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Abstract

Climate change is one of the greatest challenges faced by humankind as it poses an existential threat to many
aspects of the current social-ecological landscape of natural and human systems. A set of temperature data for
trend and compound indices derived using daily resolution climatic time series data was examined to assess
climate change from 1982 to 2019 used for trend and indices analysis. This study was undertaken to analyze
temperature trend and precipitation indices in Metu, southwestern of Ethiopia. The study employed Mann-
Kendall’s test to detect change in temperature trends and R-limdex for analyze the trend of temperature and
precipitation indices. Results for temperature trend analysis for Metu district indicated significant increasing
trends at 1%; overall, the observed trends were statistically significant at 1% and 5%. On the other hand, the
distribution of the annual precipitation index trends indicated that the negative and positive significant trends
mainly occurred in the study area. In terms of temperature indices, all stations have shown consistent patterns for
every extreme temperature index. Increasing annual trend magnitudes in six temperature indices (i.e., warm
nights, Max. Tmin, Min. Tmax and Max Tmax. The study suggests strategies to enhance the adaptive capacity of
agricultural systems and to reduce the likelihood of production risks.
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1. Introduction

1.1. Background

Climatic change has become a global challenge affecting livelihoods of people across the globe. The impact of
climate changes across regions of the world is not homogeneous. There are large regional differences in changes
of air temperature and precipitation (Miheretu 2021). Temperature and precipitation variables are the most
important measures that indicate changes in climate. Climate variability and change are among the greatest
developmental challenges of the 21% century (IPCC 2007). Climate change affect with increased average annual
temperatures, reduced and increased variability in rainfall reduces crop yield and threatens food security in low-
income and agriculture-based economies. Globally, rainfall variability across time and space affects all aspects
of human activity, especially agricultural economies and social activities (Alhamshry, Fenta et al. 2019).

Africa is one of the most vulnerable regions to climate variability and extreme events due to limited
capacity to adapt (Sintayehu 2018). A study on precipitation and temperature change for the time period 1901—
1995 indicates that the African continent is now warmer than it was 100 years ago (Rosell 2011). Temperature in
Africa is expected to rise faster than the rest of the world, which could exceed 4°C by the end of the twenty-first
century (Intergovernmental Panel on Climate Change (Barros, Field er al 2014). Climate projections for
southern Africa for the year 2050 indicate that the region will experience shifting precipitation patterns, rising
temperatures (at least 1-2 °C), and a higher frequency of extreme weather events (Mulenga, Wineman et al.
2017).

The agriculture system in Ethiopia is dominated by rain fed agriculture, where the performance of the sector
is highly dependent on the timely onset, duration, amount and distribution of rainfall (Gidey, Dikinya et al.
2018). This makes the sector highly vulnerable to drought and other natural calamities. Changes in seasonal
patterns and precipitation distribution, timing, and pattern, as well as temperature, are already being witnessed in
most parts of the country. In many parts of the country, precipitation is becoming more unpredictable every
season and every year. Temperature and precipitation variables are the most important measures that indicate
changes in climate (Miheretu 2021). The country has been ravaged by persistent drought of varying extent
leading to social and economic ramifications. Rainfall anomalies in the form of extreme wet (1962-1966, 1979,
1998/99 and 2006/07) and extreme dry (1971-1973, 1984—-1986, 1992, and 2002-2004) years in the country
substantially affected the agricultural sector ;(Bekure, Aredo e al. 2003, Wagesho, Goel et al. 2013). Studies
identified several reasons that causes for vulnerability to climate variability and change in Ethiopia. These
factors include very high dependence on rain-fed agriculture, underdevelopment of water resources, low health
service coverage, high population growth rate, low economic development, low adaptive capacity, inadequate
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road infrastructure in drought prone areas, weak institutions, and lack of awareness (Muluneh, Stroosnijder et al.
2017). Nonetheless, information on precipitation and temperature patterns is of paramount importance to cope
with impacts on crop yields, animal breeding, power production, and ecosystem management.

Rainfall is the most important element that limits the productivity of crops. Proper analysis of rainfall trend
and understanding of its relationship with land productivity may help in planning purposes. The seasonal
characteristic of rainfall is an important climatic element that affects the productivity and production potential of
crops in the subsistence agricultural systems. With the current climate change threat, slight variability in the
availability of rainfall can lead to a significant impact on crop yields (Alemu and Desta 2017).

