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Abstract. Climate change and variability have been one of the challenges to socioeconomic and
environmental sustainability in the twenty-first century. Meteorological analyses of historical drought
occurrences are common in East Africa, but studies devoted to its effect on land use change are yet
limited. This paper aimed to assess the long-term rainfall and temperature variability and its effects on
farmers’ land use change in the Central Rift Valley of Ethiopia over the past 30-36 years using a
combination of meteorological and socioeconomic data. Results show that the overall coefficient of
variation for rainfall was more than 35% for rainy seasons. Out of the 36 years, total rainfall of the rainy
season showed negative anomalies for about half of these years. Summer season rainfall started after the
average time of onset for about 42% of the database years, and it ceased ahead of the average time of the
stop for about 56% of these years. As a result of such rainfall shortage and variability, about 82% of the
drought-vulnerable farmers had already changed their land use from pastoralist/agropastoralist to mixed
farming while 10% have a wish to shift to other land use options in the future. Hence, future policies need
to consider strategies that strengthen the adaptation capacity of farmers to climate change in East Africa.
Keywords: ‘Belg’, coefficient of variation, drought, ‘Kirmet’, rainfall, temperature

Introduction

Climate change and variability have been one of the challenges to socioeconomic
and environmental sustainability in the twenty-first century (UNFCCC, 2018). The
change in climate is accelerating faster than the global effort to address it. Studies show
that the atmospheric concentration of greenhouse gases (GHG) has increased more in
recent decades than at any time in the past of human history (IPCC, 2007, 2014). This
increase in GHGs, in turn, lead to global warming with its related catastrophes to life on
Earth like extreme storms, droughts, fires, floods, ice melting, and rising in sea levels
(IPCC, 2007, 2014; Eckstein et al., 2017). According to Maharjan and Joshi (2013),
global average surface temperature and atmospheric concentration of CO. have been
rising at an increasing rate, especially since the 1900s. With current mitigation efforts,
future projections also indicate a continual increase for GHGs and temperature trends
(Ravindranath and Sathaye, 2002; IPCC, 2014). Such threats, in general, made the
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climate change issue, one of the top agendas of discussion among the global research
community and political leaders in recent decades.

Climate change could affect the ecosystem and human well-being in several ways.
For instance, climate change could affect regional agricultural production yield, food
price and food security (Sivakumar, 1992; Ravindranath and Sathaye, 2002; Barron et
al.,, 2003), and it could affect human, plant, and animal health through its direct and
indirect impact on physiology (Maharjan and Joshi, 2013; Pedrono et al., 2016).
Climate change also affects ecosystem services and functioning by deteriorating
biological, hydrological and atmospheric systems (Ravindranath and Sathaye, 2002;
Pedrono et al., 2016). Additionally, climate change can force vulnerable communities to
wholly or partially change their land use systems and livelihoods (Biazin and Sterk,
2013), and hence affect household income and social security. Furthermore, climate
change can increase the costs incurred by mitigation and adaptation to overcome its
impacts (Maharjan and Joshi, 2013).

The impact of climate change is more severe in developing nations where the income
of the majority of the population directly depends on climate-sensitive economic sectors
(e.g., agriculture) (UNFCCC, 2007; Torquebiau et al., 2016), as agriculture is not only
contributing to climate change through GHG emissions, but is also most affected by it.
According to Ravindranath and Sathaye (2002) and UNFCCC (2007), the region of
Sub-Saharan Africa, south and east Asia, and the tropics of Latin America are
particularly vulnerable to climate change. Studies show that the Sahel region in West
Africa is well known for its severe environmental problems of drought and
desertification over a long period of its history (Sivakumar, 1992; Agnew and Chappell,
1999). Similarly, the East African region is known for its recurrent severe drought in the
last several decades (Barron et al., 2003). Beside such a high degree of vulnerability in
developing countries, the adaptive capacity to overcome climate change impact is low
due to financial, institutional, technological, and political constraints. For instance,
Collier et al. (2008) and Gemeda and Sima (2015), pointed out that the impact of
climate change on Africa is probably severe because of high agricultural dependency
and limited capacity to adapt.

Besides primary socioeconomic drivers, climate change vulnerability is another
crucial factor affecting agricultural land use (Dale, 1997; Reid et al., 2000; Biazin and
Sterk, 2013; Ahmed et al., 2016). For example, Ahmed et al. (2016), found that the
expansion in agricultural land use was mainly due to climate change in West Africa.
These authors pointed out that unless agriculture is intensified, the climate-induced
decline in crop yield coupled with a future increase in food demand will continue to
increase agricultural area at the expense of forest and grassland loss in West Africa. The
other study elsewhere showed that in addition to climatological deviations, drought
vulnerability is also affected by the type of land use and social traditions of life. For
instance, according to Biazin and Sterk (2013), the pastoral way of life was found to be
more vulnerable to severe drought than mixed farming land use system. Similarly, a
rain-fed cultivation is likely to be more susceptible to climate change than irrigated
cropping, and a mono-cropping system is expected to be more vulnerable than a mixed
cropping system, for example, agroforestry. Hence, according to Dale (1997) as a
means of adaptation to climate change, vulnerable farmers usually try to modify/shift
from a land use system that is more vulnerable to a land use system that is less
vulnerable.
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Climate change and variability can be evaluated using different climatic indices and
datasets. Studies show that temperature and precipitation are the two most frequently
used climatic variables for evaluating climate variability and its impacts (Maharjan and
Joshi, 2013). This is because there is an advantage of data availability in using, for
example, rainfall, to investigate drought occurrence instead of using other variables, for
example, river flow, which is increasingly managed by human action (Agnew and
Chappell, 1999). Mean, median, a coefficient of variation, standard deviation, and the
probability of dry spells are commonly used statistical parameters to describe both
rainfall and temperature variability (Stern et al., 2006). In addition, the Standardized
Precipitation Index is usually employed to evaluate long-term rainfall deviation from
the usual norm (Agnew and Chappell, 1999; Agnew, 2000; Bewket and Conway, 2007;
WMO, 2012; Viste et al., 2013). Irrespective of the type of indices used for climate
change analysis, most climatologists advise using precipitation and temperature data of
the long-term period and data from the wider gaging stations for better accuracy of
results (Ali and Lebel, 2009).

