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Abstract

Increasing temperature and altered precipitation patterns lead to the extreme weather events such as
drought and flood, which severely affects the agricultural production. This study was aimed to assess
the impact of climate change-induced agricultural drought on four cereal crops in Bako Tibe District.
Time-series climate and crop yield data, recorded from 1989 to 2018, were acquired from NASA’s data
portal and Bako Research Institute. The changes in temperature and precipitation were analyzed using
Mann Kendall trend test. The agricultural drought index was analyzed using R-software. The correlation
between the selected yield crops and drought indices were evaluated using Pearson correlation
coefficient. The results show that trends of seasonal and annual maximum and minimum temperatures
were significantly increased (P<0.05). However, seasonal and annual precipitations were insignificantly
decreased (P>0.05). Moderate to severe agricultural drought intensities happened four times in the last
three decades. These drought spells spatially covered about 36% of the total area of the district. Crop
yields and drought indices were significantly correlated at p-values; 0.0034, 0.043, 0.003 and 0.001 for
teff, wheat, barley and maize, respectively. The coefficient of determination (R2) values of crop yields
were 28.3%, 30.9%, 28.5% and 34.6% for teff, wheat, barley and maize, correspondingly. The study
clearly suggests that the increase in temperature and decrease in precipitation enhanced the frequency
and intensity of drought events and these impacted the selected crop yields during the past three decades.
The map-based results could be used as guides for governmental and non-governmental organizations
concerning on drought impact mitigation activities in the district by encouraging farmers to adopt
appropriate agricultural technologies, drought tolerant crop varieties and small scale irrigation.
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INTRODUCTION warming (Sheffield and Wood, 2008; Brown et
al., 2017; Liu et al., 2018). The risk of drought
shows the increases in drought durations from 2.9
months to 3.2 months on a global scale and in
several hotspot regions such as East Africa,
Amazon, Northeastern Brazil, Southern and
Central Europe at both 1.5°C and 2°C of global
warming related to the historical period.

Climate change is the environmental challenge
encountered by global societies. In the context of
climate change, drought risks involving duration
and intensity are likely to increase in many
historical ~ drought-prone regions including
east Africa, at projected both 1.5°C and 2°C global
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In the east African countries, including
Ethiopian, climate change and global warming
coupled with anthropogenic ecological change
effects significantly harmed the economy and
livelihoods, lead to community conflicts (Black et
al., 2011; Hendrix and Salehyan, 2012). Despite
the lacks of contributions to the climate change or
global warming, Ethiopian people are the victims
of climate change as well as climate change-
induced extremes events (drought and floods) that
are not their responsibilities. Current climate
change-induced drought is already imposing at
significant level on Ethiopian agricultural
economy, water and natural resources, energy
supply and sustainable development efforts (EPA,
2011). Drought and heat can reduce crop
productivity and yield, leading to lower income of
farmers. This reductions in crop yield will be
further exacerbated by future climate change
(Sheffield and Wood 2008; IPCC, 2014).

Crop model simulations indicated that between
1982 and 2014, parts of Eastern Amhara and
Eastern Oromia experienced increasing water
deficits during the critical sowing, flowering and
ripening periods of crop growth (Brown et al.,
2017). The livelihoods of large numbers of the
rural community will be put at risk and
vulnerability of crop production to climate change
increase (IPCC, 2014). One of the influences of
climate change on crop yields was worsening soil
moisture stress during crop growing seasons
(Kindu et al, 2016). Although higher
temperatures can improve crop growth, studies
have documented that crop vyields decline
significantly when daytime temperatures exceed a
certain  crop-specific level (Egal, 2019).
Pollination is one of the most sensitive
phenological stages to temperature extremes
across all species and during this developmental
stage, temperature extremes would greatly affect
production (Hatfield and Prueger, 2015).
Therefore, vulnerable areas are predicted to
experience losses in agricultural productivity,
primarily due to reductions in crop yields and
ultimate effect goes to poorer condition.
Accordingly, climate change is a major threat for
sustainable agriculture in Ethiopia.

