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ABSTRACT

This study analyses local-scale climate variability and trends in northwest Ethiopia, covering
three food-insecure and vulnerable districts, namely Lay Gaynt, Tach Gaynt, and Simada. We
examined temperature and rainfall data on 4 x 4 km grids. The coefficient of variation and
standardized anomaly index were used to assess the variability of rainfall and temperature. As
a result, annual and seasonal rainfall show high inter-annual variability, except for the major
rainy season (Kiremt), which shows a moderate coefficient of variation. The proportion of
negative anomalies ranges from 39% (Lay Gayint) to 65% (Simada) over the observation
period. Moreover, trend analysis was conducted using the Mann-Kendall (MK) and Innovative
Trend Analysis (ITA) tests. The MK test for annual rainfall exhibited a significant rising trend
for the Lay Gayint and Tach Gayint districts. The ITA for annual and seasonal rainfall indicated
positive trends for Lay Gayint and Tach Gayint, while negative trends were observed in
Simada. The ITA and MK tests showed similar increasing tendencies in seasonal and annual
temperatures. The MK technique revealed positive patterns in 28 time series and negative
patterns in 20 time series for monthly, seasonal, and annual rainfall data, whereas the ITA
method revealed positive trends in 23 time series and negative trends in 25 time series. The
results of this study are useful for local development planning that should take into account
current and possible future climate patterns.
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INTRODUCTION

Climate change is one of the most pressing global concerns of the twenty-first century
(Abidoye &Odusola, 2015). Developing countries are particularly susceptible as their principal
economic activities rely on climate-sensitive products with limited adaptability (Mesfin et al.,
2020). Weather and climate extremes affect the majority of Sub-Saharan African countries,
including Ethiopia, causing low agricultural production (Amare & Simane, 2017). Ethiopia's
climate has evolved in recent decades, with temperatures rising by 0.4°Cin the last four decades
(Gebrechorkos et al., 2019). Since the 1990s, Ethiopia has experienced a decrease in rainfall

19


mailto:aimro.likinaw@aau.edu.et

(Abebe, 2017), which has significantly influenced the country’s agricultural production and
water availability.

The EI Nifio Southern Oscillation (ENSO) and an increase in anthropogenic activities both
significantly contributed to the reported variations in climate across the country (Diro et al.,
2012; Rowell et al., 2015). According to recent literature (Dubache et al., 2019; Minda et al.,
2018), the rainfall patterns over East Africa are largely determined by inter-oceanic processes
and large-scale atmospheric phenomena. High-pressure systems in the Indian and Atlantic
oceans are primarily responsible for the variability in rainfall over East Africa. Due to the
variations in altitude and terrain, determining historical climatic patterns and future estimates
for Ethiopia can be a difficult task (Philip et al., 2018). The country's rainfall patterns are quite
diverse, with some places seeing only one rainy season while others have two or more (Ayalew
et al., 2012). Recent studies on multidecadal climate variability in East Africa, particularly
Ethiopia, have yielded contradictory results. Various studies have found decreasing annual
rainfall in various sections of Ethiopia, whereas others have found rising rainfall patterns. For
instance, Alemayehu and Bewket (2017) found rising trends in annual and Kiremt rainfall but
a significantly declining trend in Belg rainfall. Kiremt is the main rainy season for most parts
of Ethiopia, covering the period from June to September, while Belg is the short rainy period
for most parts of Ethiopia from March to May. Asfaw et al. (2018) reported significant
declining trends in Kiremt and annual rainfall, but a subtle decline in Belg rainfall. In the
northern highlands of Ethiopia, Miheretu (2020) observed an increasing trend in Kiremt
rainfall, but Belg rainfall exhibited a declining trend. Moreover, Gebrehiwot et al. (2019)
suggested decreasing trends in Kiremt and Belg season rainfall. Therefore, it is critical to
conduct trend and variability analyses of rainfall and temperature patterns to accurately predict
climate extremes and take appropriate adaptation and mitigation actions.

Methodologically, previous studies used parametric techniques such as the t-test and linear
regression in trend identification studies (Benti &Abara, 2019; Hundera et al., 2019). These
techniques, however, have limitations because they require a normally distributed data. Other
researchers applied non-parametric techniques like the Mann-Kendal (MK) test without
considering serial association in the data set (Ayalew et al., 2012; Chala et al., 2020; Miheretu,
2020). For these reasons, several studies have suggested the application of a modified MK test,
which is efficient in the presence of auto-correlation (Hamed & Rao 1998). Moreover, Sen
(2012) suggested the Innovative Trend Analysis (ITA) test, which does not necessitate
assumptions like non-normality, collinearity, or length of time series data. Therefore, the
present study applies the ITA technique to local climate data analysis, which has not been
conducted before in the study districts and compares the results of the ITA with those of the
modified MK test. This study is useful for context-specific planning of climate risk
management and local development in the study area, where agriculture depends on rainwater
and constitutes almost the sole means of subsistence for the population.