Ethiopia is one of the countries in the Horn of East Africa hit by frequent drought
over the last century. This was confirmed by various local and national level studies
conducted in the country (Bewket and Conway, 2007; Cheung et al., 2008; Viste et al.,
2013). For instance, Seleshi and Zanke (2004) found a significant decline in the annual
and summer season total rainfalls since 1982 for the eastern, southern, and southwestern
parts of the country. Cheung et al. (2008) in their long-term (1960-2002) rainfall data
series analysis, found a significant decline in summer rainfall in southwestern and
central parts of Ethiopia and pointed rainfall trends as one of the most important factors
determining different socioeconomic constraints such as food insecurity in the country.
The study by Rosell (2011) for three decades (1987-2007), indicated a decline in
rainfall and an increase in temperature for the spring season in the central highlands of
Ethiopia. Besides, Viste et al. (2013) found that the years 1972-1975, 1980-1982, 1984,
1987, 1990-1992, 1999-2000, 2002-2003, and 2008-2011 were the periods of severe
drought episodes in Ethiopia. Furthermore, the recent 3-5 decades temperature and
rainfall data analysis by Fazzini et al. (2015) reported a markedly increasing and
decreasing trend for minimum temperature and annual spring season rainfall
respectively in the country. However, there are studies reported the absence of
significant variation, particularly in terms of total annual rainfall, as opposed to the
farmers’ usual perception of total rainfall shortage in most parts of Ethiopia (Conway,
2000; Conway et al., 2004; Seleshi and Zanke, 2004; Kassie et al., 2013; Adimassu et
al., 2014). The main reason for these divergent results in the trend analysis of the annual
rainfall of the country is the difference in base periods used for analysis (Agnew and
Chappell, 1999; Bewket and Conway, 2007). In general, Ethiopia as a country whose
economy is mainly dependent on rain-fed agriculture, the trend of seasonal rainfall is an
important factor determining the socioeconomic functioning, particularly food
production potential of the country (Bewket and Conway, 2007; Mideksa, 2010; Fazzini
et al., 2015; Fekadu, 2015).

The Central Rift Valley (CRV) of Ethiopia is a semi-arid region known for its
persisted shortage of agricultural rainfall in the country. Previous studies indicated the
presence of drought vulnerability due to seasonal rainfall variability in the area (Biazin
and Sterk, 2013; Kassie et al., 2013; Gizachew and Shimelis, 2014; Getachew and
Tesfaye, 2015). However, works of literature devoted to climate variability and its
impacts on farmers’ land use change are currently limited in Ethiopia. Additionally, in a
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diversified agroclimatic condition, like in Ethiopia, a local level analysis is quite
important as meteorological results usually vary for regional, local and even individual
gaging stations. Furthermore, for climate change-prone and rain-fed dependent
agricultural area, like in CRV, up-to-date climatic trend information is quite crucial to
practice climate-responsive agriculture and to minimize climate-related production
risks. Hence, this study is intended to 1) assess long-term rainfall and temperature
change and variability over the last 30-36 years and 2) assess the possible effects of this
climatic variability on land use/livelihood change by vulnerable farmers. It is believed
that the output of such analysis partly helps the stakeholders to have an informed
decision for future policy direction and better management strategies.

Materials and Methods
The study area

The CRYV is located about 160 km south of the capital city Addis Ababa, Ethiopia.
Geographically, the study site is situated within 7°10°- 8°30° north latitude and
38°15°-39°25’ east longitude (Figure). It is part of the Main Ethiopian Rift system
which is characterized by an area of depression zone with steep marginal faults along its
eastern and western edges. It is found within the current administrative boundary of
Oromia and Southern Nations, Nationalities and Peoples (SNNP) Regional States.
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Figure 1. The study site location map with agroclimatic zones

Due to the unique topographical and geological feature of the region, the climate of
CRYV is known to vary markedly with altitude and season (Jansen et al., 2007). It is
semi-arid in the areas along rift floor, and humid to sub-humid in the highland zone. As
shown in Figure, the study area receives a bimodal annual rainfall distribution pattern in
which the small light rain occurs during Belg (spring) season (February to May), and
this is followed by the main rain that occurs during Kirmet (summer) season (June to
September). The peak rainy months are July and August. The dry season (Bega)
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(winter), on the other hand, extends from October to January. According to data from
the National Meteorological Agency (NMA), the mean annual rainfall is about 740 mm,
and the mean minimum and maximum annual temperatures are 13°C and 27°C,
respectively. In general, studies show that rain-fed agriculture in CRV is constrained by
the highly erratic nature of rainfall in the region in recent decades (Jansen et al., 2007).
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Figure 2. Average monthly rainfall and temperature at CRV: MaxT = maximum temperature,
MinT = minimum temperature: Data from NMA

