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Abstract

Climate analysis at relevant time scales is important for water resources management, agricultural planning, flood

risk assessment, ecological modeling and climate change adaptation. This study analyses spatiotemporal variability
and trends in rainfall and temperature in Alwero watershed, western Ethiopia. Our analysis is focused on describing
spatial and temporal variability of rainfall in the study area including detection of trends, with no attempt at provid-
ing meteorological explanations to any of the patterns or trends. The study is based on gridded monthly rainfall and
maximum and minimum temperature data series at a resolution of 4 x 4 km which were obtained from the National
Meteorological Agency of Ethiopia for the period 1983-2016. The study area is represented by 558 points (each point
representing 4 x 4 km area). Mean annual rainfall of the watershed is> 1600 mm. Annual, June-September (Kiremt),
March-May (Belg) rainfall totals exhibit low inter-annual variability. Annual and October-February (Bega) rainfalls show
statistically significant increasing trends at p=0.01 level. May and November rainfall show statistically significant
increasing trends at p=0.01 level. March shows statistically significant decreasing trend at p=0.1 level. The mean
annual temperature of the watershed is 25 °C with standard deviation of 0.31 °C and coefficient of variation of 0.01 °C.
Mean annual minimum and maximum temperatures show statistically non-significant decreasing trends. Bega season
experienced statistically significant deceasing trend in the maximum temperature at p=0.01 level. The year-to-year
variability in the mean annual minimum and maximum temperatures showed that the 2000s is cooler than the pre-
ceding decades. Unlike our expectations, annual and seasonal rainfall totals showed increasing trends while maxi-
mum and minimum temperatures showed decreasing trends. Our results suggest that local level investigations such
as this one are important in developing context-specific climate change adaptation and agricultural planning, instead
of coarse-scale national level analysis guiding local level decisions.
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Background

Climate change is increasing the occurrence and mag-
nitude of rainfall extremes that cause increased drought
and flood risks (Chen et al. 2014). The influence of cur-
rent climate variability on crop production is large in
developing countries like Ethiopia where agriculture is
primarily dependent on rainfall (Alemayehu and Bewket
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2016a). Rainfall in Ethiopia shows high variability across
space and time owing to the complex topography varying
from 120 mbsl to 4620 masl (Reda et al. 2015) and lati-
tude of the country varying from 3 to 15 °N and 33 °E to
48 °E (Gamachu 1988). Robust information on the sea-
sonality of rainfall in the country is important to tackle
its adverse economic and social consequences including
on agriculture (Korecha 2013) and for local level climate
change adaptation planning (Alemayehu and Bewket
2017a). The rainfall pattern in Ethiopia is strongly sea-
sonal (World Bank 2006). It is characterized by wet and
long rainy seasons on the one hand and long dry and
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short rainy seasons on the other hand (World Bank 2006;
Korecha 2013). Consequently, the high and low rain-
fall phenomena can give rise respectively to flood and
drought conditions with adverse economic and humani-
tarian crises (World Bank 2006). In Ethiopia, the perfor-
mance of the agricultural sector and the rainfall pattern
show strong correlations (Admassu 2004; Lemi 2005;
World Bank 2006; Bewket 2009; Conway and Schipper
2011; Alemayehu and Bewket 2016a). Rainfall shortage
often leads to famines (Alemayehu and Bewket 2017b).

There are three seasons in Ethiopia. These are (i) the
June—September (main rainy season, locally known as
Kiremt); (ii) the March—May (short rainy season, locally
known as Belg); and the October — February (dry season,
locally known as Bega) (Seleshi and Zanke 2004; Ale-
mayehu and Bewket 2017a). Understanding the charac-
teristics of Kiremt and Belg season rainfall is useful for
improving agricultural productivity and mitigating food
security challenges (Alemayehu and Bewket 2016a, a;
Mulugeta et al. 2019) and water resource development
of the country (Degefu and Bewket 2014; Suryabhaga-
van 2017). Kiremt rainfall which is the largest in terms of
its amount and geographical coverage is less variable in
most parts of the country compared to Belg and Bega sea-
son rainfall (Shankoa and Camberlin 1998). It supports
the main cropping season production, locally known as
Meher. Kiremt rainfall shortage or change impacted the
agricultural productivity in the country (Mulugeta et al.
2019).

The Belg season rainfall is characterized by high tem-
poral and spatial variability, which has implications on
Belg season crops and food security of households (Ale-
mayehu and Bewket 2016a; Bekele-Biratu et al. 2018).
The change and shift in Belg season rainfall leads to dev-
astating droughts affecting socioeconomic welfare and
environmental resources (Haile et al. 2019).