METHODOLOGY
The Study Site

The study site includes three districts (woredas in Amharic), namely Lay Gayint, Tach Gayint,
and Simada in the South Gondar Zone Administration (Figure 1). Lay Gayint is in the High
Dega (3200-3700 m asl) agro-ecological zone, and Tach Gayint and Simada are in the Dega
(2300-3200 m asl) and Woyna Dega (1500-2300 m asl) agro-ecological zones, respectively
(Hurni et al., 2016). The area is a heavily degraded part of the country because of a long history
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of settlement and cultivation, overgrazing, and other socioeconomic and policy-related factors
(Getachew, 2017). Extensive farming and shrubland dominate the current land cover.

The main rainy season (Kiremt) occurs from June to mid-September, and the short rainy season
(Belg) occurs from March to May (Rosell, 2011). The short rainy season is inconsistent with
crop failures, making Belg harvesting difficult (Rosell, 2011). The study area currently lacks
food due to late-onset, early termination, and poor Belg performance. Furthermore, steep
topography and barren mountains accelerate runoff, resulting in land degradation and, as a
result, low production. Hence, the area is part of the country's drought-stricken and food-
insecure areas. The farming system is a mixed crop-livestock, characterized by intensive and
continuous cropping. Barley (Hordium vulgare), wheat (Triticum aestivum), maize (Zea mays)
and tef (Eragrostis tef) are the main cereals grown in the area. Cattle, sheep, goats, and equines
are the dominant livestock raised. The benefit of livestock to people’s livelihoods is limited due
to the frequency of livestock diseases (Getachew, 2017). Crop production is affected by erratic
rainfall, poor soil fertility, small per capita landholding, poor per acre land and limited use of
improved agricultural technologies (Ayalew et al., 2012). Low agricultural productivity is
further affected by its dependence on unreliable rainfall. The overall result is that a majority of
households do not harvest sufficient food and depend largely on food assistance or are
supported by the Productive Safety Nets Program (PSNP). According to information obtained
from the South Gondar Zone Administration office, five districts benefited from the PSNP,
including the study area (Libokemkem, Ebnat, Simada, Lay Gayint, and Tach Gayint). Non-
farm livelihood activities are not well established due to inadequate access to infrastructure,
ineffective and inefficient agricultural marketing system, and limited access to institutional
support services, to name a few.

Regional States of Ethiopia

T NS VN
r E RN

N

¥

LN Amhara Region
=

12°q'0"N
T

11°30'0"N
1
T

South Gondar Zone

Legend
- - Lake Tana
{: South Gondar Zone
i D Ambhara Region

)

0 47595 19 28.5 iStri

s : l:’ Study Districts
38°15'0"E 38°30'0"E 38°45'0"E

11°0'0"'N

Figure 1. Study site location
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MATERIALS AND METHODS

Data type and source

The study used temperature and rainfall data extracted from the Enhancing National Climate
Services (ENACTS) dataset obtained from the National Meteorological Agency (NMA) of
Ethiopia. ENACTS is a 4 x 4 km gridded dataset reconstructed from meteorological satellites
and weather stations covering the period from 1981 to 2018. ENACTS has been calibrated and
validated, revealing robust performance when weighed at station sites in Ethiopia (Dinku et al.,
2018). Because ENACTS data were chosen for analysis, (1) there are many missing values in
station datasets (Asfaw et al., 2018), and (2) most stations are new and do not have enough data
records to perform trend analysis (Alemayehu & Bewket, 2017; Asfaw et al., 2018), and (3)
stations across the study area are scarce (Alemayehu & Bewket 2017) and do not cover all of
the study sites.

Data preparation and quality control

As needed for each analysis, daily data was averaged monthly, seasonally, and annually.
RHtestsVV3 and RHtests dlyPrcp software tools were used to detect and account for erronous
shifts in climatic data series. Since these tests indicated no major change points or
homogeneities requiring mean adjustments, the original data set was used for further analysis.
serial autocorrelation was estimated using the autocorrelation function (acf package) in R
statistical software (Kafadar et al., 2006).

Methods of data analysis

Rainfall and temperature variability were assessed by calculating coefficients of variation
(CVs) at various time scales and mapping the CVs to examine their spatial patterns. Annual
and seasonal rainfall and temperature variations were assessed using the standardized anomaly.
The one-way ANOVA was applied to check whether the differences in the mean rainfall and
temperature across the study districts were significantly different. Trend analyses were
performed using the MK and ITA trend test techniques.

Innovative Trend Analysis (ITA)

The ITA technique was first suggested by Sen (2012) for the detection of time series trends.
Unlike the MK trend test, the ITA technique does not consider any assumptions on the
distribution and is unaffected by serial correlation or data length. It is simple to grasp and
compute, and the results can be visually represented. In this method, the first step involves
dividing the data into two halves and arranging them in increasing order. As an example, in the
present study, there were 38 rainfall and temperature observations (1981-2018); hence, the first
19 observations were placed in the first half, and the next 19 observations were placed in the
second half of the data. In the second procedure, the first half of the sub-series is placed on the
X-axis of a Cartesian coordinate system, while the second half is placed on the Y-axis, as
indicated in Figure 2. If the data points in a scatter plot fall above or below the bisector line at
1:1 (45Y), the time series has an upward or downward trend (Sen, 2012). There would be no
sign of a pattern if the data points were collected on the 1:1 line. In this paper, a 10% confidence
band was applied to visualize the distance of points from the no-trend line. The purpose of this
band is to enable the user to identify the distance between the points and the line of no-trend
with no statistical interpretation (Caloiero, 2018; Nisansala, 2020).
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Figure 2. lllustration of the ITA technique (Sen, 2012). The 1:1 line is represented by the
central black solid line (trendless). Broken green and red lines indicate confidence bands at
+10% and -10%, respectively. A significant decreasing trend is shown by points below -10%,
whereas a significant increasing trend is shown by points above +10%.

