliminate the autocorrelation in the data time
series.

<% - 1) :11 [Xt - )_(r] [Xr+1 - )_(t]
R = — — (13)
= Do X = X]

where, R represents the first autocorrelation coefficient
(i.e. lag-1) of the time series x,, X, represents the average
of the data, n is the number of the data points in the data
time series

{-1-1645%(N-2*}

. {=141.645 % (N — 2)>°}
N-1 -

<R
N -1

(14)

When the lag-1autocorrelation coefficient is found
to be within the interval defined by the second equa-
tion, it can be concluded that the time series does not
reveal significant autocorrelation and the Mann-Kendall
trend test can be applied to the original X, data series.
On the contrary, if the calculated lag-1 autocorrelation
coefficient is found to be outside of the interval, it can be
said that the data series how significant autocorrelation
at a 5% significant level and is removed from the series
using Eq. 14.

Yi =)o) (15)
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where Y, indicates a series without an auto-regressive part.
At last, the linear trend is added to the new series based on
Eqg. 15 and the Mann -Kendall test can be applied to the
original X; data series.

Y, =X, +pt (16)
whereY, is a new data series without auto-regressive and
linear trend in the original data series.

2.10 Sen’s slope estimator

Sen’s slope estimator, the non-parametric procedure
has been developed by Sen [33] to estimate the sloping
trend in the sample of N pair of data. It can be computed
as:

Qi(T) = 2=—Xfori=1,... N. (17)

j—k
where, X; and X, are the data value at tilt j and k (j> k),
respectively.

The median is calculated from the N observations of the
slope Q;. The N values of Q; area ranked are from lowest to
highest, and then, Sen’s slope estimator was computed:

N + 1

|
Qmed = / (18)

] if Nis odd,

1 [Tﬂ + Tﬂ]if N is even,
2 2 2

where, Q is Sen'’s estimator of slope; Q is the median of
Sen’s estimator of the slope; N number of observations. A
positive Q-value represents an increasing trend, while a
negative Q-value represents decreasing trend over time.

2.11 Innovative trend analysis (ITA)

The Innovative Trend Analysis is developed by Sen [27]
that has been employed by different researchers [26-29]
to detect the trend in hydro-climate variables. The original
time series data were divided into two equal subseries and
then arranged each subseries in increasing order. The two
identical time series are plotted against each other while
the points are distributed in a straight line (1:1) and+5
and 10% error lines on the plane coordinate system. If the
time series data fall below the straight line (1:1), there is a
downward trend. If the series data points exist in the top
triangle, then it is the implication of a positive trend. If the
data points lay on a 1:1 line, there is no trend in the data.
Furthermore, the trend can be analysed as low, medium,
and high values since the 45" (1:1) line can be separated
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into three categories. The trend indicator (D) is computed
as:

n
1 Z 1O(yi—xi>

D=- (19)
X

>

n=i

where D is the trend indicator, n is the number of obser-
vations in each subseries, X is the average of the first half
subseries data, x; and y; are the values of the first and the
second subseries at ith scatter point. 10 is the scaling coef-
ficient [33].

3 Results
3.1 Homogeneity test results

The annual meteorological and streamflow data were
tested and checked for their homogeneity using Pettitt’s,
SNHT, Buishand range test, and VNT. The results revealed
that there was homogeneity in the data at many sta-
tions annually. The alpha value of 95% (0.05) was applied
to detect homogeneity in annual precipitation, tem-
perature, and streamflow data series. Accordingly, the
projected test statistics for annual precipitation, tem-
perature, and streamflow data series which are greater
than the alpha values were taken into consideration as
homogeneous, while P values (the bold) one lower than
the 0.05 significance level were considered to be inho-
mogeneous (Table 2).