The common land use/cover types of the study area include agricultural land,
scattered acacia woodland, water body, shrub/bushland, grass/grazing land,
marshy/swampy land, and bare land as described in Bekele et al. (2018a). The dominant
and peculiar vegetation type in the region is acacia woodland. As a result of continual
deforestation for agricultural land expansion, charcoal making, and fuelwood extraction,
the acacia woodland of the region has been highly decreased from time to time over the
last half century (Garedew et al., 2009; Biazin and Sterk, 2013; Temesgen et al., 2013;
Ariti et al., 2015). Four of the principal Ethiopian lakes namely: Abijata, Shalla, Ziway,
and Langano are found within the catchment of CRV basin. The first two lakes are
known for their soda ash (salt) content and home for a variety of migratory bird species
while the latter two are intensively used for a fishery, irrigation, and domestic water
consumption currently (Hengsdijk and Jansen, 2006). As a result of such high
anthropogenic-induced pressures on land resources and poor management, the study
area is presently highly threatened by extensive land degradation, lake water retreat and
pollution, and drought and food insecurity (Meshesha et al., 2012; Bekele et al., 2018b).

The population of the study area has increased with an annual average growth rate of
about 3% over the last three decades (Bekele et al., 2018b). The average number of a
family is about seven in a rural area. According to data from CSA (CSA, 1994, 2007),
the total population of three districts in CRV namely: Arsi Negele, Adami-Tulu-Jido
Kombolcha, and Dugda had increased by about 86% in 2016 from its figure in 1994.
About 85% of the population is still known to live in a rural area (CSA, 2007).
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For the vast majority (85%) of the population in the region, smallholder mixed rain-
fed agricultural production is the main economic activity (Melka et al., 2015). There are
also a few portions of the rural community who are still engaged in the agropastoral
livelihood system. Despite significant attempts made to promote irrigated agriculture
over the last two decades in the area, agricultural productivity is still subsistent due to
erratic rainfall, recurrent drought, and limited technological applications. Due to this,
the majority of the rural population is food insecure and still dependent on external
relief aid programs (Bekele et al., 2018b).

Data used and sources

Long-term meteorological data (30-36 years) and socioeconomic data are the two
main data sources used in this study. According to Maharjan and Joshi (2013),
temperature and precipitation are widely used to assess climate change and its
subsequent impacts. Hence, for climate variability and change analysis, long-term
historical temperature and rainfall data were mainly used in this study. Data was
specifically obtained from four selected Gaging Stations in CRV namely Meki, Ziway,
Bulbula, and Arsi Negele (7Table) which are monitored by Ethiopian National
Meteorological Agency (NMA). All the stations are found along the rift-floor of the
CRV and selected based on proximity to study Districts which were vulnerable to
climate change and land use change in recent decades. The 1981-2017 database period
was selected to make it match with the period for which land use/cover change was
analyzed in previous work by the authors (Bekele et al., 2018a). Data for rural farmers’
perception towards climate variability and its effect on their historical land use change
was generated through formal households’ interview and discussion with focus group
and key informants — detail as explained in Bekele et al. (2018b). Accordingly, about
297 survey households were randomly selected and interviewed from two study districts
namely Arsi Negele and Adami Tulu-Jido Kombolcha.

Table 1. Data sources and period for rainfall and temperature

Station Latitude Longitude Elevation : Database period
(m.a.s.l.) Rainfall Temperature
Arsi Negele 7°21° 38°39° 1800 1981-2016 1988-2017
Bulbula 7°43° 38°43° 1700 1981-2016 NA
Meki 8°09’ 38°49° 1400 1981-2016 NA
Ziway 7°56° 38°43° 1640 1981-2016 1981-2017

m.a.s.l. = meter above sea level, NA = data not available (Source: NMA)

Data processing and analysis

Analysis  of mean, standard deviation, coefficient of variation, precipitation
concentration index, and standardized precipitation index

The daily time series rainfall and temperature data from each station and for the
respective year were checked for homogeneity, outliers, discontinuities, and errors
during analysis. Suspected outlier data were cross-checked with data from neighboring
stations for typographical errors and corrected when found. Missing data value was
filled by using data from a neighboring station. The inter-seasonal/annual trend of
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rainfall and temperature was examined for the study period and each station by
processing data using the climatic analysis software, INSTAT version 3.36 following
the guideline given by Stern et al. (2006). Mean values, standard deviation (SD), a
coefficient of variance (CV), Precipitation Concentration Index (PCI), and standardized
precipitation index (SPI) were employed for the analysis. The formula in Equation 1
was used to calculate the SD for rainfall and temperature variability. Rainfall variability
is also statistically described by using CV and PCI (Bewket and Conway, 2007). The
CV is calculated as the ratio of the SD to the mean in a given period (Eq. 2), and the
PCI values were calculated using Equation 3 as given by Oliver (1980). SPI, also
known as Standardized Rainfall Anomaly (SRA), is simply the difference of
precipitation from the mean for a specified period divided by SD, where the mean and
SD are determined from recorded data (McKee et al., 1993). The SPI values of the
rainy season were calculated using the formula given in Equation 4 as in Agnew and
Chappell (1999) and Bewket and Conway (2007).