The actual value of the inconsistency between the y and x values is the distance from the 1:1
line (Nisansala 2020; Wu and Qian 2017), and the ITA trend pointer is derived by:

D =lz 10(3]"—_%) (D

ns X
=1 -
Where D is the trend, a positive D number represents an increasing trend, and a negative D
number represents a decreasing trend; n denotes the number of subseries; and the first subseries'’
average. For comparison with the MK test, Equation (1) uses a multiplication factor of ten
(Sen, 2012).

Mann-Kendall (MK) test

The MK (Kendall, 1975; Mann, 1945) is a non-parametric test that can be used with data that
is not normally distributed. Because the statistic is based on the sign of differences rather than
the actual values of the random variable, it is less affected by outliers. The trend statistic (S) of
MK is obtained as:

Szni Zn: (X; — Xi) (2)
i= j=k+1

Where X, and X; are timeseries data values k and j (j > k), n is the value of data points,
and (X; — X, is given as:
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(X —Xi) ={+1 if (X; — X)) >00 if (X; — X)) =0 — 1 if (X; — Xy)
<0 3
The variance of Mann-Kendal’s test is computed as:

nn—1D@2n+5)-%1_, t,(t, —1)(2t, +5)
- 18 )

%)

Where q is the number of tied groups and ¢,, is the number of data points in the ptgroup. the
summary of Equation (4) can be omitted if there are no ties.

The values of S and (S) are used to calculate the Z statistic:
Z={ 51 ifS>00 ifS=0 S+ if S
JVar(S) JVar(S)
<0 (5

The MK test, in contrast, ignores this sequential correlation (Hamed and Rao, 1998). Because
sequential association increases the possibility of identifying a notable trend when there is no
significant trend, it might lead to a misunderstanding of the results. As a result, the modified
MK test is used in this study, which takes all sequential correlations into consideration, as
implemented in the R-package modifiedmk. When sequential autocorrelation was insignificant,
a conventional set of tests (command mkktest) was employed. However, when it was
significant, the test was done using a technique described by Hamed (2009), which applies a
bias correction when utilizing the same R package's pre-whitening (bcpw) tool.

Sen’s slope estimator

The extent of the trend is frequently estimated by Sen's estimator because the MK test only

detects trends (increasing or decreasing) (Sen, 1968). The extent of the trend is computed as:
Xi— X i

Q; = Jj_kk, for i=

1,2,..,N, (6)

Where X; and X, aredataattime jand k (j > k), respectively. The median of N values

of Q; is shown as Sen’s slope, which is computed as:

Q; ={Tn+1, if Nisodd,
)

1(TN + TN+2>, if Niseven. (7)
2\ 7 =

When the number of N slope observations is odd, the Sen's estimator is obtained as "Qmed" =
(N+1)/2, and for even times of observations, the slope is computed as "Qmed" = [(N/2) +
((N+1)/2)]. A positive slope indicates an upward trend, whereas a negative slope indicates a
downward trend. There is no trend if the slope is 0.

RESULTS AND DISCUSSION

Rainfall

Temporal rainfall variability

The average annual rainfall was 971.3 mm, with a spatial variability of 788.8 mm in Simada
and 1096.2 mm in Lay Gayint. Kiremt rainfall accounts for the largest portion of the study area
(> 75%), followed by Belg rainfall, which contributes about 13% of the annual rainfall (Table
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1). The coefficient of variability (CV) for annual rainfall ranged from 20.6% in Tach Gayint to
25.2% in Simada. Belg rainfall showed a high CV compared to Kiremt rainfall. Variability in
seasonal rainfall has implications for farming practices in the area since the amount and quality
of agricultural produce are determined by the onset, duration, and offset of rainfall. The result
agrees with the findings of Alemayehu and Bewket (2017; Asfaw et al., 2018), who reported
more variability in Belg rainfall than Kiremt rainfall in their respective study areas.

Table 1. Patterns of seasonal and annual rainfall

District Parameter Rainfall (mm) | Contribution to Coefficient of
annual (%) variation (CV, %)

Lay Gayint Annual 1096.0 - 22.2

Kiremt 746.4 76.1 154

Belg 143.1 13.1 51.2

Tach Gayint Annual 820.2 - 20.6
Kiremt 622.7 78.2 149 -

Belg 128.5 12.2 49.3

Simada Annual 788.8 - 25.2
Kiremt 596.8 73.2 175 -

Belg 123.1 13.2 44.2

Note: CV<20% = low variability; 20 %< CV<30% = medium variability; and CV>30% = high
variability (Alemu and Bawoke, 2020).