Alemayehu and Bewket (2017a) summarized previous
studies on rainfall and temperature variability and trends
in Ethiopia covering different temporal and spatial scales.
They concluded that studies on rainfall did not show clear
trend for the country. The possible explanations to that
are: (i) trends in annual and seasonal rainfalls are affected
by topography (Bewket and Conway 2007; Mengistu et al.
2013); (ii) trend analysis is largely sensitive to quality of
data, the choice of study periods and stations considered
by the different studies (Seleshi and Zanke 2004; Bewket
and Conway 2007; Mengistu et al. 2013); (iii) the north—
south oscillation of the Inter Tropical Convergence Zone
(ITCZ), the El Ni"no-Southern Oscillation (ENSO) phe-
nomena (Shanko and Camberlain 1998; Seleshi and
Zanke 2004; Gleixner et al. 2017) and fluctuations in sea
surface temperatures (SSTs) mask trends (Shanko and
Camberlain 1998; Gissila et al. 2004; Segele and Lamb
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2005; Viste et al 2012; Jury and Funk 2013); and (iv) pre-
vious studies on variability and trends in rainfall and
temperature frequently takes place at large scale (Ademe
et al. 2020) and contributed to mixed patterns of change.

Despite the discrepancies observed, a growing num-
ber of studies in Ethiopia reported downward trend
in seasonal and annual rainfall totals (e.g., Shanko
and Camberlin 1998; NMA 2007; Osman and Sauer-
born 2002; Seleshi and Zanke 2004; Verdin et al. 2005;
Cheung et al. 2008; Viste et al. 2012; Jury and Funk
2013; Urgessa 2013; Wagesho et al. 2013; Addisu et al.
2015; Alemayehu and Bewket 2017a; Asaminew et al.
2017; Asfaw et al. 2018; Haile et al. 2019; Ademe et al.
2020; Matewos and Tefera 2020). Available studies on
temperature reported warming trend in the maxi-
mum and minimum temperatures (e.g., NMA 2007;
McSweeney et al. 2008; Taye and Zewdu 2012; Ayalew
et al. 2012; Mengistu et al. 2013; Mekasha et al. 2014;
Addisu et al. 2015; Alemayehu and Bewket 2017a;
Asaminew et al. 2017; Suryabhagavan 2017; Asfaw et al.
2018; Haile et al. 2019; Ademe et al. 2020; Matewos and
Tefera 2020). Climate analysis at relevant time scales
is important for agricultural planning, water resources
management, flood risk management, ecological mode-
ling and climate change adaptation (Engida and Esteves
2011; Alemayehu and Bewket 2017a; Sun et al. 2018).

The focus of this study is to investigate the spatiotem-
poral variability and trends in rainfall and temperature
in Alwero watershed in the western part of Ethiopia
using a dense network of 4 x 4 km gridded data (558
points) reconstructed from weather stations and mete-
orological satellite records which spatially covers the
watershed. In countries like Ethiopia where a major
underlying vulnerability factor is the heavy depend-
ence of the economy on rain-fed smallholder agri-
culture (Conway and Schipper 2011; Alemayehu and
Bewket 2016b), timely and accurate availability of cli-
mate information is useful for sustainable climate risk
management (Alemayehu and Bewket 2017a). A better
understanding of the changes in long-term annual and
seasonal rainfall at local level is useful for adaptation
intervention (Mulugeta et al. 2019). Local level inves-
tigations such as this one are important in developing
context-specific climate change adaptation and agri-
cultural planning, instead of coarse-scale national level
analysis guiding local level decisions.

The study area in particular is the largest agricultural
investment hub in the country where a detailed previous
study does not exist. In the following section, we pre-
sent a brief description of materials and methods of the
study, and this is followed by the results and discussion
section. Conclusions are presented in “Data and methods
Section”.
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Materials and methods

Description of the study area

Alwero watershed is found in the Abobo district of the
Gambella National Regional State, western Ethiopia
(Fig. 1). The Gambella Region is largely lowland (Kolla)
agroecological zone with hot to warm humid climate.
Mean annual rainfall is about 1200 mm. Mean annual
temperature is 26.7 °C (Degife et al. 2019). The level of
natural resource use is low due to sparse population
density. The soil, topography and climate conditions
have made the Region to be one of the most fertile parts
of the country and highly suitable for growing various
types of tropical crops. In the early 2000s, about 3.5
hectares of land from southwest part of the country
which is also the present study area were leased to both
domestic and foreign investors (Rahimato 2011). Since
2008, the Region was prioritized as one of the biggest
destination for large scale agricultural investment.
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More than 1.2 hectares of land were transferred to both
domestic and foreign investors (Rahimato 2011).

The altitude of Alwero watershed ranges from 385 to
2531 m asl (Fig. 1). About 58 and 40% of the watershed
lies in altitude ranges of 385—-500 m asl and 500-1837 m
asl, respectively. Only about 2% of the watershed contains
hills and escarpments located in the eastern edge of the
watershed with an altitude range of 1837 to 2531 m asl.
The eastern edge of the watershed is characterized by
steep and very steep slopes whereas the central part is
dominated by a mix of flat, gently sloping and sloping ter-
rain. Alwero watershed has two sub-watersheds; upper
(eastern) and lower (western). The altitude of the upper
(eastern) sub-watershed ranges from 619 to 2531 m asl.
The altitude of the lower (western) sub-watershed ranges
from 385 to 619 m asl.