Tt etz
sp= |[zn, =] (Eq.1)
‘\u n
cv = 22+ 100 (Eq.2)
_ [Erm7] .
PCI = [cmw] £ 100 (Eq.3)
SPI =% (Eq.4)

where, SD = standard deviation, CV = coefficient of variation, x; = individual
temperature/rainfall observation, X = mean rainfall/temperature, n = number of years
considered, PCI = Precipitation Concentration Index, P; = the rainfall amount of the i
month, SPI = standardized precipitation index, P; = annual rainfall in year t, P = long
term mean annual rainfall over a period of observation.

Analysis of onset and cessation of rain, probability of dry spells, and length of growing
season

Previous studies in dryland areas of Africa, including Ethiopia, defined the ‘onset of
rain’ (a successful planting date) as the first occasion after March I°' when the rainfall
accumulates for three consecutive days and rainfall is at least 20 mm and no dry spell
of more than ten days in the next 30 days (Sivakumar, 1988; Simane and Struik, 1993;
Tesfaye and Walker, 2004). Studies elsewhere described a ‘rainy day’ as a day
receiving rainfall amount of >= 0.85 mm (Barron et al.,, 2003; Stern et al., 2006),
whereas in this study the value given by Ethiopian National Meteorological Agency
(NMA, 2001) (i.e., >=1 mm) was used as a reference for rainfall start which was also
used by Seleshi and Zanke (2004). A first-order Markov Chain Model was applied by
using INSTAT version 3.36 to analyze the onset of wet and dry spells as described by
Stern et al. (2006). This model assumes that the probability of rainfall on a given day
depends on whether rainfall did or did not occur on the previous day (Biazin and Sterk,
2013). To get an overview of drought at the study area for the whole year, probabilities
of the maximum dry spell lengths over the next 30 days from planting was calculated
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(Tesfaye and Walker, 2004). For this study, a ‘dry day’ is a day receiving less than
I mm of rain and a ‘dry spell’ is any consecutive number of days defined as ‘dry’. The
end of the rainy season or cessation was determined by using the water balance dialogue
in the INSTAT climatic guide (Stern et al., 2006) and defined as a day after
“first September’ when the soil water drops to 10 mm m™. Consequently, the length of
the growing season is simply the difference between the rainfall onset date and
cessation date (Sivakumar, 1988; Tesfaye and Walker, 2004; Stern et al., 2006).
Frequency (F) of dry spells was computed using Equation 5 below as in Sivakumar
(1992).

N(D)
M

F(D=x) = X100 (Eq.5)
where, N(Dj) is the number of years a dry spell of length < x started in a prescribed
10-day period 1, and M is the total data period (year).

Analysis of effect of climate change vulnerability on land use change

Studies show that drought vulnerability is much affected not only by climatological
events but also by land use type and social contexts. For instance, Biazin and Sterk
(2013) analyzed drought vulnerability based on locally perceived criteria of drought and
found that the pastoral way of life was more vulnerable to severe drought than the
mixed farming (livestock and crop combined) system. Based on these previous
vulnerability findings, past historical land use type and future preferences of farmers
who are currently engaged in two different land use system (agropastoralist versus
mixed farming) were assessed by using a semi-structured questionnaire. The detail
about household socioeconomic survey is explained in Bekele et al. (2018b).
Accordingly, the study analyzed the change in land use of farmers during the study
period, the main reason for changing, and their future preferences (either to continue as
agropastoralist, mixed-farmer or other). Additional evidence for land use history was
also collected from key informants and experts who were working in the study area for
a long period. Finally, simple descriptive statistics were used to evaluate such climate
change-induced farmers’ historical land use change.

Results
Rainfall variability and change
Seasonal and annual rainfall characteristics

Rainfall of the study area showed both temporal and spatial variability over the study
period. Table and Table summarizes the long-term statistics of spatial and seasonal rainfall
for four selected sites in CRV while Figure illustrates a time series of bar graph that shows
inter-seasonal and inter-annual total rainfall variability. The average precipitation of the
driest month (19.2 mm) and wettest month (106.1 mm) was observed for November and
August respectively. Mean annual total rainfall was below average for about 44% of the
study years. The mean annual total rainfall is lowest (708 mm) at Bulbula and highest (769
mm) at Arsi Negele. The CV for rainfall is higher at Arsi Negele (43%) and lower at Ziway
(20%). On the other hand, monthly rainfall distribution is less concentrated (PCI = 9) at
Bulbula and more concentrated (PCI = 14) at Meki.
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Table 2. Spatial rainfall characteristics at four stations in CRV

Station Mean SD CV (%) PCI
Arsi Negele 769.52 328.12 42.64 10.58
Bulbula 708.33 254.76 35.97 8.66
Meki 744.19 164.16 22.06 13.59
Ziway 737.94 144.98 19.65 12.72
Study site 739.99 140.01 18.92 11.39

SD = standard deviation, CV = coefficient of variation, PCI = Precipitation Concentration Index

Table 3. Seasonal rainfall statistics at four sites in CRV

Yotile
Station name| Season (Minimum % 050 s Maximum| Mean SD |CV (%)