Figure 3 illustrates normalized seasonal and annual rainfall anomalies from long-term averages
from 1981 to 2018. The percentage of negative deviations varies from 39% (Lay Gayint) to
65% (Simada) over the period of observation. Anomalies in seasonal rainfall exhibit similar
distributions. Annual rainfall shows negative anomalies between 1981 and 1992 throughout
the study area. Positive anomalies for Kiremt rainfall are observed in Simada for the period
1986-1996, except for the years 1987 and 1995. However, for the years 2003, 2005, 2006, and
2007, Kiremt rainfall showed negative anomalies from 1997 to 2013. Kiremt rainfall showed
positive deviations for the period 1988-1995, except for the year 1987 in Tach Gayint.
Likewise, positive anomalies in Kiremt rainfall were observed in Lay Gayint from 1988 to
1996 and 2007 to 2015, except for the year 2013. Belg rainfall showed high inter-annual
variation over the period of observation. Negative and positive deviations for Belg rainfall
accounted for 42% and 58% of the total in Lay Gayint and Tach Gayint, respectively. On the
other hand, in Simada, positive and negative anomalies for Belg rainfall accounted for 34%
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and 66%, respectively, over the period of observation. The majority of the historical drought
occurrences in the study area correlate to the country's documented historical droughts.
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Figure 3. Annual and seasonal rainfall anomalies.

Rainfall trends

Seasonal, annual and rainfall trends are examined using the MK and ITA techniques (Table 2).
Based on the MK test, annual rainfall exhibited a significant increasing trend (7.9 mm/year) in
Lay Gayint at p = 0.01 level and an increasing trend (7.0 mm/year) in Tach Gayint at p = 0.05
level, but a non-significant, decreasing trend in annual rainfall was observed in Simada. At the
seasonal level, Kiremt and Belg rainfall presented a non-significant upward trend in Lay Gayint
and Tach Gayint. However, Kiremt and Belg rainfall revealed a non-significant downward
trend in Simada. Similarly, a downward trend in Kiremt and Belg rainfall was informed by
Alemayehu and Bewket (2017). Coupled with the long dry period from October to February
(Bega season), the declining trend of Belg rainfall affects water and fodder availability for
livestock in the study area.

Mann-Kendall’s test and Sen’s slope estimator indicated that July (3.4 mm/year) and August
(2.9mml/year) rainfall exhibited a statistically significant increasing trend in Lay Gayint at p =
0.05 level. At p = 0.05 level, rainfall in Tach Gayint showed a significant increasing trend in
August (1.9 mm/year) and November (0.4 mm/year). September rainfall in Simada (-0.9
mm/year) showed a significantly decreasing trend at p = 0.05 level over the study period.
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Table 2. The MK and ITA trend test values of rainfall

Lay Gayint Tach Gayint Simada
Month ZMK B D ZnMK B D YAV B D
January -0.46 | 0.00 -1.29 | -0.63 | -0.00** | -1.04 | -0.83 | -0.00 | -2.72
February | -1.20 | -0.10 -2.66 | -1.77 -0.16 | -445 | -164 | -0.03 | -3.01
March 0.05 0.03 -0.32 | -0.57 -0.16 | -0.67 | -0.42 | -0.11 | -0.65
April 0.54 0.25 0.16 0.50 0.18 -1.06 | -1.10 | -0.34 | -2.32
May 0.88 0.53 0.02 0.70 0.46 0.02 | 0.21 0.16 -1.10
June 1.08 0.75 0.77 1.26 0.60 -0.75 | 0.20 0.11 -1.42
July 2.13 | 3.40** 1.66 1.45 1.82 1.15 | -0.21 | -0.37 -1.01
August 243 | 2.98** | 2.74 196 | 1.90** | 1.70 | 0.95 1.15 0.12
September | 1.30 0.62 156 | -0.15 -0.04 0.04 | -2.23 | -0.90** | -1.73
October -0.01 | 0.00 -3.09 | 0.26 0.05 -1.63 | 0.06 0.03 -2.30
November | 1.78 3.44 3.05 221 | 0.36** | 3.77 | 1.76 0.30 2.67
December | -0.60 | -0.01 -0.81 | -0.19 -0.00 | -0.33 | -0.24 | -0.00 | -3.11
Belg 1.43 1.56 1.90 0.12 0.21 0.77 | -0.31 | -0.37 | -1.48
Kiremt 1.88 7.45 1.72 0.77 1.95 0.57 | -1.33 | -3.08 -1.22
Annual 2.73 | 7.89*%** | 1.02 247 | 7.00** | 113 | -047 | -0.78 | -0.52

*, ** and *** are significant at alpha values of 0.1, 0.05, and 0.01, respectively.
Zwik, standardized MK B, Sen's slope; D, trend indicator of ITA.