Ethiopia is among the largest countries of Africa and it is characterized by a wide variety of landscapes,
with marked contrasts in relief and altitudes ranging from about 155 m below sea level of Assale Lake, in the
Danakil depression, to about 4,533 m a.s.l. at Ras Dejen. For these reasons and given its geographic position
close to the equator and the Indian Ocean, the country is subjected to large spatial variations in temperature and
precipitation (Fazzini, Bisci et al. 2015). The climate of Ethiopia is therefore mainly controlled by the seasonal
migration of the Inter tropical Convergence Zone (ITCZ) and associated atmospheric circulations as well as by
the complex topography of the country. Landscapes with contrasting characteristics in terms of physiography
and elevation, such as the highlands and the lowlands, experience a variety of climates from desert climate to
that typical of equatorial mountains. The Bega season occurs from October to January, Belg form February to
May and Kiremt from June to September. Hence, Bega rainfall amount of a given year is the sum of October-
December rainfall amount of the given year plus rainfall amount of January of the coming year. Similarly the
seasonal rainfall amount of Kiremt and Belg seasons defined as the sum of rainfall amount of each month
rainfall in the season respectively (Baran, Bacanli ez al. 2017).

1.2. Statement of the Problem

Rainfall and temperature are one of the most complex climatic variables in the world (Klutse, Quagraine et al.
2021). In particular, rainfall is the most significant meteorological parameter in Ethiopia, as approximately 85%
of the Ethiopian labor force is employed in rain-fed agriculture which highly depends on low or high amounts
and normal distribution of rainfall availability vital for crop production (Alhamshry, Fenta et al. 2019).

Rainfall trend analysis on different spatial and temporal scales has been of great concern during the past
century because of the attention given to global climate change by the scientific community. Assessing rainfall
and temperature trends are paramount to understanding the variations in space and time. In Ethiopia, several
studies have been carried out on rainfall and temperature trend analysis based on historical data of some selected
weather stations (Simane, Zaitchik et al. 2016). However, mean annual temperature in Ethiopia has increased by
1.3°C between 1960 and 2006, at an average rate of 0.28°C per decade increased (Eshetu, Johansson et al. 2016).
On other hand, (Cheung, Senay et al. 2008) report shows a significant decline in main season (June to
September) rainfall was recorded in the southwestern and central parts of Ethiopia. Moreover, the geographic
scope of current studies on climate-related topics in Ethiopia (Simane, Zaitchik et al. 2016, Matewos and Tefera
2020, Hessebo, Woldeamanuel et al. 2021). This indicates that our knowledge on climate change variables
(rainfall and temperature variability and trend) is not complete and information available is fragmented in
coverage and does not provide a full picture of the diverse topography, relief features, and eco environments of
the country.

1.3. Objectives
The specific objectives of this study were to:
» Analyzes the temporal variability and trend of temperature in Metu district, Southwestern Ethiopia
»  Analyze the trend of temperature and precipitation indices in order to find the impact of climate change
in Metu district, South western, Ethiopia

2. Materials and Methods

2.1. Description of the study area

The research was conducted in Metu district in Oromia region, ilu abba boor zone of south western part of
Ethiopia, which is located at an elevation of 1540 meter above sea level and at latitude of 8° 21’ 12°’N and 35°
38’ to 54’ longitude in Ethiopia. The study area is located at about 600 kilometers away from Addis Ababa,
capital city of Ethiopia. Metu has a relatively cool tropical monsoon climate under the Koppen climate
classification. It features a long annual wet season from April to October. Temperatures also a comfortable
range, with the daily mean staying between 20 °C and 25 °C year-round.
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Figure 1 Map of the study area

2.2. Research design

2.2.1. Data type and source

Precipitation and temperature data for trend and indices analysis was obtained from POWER | Data Access from
1982 to 2019 used for trend and indices analysis (downloaded from POWER | Data Access Viewer:
https://power.larc.nasa.gov/data-access-viewet/).

2.3. Data analysis techniques

A number of techniques have been developed for the analysis of rainfall and temperature trend analysis. A trend
is a significant change over time exhibited by a random variable, detectable by statistical parametric and non-
parametric procedures (Longobardi and Villani 2010). Non-parametric tests are distribution-free methods, more
suitable for non-normally distributed, censored and missing data. The best known nonparametric approaches are
based on the Mann—Kendalltest (Kendall 1962).

