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MODELING THE POTENTIAL IMPACTS OF THE PROJECTED CLIMATE CHANGE 

ON ENSET (Ensete ventricosum(Welw.)Cheesman) PRODUCTIVITY AND 

DISTRIBUTION IN SELECTED AREAS OF THE SNNPR, ETHIOPIA 

Misgana Milkias Gollu 

Abstract 

Future climate change is expected to have a greater and global impact on people’s lives. 

The Agricultural sector is among the most challenged by the impacts of climate change. 

Although Enset is among the climate resilient crops in the short term, it will be suffer from 

the long term impacts. This study was aimed at investigating the possible and anticipated 

impacts of climate change and variability on productivity and distribution. The study used 

historical observed climate data of the last three decades, enset yields data of the last one 

decade and model simulated climate data of the next ten decades. For the suitability 

analysis, worldclim climate data was downloaded. In order to detect climate variability and 

change signals, the observed seasonal and annual climate data were subjected to empirical 

analyses. To determine baseline climate anomaly. Annual rainfall of the study area during 

the study period was 670.77mm with 147.09mm standard deviation and 22% CV. SPI 

analysis revealed that the years 1984 and 2003 were drought years, and 1980, 1982 and 

2002 were moderately dry years in the study area. Mann-kendall test revealed that only 

summer season rainfall showed decreasing amount of rainfall but in other seasons and inter-

annual time scale rainfall show increasing but statistically insignificant trends. A linear 

regression model revealed that 0.039O, 0.051O and 0.045OC in annual time scale of 

minimum, maximum and mean temperature anomaly during last three decades, respectively. 

Statistically significant positive trend was detected for temperature. Future climate 

projections were generated with the statistical technique of downscaling (SDSM) and under 

different climate change scenarios. Simulations within the horizons 2040s and 2070s  

showed a situation of an overall increase in temperatures that reaches 1.1, 1.2 and 1.2°C 

under RCP (2.6, 4.5 and 8.5) during 2040s and 1.2, 1.2 and 1.4°C under RCP (2.6, 4.5 and 

8.5) scenarios during 2070s, respectively and a respective increase in rainfall of  29%, 28% 

and 27% under RCP (2.6, 4.5 and 8.5) during 2040s and 27%, 26% and 25% under RCP 

(2.6, 4.5 and 8.5) scenarios during 2070s, respectively. Correlation and regression analysis 

observed significant linkages in variations of current enset yields and climate variability, 

especially with respect to temperature  and rainfall trends. The effect of climate on enset 

yields was observed to vary from one area to other over study area. Then EcoCrop model 

undertaken to projected high climatic suitability up to 76%  under RCP2.6 scenario during 

2050s and least suitability 42% obtained under RCP8.5 scenario during 2070s in enset 

production over study area. Therefore, the projected climate show that the climate change 

and variability will have significant impacts on enset production. 

 

Keywords: Projection, Climate change, EcoCrop model, RCP Scenarios, Enset crop 
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CHAPTER ONE 

1. INTRODUCTION 

Agriculture sector is mainly dependent on climate situation, especially on rainfall and 

temperature (Anita Wreford & Adger, 2010). The sector plays a great role in the national 

economy and it is the mainstay for  several people  and main source to the livelihoods of the 

rural poor people. This sector facing greater challenges due to climate change and variability 

(Hatfield et al., 2018).  

Climate change according to the IPCC defintion refers to a change in the state of the climate 

that can be identified by changes in the mean and/or the variability of its properties, and that 

persists for an extended period, typically decades or longer. It refers to any change in climate 

over time, whether due to natural variability or as a result of human activity (Houghton, 

1990). Climate variability refers to variations in the mean state and other statistics (such as 

standard deviations, the occurrence of extremes, etc.) of the climate on all spatial and 

temporal scales beyond that of individual weather events. Climate change and variability 

may be due to natural internal processes or external forcings, or to persistent anthropogenic 

changes in the composition of the atmosphere or in land use (IPCC, 2007).  