From the point of working conditions of the homoge-
neity test, one should have to take into consideration if
the null hypothesis is accepted by all homogeneity tests
at a 0.05 significance level [34]. The decision criterion
for meteorological and hydro-gauging stations pro-
vides a full confirmation of the homogeneity of the data
throughout all four testing models in the study area. The
evaluation of the annual precipitation homogeneity test
results is also presented in Table 2. Based on their level
of significance, results were identified in the status of
homogeneity and non-homogeneity. Homogenous data
series (labeled as bold) was observed in the Fiche station
based on the Pittett test and SNHT. Precipitation homog-
enous data series were detected in all and three of four
homogeneity tests at Lemi, Debrebirhan, Gohatsion,
Wereilu, Alemketema, and Mehal Meda stations. Like-
wise, the temperature data were subjected to homoge-
neity tests in major stations such as Fiche, Debrebirhan,
Alemketema, and Lemi have shown homogeneous data
series. Homogeneity tests were performed for stream-
flow data. The streamflow data were indicated useful in
two gauges and one is suspect among three stations.
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Table 2 Homogeneity test

o Stations Hydro-climate variables P value of the test statistics
statistics results of hydro-
climate variables Pittett test SHNT BR-test VNT
Alemketema Precipitation 0.139 0.051 0.035 0.165
Debrebirhan 0.119 0.162 0.113 0.022
Lemi 0.601 0.598 0.387 0.473
Fiche 0.016 0.000 0.108 0.232
Gohatsion 0.697 0.649 0.913 0.632
Wereilu 0.173 0.144 0.340 0.040
Mehal Meda 0.570 0.003 0.080 0.111
Alemketema Temperature 0.056 0.033 0.057 0.321
Debrebirhan 0.352 0.000 0.539 0.432
Lemi 0.001 0.000 0.205 0.231
Fiche 0.086 0.519 0.431 0.244
Gohatsion 0.022 0.101 0.000 0.544
Wereilu 0.001 0.000 0.233 0.721
Mehal Meda 0.026 0.343 0.006 0.539
Chacha Streamflow 0.250 0.037 0.155 0.167
Beressa 0.016 0.128 0.008 0.108
Alelitu 0.400 0.029 0.075 0.274
Robi 0.053 0.001 0.035 0.525

The bold numbers indicate the test statistics significance level (p-value) at 0.05 for homogeneity tests

3.2 Annual trend assessment

The final results of annual trend detection and estima-
tion for the streamflow and climate variables in the
Jemma sub-basin are summarized in Table 2. In the pre-
sent study, the correction factors developed by Hamed
and Ramachandra Rao [35], and Yue, and Wang [28]
(denoted by MK.CF1, and MK.CF2 respectively), Sen's
slope estimator (SSE), Trend Free Pre-whitened Time
Series (Tgpy), Mann-Kendall Test of Pre-whitened (Zpy,),
Spearman’s Rank Correlation Test (r) were performed
for annual trend analysis of temperature and precipi-
tation and streamflow. Trend analysis for precipitation
and mean temperature were carried out for the period
between 1986 and 2014. As shown in Table 2, the MK.CF2
results for temperature were Alemketema (-1.094),
Debrebirhan (2.461), Lemi (0.168), Fiche (2.776), Gohat-
sion (0.928), Mehal Meda (- 0.219), and Wereilu (1.319).
There were significantly increasing trends of tempera-
ture at Wereilu and Lemi stations at the rate of 0.078 °C
cm and 0.09 °C per year, respectively.

Wereilu station has shown the highest increase of
17.46 mm/year of precipitation over the last 29 years.
Based on Sen’s slope estimator (SSE), the annual precipi-
tation time data series showed an increasing trend except
for the Alemketema station (decreased by 5.15 mm/year).
The MK-CF1 and MK-CF2 test also show a notable increas-
ing trend of precipitation in the Debrebirhan, Lemi, Fiche,
Gohatsion, and Wereilu climatic stations (Table 3). Based

on the findings, one can determine that the annual pre-
cipitation shows positive (Sen’s slope magnitude for
Lemi=2.33, Debrebirhan=4.06, Fichie =7.483, Gohat-
sion=3.18, Wereilu=17.46 and negative trends (Sen’s
slope magnitude for Alemketema=-5.15 mm/year, Mehal
Meda=- 1 mm/year) in different stations.