The issue of climate change and climate
extremes has drawn a great attention from policy
makers and academicians for last decades. In view
of that, a number of studies have been done at
regional and country levels to estimate the
escalation of climate change and climate

extremes. For instances, Diffenbaugh et al. (2007)
studied on heat stress intensification in the
Mediterranean climate change hotspot and
reported that maximum and minimum
temperature magnitude increased more than 75"
percentile magnitude. Smith (2011) conducted
research on the ecological role of climate
extremes and recounted severe drought, heat
waves and periods of heavy rainfall, which can
have profound consequences for both ecological
systems and human welfare. Calanca (2007)
studied on climate change and drought occurrence
in the Alpine region and specified a 20% decrease
in the frequency of wet days with respect to the
growing season of summer crop and the increase
of drought from 15% to more than 50%.
Nevertheless, all these scientific studies are
largely aggregated that but they have not revealed
the economic impact climate change and climate
extremes.

In the particular area of the present study, the
farmers are suffering from climate change-
induced drought events. Nowadays, erratic and
unreliable rainfall in the rainy seasons is common
in the Bako Tibe District, resulting in drought,
floods, land degradation and soil. In addition, the
district is exposed to an increase in temperature,
which upsurges heat waves that cause erosion.
These varied climate variables in the study area
influence the production and productivity of the
farming community living the district. However,
the intrinsic capacity of the climate system of the
area to change temperature and precipitation, the
severity of climate extremes (drought and wet)
and its impacts on crop production have not yet
thoroughly studied and documented in the district.

Therefore, all areas throughout Ethiopia,
including the site of the study, are experiencing
considerable annual regular period of dry season
and drought is not a novel phenomenon. The real
drought problem, however, arises when the
rainfalls fail to fit with the normal cropping
seasons. As this gap brings about eminent crop
failure and high yield reduction, drought can be
perceived as the quantitative, spatial and temporal
mismatch between rainfall and the cropping
season. Thus, this study aimed to explore the
trends and variability of temperature and
precipitation, intensity and spatiotemporal
distribution of agricultural drought and its
association with selected crop yields. Present
study is highly significant for planning sustainable
agricultural development and exploring climate
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change adaptation and mitigation strategies at
farmers’ level as well as for providing early
warning system.

MATERIALS AND METHOD

Location of study area
The study was conducted in Bako Tibe
District, which is one the 24 districts in West

Showa zone, Oromia National Regional state,
Ethiopia. The district is located between 8°55'18"
to 9°14'13”"N in latitude and 37°01'54" to
37°17'07"E in longitude (Figure 1). The area is
characterized by warm humid eco-climatic zone
with annual mean temperature of 21°C and annual
total rainfall of 1,260 mm.
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Figure 1. Map of research location

Data collection

The historical data of climatic variables and
yield crops recorded for period of 1989-2018 were
collected from secondary sources, and thus,
maximum and minimum temperatures and
precipitation were acquired from NASA’s data
portal. They are gridded datasets of rainfall and
temperature at 0.50x0.50-degree resolution. Time
series of the selected yield crops, including teff
(Eragrostis teff), wheat (Triticum aestivum),
barley (Hordium vulgare) and maize (Zea mays),
were collected from Bako Research Institute.

Data detection

The missing values, outliers and auto-
correlation and homogeneity tests were performed
before data analyses to avoid the internal variation
that could affect the absolute values of mean and
standard deviation of the variables.

Time scale selection
Standardized precipitation evapotranspiration
index of three-month time scale (SPEI-3) was

used to examine agricultural drought index. SPEI-
3 is a short term of soil moisture and provides a
seasonal estimation of agricultural drought when
there is insufficient soil moisture to meet the
needs of crop plants at particular times (WMO and
GWP, 2016). However, SPEI-3 may also be
misleading in regions where it is normally dry
during any given 3-month period. Therefore, to
avoid such problem, we selected four main crops
growing months from June-September.