Table 2 presents trend analysis using the ITA technique. It is shown that mean seasonal, and
annual rainfall mostly exhibited positive D values. The majority of annual rainfall data at Lay
Gayint and Tach Gayint fell beyond the 1:1 line, as shown in Figure 4, indicating an increasing
trend within the +10% confidence band, but most of the data points in Simada fell below the
1:1 line, showing a downward trend in annual rainfall within the -10% confidence band over
the period of observation. For the Kiremt rainfall, most of the data points were above the +10%
confidence band parallel to the 1:1 line in Lay Gayint and Tach Gayint, indicating a significant
increasing trend, whereas most of the data points were within the +10% confidence band
parallel to the 1:1 line, showing an increasing tendency for Kiremt rainfall for Simada. Belg
rainfall indicated a downward trend in Tach Gayint and Simada, but an unclear trend in Lay

Gayint.
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Figure 4. Annual and seasonal rainfall trends using ITA technique.

The results of ITA for mean monthly rainfall are shown in (Figures 5-7). A significant
increasing trend was found in Lay Gayint in June, July, August, and September (Kiremt season)
and November, but March, April, and May (Belg season) showed mixed increasing and
decreasing trends (Figure 5). In Tach Gayint, a negative trend was found for all months except
June, July, August, and November (Figure 6). In Simada, all months showed decreasing trends
except June, August, and November (Figure 7).
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Figure 5. Mean monthly rainfall trends in Lay Gayint using ITA method.
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Figure 6. Mean monthly rainfall trends in Tach Gayint using ITA method.
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Figure 7. Mean monthly rainfall trends in Simada using ITA method.

Spatial variability of rainfall

Seasonal and annual rainfall showed considerable spatial variation. The western part receives
a higher amount of rainfall than the eastern part (Figure 8). Lay Gayint gets 760 to 860 mm of
rainfall per year in 46% of the area. Annual rainfall ranges from 861 to 961 mm in 30% of the
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area and 962-1200 mm in the remaining 24%, respectively. Tach Gayint receives annual
rainfall ranging from 760 to 860 mm in about 78% of the area, while the remaining 22%
receives annual rainfall ranging from 861 to 961 mm. Simada receives annual rainfall ranging
from 760 to 860 mm in approximately 82% of the area. More than 48% of Lay Gayint receives
Kiremt rainfall between 550 and 750 mm. A Kiremt rainfall ranging from 550 to 750 mm falls
on a large portion of Tach Gayint (85%). More than 89% of Simada receives kiremt rainfall
between 550 and 750 mm. In Tach Gayint, nearly 57% of the area receives Belg rain of between
40 and 100 mm. A large part of Simada (68%) receives Belg rainfall between 40 and 100 mm.
One-way ANOVA showed that annual and kiremt rainfall significantly varied at a p = 0.01
level among the three districts. The Tukey’s post-hoc mean evaluation indicated that mean
annual rainfall in Lay Gayint was higher by 243 mm than in Tach Gayint and by 204 mm in
Simada at a p = 0.01 level. As shown in Table 3, the amount of Kiremt rainfall in Lay Gayint
IS 220 mm higher than in Tach Gayint and 172 mm in Simada, at p = 0.01 and p = 0.05 levels,
as shown in (Table 3), whereas the mean annual and Kiremt rainfall did not show significant
variation between Tach Gayint and Simada.
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Table 3. ANOVA and Tukey's post hoc comparison test. (1) and (J) refer to the two districts

being compared in each case.

Mean difference (1-J)

(1) District (J) District Annual rainfall Kiremt rainfall
Lay Gayint Tach Gayint 243.66*** 220.83***
Simada 204.23*** 172.21%*
Tach Gayint Simada -39.42 -48.62
ANOVA F-ratio 22.91%** 20.35***

** and *** are significant at alpha values of 0.05 and 0.01, respectively.

The spatial distribution of coefficient variation (CV) of rainfall is shown in (Figure 9). Annual
and Kiremt rainfall exhibited relatively similar coefficients of variation (CV) across the study
area. As rainfall is relatively abundant in the Kiremt season, the CV is generally low across the

area. The CV is the smallest in the high-elevation district (Lay Gayint).
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Temperature

Temporal variability of temperature
The mean annual temperature ranges from 14.4°C in Lay Gayint to 18.2°Cin Simada (Figure
10). The highest monthly temperature for Lay Gayint is 22.2°C (March) and its lowest is 6.5°C
(December). The highest and lowest values for Simada are 25.1°C (March) and 8.0°C
(December), respectively. The highest temperature recorded for Tach Gayint is 22.7°C(March)
and the lowest is 6.6°C (December).
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Figure 10. Mean monthly temperature distribution.

Figures 11 and 12 show the variation in mean annual maximum and minimum temperatures
yearly. The decade of the 2000s was found to be warmer than the 1980s and 1990s. The
seasonal anomalies in maximum and minimum temperatures follow the same trends as the
mean annual maximum and minimum temperatures. The 2000s were warmer than the
preceding decades in all seasons.
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Figure 12. Anomaly in temporal and spatial variation in the mean minimum temperature.

Temperature trends

Similar to rainfall trend analysis, annual and seasonal temperature trends were assessed by ITA
and MK techniques. The MK’s trend test showed annual Kiremt and Belg minimum
temperatures to have experienced significant warming trends in Simada and Lay Gayint at a p
=0.05 level (Table 4).