The output of the trend examination for the discharge
of all stations by using MK.CF1 and MK. CF2, SSE, TFPW,
Mann-Kendall Test of Pre-whitened, and Spearman’s
Rank Correlation test (r) are presented in Table 3. Increas-
ing trends were also detected in the data time series of
streamflow at three stations for the year 1990-2008.
There were raising trends at Chacha, Alelitu, and Robe by
the rate of 0.082, 0.014, and 0.294 m>/s/year respectively.
Based on the SSE result, the annual discharge of Beressa
is significantly decreasing at the rate of 0.124 m*/s/year.
It corroborates streamflow is decreasing in the cool sub-
moist highlands (Beressa) than in other gauges of the
sub-basin located in the temperate moist and sub-moist
mid-highlands (Alelitu and Robe) (Fig. 2).

As shown in Fig. 3, the temperature exhibited increas-
ing trends, except Alemketema, Fiche and Debrebirhan
stations. There are significantly increasing trends at
Wereilu and Lemi hydrological stations. However, tem-
perature unfolds spatially non-consistent trends among
the climatic stations of the study sub-basin. The findings
imply a slightly warming tendency in the study area.

The annual mean temperature in the sub-basin
illustrated a growing trend (the value of Z,, =1.442,
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Table 3 The annual trends of hydro-climatic variables

Stations Hydro-climate variables R, Bsse Zyk Zpy Ziepwy MKcg, MK,
Alemketema Precipitation -0.223 -5.15 -1.264 —0.652 —-0.859 -1.264 - 1.094
Debrebirhan 0.300 4.063 1.931 2.638*** 2.875 1.931* 2.461%**
Lemi 0.0254 2.366 0.198 —-0.207 -0.177 0.198 0.168
Fiche 0.549 7.483%* 3.280** 1.185 2431 3.280***  2.776%**
Gohatsion 0.161 3.18 0.852 0.800 0.770 0.852 0.928
Wereilu 0.269 17.46 1.775 1.274 1.808 1.775* 1.319
Mehal Meda —-0.056 -1 —-0.369 —-0.326 —-0.385 —-0.369 -0.219
Alemketema Temperature 0.343 0.038* 2.248* 1.454 2.194 1.759* 1.833*
Debrebirhan 0.116 0.007 0.741 1.038 0.978 0.741 0.748
Lemi 0.749 0.09%* 4.615%** 2.4071** 4.832 3.494*** 3 154%**
Fiche 0319 0.016* 2.210%* 2.655%** 2.698 2.210%* 2.305*
Gohatsion -0.019 0.012 0.398 -1.097 -0.296 0.199 0.129
Wereilu 0.791 0.078* 4.997*** 2.238** 5.573 3.845%**  32871%**
Mehal Meda 0.440 0.025** 2.747%** 2.312%* 3.231 2.7471%*¥% ) 59Q¥%**
Chacha Streamflow 0.301 0.082 1.399 2.272%* 2.196 1.399 1.680%
Beressa —0.501 -0.124 -1.88 - 1.666* —2.348 - 1.889*% - 1.662*%
Alelitu 0.064 0.014 0.139 0.454 0.454 0.139 0.103
Robi 0.719 0.294%*** 3.428%** 1.51 3.030 0.578 3.260%**
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Fig.2 Innovative trend analysis graph for streamflow: The path of red dots along the trend line is indicating the increasing /decreasing

trend of precipitation between 1990 and 2008
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Fig. 3 Innovative trend analysis graph for temperature: The path of red dots along the trend line is indicating the increasing /decreasing
trend of temperature between 1980 and 2014
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Table 4 Results of summarized o climate variables  Zp,, MK Zwow  MKCF1  MKCF2 R SSE

annual statistical test trends of

hydro-climate variables Rainfall (mm) 1007 0506 0928  0.583 0.506 0117  1.781
Temperature (°C) 1442 3247 3417 1873 2.344 0.583  0.0289*
Streamflow (m3/s) 1287 1435 1742 1.239 1.435 0282  0.085