Climate change and variability has been a major challenge to the development of Africa as 

continent and Ethiopia as nation in the last few decades was among them are recurrently 

occuring droughts, which often  results in sharp reduction in agricultural output (Conway & 

Schipper, 2011). Projected climate parameters will vary in intensity in time and spatial 

distribution over Ethiopia (IPCC, 2007; Mcsweeney et al., 2010) (see figure 1 and 2). This 

change and variability will affect crop production sub-sectors and increase the vulnerability 

of Africa agrainan society. Africa is as a continent under pressure from climate stresses and 

is highly vulnerable to the impacts of climate change. Africa’s crop production systems are 
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among the world’s most fragile sector because of extensive reliance on rainfed crop 

production, high inter-seasonal climate variability, recurrent droughts and flood that affect 

both crops and livestock, and persistent poverty that limits the capacity to adapt (Adger et 

al., 2007; Challinor et al., 2007). As often cited by different scholars, Ethiopia is one of the 

most vulnerable to the impacts of projected climate change, with limited capacity to cope 

with short-term climatic shocks or adapt to longer-term climate trends (Niang et al., 2014). 

According to Boko et al, (2007), in IPCC AR4 identified the reasons of vulnerability and 

exposure of societies and ecological systems to climate-related hazards vary constantly 

because of major economic sectors are vulnerable to current climate sensitivity, with huge 

economic impacts, and this vulnerability is exacerbated by existing developmental 

challenges such as endemic poverty, complex governance and institutional dimensions; 

limited access to capital, including markets, infrastructure and technology; ecosystem 

degradation; and complex disasters and conflicts. These in turn have contributed to the 

continent weak adaptive capacity, increasing the continent’s vulnerability to projected 

climate change (Boko et al., 2007; Conway & Schipper, 2011; Niang et al., 2014). 

Agriculture is more fragile sector due to high dependence on rainfall, and other climate-

related factors. According to Vuuren et al., (2011) and Walthall et al., (2012)  Climate change 

affects agriculture in a number of ways, including through changes in average temperatures, 

rainfall, and climate extremes (e.g., heat waves); changes in pests and diseases; changes in 

atmospheric carbon dioxide and ground-level ozone concentrations; changes in the 

nutritional quality of some foods; and changes in sea level (Vuuren et al., 2011). Most 

agronomists believe that crop production will be most affected by the severity and pace of 

climate change, not so much by gradual trends in climate. If change is gradual, there may be 

enough time for biota adjustment (Kaiser et al., 1993). Rapid climate change, however, could 

harm agriculture in many countries, especially those that are already suffering from rather 
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poor soil and climate conditions, because there is less time for optimum natural selection 

and adaption, (Kurukulasuriya & Rosenthal, 2003; Sindhu, 2011; FAO, 2016). 

Crops have different intraction between their environments. According to Walthall et at., 

(2012) Plant response to climate change is determined by a complex set of interactions to 

CO2, temperature, solar radiation, and precipitation. Each crop species has a given set of 

temperature thresholds that define the upper and lower boundaries for growth and 

reproduction, along with optimum temperatures for each developmental phase. Plants are 

currently grown in areas in which they are exposed to temperatures that match their threshold 

values. As temperatures increase over the next century, shifts may occur in crop production 

areas because temperatures will no longer occur within the range, or during the critical time 

period for optimal growth and yield (Walthall et al., 2012).

 

Figure 1 Trends in monthly precipitation for the recent past and projected future. All values 

shown are percentage anomalies, relative to the 1970-1999 mean climate. Source: 

(Mcsweeney et al., 2010) 

 

Figure 2 Trends in annual mean temperature for the recent past and projected future. All 

values shown are anomalies, relative to the 1970-1999 mean climate. Source:(Mcsweeney 

et al., 2010) 



4 
 

In Ethiopia, Crop production will continue to be subjected to increasing temperatures and 

more varied water availability due to changing precipitation patterns. These climate variable 

interact with plant growth and yield. A balanced understanding of the consequences of 

management actions and genetic responses to this variable will form the basis for more 

resilient production systems to climate change. Due to the complexities of these 

relationships, integrated research and development of management practices, plant genetics, 

hydrometeorology, socio-economics, and agronomy are necessary to enable successful 

agricultural adaptation to climate change (Kristjanson et al., 2012). 