According to Zabel et al. (2014) Dystric and Eutric
Plinthosols, Dystric and Chromic Cambisols, Eutric Ver-
tisols and Planosols are the major soils of the district.
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The major land use types of Abobo district include for-
est (143,086 ha), woodland (75,227 ha), shrub (5,793 ha),
grass (62,997 ha) and cultivated lands (19,854 ha) (Yit-
barek et al. 2017). Maize (Zea mays L.), sorghum (Sor-
ghum bicolor), groundnut (Arachis hypogae), sesame
(Sesamum astivum), cotton (Gossypium sp.) and rice
(Oryza sativa L.) are major crops grown in the area (Yit-
barek et al. 2017). From these, maize and sorghum are the
dominant in terms of production (Degife et al. 2019) and
consumption (Dorosh and Rashid 2013).

According to the Central Statistical Authority (CSA)
(2013), the total population of Abobo district is 22,420
out of which 11,531 are males and 10,889 are females. Of
the total, about 35% resides in urban area (Abobo town)
and the remaining 65% lives in rural areas. The livelihood
of the population in the watershed is largely dependent
on small-scale farming, fishing, retailing and casual jobs
in large-scale farms, construction and government and
non-government offices.

Data and methods

The study is based on gridded monthly rainfall and tem-
perature data series at a resolution of 4 x4 km for the
period 1983-2016. The study area is covered by 558
points (each representing 4 x 4 km area). The data are
created by blending station records with meteorological
satellite estimates and were obtained from the National
Meteorological Agency of Ethiopia. This is the best avail-
able dataset for the country which is homogeneous and
recommended for climate analysis (Dinku et al. 2014). In
recent years, gridded rainfall and temperature datasets
have been used in Ethiopia with different data sources
and spatial resolutions (Mengistu et al. 2013; Dinku et al.
2014; Alemayehu and Bewket 2017a; Mulugeta et al.
2019; Gebrechorkos et al. 2020; Ademe et al. 2020; Mate-
wos and Tefera 2020).

Coefficient of variation (CV), precipitation concentra-
tion index (PCI) and standardized rainfall anomaly (SRA)
are used to examine inter-annual and intra-annual varia-
bility of rainfall. The CV measures year-to-year variation
in the data series. According to NMA (1996) classifica-
tion, CV less than 0.20 is less variable, CV between 0.20
and 0.30 is moderately variable and CV greater than 0.30
indicates high variability. The PCI values measure extent
of seasonality of rainfall; and it is given as indicated in De
Luis et al. (2000):

PCI = 100 x {Z PiZ/(Z Pi)z} )

where: Pi=the rainfall amount of the ith month; and
Y Pi’=summation over the 12 months. PCI values
of less than 10 indicate quite uniform monthly distri-
bution of rainfall, values between 11 and 20 indicate
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moderate concentration, and values above 21 indicate
high concentration.

SRA is commonly used as a simple index to character-
ize drought at different time scales, or to identify abnor-
mal wetness or dryness (Guttman 1999). SRA values are
given as;

SRA = (Pt — Pm)/o (2)

where SRA =standardized rainfall anomaly, Pt=annual
rainfall in year t, Pm=is long-term mean annual rain-
fall over a period of observation and o=standard devia-
tion of annual rainfall over the period of observation.
According to Agnew and Chappel (1999), SRA val-
ues indicate extreme drought (SRA<— 1.65), severe
drought (— 1.28>SRA>— 1.65), moderate drought
(— 0.84>SRA >— 1.28), and no drought (SRA>— 0.84).
Linear regression was used to detect trends in rainfall. It
is given as;

Y=mx+b (3)

where y is dependent variable, m is the slope, x is inde-
pendent variable and b is the intercept. F-distribution
test was applied to determine the statistical significance
of the trends. The minimum and maximum temperatures
were also analyzed using the above techniques. Surface
data were generated from the gridded monthly rainfall
and temperature data using kriging interpolation tech-
nique with the help of ArcGIS 10.1.

Results and discussion

Rainfall variability and trends in Alwero watershed

Annual and seasonal rainfall patterns

Mean annual rainfall of Alwero watershed is 1665.5 mm
(Table 1), and its inter-annual variability is low with a CV
of 8.7%. The Kiremt and Belg rainfall also show low inter-
annual variability (CV, 9.2% and 19.7%, respectively).
Bega rainfall shows moderate variability (CV, 24%). Pre-
vious studies on variability and trends of annual and sea-
sonal rainfall reported moderate and high variability in
their respective study areas (Bewket and Conway 2007;
Ayalew et al. 2012; Alemayehu and Bewket 2017a, b;
Hadgu et al. 2013; Urgessa 2013; Ademe et al. 2020).