MK=3.247, Zrpy=3.417, MK.CF1 =1.873 MK.CF2=2.344
R=0.583 SSE=0.0289). From the result of Sen’s slope
estimator, the trend has a significance increment by
the value of 0.178 °C. As shown in the statistics Table 4,
although the stations’ trend shows variation, the
annual precipitation depicted an increasing trend but
not significant (Zpy,=1.007, MK=0.506, Z{¢py, =0.928,
MK.CF1=0.506, MK.CF2=0.117, R=0.117 SSE=1.781).
The annual discharge of the study watershed depicted
an increasing (not significant) trend with the value of
Zpyw=1.287, MK=1.435, ZTFPW =1.742, MK.CF1=1.239,
MK.CF2=1.439, and R=0.282 SSE=0.085).

The ITA method is applied to the annual precipitation,
temperature, and streamflow records leading to graphs in
Fig. 2-4. It is noticeable that there are visual inconsisten-
cies among graphs in the ITA method. According to the
ITA, there are increasing trends of temperature in Gohat-
sion, Lemi, Mehal Meda, and Wereilu stations. However,
there are decreasing trends at Fiche, Debrebirhan, and
Alemketema stations. Furthermore, there exist monotonic
trends of temperature at three stations i.e., Lemi, Mehal
Meda, and Wereilu. On contrary, there are no -monotonic
trends at the rest stations (Fig. 3).

From ITA, all the stations in the Jemma watershed dis-
play nonmonotonic trends in annual precipitation. As indi-
cated in Fig. 4, one can be noticed that there are decreas-
ing precipitation trends at Lemi, Mehal Meda, Fiche, and
Alemketema. The trend is significant at Lemi, Mehal Meda.
At Wereilu, Gohatsion, and Debrebirhan stations, increas-
ing trends for precipitation can be observed. No significant
trend is observed except in the Wereilu station.

As streamflow ITA trend analysis at an annual scale
shows that the streamflow has increasing trends at two
stations i.e. Alelitu, and Robi. As shown in Fig. 2. Thereis a
significance trend at Chacha and Beressa stations.

4 Discussion

The homogeneity test is an important pre-processing task
to remove erroneous and assess the data reliability in cli-
mate and hydrological trend analysis. Based on the three
employed homogeneity tests, the obtained results show
the null hypothesis a is independent and identically dis-
tributed [14]. On account of this, homogenous is assumed
in all three test methods. The data series were considered
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useful homogeneity when they satisfied the null hypothe-
sis of three out of the four homogeneity tests performed in
the study (the calculated p-value for each test was greater
than the 0.05 significance level) [14, 36].

Numerous research utilizing nonparametric and para-
metric methods have been carried out recently on a global
scale on spatial and temporal trend assessments of hydro-
climatic data [14, 19, 20, 24, 35]. The results of scientific
work generally agree with those of this study’s ITA, MMK,
MK test, and Sen’s slope results. Nevertheless, in their
examination, they did not do homogeneity and stream
flow trend analysis with in-depth assessments of annual-
based trends, necessitating additional thorough research.

This study examined homogeneity trend analysis at
hydro gauging stations, rainfall stations, and temperature
stations over the Jemma subbasin. In the Jemma sub-
basin, both positive and negative trends of hydro-climatic
variables were revealed by using MK.CF1 and MK.CF2, SSE,
TFPW, Mann-Kendall Test of Pre-whitened, Spearman’s
Rank Correlation test (r), and ITA. Based on the aforemen-
tioned, the annual average temperature shows temporal
variation between the years 1986-2014. The watershed
reveals an overall increasing tendency of precipitation [5,
10, and 18]. The results revealed that findings are highly
consistent with 2 previous study in Ethiopia [37].

The annual mean temperature has increasing trends in
MK, MMK, ITA and Sen’s slope estimator. The findings of the
present study are in general agreement with the results
of trend analysis [19]. The MK.CF1 and MK.CF2, SSE, TFPW,
Mann-Kendall Test of Pre-whitened, Spearman’s Rank Cor-
relation test (r), and ITA show both negative and positive
trends in different stations. But the annual precipitation of
the study sub basin portrays increasing (not significant).
Worku et al. [37] and Mohammed et al. [10] also, cor-
roborate this conclusion who modelled the hydrological
process and indicating that precipitation under baseline
climate scenario proved a rising trend but not significant.
Though the above-mentioned studies supported the find-
ing of temperature and rainfall trends, they didn't correlate
with stream flow. For that matter, this study emphasizes
assessing hydro-climate variables using the ITA.