FMAM | 2690 | 142.70 27420 359.40 | 594.40 | 272.04 | 149.07 | 54.80
Arsi Negele | JJAS 70.40 | 235.60 354.50 487.85 | 1001.00 | 392.04 | 207.83 | 53.01
ONDIJ 0.00 43.10 97.50 160.10 | 287.25 | 105.44 | 75.32 | 71.43
FMAM | 6420 | 173.10 248.60 321.90 | 63545 | 264.19 | 119.15 | 45.10
Bulbula JJAS 99.40 | 156.95 234.60 290.80 | 664.25 | 253.49 | 120.03 | 47.35
ONDIJ 0.00 102.75 181.00 240.80 | 604.65 | 190.65 | 116.59 | 61.15
FMAM | 71.20 | 152.70 207.50 295.40 | 517.50 | 234.12 | 106.30 | 45.41
Meki JJAS 11095 | 383.00 446.70 527.20 | 855.10 | 460.68 | 127.87 | 27.76
ONDIJ 0.00 11.30 4320 85.30 16430 | 49.39 | 45.19 | 91.48
FMAM | 75.10 | 142.20 247.30 302.80 | 413.50 | 236.42 | 101.72 | 43.02
Ziway JJAS 182.50 | 391.40 441.60 489.10 | 660.70 | 437.36 | 89.80 | 20.53
ONDIJ 0.00 8.50 34.80 102.00 | 289.80 | 64.16 | 70.74 | 110.25
FMAM | 59.35 152.68 244.40 319.88 | 540.21 | 251.69 | 117.72 | 46.77
Study site JJAS 115.81 | 291.74 369.35 448.74 | 795.26 | 385.89 | 133.69 | 34.65
ONDIJ 0.00 41.41  89.13 147.05 | 336.50 | 102.41 | 7590 | 74.12

FMAM = February-May, JJAS = June-September, ONDJ = October-January, SD = standard deviation,
CV = coefficient of variation

Belg Kirmet
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8 & 400
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Figure 3. Long-term seasonal total rainfall at CRV
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Rainfall variability along the sites is also observed for both rainy seasons (7able).
The overall mean seasonal rainfall ranged from 252 mm in Belg season (FMAM) to
386 mm in Kirmet season (JJAS). The coefficient of rainfall variation is higher for Belg
season (47%) than for Kirmet season (35%). The long-term Belg season minimum
rainfall ranged from 27 mm at Arsi Negele to 75 mm at Ziway, while the long-term
maximum rainfall of the same season ranged from 413 mm at Ziway to 635 mm at
Bulbula. Mean rainfall of the Belg season was lowest (234 mm) at Meki and highest
(272 mm) at Arsi Negele. During this season, rainfall is more variable (CV=55%) at
Arsi Negele and less variable (CV=43%) at Ziway. On the other hand, the minimum
rainfall of the Kirmet season ranged from 70 mm at Arsi Negele to 182 mm at Ziway,
while the maximum rainfall of the same season ranged from its 661 mm at Ziway to
1001 mm at Arsi Negele. The lowest (253 mm) and highest (461 mm) mean Kirmet
rainfall was recorded for Bulbula and Meki sites respectively. Kirmet season rainfall is
more variable (CV=53%) at Arsi Negele and less variable (CV=20%) at Ziway.

Standardized Precipitation Index (SPI)

The Standardized Precipitation Index (SPI) (Figure) shows an overall picture of
average (normal), above average (wet) and below average (dry) years, while Table gives
the classification of SPI based on McKee et al. (1993). SPI values ranged from (-)2.34
to (+)2.42 for Belg season and (-)2.23 to (+)2.21 for Kirmet season. As can be seen from
Figure, both seasons experienced dry and wet years over the last 36 years.

Kirmet Belg
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Figure 4. Standardized Precipitation Index (SPI) of the growing season in CRV

For instance, out of the 36 database years considered, rainfall was below average
(dry years) during 20 years (56%) of Belg season and 18 years (50%) of Kirmet season.
On the other hand, the linear trend line in Figure indicates that the total annual rainfall
showed a general decreasing trend since 1981 during both seasons. According to the
SPI classification given by McKee et al. (1993), rainfall of about 44% and 50% of the
study years fall in the category of no drought/normal for Belg and Kirmet seasons
respectively (Table). For the Belg season, the ‘extreme drought’ year was 2015, whereas
for Kirmet season the ‘severe drought’ and ‘extreme drought’ years were 1987 and
2015, and 1995, respectively.
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Table 4. Drought evaluation in CRV based on McKee et al. (1993)

Season Drought class Drought/normal years Frequency Pc;rcentage of
requency
Extreme drought 2015 1 2.8
Severe drought - 0 0
Moderate drought 1984, 1988, 2008-2009, 2011 5 13.9
Belg . 1985, 1991-1992, 1997-2000, 2004,
Mild drought 2006-2007, 2012-2014, 2016 14 38.9
1981-1983, 1986-1987, 1989-1990,
No drought 1993-1996, 2001-2003, 2005, 2010 16 a4
Total 36 100
Extreme drought 1995 1 2.8
Severe drought 1987, 2015 2 5.6
Moderate drought 1991, 2009 2 5.6
' 1982, 1985-1986, 1993-1994, 1997,
Kirmet Mild drought 1999, 2002, 2010-2011, 2013-2014, 13 36.0
2016
1981, 1983-1984, 1988-1990, 1992,
No drought 1996, 1998, 2000-2001, 2003-2008, 18 50.0
2012
Total 36 100