As indicated by the PCI values, rainfall shows moder-
ate concentration in few months of the year (10.8). It can
be observed that above average mean monthly rainfall
is recorded from May to October. These months have
recorded above 130 mm rainfall (Fig. 2). About 80% of
annual rainfall is concentrated in these six months which
ranges from 11% (October) to 14.4% (August). August
supplies the largest amount of rainfall in the watershed.
July and September also represent high contributions to
the annual totals. Our results corroborate the findings of
(Alemayehu and Bewket 2017a).
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Table 1 Trends of annual and seasonal rainfall in Alwero watershed

Parameter Amount (mm) Contribution (%) CV LT Wettest year Driest year HMR PCl
Annual 1665.5 0.087 66* 2011 1986 365.9 10.8
Kiremt 9329 56 0.092 0.63 2003 1995

Belg 410.8 25 0.197 20.27 2014 1987

Bega 3219 19 0.241 45.09%* 2008 1984

*Significant at 0.05 level; **Significant at 0.01 level; LT linear trend (mm/10 yr)
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As elsewhere in Ethiopia, Kiremt rainfall contributes
the largest to the annual rainfall (56%), followed by Belg
rainfall (25%). Unlike other parts of the country, the con-
tribution of Bega rainfall is high (19%) as well. The high-
est monthly rainfall is 395.9 mm which accounted for
22% of the annual and 89% of Belg rainfall totals, respec-
tively (Table 1). Unlike other areas of the country where
high concentration of rainfall is recorded in the month
of August followed by July, the highest monthly rainfall
is recorded in May which is a dry month in most parts
of the country. However, a recent study by Matewos and
Tefera (2020) in the drought-prone districts of rural Sid-
ama, central rift valley region of Ethiopia observed that
April and May are the wettest months.

Annual and Bega rainfalls show statistically significant
increasing trends at p=0.1 and p=0.01 levels, respec-
tively. Kiremt and Belg rainfalls show no significant
trends. These results contradict the findings of Shanko
and Camberlin (1998), NMA (2007), Osman and Sau-
erborn (2002), Seleshi and Zanke (2004), Verdin et al.
(2005), Cheung et al. (2008), Jury and Funk (2013),
Urgessa (2013), Viste et al. (2012), Wagesho et al. (2013),
Addisu et al. (2015), Alemayehu and Bewket (2017a),

Asaminew et al. (2017), Haile et al. (2019), Ademe et al.
(2020) and Matewos and Tefera (2020) who reported
declining trends of annual and seasonal rainfall totals in
their respective study areas in different parts of the coun-
try. The statistically significant increasing trend of Bega
rainfall supports the findings of a recent study by Mate-
wos and Tefera (2020) who reported a significant increas-
ing trend of Bega rainfall in the drought-prone districts of
rural Sidama, central rift valley region of Ethiopia.

Regarding monthly rainfall trends, November and
May showed statistically significant increasing trends at
p=0.05 level. October shows significant increasing trend
at p=0.1 level, and March shows significant decreasing
trend at p=0.1 level (Fig. 2). June to September show
non-significant increasing trends. December, January and
February showed statistically non-significant increas-
ing trends. March contributes the highest to the overall
declining trend of annual rainfall while November makes
considerable contribution to the overall increasing trend
of annual rainfall.

In Ethiopia the driest year is 1984, which is the well-
known drought year. The wettest year is 2006, which is
the major flood year. The country has witnessed large
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scale losses of life and property during those periods.
However, the driest and wettest years for Alwero water-
shed are 1986 and 2011, respectively. The wettest year
for Kiremt is 2003, which is a recovery period from the
second major drought period affecting large parts of
the country. The years 2008 and 2014 are wettest peri-
ods for Bega and Belg seasons, respectively, while the
dry years for Bega and Belg, respectively, are 1984 and
1987 (Table 1).

Figure 3 shows standardized annual and seasonal
rainfall anomalies. Since 1983, annual rainfall showed
declining trend up to 1990 except for the year 1988.
Conversely, standardized rainfall anomalies are posi-
tive from 1990-1999 except the years 1994 and 1995.
Annual rainfall shows considerable inter-annual vari-
ations between 2000 and 2009. From 2010 to 2016
standardized rainfall anomalies are positive except
the year 2013. In the watershed, positive and negative
anomalies account for 53% and 47% of the total obser-
vations, respectively. About 29% of the total number of
observations is under the different drought categories.
The 1990s is wet compared with the 1980 and 2000s.
The results of this study are consistent with Bewket and
Conway (2007) and McSweeney et al. (2008) who con-
cluded the 1980s was drier than its preceding decade
and the decades following.
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Negative anomalies in Bega rainfall were observed from
1983-1995 except the years 1988 and 1992. Similarly,
negative anomalies are observed from 2002—2007 except
the year 2006, which is the major flood year in the coun-
try. Positive anomalies are observed from 1996-2001 and
2008-2016 except the year 2013. The proportion of posi-
tive and negative anomalies is equal and represents 50%
of the total observations. The 2000s is wetter than the
preceding decades for Bega.