Our findings coincide with the results reported by Ademe et al. (2020), Alemayehu and Bewket
(2017), Asfaw et al. (2018), Belihu et al. (2018), and Gebrehiwot et al. (2019), where
significant warming trends in mean annual minimum temperatures were described for different
parts of Ethiopia. Our findings differ from the findings of Alemayehu and Bewket (2017) and
Asfaw et al. (2018), who reported that the minimum temperature had increased substantially
more in recent years than the maximum. However, other studies, for instance, Ademe et al.
(2020), Berhane et al. (2020) and Kahsay et al. (2019) agree with the findings of the present
study, which found an increase in the maximum temperature has increased substantially more
in recent years than the minimum. The ITA technique showed an overall warming trend of
mean annual and seasonal minimum temperatures (Table 4; Figure 13). The ITA's results for
seasonal minimum temperatures (not shown here) were similar to the mean annual minimum
temperature.
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temperatures.

Table 4. MK and ITA trend test values of mean minimum temperature at seasonal and
annual timescales.

Lay Gayint Tach Gayint Simada
Month ZMK B D ZMK B D ZmK B D
January 0.54 0.01 0.37 0.34 0.00 0.85 | 0.87 0.01 0.60
February 1.05 0.02 1.12 1.84 0.02 0.93 | 245 | 0.04** 0.89
March 0.88 0.01 1.09 0.31 | 0.00*** | 0.76 | 2.10 | 0.04** 0.79
April 2.57 | 0.03** | 0.95 0.87 0.01 0.64 | 272 | 0.04*** | 0.62
May 3.13 | 0.05*** | 0.98 1.92 0.02** | 0.74 | 1.83 | 0.03** 0.47
June 3.40 | 0.05*** | 1.02 3.12 | 0.03*** | 059 | 1.28 | 0.01** 0.25
July 3.23 | 0.04*** | 0.74 2.09 0.02** | 0.23 | 1.66 0.02 0.24
August 2.65 | 0.04*** | 0.66 1.88 0.02 0.20 | 056 | 0.01** 0.12
September | 1.90 | 0.02** | 0.42 1.97 0.03** | 0.21 | 1.78 0.02 0.14
October 1.82 0.03 0.09 1.58 0.03 0.06 | 1.35 0.03 0.33
November | 2.03 | 0.04** | 0.37 1.90 0.04** | 0.50 | 0.67 0.01 0.36
December | 0.52 0.01 -0.05 | 1.68 0.03 0.58 | 0.94 0.02 0.46
Belg 2.02 | 0.02** | 1.01 1.29 0.01 0.73 | 279 | 0.04** 0.62
Kiremt 2.26 | 0.02** | 0.73 1.50 0.01 0.30 | 1.44 | 0.02** 0.17
Annual 156 | 0.01** | 0.67 1.19 0.01 055 | 2.01 | 0.02** 0.44

* ** and *** are significant at alpha values of 0.1, 0.05, and 0.01, respectively
Zwik, standardized MK B, Sen's slope; D, trend indicator of ITA.

Based on the MK test, the trend of seasonal and annual maximum temperatures exhibited
considerable warming tendencies at a p = 0.01 level. Moreover, the mean monthly maximum
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temperature shows a statistically significant warming trend at the p = 0.01 level across the study
area, except for June, July and November (Table 5).

Our findings coincide with those of Ademe et al. (2020), Alemayehu and Bewket (2017),
Gebrehiwot et al. (2019) and Kahsay et al. (2019), where a significant warming trend in the
mean annual maximum temperature was exhibited in their study areas. The result of the ITA
technique revealed an overall warming trend in the mean maximum temperature in the area, as
shown in (Table 5). The graphical results of the ITA technique revealed that most of the
temperature data points fell above the 1:1 line, implying a warming trend of the mean annual
maximum temperature with respect to a +10% confidence band parallel to the 1:1 line in the
study area (Figure 13). The results (not presented here) of the ITA for seasonal and monthly
maximum temperatures are similar to the mean annual maximum temperature.

Table 5. MK and ITA trend test values of mean maximum temperature at seasonal and
annual timescales.

Lay Gayint Tach Gayint Simada

Month ZMK B D ZMK B D ZmK B D

January 2.09 | 0.02** | 0.31 0.51 0.00 0.37 | 295 | 0.03*** | 0.47

February | 3.20 | 0.05*** | 0.53 1.05 0.02 112 | 291 | 0.04*** | 0.63

March 3.19 | 0.05*** | 0.45 299 |0.05*** | 1.09 | 3.54 | 0.06*** | 0.55

April 2.70 | 0.05*** | 0.51 3.80 [0.05***| 0.95 | 3.76 | 0.09*** | 0.70
May 2.21 | 0.05** | 0.61 3.13 | 0.05** | 098 | 221 | 0.04** | 0.59
June 1.22 0.03 0.37 340 |0.05***| 1.02 | 1.72 0.04 0.24
July 1.87 0.02 0.20 3.23 [0.04*** | 0.74 | 217 | 0.08** | 0.25