Data analyses

Trend analyses of temperature and
precipitation

The non-parametric Mann Kendall Test was
used to detect time series trended climatic factors.
Modified Mann Kendall Test have been used
together with the Sen’s Slope Estimator for the
determination of trend and slope magnitude.
Mann Kendall’s statistical value of temperature
and precipitation was analyzed using R-software.
It is defined as the sum of the number of positive
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differences minus the sum of the number of
negative difference (Hamed and Rao, 1998;
Mondal et al., 2012) and is calculated using this
equation.

n-1 n

Where S is a statistical value that indicates the
strength of the climate system to the long-term
change of climatic variables. Sign (Y;—Yx) is an
indicator function that results in the values of 1, 0,
or —1, according to the significance of Yj— Yk,
where j = 2, 3, 4 and k = 1, 2, and then the
functions are calculated as follows.

1if6>0
0if 6=0
~1if6<0

Sign(0) =

Where: sign (6) = sign (Y;j-Y)

A normalized test statistic (Z-score) was
computed to check the statistical significance of
the increasing or decreasing trends of temperature
and precipitation at 0.05 (Z o/2 = %= 1.96)
significance levels.

Analyses of agricultural drought indices

Potential evapotranspiration, water balance
and SPEIl were analyzed using R-software.
Drought indices such as severity, duration and
intensity, were analyzed using the outputs from
SPEI analyses. The SPEI allows the comparison
of drought severity through time and space, and
shows better correlation with the yields of crop
production, which is strongly affected by soil
moisture. It is statistically robust and easily
calculated (Begueria et al., 2014). The crucial
advantage of SPEI over other drought indices is
that it considers the effect of temperature on
drought that can identify different types of
drought with the context of global warming (Funk
et al., 2018). It is designed to take into account
both precipitation and potential evapotrans-
piration in determining drought events.

Potential evapotranspiration was calculated
using equation of Hargreaves and Allen (2003).
This equation can use maximum and minimum
temperatures with specific values of altitudes
of the two sites of study. We calculated water

balance (o) as the difference between precipi-
tation and potential evapotranspiration. The
difference is the water surplus or deficit for the
analyzed months and is calculated using the
equation of Vicente-Serrano et al. (2010).

W =PRCP —PET.................... Equ.2

Where: o is water balance, PRCP is precipitation
and PET is potential evapotranspiration.

Finally, SPEI was calculated using R-Software
and drought was defined when the values of SPEI
fall below zero, i.e. the negative SPEI values are
considered ‘drought’ and positive SPEI values are
‘non-drought’. Duration is the length of period, in
which the SPEI is continuously negative and it is
expressed in terms of consecutive months with no
rainfall, and the severity of drought was calculated
as follows.

D
Severity(Z) = Z SPEL;............ Equ.3
i=1

Where: D is dry duration, in which the SPEI is
continuously negative. The intensity of drought is
obtained by dividing the drought severity by its
duration.

Y SPEI

Intensity (I) =

Based on the procedure proposed by Edwards
(1997), the values of SPEI are classified into
seven categories, from dry to wet conditions.
‘Positive’ SPEI-3 value designates greater than
zero and ‘negative’ value designates less than zero
(Table 1).

Correlation coefficient analysis

The Pearson’s correlation coefficient analysis
was performed to determine the crop yield and
agricultural drought indices relationship. The
Pearson’s correlation coefficient was used to
measure the strength of the association between
crop yield and agricultural drought indices. It is
the most popular method to calculate the direction
and degree of the relationship between variables
to understand the response of local temperature
and rainfall against crop yield. The calculation of
the correlation coefficient in this study was
performed using the equation below.
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X
R = 1Y Equ.5

VEIZx?) EyD]

Where: R is correlation coefficient, X is
independent and Y is dependent variables.

The value of R is always between -1 and +1: -
1 <R < 1. IfR = -1, and then, it is a perfect
negative relationship between X and Y. If -0.99 <
R < -0.5, then it is moderately negative
relationship. If 0.49 <R > 0, it is a weak negative
relationship. If R = 0, it refers to no relationship

relationship is weak positive. If 0.5 <R >0.99, the
relationship is moderately positive and If R = +1,
it is a perfect positive relationship between X and
Y variables. R square or coefficient of
determination shows the percentage variation in
Y, which is explained by the entire X variable
together. The coefficient of determination (R?)
indicates the proportion of the variance in
dependent variable, which is predicted from the
independent variables. Coefficient of
determination is the primary output of regression
analysis. Higher R square value is the better,

which is between 0 and 1. It can never be negative

i <
between the two variables. If 0 < R < 0.49, the since it is a squared value (Gingrich, 2004).