Rainfall onset, cessation, and length of growing season

The onset (start) and cessation (end) date of rainfall for the main rainy season,
averaged for the study site is shown in Figure. The average rainfall onset date of the
study area is 25 June. Out of the 36 database years considered, for 15 years (42%),
rainfall started later than the average onset date (June 25). On the other hand, the
average rainfall cessation date in CRV is 17 September. For 20 years (56%), out of the
36 years, rainfall stopped earlier than the average cessation date (September 17). The
average length of the crop growing season (i.e., the difference between cessation date
and onset date) is as shown in Figure. The average growing season in the study area is
about three months (84 days), and the median value is 85 days. 1985, 1987, and 1995
were years with a growing season of less than 60 days, whereas 1982, 1988, 1996,
1998, 1999, 2000, and 2012 were years with more than 100 days of growing season.
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Figure 5. Rainfall onset and cessation day variability in CRV
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Length of growing season
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Figure 6. Length of the growing season in CRV

Number of rainy days and probability of dry spells

Figure depicts the trend of rainy days (days with rainfall >=1 mm) and dry spells
(days with rainfall < 1 mm) for Belg and Kirmet seasons and respective study years. The
average number of rainy days in the study area is 23 and 38, while the average number
of dry spells is 97 and 84 for Belg and Kirmet seasons respectively. As presented in
Figure, the number of rainy days showed a general decreasing trend, whereas the
number of dry spells showed a generally increasing trend since 1981 for both Belg and
Kirmet seasons.
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Figure 7. Trend of number of rainy days and dry spells in CRV

For example, for Belg season, the average number of rainy days was declined from
25 during 1981-1990 to 20 during 2007-2016 (18% decline), whereas for the same
period, average number of dry spells was increased from 95 to 99. Similarly, for Kirmet
season, during the same period, the average number of rainy days was declined from 39
to 36 (8% decline), whereas the average number of dry spells was increased from 83 to
86. On the other hand, the probability of dry spells was found to be higher during Belg
season than during Kirmet season of the study years (Figure).
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Figure 8. Trend of the probability of dry spells in CRV

Temperature variability and change

Results indicated that the temperature of the study area has shown minor inter-annual
and inter-station variability over the study periods (7able and Figure). The average
minimum temperature of the coldest month (10.7°C) and the average maximum
temperature of the hottest month (28.8°C) was observed for December and March
respectively.

Table 5. Temperature characteristics at four stations in CRV

Station Minimum temperature Maximum temperature
Mean SD CvV Mean SD CvV
Arsi Negele 12.20 2.22 18.19 26.57 0.88 3.32
Bulbula ND ND ND ND ND ND
Meki ND ND ND ND ND ND
Ziway 14.14 0.89 6.28 27.36 0.97 3.55
Study site 13.24 1.26 9.51 27.12 0.55 2.03
SD = standard deviation, CV = coefficient of variation, ND = no data available
Maximum temperature Minimum temperature
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Figure 9. Variability in minimum and maximum temperature in CRV: SminT = standardized
minimum temperature, SmaxT = standardized maximum temperature
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Both minimum and maximum temperature values are higher at Ziway than at Arsi
Negele. The minimum temperature ranged from its lowest value (10.6°C) in 2008 to its
highest value (15.3°C) in 2017, while the maximum temperature ranged from its lowest
value (25.9°C) in 1989 to its highest value (28.5°C) in 2017. The minimum temperature
had risen above the average value for 15 years (50%) out of the 30 years considered.
Similarly, the maximum temperature was above average value for 16 years (53%) of the
data years. On the other hand, both minimum and maximum temperatures showed a
relatively continuous increment after 2013.

Effect of climate variability on farmers’ land use change

Table indicates how farmers of the study area have shifted/wish to change their land
use system through time in order to adapt to the impacts of climatic and environmental
changes over time. About 15 and 35% of respondents in CRV claimed that they had
been pastoralists and agropastoralists respectively before the government change in
1991. However, currently, only 9% of respondents claimed as being agropastoralists
and none of them claimed as fully pastoralist. This indicates about 82% of farmers who
were pastoralists and agropastoralists before three decades had changed their land use to
mixed farming and other livelihood activities. On the other hand, as indicated in Table,
though the majorities (about 90%) of the farmers wish to continue as a mixed farmer,
none of them wish to continue either as pastoralist or agropastoralist in the future. The
rest 10% of respondents have a wish to shift their livelihood to other activities like oftf-
farm jobs, mini trading, and cattle fattening.

Table 6. Farmers land use change through time (N=297)

Type of land use 30 years before (%) Current (%) Future wish (Yes, %)
Pastoralist 15.00 0.00 0.00
Agropatoralist 35.50 9.10 0.00
Mixed farming 48.50 89.00 90.10
Other activity 1.00 1.90 9.90

The major factors that forced farmers to change their land use system through time
are as listed in Table. This change in land use is more observed in communities whose
livelithood is more vulnerable to climate change for example, in pastoralists and
agropastoralists than in mixed farming communities who are less vulnerable. According
to 40% of respondents, climate variability is the main factor forcing farmers to change
their land use system which was followed by the shortage of land due to population
growth (30%), as a second driver of change.

Table 7. Forcing factors of farmers' land use change (N=297)

Factors Number of respondents (%)
Climate change 40
Population growth and shortage of land 30
Access to market and infrastructure 15
Institutional and policy changes 10
Others 5
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Improvements in access to infrastructure and market from time to time and
institutional changes following the subsequent government changes in 1974 and 1991 in
Ethiopia were also mentioned as substantial factors that contributed for such land use
changes in the study area.