The Mann—Kendall trend test is a rank-correlated test between the rank of observation and time order. This
method has been widely used to test for randomness against trend detection in a time series in climatology and
hydrology(Kendall 1975). The rank-based nonparametric Mann-Kendall test method was applied to the long-
term data in this study to detect statistically significant trends and Theil-Sen slope test, to detect significant
trends, and to quantify the magnitude of trends. In this test, the null hypothesis (HO) was that there has been no
trend in precipitation and temperature over time; the alternate hypothesis (H1) was that there has been a trend
(increasing or decreasing) over time. Data analysis was undertaken using Microsoft excel and R software (R-
limdex for analyze the trend of temperature and precipitation indices).

3. Results and Discussion

3.1. Temperature Trend Analysis

A time series analysis for the periods of 1982 to 2019 provides a case study on temperature variability and
temporal trends in Metu district. Result showed that the highest mean maximum temperature (33.93°C) is
recorded in May while the lowest mean maximum temperature (22.93°C) is in August. Mean annual maximum
highest temperature (28.31°C) is recorded in 2003 while the lowest mean annual maximum temperature
(23.95°C) is in 1989 (Table 1). The mean annual maximum temperature showed warming trends in the study
area for the period 1982-2019 (Figure 1). This finding is in line with the previous studies (Conway, Mould et al.
2004, Jury and Funk 2013, Asfaw, Simane et al. 2018) in the country reported an increase in the annual
maximum temperature.
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Tablel Mann-Kendall trend results for maximum temperature in Metu district

Tmax

Month Min. Max. Mean MK -test Sens' Slope P-value
January 24.53 31.67 26.6 1.815 0.03 0.069™
Feb 24.9 33.82 28.18 3.690 0.08 0.002**
Mar 25.8 33.8 29.4 2.964 0.10 0.003**
April 25.35 33.72 28.78 2.649 0.09 0.008*
May 23.37 33.93 25.79 1.415 0.05 0.009*
June 21.48 23.99 22.86 2.614 0.04 0.099™
July 20.7 23.59 21.73 1.646 0.02 0.364™
August 21 22.96 21.93 0.908 0.01 0.001**
September 21.63 24.31 22.77 3.196 0.03 0.001**
October 22.36 27.54 24.25 3.802 0.03 0.006*
November 23.7 29.49 24.87 2.723 0.01 0.445
December 24.04 30.23 25.46 2916 0.01 0.003**
NS, * and ** implies non-significant, statistically significance at 0.1 and 0.05 alpha level of significance

respectively

The result of the above table indicated that there has been statistically significant increasing trend of annual
maximum temperature. The significant increasing trend of maximum temperature occurred in February, March,
April May, August, September and October.
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Figure 1 Trend analysis of mean annual maximum temperature for Metu district from 1982-2019
The above figure presents’ the temporal variations in the mean maximum and minimum temperature. A
0.036°C/decade increment of mean annual minimum temperature has been found in the study area.

3.2. Trend Analysis of Climate Indices

3.2.1. Precipitation

Based on the results of annual trends in precipitation indices, non-significance trend for all climate stations was
observed for Number of heavy precipitation days (R10), Consecutive dry days (CDD), and Consecutive wet days
(CWD). Moreover, very wet days (R95p), Max 1-day precipitation amount (RX1day), Max 5-day precipitation
amount (Rx5day) and Simple daily intensity index (SDII) were observed with significant increasing trends
(Figure 2). Another notable finding was observed in the extremely wet days (R99p) and heavy precipitation
days (R20) where it exhibits extreme trends on precipitation indices (Figure 3). The distribution of the annual
precipitation index trends indicated that the negative and positive significant trends mainly occurred in my study
area.
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Figure 2 Time series of the RX1day and SDII in Metu during the period of 1982-2019

Findings from national and regional level rainfall trends analysis reported both increasing and decreasing
trends (Cheung, Senay et al. 2008, Kebede and Adane 2011, Kassie 2014). Similarly, (Eshetu, Johansson et al.
2016) reported significant decline in rainfall in southwestern Ethiopia. However, the trend analysis of annual
rainfall showed that rainfall remained more or less constant when averaged over the whole country for 1951 to
2006 (Oumer, Abebe et al. 2007). Moreover, (Parry and Cox 2007) confirmed that regional variations can be
much larger, and considerable spatial and temporal variations may exist between climatically different stations.

11
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Figure 3 Time series of the R99p day and R20 in Metu during the period of 1982-2019

3.2.2. Temperature

In terms of temperature indices, all stations have shown consistent patterns for every extreme temperature index.
Increasing annual trend magnitudes in six indices (i.e., warm nights (TN90p), Max Tmin (TNx), Min Tmax
(TXn) and Max Tmax (TXx). While, all indices suggest consistent warming of both minimum and maximum
temperatures, a declining TXn may suggest that coldest daytime temperature has been annually declining
(Figure 4). The highest warm nights recorded at 2003 (33.9°C) and the lowest warm nights recorded from 1986
(1.64 °C). Similarly the highest maximum Tmax is recorded from 2003 (36.81°C) and the lowest recorded from
1989 (28.62°C).