Table 1. Edwards’s drought intensity classification

Anomaly Range of SPEI values Category
Positive 2< SPEI < Max Extremely wet
15< SPEI <2 Very wet
1< SPEI <15 Moderate
None -1< SPEI <1 Normal
Negative -15<  SPEI <-1 Moderately dry
-2<  SPElI <-15 Severely dry
Min<  SPEI <-2 Extremely dry
Source: Edwards (1997)
slopes (B) values were 0.26°C, 0.13°C and 0.18°C
RESULTS AND DISCUSSION for spring, summer and in annual time series,
Trends analyses of seasonal and annual 'espectively (Table 2). These Sen’s slopes

temperature and precipitation

Seasonal and annual maximum and minimum
temperatures as well as precipitation trends were
examined to check the inherent capacity of
climate system to change temperatures and
preparations of the area of the study.

Seasonal and annual
precipitation trends

Maximum temperature

Trend observation confirms that seasonal
maximum temperature change has extremely
changed during the given time series. Results
show that spring, summer and annual maximum
temperature significantly got higher (P<0.05)
during time series between 1989 and 2018. The
Mann Kendall statistical values (S-scores) of
seasonal and annual maximum temperatures were,
126, 164 and 136 for spring, summer and yearly,
respectively. These S values indicate that the
intrinsic capacity of the climatic system the area
was very strong to change the maximum
temperature in the given time bases. The Sen’s

temperature and

indicate the rate of maximum temperature
increase per year (Larson and Larson, 1996;
Mondal et al., 2012). In this case, temperature is
an important limiting factor on yield formation.
The optimum range of temperatures is determined
for different stages of crop development and
would feature prominently in the model functions
that express the interactions between climate and
yield (Feenstra et al., 1998).

Alike to present findings, many independent
researchers  reported that the maximum
temperature is increasing during three decades in
Ethiopia. Maximum air temperature has increased
since 1978 almost in the whole country (Shrestha,
1971; Suryabhagavan, 2017). Similarly, the
average maximum temperature of North and
Central Ethiopia increased from 1901 to 2014
(Asfaw et al., 2018).

Minimum temperature

Spring, summer and annual minimum
temperature showed significantly increasing trend
over given time series (P<0.05). The rates of
yearly increment were 0.04°C, 0.02°C and
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0.02°C for spring, summer and annual time
breaks,  respectively.  Warmer  minimum
temperatures expected with climate change and
the potential for more extreme temperature events
will impact plant productivity. Pollination is one
of the most sensitive phenological stages to
temperature extremes across all species and
during this developmental stage temperature
extremes would greatly affect production
(Hatfield and Prueger, 2015).

Seasonal and annual precipitation trends
Unlike the temperature, the significant change
of precipitation from 1989 to 2017 was low.
Spring and summer seasons and annual
precipitation analyses have revealed the
insignificantly downwarded trends at P-values;
0.14, 0.25 and 0.54, respectively. The rates of
precipitation change per year, in milimeter were
1.56, 1.94 and 2.19 for spring, summer and annual

time breaks, respectively (Table 2). Even though
precipitation did not substantially changed during
the given time series, the decrease per year was
higher. These decreasing trends of seasonal and
annual precipitation might be associated with
various environmental changes, which caused
reduction of water availability. The higher
temperature reduced rainfall, and increased
rainfall variability cut down crop vyield and
threatened food security in low-income and
agriculture-based economies (Meze-Hausken,
2004; Deressa et al., 2011). The large-scale land-
use change and deforestation may have
contributed to the reduction of rain fed moisture
availability (Li et al., 2011; Kenawy et al., 2012).

In line with the present study, some previous
studies (Kenawy et al., 2012; Getachew, 2018)
scrutinized precipitation trend in North Ethiopia,
and reported non-significant decreasing trends of
annual and seasonal precipitations.