Kiremt rainfall shows considerable inter-annual vari-
ations throughout the period of observation. Large pro-
portion of negative anomalies is observed in Kiremt
rainfall (56% of the total observations). Relatively, the
1990s is wet compared with the 1980 and 2000s. Drier
conditions for Belg rainfall were experienced for the
period 1986—1992 except the years 1989 and 1991. Wet-
ter conditions for Belg were experienced for the period
1993-2000 except the year 1995 and 1998. Since 2007,
positive anomalies are observed except the years 2010
and 2012. Positive and negative anomalies account for
56% and 44% of the total observations, respectively. The
1980s is the driest decade for Belg.

Standardized monthly rainfall anomalies were also
computed for the wettest and driest periods to assess
extents of wetness and dryness in the watershed. As
shown in Table 1, the driest and wettest years over the
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period of observation are 1986 and 2011, respectively. In
the driest period the highest and the lowest SRA values
are 1.45 and — 1.25, respectively, while the highest and
the lowest SRA values during the wettest period are 1.26
and — 1.19, respectively. The highest and the lowest SRA
during driest years are observed during June and January,
respectively. May and February observed the highest and
the lowest SRA values during the wettest years. About
67% of observations showed below average rainfall dur-
ing the driest period, but only 25% of the observations
fall under the different drought categories. About 50%
of the observations showed below average rainfall dur-
ing the wettest period. From these, nearly 33% fall under
the different drought categories. This shows that rainfall
concentration is not uniform and few months remain dry
even in years of good rain conditions.

Figure 4 and Table 2 show the spatial distribution
of annual rainfall over the period of analysis. East and
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southeast part of the watershed receive high amount of
annual rainfall. More than half of the watershed receives
annual rainfall of 1550-1700 mm. Another large pro-
portion of the watershed (26%) receives annual rainfall
of between 1411 and 1550 mm. More than 20% of the
watershed receives annual rainfall of between 1700 and
1850 mm. About 1% of the watershed receives annual
rainfall of>2000 mm. The spatial distribution of Belg
and Bega seasons reveals similar pattern in which rainfall
increases from west to east. Almost all parts of the lower
sub watershed receive Kiremt rainfall >950 mm over the
period of observation. The northern part of the upper sub
watershed receives Kiremt rainfall of 768—850 mm.

Trends in annual and seasonal rainfall in the upper (eastern)
sub-watershed

Mean annual rainfall of upper sub-watershed is
1686.2 mm with coefficient of variation of 8.9% which
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Table 2 Rainfall distribution in Alwero watershed

Page 8 of 15

Rainfall Class Upper (eastern) sub-watershed

Lower (western) subwatershed

Alwero watershed

Area (ha) % Area (ha) % Area (ha) %
1411-1550 mm 77,962.5 286 54,650.0 22.7 132,6125 258
1550-1700 mm 87,243.8 320 180,487.5 75.0 267,731.3 52.2
1700-1850 mm 68,800.0 253 54313 23 74,2313 145
1850-2000 mm 32,1313 11.8 0.0 0.0 32,1313 6.3
2000-2104 mm 631838 23 0.0 0.0 6318.8 1.2
Total 272456.3 100.0 240,568.8 100.0 513,025.0 100.0

shows low inter-annual variability. Kiremt and Belg rain-
falls show low inter-annual variability of 9% and 19%,
respectively. Only Bega rainfall shows moderate inter-
annual variability with coefficient of variation of 24%.
Kiremt rainfall contributes the largest to the annual
rainfall (55%), which is followed by Belg (26%) and Bega
(19%), respectively. The driest and wettest periods over
the period of observation are 1986 (1419.3 mm) and 2016
(1987 mm), respectively. Annual rainfall shows statisti-
cally significant increasing trend at p=0.05 level, while
Begua rainfall also shows statistically significant increasing
trend at p=0.01 level. Belg and Kiremt rainfalls show sta-
tistically non-significant increasing and decreasing ten-
dencies, respectively (Fig. 5).

More than 85% of the upper sub-watershed receives
annual rainfall of between 1411 and 1850 mm. The
other 12% of the upper sub-watershed receives annual
rainfall of between 1850 and 2000 mm. The remaining
2% of the upper sub-watershed receives annual rainfall
of >2000 mm (Fig. 4 and Table 2).

Annual rainfall shows considerable inter-annual vari-
ations since 2000. Positive annual rainfall anomalies
accounts for 50% of the total observations for the period
1983-2016. The 1980s is the driest decade. Bega rain-
fall anomalies show similar pattern with annual rainfall
anomalies. Positive Bega rainfall anomalies accounts for
50% of the total observations. Kiremt rainfall shows con-
siderable inter-annual variations throughout the period
of observation. Kiremt rainfall has the smallest propor-
tion of positive anomalies (44%). The 2000s is the driest
decade. Belg rainfall shows considerable inter-annual
variations. However, large proportion of positive rainfall
anomalies is observed (56%). Since 2007 positive rainfall
anomalies are observed except the years 2010 and 2012.