August 3.22 | 0.03*** | 0.32 265 |0.04***| 0.66 | 2.17 | 0.03** | 0.22

September | 2.85 | 0.03*** | 0.22 190 | 0.05** | 042 | 293 | 0.04*** | 0.30

October 3.76 | 0.06*** | 0.61 113 [ 1.72***| 0.09 | 249 | 0.04** | 0.55

November | 3.51 | 0.04*** | 0.56 1.64 | 0.03** | 0.37 | 1.79 0.03 0.51

December | 3.62 | 0.04*** | 0.50 0.11 | 0.03** | -0.05 | 2.78 | 0.04** | 0.52

Belg 3.26 | 0.05*** | 0.51 3.61 |0.05***| 1.01 | 3.80 | 0.07*** | 0.62

Kiremt 3.20 | 0.03*** | 0.28 3.00 [0.08*** | 0.73 | 253 | 0.08** | 0.25

Annual 4.09 | 0.03*** | 0.44 1.56 0.01 0.67 | 231 | 0.02** | 0.47

*, ** and *** are significant at alpha values of 0.1, 0.05, and 0.01, respectively
Zwik, standardized MK test; B, Sen's slope; D, trend pointer of ITA.

Spatial variability of temperature

The north-eastern portions experience relatively lower temperatures than the south-western
portions (Figure 14) due to the influence of climatic controls such as elevation. The one-way
ANOVA showed that mean annual minimum and maximum temperatures significantly varied
ata p = 0.001 level among the three districts. The mean minimum temperature in Simada was
1.3°Cand 0.2°C higher than in Lay Gayint and Tach Gayint, respectively (significant at p =
0.01), and the mean minimum temperature in Tach Gayint was higher by 1.0°Cthan in Lay
Gayint (significant at p = 0.01). At p = 0.01, Simada had a 1.0°C higher mean maximum
temperature than Tach Gayint, and Tach Gayint had a 0.7°Chigher mean maximum temperature
than Lay Gayint (both significant at p = 0.01) (Table 6).
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temperature.

Table 6. ANOVA and Tukey's post hoc comparison for temperatures.

Mean difference (1-J)
(1) District (J) District Minimum Temp. Maximum Temp.
Lay Gayint Tach Gayint -1.02*** -0.71***
Simada -1.26*** -1.73
Tach Gayint Simada -0.24*** -1.02%**
ANOVA F-ratio 19.27*** 43.62***

** and *** are significant at alpha values of 0.05 and 0.01, respectively.

Comparison of ITA and MK techniques

The reliability of the ITA technique was assessed by comparing its results with those of the
MK trend test. Table 7 presents a summary and comparison of the Z values of the MK test and
the D statistic of the ITA technique for monthly, seasonal, and annual rainfall and minimum
and maximum temperatures. It is shown that most of the trends sensed by the MK test (in 28
time series, the result was positive, while in 20 time series, the result was negative) were also
identified by the ITA (in 23 time series, the result was positive, whereas in 25 time series, the
result was negative) (Table 7). However, both the ITA and MK tests detected positive trends
for monthly, annual, and seasonal temperatures. But, the ITA method was found to have some
advantages as it identified some hidden trends that might not have been identified by the MK
test. Also, it overcomes assumptions about, for instance, the length of records, the normality of
the distribution, and the independent structure of the time series (Wu and Qian, 2017). But, the
ITA technique does not allow the determination of whether the variations between each point
and the 1:1 line are significant. Therefore, we used a +10% confidence band to detect trends.
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Table 7. Comparison of values of Z of MK test and statistics D of ITA method for rainfall and temperature.