Table 2. Trends of seasonal and annual temperature and rainfall during the periods of 1989 to 2018

Times S-score Sen’s slope P-value
Spring (MAM) maximum temperature 126 0.26 0.05*
Summer (JJA) maximum temperature 164 0.13 0.03*
Annual maximum temperature 136 0.18 0.02*
Spring (MAM) minimum temperature 164 0.04 0.00**
Summer (JJA) minimum temperature 187 0.02 0.00**
Minimum annual temperature 132 0.02 0.03*
Spring (MAM) rainfall -83 -1.56 0.14"™
Summer (JJA) rainfall -58 -1.94 0.25™
Annual rainfall -65 -2.19 0.54"™

Note: ** and *statistically change of climatic variables at o = 0.01 and 0.05 respectively, ns = non-significant
change, MAM = March, April and May, JJA = June, July and August

Characterization of agricultural drought
indices
The outputs of the SPEIl values were

characterized for frequency, severity, duration,
intensity and trends of agricultural indices.

Frequency

The number of drought events occurred since
1989 year was widely-ranged in time. Uneven
agricultural drought events happened four times
for three successive years (2002-2004) and one
drought event in 2009. The drought events in 2002
and 2003 were more intensive, occurring during
long rainy season. The frequency of drought
determined the drought severity and number of
people at risk in Ethiopia (Funk et al., 2018). One
drought event lowered GDP by 7% to 10% and

increased poverty by 12% to 14% (Makombe et
al., 2017) in the country.

Severity

The harshness of agricultural drought in the
area of study was fluctuating in the given time
series. The total amounts of severity indices were
likely noticed about -23.85. The highest severe
drought indices were identified -8.02 SPEI-3
index value in the 2002 and followed by -6.64
index value. The results of several independent
studies have depicted that drought is one of the
consequences of global temperature increase or
global warming. The mildest heat resulted from an
increase in temperature and drought stress can
reduce crop yields by 50% (Lamaoui et al., 2018).
The strong role of temperature is increasing heat
wave, in which extreme high temperature
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dramatically increases evapotranspiration and
aggravates drought stress (Rebetez et al., 2009;
Hicke and Zeppel, 2013).

Duration

The length of drought occurrence is one of the
characteristics of most occurring droughts. The
total duration of abnormal agricultural drought
events was 16 months during 1989-2018. The
longest duration of irregular drought was four
month long. The longest drought occurred in
2001, 2004 and 2009. The rising global
temperature and the change in temperature in
Pacific Ocean might increase the duration of
agricultural drought. Liu et al. (2018) discussed
that the raising global temperature from 1.5°C to
2°C would increase drought duration from 2.9

months to 3.2 months and the changes in
temperatures of the Pacific Ocean contributed to
longer duration of drought or excessive rainfall
and storms in Ethiopia (USAID, 2015).

Intensity

Drought intensity is the most important
parameter to quantify the strength of agricultural
drought. The highest agricultural drought
intensity was -2.01, categorized as extremely dry
and followed by -1.66, categorized as severe dry
(Table 3). The higher drought intensity in 2002
was due to seasonal rainfall failure during
cropping seasons and it was the most devastating
and historic drought that caused critical food
shortage for a large proportion of Ethiopian
population (Mera, 2018).

Table 3. The duration, severity and intensity of agricultural drought (SPEI-3)

Year Severity Duration Intensity Edward's category Description
2002 -8.02 4 -2.01 Extremely dry June-Sept
2003 -6.64 4 -1.66 Severely dry June-Sept
2004 -4.88 4 -1.22 Moderate dry June-Sept
2009 -4.31 4 -1.08 Moderate dry June-Sept
Total -23.85 16 -1.49 Moderately dry June-Sept

Spatiotemporal agricultural drought indices
analyses

Temporal agricultural drought intensity
Three month-time scale of SPEI-3 was
analyzed to identify the agricultural drought

period of time (years) in the study area. The
results indicate that 2002, 2003, 2004 and 2009
were the years when the agricultural drought
happened, while 1993, 1996, 2010 and 2013 were
wetter years (Figure 2).
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Figure 2. Temporal agricultural drought pattern of Bako Tibe District
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From an agriculture point of view, the June and
July rainfalls are very critical for crop sowings,
rainfalls in July and August for plant growth and
the rainfall of September are important for the
flowering and ripening of different crops.
However, the deficiency of rain during critical
sowing, flowering and ripening period can
decrease crop yields and increase food insecurity
(Lamaoui et al., 2018).