Spearman’s rank correlation coefficient test (r) was
employed to study the relationship between variables
at each station with time. The results were summarized
and presented in Table 3. As indicated in the result, the
correlation test of five precipitation stations i.e., Lemi,
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Fig.4 Innovative trend analysis graph for precipitation: The path of red dots along the trend line is indicating the increasing /decreasing
trend of precipitation between 1980 and 2014
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Debrebirhan, Gohatsion, Wereilu, and Fiche have shown
a positive correlation coefficient while Alemketema and
Mehal Meda with a negative correlation coefficient. Except
for Fiche station (54%), other stations are not significant.
The correlation coefficient test of temperature in the sta-
tions indicated that two stations (Mehal Meda and Gohat-
sion) have lower R results. Unlike the other two variables
(rainfall and streamflow), the temperature in many stations
depicted higher correlation coefficient values. In the time
series trend, the streamflow of Beressa gauge has shown
negative correlation coefficient values (- 0.501). All in all,
the average annual precipitation and streamflow data
series have shown increasing but not significant. Whereas,
the average annual temperature has revealed a significant
positive trend. Though the result is not significant it proved
there was a positive relationship between streamflow and
rainfall. The study’s findings, which are in agreement with
those of [10, 14, 15, 19, and 20], demonstrated that there
is a general tendency toward increasing temperature,
and a trend toward decreasing rainfall across the stations.
Besides, the monthly, seasonal, and yearly rainfall Z statis-
tics values that were positive and negative, respectively,
suggested rising and falling monthly rainfall patterns [5].

Understanding the trends of hydro-climate variables
would have critical implications for planning, manage-
ment and sustainable use of water resources. As a con-
sequence, this study provides rudimentary information
about the changes in precipitation, temperature, and
streamflow at an annual scale using the available observed
data. The findings of the study in turn can help in making
decisions concerning climate change threat diminution
and management.

5 Conclusion

The present study examined the trends of hydro-climate
elements in the Jemma sub-basin using Mann Kendall
(MK), Modified Mann Kendall (MK), Innovative trend analy-
sis (ITA), and Sen'’s slope estimator. Before further analysis,
the study presented the application of different statistical
tests i.e., Pettitt’s, SNHT, Buishand range test and VNT to
examine homogeneity and trends in precipitation, tem-
perature (1980-2014 year), and stream flow (1990-2008).
The homogeneity tests showed that most of the stations
were homogenous. The innovative trend analysis (ITA)
method provides detailed information on trends of hydro-
climate variables. The general results obtained from the
ITA technique are greatly consistent with those found by
the MK trend test and its modification.

The annual precipitation of the sub-basin has shown
an increasing trend but is not statistically significant.
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Likewise, the average annual temperature has revealed
increasing trends in the majority of stations. The annual
streamflow of the stations depicted increasing trends
except for Beressa station. As stated in the results and
discussion, in terms of stations it can be determined that
there are increasing and decreasing trends of precipita-
tion, temperature, and streamflow. The implication of the
results shows the variation of trends in hydro- climato-
logical variables. Hence, the output from the present
study is fundamental for water resource management
experts, land use planners, and policymakers. The limita-
tion of this study is that it does not assess the spatial var-
iations of hydro-climate variables through interpolation
of the station data, which is attributed to the unavail-
ability of many numbers of stations in the sub-basin. In
spite of this limitation, the study will provide important
insight for evaluating the trends of hydro-climate vari-
ables using a compressive trend analysis test (MK, MMK,
Sen’s slope, and ITA). Of these trend tests, the application
of ITA for assessing the trends of hydro-climate variables
is a relatively a new method, and hence the method can
be applied in other areas in Ethiopia and elsewhere in
the world.
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