12



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online)

Vol.13, No.9, 2022 IISTE
. =0.2859x + 4.5641
N Warm nights v R2=0.1387
35
30
@125 \
)
& \
p 20 1 \ — 5512
S n N+ stz
10 I \ 4
5
]
SR R
Max. Tmax y = 0.0955x + 30.93
10 R2=0.2418
. A\
30
o
4 25 #5102
E — 4tk (£:%12)
20
15
10
FFEFT P F T S S S P

Figure 4 Time series of the warm night and Max. Tmax in Metu during the period of 1982-2019

4. Conclusion

Ethiopia is vulnerable to climate variability and change is likely to increase the frequency and magnitude of
disasters. Adverse impacts of climate change may worsen existing social and economic challenges of the whole
country, particularly where people are dependent on resources that are sensitive to climate change and rain-fed
agriculture. This study was undertaken to analyze Temperature trend and the trend of temperature and
precipitation indices in Metu district, southwestern of Ethiopia. The study employed Mann-Kendall’s test and
rclimdex model to detect change in temperature trends and the trend of temperature and precipitation indices
respectively. These indices were calculated and analyzed for during 1982-2019 to provide a general overview of
climate change in Metu southwestern, Ethiopia. Climatic variables such as temperature and precipitation were
analyzed.

The result showed that the mean annual maximum temperature is warming trends in the study area for the
period of 1982-2019. The significant increasing trend of maximum temperature occurred in February, March,
and April May, August, September and October. The results of annual trends in precipitation indices very wet
days (R95p), Max 1-day precipitation amount (RX1day), Max 5-day precipitation amount (Rx5day) and Simple
daily intensity index (SDII), extremely wet days (R99p) and heavy precipitation days (R20) were observed with

13
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significant increasing trends.

The distribution of the annual precipitation index trends indicated that the negative and positive significant
trends mainly occurred in my study area. In terms of temperature indices, all stations have shown consistent
patterns for every extreme temperature index. Increasing annual trend magnitudes in six temperature indices
(i.e., warm nights (TN90p), Max Tmin (TNx), Min Tmax (TXn) and Max Tmax (TXx). Therefore, planned
adaptation measures, which are multi-sectorial in nature, aimed at altering the adaptive capacity of the
agricultural activity with the variability situation and design planned climate change adaptation strategies so as to
enhance the adaptive capacity and resilience of rainfall and temperature dependent smallholder farmers
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Appendix 1. Climate (precipitation and temperature) indices

Climate index Description Unit

TR20 (Tropical nights ) Annual count when TN(daily minimum)>20°C Days
TXx (Max Tmax ) Monthly maximum value of daily maximum temp °C
TNx (Min Tmax ) Monthly maximum value of daily minimum temp °C
TN90p (Warm days) Percentage of days when TN>90th percentile Days
DTR (Diurnal temperature range ) Monthly mean difference between TX and TN °C
RX1day (Max 1-day precipitation amount) Monthly maximum 1-day precipitation Mm
RX5day (Max 5-day precipitation amount Monthly maximum consecutive 5-day precipitation | Mm
R25mm (Number of very Annual count of days when PRCP>=20mm Mm
heavy precipitation days)
R95p (Very wet days ) Annual total PRCP when RR>95th percentile Mm
R99p (Extremely wet days) Annual total PRCP when RR>99th percentile Mm
PRCPTOT (Annual total wet-day | Annual total PRCP in wet days (RR>=1mm) Mm
precipitation)
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Appendix 3 Maximum temperature
Station: new—P, 1982~1991, tmax

[T g—
T T T T T T T T T T
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Station: new—P, 1992~2001, tmax
L —
- L TN R L W waaronr ™ MW
S L M%
T T T T T T T T T T
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Station: new—P, 2002~2011, tmax
[T R
T T T T T T T T T T
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Station: new—P, 2012~2019, tmax
] —
oy el
= %MMMMMM%
T T T T T T T T T

2012 2013 2014 2015 2016 2017 2018 2019 2020

APPENDIX 4. Minimum Temperatures
Station: new—P, 1982~1991, tmin
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APPENDIX 5. Total amount of Precipitations
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