Trends in annual and seasonal rainfall in the lower (western)
sub-watershed

Mean annual rainfall of the lower sub-watershed is
1600.6 mm. Annual rainfall shows low inter-annual varia-
bility (10.9%). Kiremt rainfall also shows low inter-annual

variability (12.5%). Belg and Bega rainfalls show moder-
ate inter-annual variability with coefficient of variation of
29 and 32%, respectively. Kiremt rainfall contributes the
largest to the annual rainfall (67%). Belg and Bega contrib-
ute the remaining 19 and 14% of annual rainfall, respec-
tively. The driest and wettest periods over the period of
observation are 1995 (1179 mm) and 1991 (1857 mm),
respectively. Annual and Kiremt rainfalls show statisti-
cally non-significant increasing trend, while Bega rainfall
shows statistically significant increasing trend at p=0.01
level (Fig. 5).

Large part of the lower sub-watershed (75%) receives
annual rainfall of between 1411 and 1550 mm, and
about 23% receives annual rainfall of between 1550 and
1700 mm. A small portion of the lower sub-watershed
receives annual rainfall of between 1700 and 1850 mm
(Fig. 4 and Table 2).

Annual rainfall shows considerable inter-annual varia-
tions from 1983-2009. Positive annual rainfall anomalies
accounts for 59% of observations. The 2000s is the wet-
test decade. Positive anomalies are observed since 2007
except the year 2009. The 2000s is the driest decade for
Belg and Bega rainfall. The proportion of positive and
negative anomalies for Belg and Bega rainfalls are 44%
and 56% of the observations, respectively. Positive anom-
alies for Kiremt rainfall account for 53% of observations.
The 1990s is the wettest decade.

Temperature trends in Alwero watershed

In the watershed, the mean annual temperature is
25.0 °C. Over the study period, the lowest and high-
est mean annual temperatures are experienced in 2016.
The lowest temperature is 14.5 °C (January) with stand-
ard deviation of 0.096 and coefficient of variation of 0.05.
The highest temperature is 39.3 °C (March) with standard
deviation of 0.1 and coefficient of variation of 0.03. Mean
annual minimum temperature ranges from 16.7 °C (2001)
to 18.5 °C (1984), and the long term mean is 17.5 °C with
standard deviation of 0. 4 and coefficient of variation of
0.03. Mean annual maximum temperature ranges from
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31.4 °C (2008) to 33.2 °C (1999), and the long term mean Unexpectedly, the mean annual minimum and maxi-
is 32.5 °C with standard deviation of 0.46 and coefficient ~mum temperatures show statistically non-significant
of variation of 0.01. declining trends. Statistically non-significant but

decreasing trends in all seasons are also observed in the
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minimum temperature. Bega season experienced sta-
tistically significant deceasing trend in the maximum
temperature at p=0.01 level. Belg season experienced
statistically non-significant but decreasing trend in the
maximum temperature. Statistically non-significant but
increasing trend is also observed for the Kiremt (Table 3).

Our finding of declining trends in the mean maxi-
mum and minimum temperatures contradicts the results
reported by NMA (2007), McSweeney et al. (2008), Taye
and Zewdu (2012), Ayalew et al. (2012), Mengistu et al.
(2013), Mekasha et al. (2014), Addisu et al. (2015), Ale-
mayehu and Bewket (2017a), Asaminew et al. (2017),
Suryabhagavan (2017), Haile et al. (2019) and Matewos
and Tefera (2020) who reported warming trends in the
minimum and maximum temperatures in different parts
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of the country. Our research is unable to explain this
result.

Figure 6 shows the year-to-year variability in the mean
annual minimum temperature. The 1980s was the warm-
est decade compared to the 1990 and 2000s. Positive and
negative anomalies account for 38% and 62% of the total
observations, respectively. Seasonal anomalies in the
minimum temperature have similar patterns to anoma-
lies in the annual minimum temperature. Kiremt season
anomalies are positive since 2005 except the years 2008
and 2011. The maximum number of negative anomalies
is observed in Bega season (59%).

The year-to-year variability in the mean annual maxi-
mum temperature is shown in Fig. 7. From 1998-2005
standardized anomalies are positive, and then negative

Table 3 Trends in annual and seasonal maximum and minimum temperatures in Alwero watershed

Temperature ('C)

Annual LT Belg Bega LT Kiremt LT
Minimum 17.51 —0.06 18.50 —0.17 17.05 — 0014 17.3 —0.04
Maximum 3246 —0.01 34.45 —0.09 33.17 — 0.24** 30.07 0.06

#*Significant at 0.01 level; LT linear trend (C /10 yr)
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1.5
1
s . ‘hh 1

AT |I |
S Yom |III-‘| - II I Ill

1987
1991
1993
995
1997
2001
00
2005
2007
009
2011
01
01

SRA

.,
18
1987
1989
1991
1993
)9
1997
999
001
00
2005
2007
2009
2011
2013
01

Year

Fig. 6 Anomalies in the mean minimum temperature in Alwero watershed

Belg

!
5 ;,I .I ' .||I ||” | 1 |r.