The agriculture sector has also the capacity to produce adaptation measure against climate 

change. According to Walthall et al., (2012) study, agricultural system offers potential for 

capitalizing on the opportunities presented by climate change, and minimizing the costs by 

avoidance or reduction of the severity of detrimental effects from changing climate. Develop 

resilient crop production systems and the socio-economic and cultural/institutional 

structures needed (Walthall et al., 2012).  

Study on crop production system which is resilient to climate change and variability has no 

option like country Ethiopia because of the country located in the more vulnerable region 

and less adapting capacity. Evaluation of potential climate change impacts of the future and 

selecting relatively more tolerant crop for adapting of climate change has no options. Enset 

(Ensete ventricosum(Welw.)Cheesman) is a large non-woody plant a gigantic monocarpic 

evergreen perennial herb plant. Domesticated enset is planted at altitudes ranging from 1,200 

to 3,100 meters. However, it grows best at elevations between 2,000 and 2,750 meters. But 

Enset grows best at altitudes above 1600 masl. Most enset-growing areas receive an annual 

rainfall of about 1,100 to 1,500 millimeters, the majority of which falls between March and 

September. The average temperature of enset growing areas is between 10 and 21 degrees 

centigrade, and the relative humidity is 63 to 80 percent (Brandt et al., 1997).  
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Enset is selected as "the tree against hunger" because it produces the highest energy output 

per time and area unit of crops grown in Ethiopia and because it remains green, saving many 

lives when cereals wilt before harvest or collapse due to untimely rain. Thus, enset is a 

reliable food source where the failure of annual crops is common due to adverse weather 

conditions (Dalbato & Karlsson, 2015). Enset is a primary staple crop for over 20% of 

Ethiopia’s population (≈18 Million of people), with production and consumption centralized 

in the Oromia and SNNPR regions. Roughly 114 million enset plants are harvested per year. 

The average dry matter production per plant is 20 kg placing total production at 2.28 million 

metric tons. Enset is grown by over 4 million smallholder farmers. Enset is not affected by 

occasional heavy rainfall. This resilience is attributed to the plant’s stiff leaves, which resist 

large raindrops. In fact, one of the main attributes of enset is that it protects the soil from 

erosive rainfall. The main danger of heavy rains to enset is that roots and the corm do not 

tolerate water-logging for long periods. For that reason, enset is usually grown in soils that 

do not have high water tables and are well drained. Enset grows well in most soil types, if 

they are sufficiently fertile and well drained of water. Cattle manure is used as the main 

organic fertilizer. Manure increases water holding so that soil water endures longer into the 

dry season, and reduces the negative effects of the high clay content of vertisols. The ideal 

soils in enset growing areas are moderately acidic to alkaline (pH 5.6 to 7.3) and contain two 

to three percent organic matter (Brandt et al., 1997). 

Enset is a crop that tolerates prolonged drought periods and many diseases. Due to its relative 

drought tolerance, it is regarded as a priority crop in Southern Ethiopia, where it makes a 

major contribution to the food security of the country. Regions, where enset is used as staple 

food, are usually less affected by the recurrent drought periods that occur in Ethiopia (Brandt 

et al., 1997). Enset is suitable for sustainable agricultural systems due to its contribution to 

soil fertility. In addition, enset can easily be stored without the need for refrigeration and is 
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available throughout the whole year. It can be accessed at any time when there is a food 

shortage and other crops fail as a result of drought, diseases or other factors (Birmeta et al, 

2004). 