Spatial agricultural drought intensity

The special distribution of agricultural drought
intensity was analyzed to identify the scope of
agricultural drought distribution over the area of

the study. The results show that the higher
intensity of agricultural drought spell was spread
over 36% (230 km?) of total area of the district.
Figure 3 illustrates that distribution of agricultural
drought over the study area. The extreme and
moderate spatial agricultural drought intensities
were spread over location Ly and Ls, respectively.

The normal drought category (between 1 and -
1) spread over 37% (235 km?) of the total area of
the district. On the other hand, the north part of
the district (L2) was covered by extremely wet
drought indices and accounted 27% (173 km?) of
the total area (Figure 3).
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Figure 3. Spatial distribution of agricultural drought intensity

Impacts of agricultural drought on selected
crop yields

To determine the negative impacts of
agricultural drought on selected crop vyields, the
relationship between SPEI-3 and selected crop
yields (ton ha?) during cropping season (JJAS)
was examined. The results revealed that there was
a clear phase of relationship between the crop
yields and increased agricultural drought indices.
All selected crop yield were correlated
significantly with SPEI-3 indices at P-values
equaling to 0.0034, 0.043, 0.003 and 0.001 for
teff, wheat, barley and maize, respectively. The
values of correlation coefficient between crop
yields and SPEI-3 were 0.532, 0.423, 0.534 and
0.556 for teff, wheat, barley and maize,
correspondingly. The relationships were modera-
tely positive, SPEI-values increase and the crop
yields escalate and vice versa (Figure 4).

However, the increments in crop yields were at
the normal ranges of SPEI-3 values; for instance,
teff, wheat and Barley crop yields tended to
increase up to SPEI value = +1 (at maximum
value of normal drought index) and declined as
drought indices raised beyond +1 (Figure 4A, 4B
and 4C). Maize crops had a tendency to be
interconnected to the higher agricultural drought
indices as compared to others crops.

The wvariances in the crop yields were
significantly predicted by the wvariances of
agricultural drought indices. The values of (R?) or
coefficients of correlation determination were
0.283, 0.179, 0.285 and 0.346 for teff, wheat,
barley and maize yields, respectively. The total
variations of crop yields due to the drought
interruptions, in percent, were 28.3, 17.9, 28.5and
34.6 for teff, wheat, barley and maize,
respectively (Figure 4). These variations might be
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due to the combination of high-temperate and
water stresses, and increasing duration causes the

highest sterility or the decline in fertility of crop
plants (Rang et al., 2011).
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Figure 4. Correlation of agricultural drought indices and selected crop yields

CONCLUSIONS

The analyses of temperature and precipitation
trends of the area disclose vibrant increases of
seasonal and annual maximum and minimum
temperatures and slight decrease in precipitation.
The changes of these climatic variables enforced
the climate system to induce moderate to severe
agricultural droughts, which happened four times
in the last three decades. These robust drought
events spatially covered about 36% total area of
the district. The correlation of each crop yield and
drought index were moderate positive, when the
higher crop yield scores would lead to higher
SPEI-3 scores and vice versa. The values R? or
correlation coefficients of determination in
percent were 28.3, 17.9, 28.5 and 34.6 for teff,
wheat, barley and maize, respectively. The values
indicate that the proportion of the variance of each
crop yield was due to the variation of drought

indices resulted from long increased temperature
and decreased precipitation. The map-based
results could be used as the guides for the
governmental and non-governmental organi-
zations for drought impact mitigation activities in
the sites by encouraging farmers to adopt
appropriate agricultural technologies, drought
tolerant crop varieties and small scale irrigation.
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