Rainfall Minimum Temperature Maximum

Temperature

Lay Gayint Tach Gayint Simada Lay Gayint Tach Gayint Simada Lay Gayint
Tach Gayint Simada
Month Zvk/D Zvk/D Zvk/D Zvk/D Zvk/D Zvk/D Zvk/D Zvk/D Znvk/D
January -0.46/-1.29 | -0.63/-1.04 | -0.83/-2.72 0.54/0.37 0.34/0.85 0.87/0.60 2.09/0.31 0.51/0.37 2.95/0.47
February -1.20/-2.66 | -1.77/-4.45 | -1.64/-3.01 1.05/1.12 1.84/0.93 2.45/0.89 3.20/0.53 1.05/1.12 2.91/0.63
March 0.05/-0.32 | -0.57/-0.67 | -0.42/-0.65 0.88/1.09 0.31/0.76 2.10/0.79 3.19/0.45 2.99/1.09 3.54/0.55
April 0.54/0.16 0.50/-1.06 | -1.10/-2.32 2.57/0.95 0.87/0.64 2.72/0.62 2.70/0.51 3.80/0.95 3.76/0.70
May 0.88/0.02 0.70/0.02 0.21/-1.10 3.13/0.98 1.92/0.74 1.83/0.47 2.21/0.61 3.13/0.98 2.21/0.59
June 1.08/0.77 1.26/-0.75 0.20/-1.42 3.40/1.02 3.12/0.59 1.28/0.25 1.22/0.37 3.40/1.02 1.72/0.24
July 2.13/1.66 1.45/1.15 -0.21/-1.01 3.23/0.74 2.09/0.23 1.66/0.24 1.87/0.20 3.23/0.74 2.17/0.25
August 2.43/2.74 1.96/1.70 0.95/0.12 2.65/0.66 1.88/0.20 0.56/0.12 3.22/0.32 2.65/0.66 2.17/0.22
September 1.30/1.56 -0.15/0.04 | -2.23/-1.73 1.90/0.42 1.97/0.21 1.78/0.14 2.85/0.22 1.90/0.42 2.93/0.30
October -0.01/-3.09 | 0.26/-1.63 0.06/-2.30 1.82/0.09 1.58/0.06 1.35/0.33 3.76/0.61 1.13/0.09 2.49/0.55
November 1.78/3.05 2.21/3.77 1.76/2.67 2.03/0.37 1.90/0.50 0.67/0.36 3.51/0.56 1.64/0.37 1.79/0.51
December -0.60/-0.81 | -0.19/-0.33 | -0.24/-3.11 0.52/-0.05 1.68/0.58 0.94/0.46 3.62/0.50 0.11/-0.05 2.78/0.52
Bega -0.86/1.50 0.07/9.19 0.17/0.70 0.82/0.36 1.32/0.60 1.24/0.55 3.91/0.51 0.82/0.36 1.88/0.54
Belg 1.43/1.90 0.12/0.77 -0.31/-1.48 2.02/1.01 1.29/0.73 2.79/0.62 3.26/0.51 3.61/1.01 3.80/0.62
Kiremt 1.88/1.72 0.77/0.57 -1.33/-1.22 2.26/0.73 1.50/0.30 1.44/0.17 3.20/0.28 3.00/0.73 2.53/0.25
Annual 2.73/1.02 2.47/1.13 -0.47/-0.52 1.56/0.67 1.19/0.55 2.01/0.44 4.09/0.44 1.56/0.67 2.31/0.47
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Potential implication of temperature and rainfall variability

Rainfall and temperature changes can have a wide range of implications for crop production
and agricultural practices. Agricultural practices require adequate and timely rainfall amounts
and duration throughout the Belg and Kiremt seasons. The irregularity and variability of rainfall
during the Kiremt and Belg seasons, on the other hand, hinder farming activities and reduce
production in the study area. In the northeastern highlands of Ethiopia, Mekonnen and Berlie
(2020) found that the variability and irregularity of rainfall during the Kiremt and Belg seasons
discourage farming practices and reduce production. Farmers' enthusiasm for early and timely
planting, active growing, and maturation of various crops was influenced by delayed onset of
rainfall in February and the cessation of rainfall in September. Alemayehu and Bewket (2016)
and Bewket (2009) also stated that climate variability and changes have a substantial influence
on food security and crop production in the north-central highlands and Amhara region,
respectively. An increase in temperature could have a distinct impact on crop production
(Pachauri et al., 2014). This might be due to invasive plants and crop pests that appear at
different times during the agricultural calendar (EPCC 2015; Mekonnen and Berlie, 2020).
Temperature fluctuations have also had an impact on pasture and forage production, as well as
caused animal diseases (Gebreegziabher et al., 2020). Generally, when climate variability
reaches its peak, it causes total crop failure, resulting in starvation and the deaths of people and
animals. These circumstances are common in different parts of Ethiopia.

CONCLUSION

Temperature and rainfall data from 1981 to 2018 were analysed using various meteorological
indices to highlight spatiotemporal fluctuations and their potential consequences. Temperature
and rainfall fluctuate in space and time, according to the findings. In recent times, there has
been more unpredictability in temperature and rainfall. In all three districts, Kiremt rainfall
provides the highest annual rainfall. Except for Kiremt, which has a moderate coefficient of
variation, annual and seasonal rainfall show substantial inter-annual variability. The percentage
of negative deviations varies from 39% (Lay Gayint) to 65% (Simada) over the observation
period. The MK test and ITA techniques were applied to the rainfall and temperature data for
annual and seasonal time scales. On an annual scale, the results of the MK test showed a
significant increasing trend in Lay Gayint and Tach Gayint but a non-significant decreasing
trend in Simada. On a seasonal scale, in Simada, Kiremt rainfall showed a non-significant
decreasing trend, whereas Lay Gayint and Tach Gayint showed non-significant increasing
trends. Belg rainfall exhibited a non-significant increasing trend in Lay Gayint and Tach Gayint
but a non-significant decreasing trend in Simada. The mean seasonal and annual minimum and
maximum temperatures exhibited a considerable increasing trend in the study area. The ITA
technique results for annual and seasonal rainfall showed positive trends in Lay Gayint and
Tach Gayint, while negative trends were detected in Simada. The ITA results for mean annual
and seasonal minimum and maximum temperatures showed that the area was warming overall.
Climate-sensitive activities, including agriculture and water resource development, are already
susceptible to contemporary climate-related threats, as evidenced by annual and seasonal
rainfall variability, as well as average annual minimum and maximum temperatures. This
suggests the need for climate risk management to be part of local economic development
planning in the study area.
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