Discussion

Results indicated that rainfall in the study area experienced a high inter-seasonal,
inter-annual, and inter-station variability over the last 36 years. For instance, mean
annual total rainfall was below average for about 44% of study years, and the CV of
rainfall is about 20% and above for all seasons and sites. This long-term rainfall
variability was also confirmed by the perceived results of the discussion with farmers
and experts of the study area (Bekele et al., 2018b). As per the classification given by
Hare (1983), total rainfall of CV < 20% is classified as less variable; CV of 20-30% as
moderately variable, and CV of > 30% as highly variable and vulnerable to drought.
According to this classification, the overall rainfall in CRV can be categorized in the
threshold of ‘moderately variable’, even though inter-seasonal/station variations are
‘highly variable’. On the other hand, the overall PCI value for the study site is about 11,
which indicates that the monthly rainfall distribution of the study area is highly
concentrated. According to Oliver (1980), PCI values of less than 10, 11-20, and above
21 are indicators of ‘uniform’, ‘high concentration’ and ‘very high concentration’
monthly distribution of rainfall respectively.

This result is in line with results of previous studies on climate variability in the
region (Biazin and Sterk, 2013; Getachew and Tesfaye, 2015; Muluneh et al., 2017) and
studies in other parts of Ethiopia (Seleshi and Zanke, 2004; Bewket and Conway, 2007;
Cheung et al., 2008; Viste et al., 2013) who reported the prevalence of seasonal rainfall
variability and drought in the country over the last decades. Besides climatic
fluctuations, there are studies reported the non-stationarity in hydrological variables
particularly stream flow and lake level in the Rift Valley Lakes Basin of Ethiopia
(Wagesho et al., 2012; Getnet et al., 2014). This affects the available water which, in
turn, affects land use. However, other studies reported the absence of significant
variation particularly in terms of total annual rainfall as opposed to farmers’ usual
perception of the presence of total rainfall shortage in the country in recent decades
(Rosell, 2011; Kassie et al., 2013; Adimassu et al., 2014). In addition to seasonal
variation, Ethiopian precipitation exhibits great spatial variation due to high altitudinal
variation over the country (Viste et al., 2013). Coupled with the semi-arid climate and
hence moisture-deficient soil of the CRV, variability in rainfall is one of the challenges
to the sustainable production of the rain-fed agriculture in the region (Kassie et al.,
2013; Gizachew and Shimelis, 2014; Getachew and Tesfaye, 2015), in Ethiopia
(Mideksa, 2010), and other semi-arid and dry sub-humid areas in Sub-Saharan Africa
(Barron et al., 2003; Viste et al., 2013; Fekadu, 2015; Serdeczny et al., 2017).

In the study area, out of the 36 study years considered, total rainfall was below
average (i.e., negative anomalies) for about half of these years. According to the
threshold suggested by McKee et al. (1993), SPI values of less than zero are indicators
of the presence of drought. SPI and probabilities of drought occurrence are commonly
used in evaluating trends of rainfall over a long period (McKee et al., 1993; Agnew and
Chappell, 1999; Agnew, 2000; Bewket and Conway, 2007, WMO, 2012; Viste et al.,
2013). This is because using SPI has advantages in that other input parameter is not
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needed except precipitation, it can be compared for varied climatic zones and
timescales, it gives drought early warning and helps to evaluate the severity of the
drought, and it is less complex than the other indices (Agnew, 2000; WMO, 2012). In
addition, in areas where data accessibility is limited, Viste et al. (2013) recommend
using precipitation-based drought measurements. On the other hand, SPI has
weaknesses in that it requires the data to be normally distributed and also its output is
affected by the time of the base data period used (Agnew and Chappell, 1999; Agnew,
2000; Ali and Lebel, 2009; WMO, 2012). In addition, there exists a confusion on the
definition of the term °‘drought’ as its impacts can be evaluated in terms of
meteorological, climatological, hydrological, agricultural, ecological, and economic
aspects (McKee et al., 1993; Agnew, 2000; Viste et al., 2013). However, meteorological
drought is the main form of drought, and there is a consensus that drought occurs when
rainfall is ‘below average’ (Agnew and Chappell, 1999).

For a moisture-deficient, semi-arid climate, and a rain-fed dependent agriculture like
the one in CRV of Ethiopia, the time of the start of rainfall (onset), the time at which
rainfall stop (cessation), and the length of the growing season are very important
climatic phenomenon that affects not only the crop cultivation calendar, but also the
final yield of production (Seleshi and Zanke, 2004; Segele and Lamb, 2005). Hence,
such rainfall analysis has important applications in initiating weather-responsive
farming for drought-prone areas like the Sahel and East Africa (Sivakumar, 1988,
1992). As seen from the result, out of the 36 years considered, Kirmet season rainfall in
the study area started after the average time of onset for about 42% of the years, and it
ceased ahead of the average time of a stop for about 56% of the years. This shortens the
length of the growing season which directly affects crop productivity due to moisture
deficiency in the soil before crop grain filling time. Studies show that there exists a
significant relationship between the length of the growing season and the date of onset
of rain (Sivakumar, 1988). Early onset of rain is usually followed by a prolonged
growing season and vice versa. As pointed in Bekele et al. (2018b), during the
discussion, farmers also blamed that late onsets and early cessations of rainfall are the
main reasons for the reduction of their crop yield in recent decades.