- I I I
0.5 |‘

®

1987
)99
2001
2003
00
2007
009
2011
01
2015

1989
1991
199
39
1997

<

SR

)8
18
1987
1989
1991
)9
1995
1997
2001
2003
00
2007
2009
2011
2013
01




Alemayehu et al. Environ Syst Res (2020) 9:22 Page 11 of 15

0.4 15
03 Annual Belg

| |
o il
A I I \ . [ .

|
] -
| L I ! ||

SRA

-0.2

03 " I I I I

SRA

<)

—

-

—

-

'

—

-0.4
-0.5 -05
Mm NN e N NN N NN - MmN
® ¥ ® ® DA DO QQ Q9 Q oA A -
a6 6O O 6 6o 60 60O 60 0 O O O O O O O
H H A2 H H H e A2 e & Q@@
-1
Year M NN D = M NN = MW~ O = MmN
® ¥ ¥ ® D A DA A NS QO Q QO =H oo o
A o o 6O 6o 6o 6 60O 6O O O O O O O O O
™ = " o " " " - = NN NN N N NN
Year

06
Kiremt

0.4

Bega
: N I|
0.5 0 lll. . N ] - II I-I
SN T T |I|||||.|. I |||. ' " ST
l| 1 02
0.4

SRA

15
2 0.8
M N N = NN E M NN - MmN M N NS - MmN A = MmO N - MmN
E & X 8§ &8 8 § 8 8 88 88 8 8 8 E 2 8 8 8 8 8 3 8 8 8 8 8 8 8 8 8
A H H Hd H Hd a2 Ad®d &~ SN o M M M e e e oH e~ N &8 &8 & & R
Year Year

Fig. 7 Anomalies in the mean maximum temperature in Alwero watershed

since 2006 except 2016. Positive and negative anoma-  Cooling conditions are observed for Bega season from
lies account for 44 and 56% of the total observations, 2006-2015.

respectively. The 2000s are cooler than the preced-

ing decade. Seasonal anomalies in the maximum Spatial patterns of temperature

temperatures have similar patterns to mean annual Figure 8 shows the spatial distribution of mean maxi-
maximum temperatures. Seasonal negative tempera- mum and minimum temperatures. The mean maximum
ture anomalies range from 44% (Belg) to 53% (Bega). and minimum temperatures decrease from west to east.
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Large proportion of Alwero watershed (44.5%) expe-
riences mean minimum temperature of 18.1-20.5 °C.
About 39.4% of the area experiences mean minimum
temperature of 16.1-18 °C. A small proportion of the
watershed (2.4%) experiences mean minimum tempera-
ture of 11.1-12 °C. About 47% of the watershed expe-
riences mean maximum temperature of 33.1-36 °C.
Another large proportion of the watershed (38%) experi-
ences mean maximum temperature of 30.1-33 °C. Less
than 3% of the watershed experiences maximum temper-
ature of 22.7-24 °C.

Temperature trends in the upper (eastern) sub watershed

The mean annual temperature in the upper sub water-
shed varies from 22.53 °C (2008) to 23.81 °C (1984). The
mean annual temperature over the period of observation
is 23.25 °C with standard deviation of 0.31 °C and coef-
ficient of variation of 0.01 °C. The highest mean maxi-
mum temperature is 31.04 °C (2016). Conversely, the
lowest mean minimum temperature over the period of
observation is 15.33 °C (1994). The mean annual and sea-
sonal maximum temperatures show statistically signifi-
cant declining trends except Kiremt season which shows
statistically non-significant but increasing trend. The
decreasing trend in Bega season is statistically signifi-
cant at p=0.05 level. The deceasing trends in Belg sea-
son and annual maximum temperatures are significant
at p=0.1 level. The mean annual and seasonal minimum
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temperatures show statistically non-significant declining
trends except Belg season which shows statistically sig-
nificant declining trend at p =0.05 level. Large part of the
upper sub watershed (98%) experiences mean minimum
temperature of 11-18 °C. The remaining 2% of the area
experiences mean minimum temperature of 18.1-21 °C.
Over 70% of the sub watershed experiences mean maxi-
mum temperature of 30-36 °C. The remaining part of
the sub watershed experiences maximum temperature of
23-30 °C (Tables 4 and 5 and Fig. 9). Seasonal anoma-
lies in the maximum and minimum temperatures have
similar patterns to mean annual maximum and minimum
temperatures of the respective watersheds.