The average ratio of rainy days to dry spells for the rainy season in the study area is
about 1:3. This indicates that the number of dry spells is three times that of rainy days.
The number of dry spells showed a generally increasing trend while the number of rainy
days has experienced a generally decreasing trend since 1981 for both Belg and Kirmet
seasons. On the other hand, the probability of dry spell occurrence was found to be less
during Kirmet season than during Belg season. Previous studies also reported the
presence of frequent drought in Ethiopia. For example, the years 1972-1975, 1980-
1982, 1984, 1987, 1990-1992, 1999-2000, 2002-2003, and 2008-2011 were the periods
of severe drought episodes while the years 1973/74, 1984/85, and 2009 were the
nationally widespread and worst drought years in Ethiopia (Jury, 2010; Gebrehiwot et
al., 2011; Viste et al., 2013). It is important to match the crop phenology with the dry-
spell lengths to meet the crop water requirements in the semi-arid and arid regions
where moisture is available for a relatively short period during the year (Sivakumar,
1992). Hence, for the choice of a particular crop or variety, such information on the
length of dry spells for a given region could be used as a guide.

Similar to rainfall, the temperature (particularly of minimum temperature) has shown
an inter-annual variability and a generally increasing trend in recent years. It is evident
that an evapotranspiration rate will increase with an increase in temperature which, in
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turn, will contribute to crop productivity decline due to a shortage of available soil
moisture in drought-prone areas. Studies in different parts of the country also reported a
slight increase in temperature over recent decades (Rosell, 2011; Fazzini et al., 2015;
Getachew and Tesfaye, 2015). Local communities and experts relate such an increase in
diurnal temperature to massive losses in vegetation coverage of the region due to
deforestation over the last decades (Bekele et al., 2018b). An increase in temperature
could also be ascribed to global warming effect due to an accumulation of greenhouse
gases from intensive agricultural production (Maharjan and Joshi, 2013).

This study finally considered how climate change vulnerability shapes farmers’
historical land use. Climate change perception survey results indicated that the
variability in climate, particularly the occurrence of recurrent drought, is one of the
factors that force drought vulnerable farmers to modify/change their land use system
through time. Previous studies also indicate that land use change in CRV is driven by
the interaction of frequent drought, socioeconomic and institutional dynamics, and
access to market and infrastructures (Biazin and Sterk, 2013; Bekele et al., 2018b). Such
climate change-induced change in land use is taken as a means of adaptation strategy to
overcome climate change and its impacts (Dale, 1997; Reid et al., 2000; Ahmed et al.,
2016). Besides such permanent changes in land use, farmers also use other short-term
climate change adaptation mechanisms like changing cropping time, changing crop
variety, using off-farm income sources, and selling cattle to overcome critical drought
years. Studies show that coupled with climatological changes, the degree of drought
vulnerability is also affected by the type of land-uses and social contexts (Biazin and
Sterk, 2013). For instance, Biazin and Sterk (2013) in their study found that the pastoral
way of life was more vulnerable to severe drought than the mixed farming (livestock
and crop combined) system. This indicates that due to drought vulnerability farmers try
to shift from a land use system that is more vulnerable to drought (e.g., pastoralist) to a
land use system that is less vulnerable (e.g., mixed farming) through time. Another
study by Ahmed et al. (2016) in western Africa also confirmed that the increase in
agricultural land use in the region was primarily climate-driven.

Conclusions

Rainfall and temperature data analysis are in common practice to describe climate
change and variability. Such analysis not only helps to evaluate the variation exists
along spatial and temporal scales but also to see its impacts on the agrarian community.
In this study, descriptive statistical tools were used to show long-term inter-seasonal,
inter-annual, and inter-site rainfall and temperature variations, and its impacts on land
use change in a drought-prone CRV region of Ethiopia. Results indicated that there
existed a high inter-seasonal and inter-annual rainfall and temperature variability over
the last three decades. For example, total annual rainfall was below average for about
44% of the 36 years data period. Late-onset and early cessation of rainfall were
observed for the majority of the database period. The number of rainy days generally
showed a decreasing trend while the number of dry spells showed a generally increasing
trend since 1981. Standardized Precipitation Index of the crop growing season also
showed negative anomalies (i.e., less than average) for the majority of the study years
considered. Extreme and severe drought years were also noted for both rainy seasons
(Belg and Kirmet).
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In line with meteorological evidence for drought, vulnerable farmers in the study
area well perceived such recurrent drought occurrence over the last three decades and
they blamed the change in climate as one of the important forcing factors to change
their land use system through time. Majority of the farmers who had been
pastoralists/agropastoralists before three decades are currently already changed their
land use system to mixed farming, and the rest also have a wish to change in the future.
In general, it is evident that climate change plays a significant role in driving historical
land use change in drought-prone areas like East Africa. Hence, future policies need to
consider strategies that strengthen the adaptation capacity of farmers to overcome
drought impact while combating anthropogenic activities that aggravate climate change,
for instance, land degradation, in Sub-Saharan countries.

It is believed that for a climate change-prone and rain-fed dependent agriculture, like
in East Africa, up-to-date local climatic trend information is quite crucial to practice
climate-responsive agricultural management activities like cultivation, water
management, health management, and to reduce drought-induced catastrophes.
However, this study might have limitations in that we used data from limited
meteorological stations and hence future studies better incorporate data from the wider
stations in CRV lakes basin. In addition, missing data observed in each station might
affect the accuracy of the results to some extent and hence a cross-comparison of the
results with reference data elsewhere, for example, World Climate Research Program
Global Precipitation Climatology Center (GPCC) might be important. The role of
climate change vulnerability in governing land use change also need further detail
study. Future studies also need to address the adaptation strategies of farmers to
overcome climate change, and the barriers hinder the success of such efforts.
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