Temperature trends in the lower (western) sub watershed

The mean annual temperature in the lower sub water-
shed ranges from 26.6 °C (2009) to 28.13 °C (1985). The
mean annual temperature over the period of obser-
vation is 27.39 °C with standard deviation of 0.38 °C
and coefficient of variation of 0.01 °C. The highest
mean maximum temperature is 36.59 °C (1991). Con-
versely, the lowest mean minimum temperature in
the lower sub watershed over the period of observa-
tion is 18.61 °C (1990). The mean annual and seasonal
maximum temperatures show decreasing trends. The
decreasing trends in Bega season and annual maxi-
mum temperatures are statistically significant at p=0
01 and p=0.05 levels, respectively. The mean annual

Table 4 Minimum temperature distribution in Alwero watershed

Min temp class Upper (eastern) sub watershed

Lower (western) sub watershed

Alwero watershed

Ha % Ha % Ha %
11.1-12°C 12,2813 45 0.0 0.0 12,2813 24
12.1-14°C 28,681.3 10.5 0.0 0.0 28,681.3 5.6
14.1-16 °C 41,7438 15.3 0.0 0.0 41,7438 8.1
16.1-18 °C 184,081.3 67.6 17,887.5 74 201,968.8 394
18.1-20.5 °C 5668.8 2.1 222,681.3 92.6 228,350.0 445
Total 2724563 100.0 240,568.8 100.0 513,025.0 100.0

Table 5 Maximum temperature distribution in Alwero watershed

Max temp class

Upper (eastern) sub watershed

Lower (Western) sub watershed

Alwero watershed

Ha % Ha % Ha %
22.7-24°C 14,525.0 53 0.0 0.0 14,5250 28
24.1-27°C 28,9313 10.6 0.0 00 289313 56
27.1-30°C 34,900.0 12.8 0.0 0.0 34,900.0 6.8
30.1-33°C 183,287.5 67.3 92438 38 192,5313 375
33.1-36°C 10,812.5 4.0 231,325.0 96.2 242,1375 47.2
Total 272,456.3 100.0 240,568.8 100.0 513,025.0 100.0
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Fig. 9 a Annual trends in the mean minimum temperature. b Annual trends in the mean maximum temperature

and seasonal minimum temperatures show statistically
non-significant declining trends except Bega season
which shows statistically non-significant but increas-
ing trend. Large proportion of the lower sub water-
shed (93%) experiences mean minimum temperature
of 18-21 °C while the remaining 7% of the lower sub
watershed experiences mean minimum temperature of
16-18 °C. Almost 96% of the area experiences mean
maximum temperature of 33-36 °C. The remaining 4%
of the lower sub watershed experiences mean maxi-
mum temperature of 30-33 °C (Tables 4 and 5 and
Fig. 9).

The innovative element of this study is the use of
gridded monthly rainfall and maximum and minimum

temperature data series at a resolution of 4 x4 km
which are created by blending station records with
meteorological satellite estimates. This is the best
available dataset for the country recommended for
climate analysis. The methodology used is well estab-
lished, standard, proven, and widely used by many
researchers. It has the advantage of making good
results. However, the methodology and results are new
to the study area. Our analysis focuses on local scale
climatology and the findings are useful for climate risk
management. The findings can be applicable to other
parts of rural Ethiopia as well. In particular, the analy-
sis is useful for irrigation and investment as the area is
the largest agricultural investment hub in the country.
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Conclusions

This study presents analysis of spatiotemporal variability
and trends in rainfall and temperature in Alwero water-
shed, western Ethiopia. The key findings and conclusions
are the following;

1. Mean annual rainfall of Alwero watershed is
1665.5 mm. More than half of the watershed receives
annual rainfall of 1550-1700 mm. Annual and sea-
sonal rainfall show low inter-annual variability except
for Bega which shows moderate coefficient of varia-
tion. Annual and Bega rainfall shows statistically sig-
nificant increasing trend at p =0.01 level. Belg rainfall
shows statistically non-significant increasing trend.
There is no clear trend in Kiremt rainfall. Regarding
monthly rainfall trends, May, November and Octo-
ber showed statistically significant increasing trends
while March showed statistically significant decreas-
ing trend. Positive and negative anomalies in annual
rainfall account for 53% and 47% of the total obser-
vations, respectively. About 29% of the total observa-
tions is under the different drought categories. The
1990s is wet compared to the 1980 and 2000s.

2. The mean annual temperature of the watershed is
25 °C with a standard deviation of 0.31 and coef-
ficient of variation of 0.01. In the watershed, mean
annual minimum and maximum temperatures show
statistically non-significant decreasing trends. The
year-to-year variability in the mean annual minimum
and maximum temperatures showed that the 2000s is
cooler than the preceding decades. Seasonal anoma-
lies in the mean minimum and maximum tempera-
tures have similar patterns to mean annual minimum
and maximum temperatures. The mean maximum
and minimum temperatures decrease from west to
east. Large proportion of Alwero watershed (44.5%)
experiences mean minimum temperature of 18.1-
20.5 °C. Another large proportion of the watershed
(38%) experiences mean maximum temperature of
30.1-33 °C.

3. Overall, it is shown that climatic variability and
trends are highly localized in the country; hence local
level studies such as this are important for practical
decision making in agriculture, water management,
and climate change adaptation planning.

Abbreviation
NMA: National Meteorological Agency.
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