Acceding to McKnight, Enset is an indigenous, little-researched staple food crop known for 

its tolerance to transient drought, high productivity, gender equity and environmental 

sustainability. Enset is a multi-purpose plant with a range of utilities including food, feed, 

construction and medicinal uses. Kocho, a fermented starch resulting from pulverized 

pseudostem and corm, is the primary product which is often baked into bread. Enset fiber is 

the main byproduct resulting from decortications of the pulp from leaf sheaths of the 

pseudostem. Enset also plays an important role as a feed for animals during a dry spell 

(McKnight, 2014). 

In this study, the current expert-based ecological ranges data reported in the FAO-EcoCrop 

database (FAO, 2000) with the basic mechanistic model (also named EcoCrop) originally 

implemented in DIVA-GIS (Hijmans et al., 2001) to model the likely impacts of climate 

change on agricultural production. To model climate suitability for enset production was 

subjected in this study by simplist and easiest EcoCrop model. 

1.1 Statement of the Problem 

Climate projections under different scenarios over Ethiopia show warming in all four 

seasons across the country, which may cause a higher frequency of heat waves as well as 

higher rates of evaporation (Conway & Schipper, 2011). Climate change will have variable 

impacts on non-cereal crops, with production losses in East Africa (Niang et al., 2014). 

In Ethiopia there is a rapidly growing population and lacks the ability to deal with shocks 

(Conway & Schipper, 2011). According to Mcsweeney et al., (Mcsweeney et al., 2010) 

projected temperature and rainfall trends during this century, in Ethiopia are likely to rise 
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more quickly, particularly in more arid regions. Increases in average temperatures are very 

likely in the 21st century under both low- and high emissions scenarios. Climate extremes 

like heavy rainfall, heat waves, and drought, will become increasingly important and will 

have more significant impacts on Ethiopia crop production (Porter et al., 2014). This climate 

change will affect developing countries like Ethiopia because of more dependence on rain-

fed agriculture. According to WFP (WFP, 2014), food security is highly sensitive to climate 

risks in Ethiopia. Historical and more recent climate-related events of food security crises in 

the Horn of Africa have highlighted the impact of droughts and floods on food production, 

access to markets, and income from agricultural activities. There are multiple drivers of food 

insecurity in Ethiopia including drought risk, environmental degradation, demographic 

pressure, rural-urban migration, and conflict. In the absence of adaptation measures, climate 

variability and change act as risk multipliers, exacerbating the conditions which affect food 

security trends (WFP, 2014). There must coping mechanism needed to adapt the coming 

disaster of climate change and variability.  

The extent to which increased heat stress associated with climate change and variability will 

affect enset productivity has not been studied in the current enset producing regions as well 

as specifical to study area. The available scholar output was only focused on the enset 

diseases and pest problem. There is no more detail information regarding to 

historical/projection of climate change and variability impacts on enset production and 

distribution over the study area. That is a big gap for farmers and policymakers to make 

decision on their production system. Establishing the relation between climate change and 

variability on esnet yield and modeling the area suitability analysis through using EcoCrop 

model is necessary to provide a usefull data for decision makers.   

In the Southern part of Ethiopia, rainfall and temperature pattern changing through time. The 

area due to climate change faced frequent drought and subsequent food shortage.  Crop 
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production is highly vulnerable due to lack of good distribution of precipitation and 

prolonged period of heat stress, these create high annual variability in crop production. The 

constraint needs to be studied through modeling the impacts of climate change and 

variability on enset (Ensete ventricosum) and their relative tolerance characteristics to 

climate change and variability. 

The regional and natioal level researches imply that Enset and cereal crop growing areas are 

vulnerable to climate change, it is because of highly dependence on rain fed agriculture a 

slight change in rainfall will lead to a great influence on crop production and food security. 

In addition to high population pressures, climate extremes and change is one of the biggest 

constraint for the area. However, identifying the possibility of climate change, variability 

and magnitude of climate extreme and having the right study of adaption strategies are must 

be needed. 

1.2  General Objective 

The general objective of this research was to model the potential impacts of the projected 

climate change on Enset (Ensete ventricosum) productivity and distribution in selected Enset 

growing areas of southern Ethiopia. 

The specific objectives were:  

 To examine the inter-seasonal and inter-annual rainfall and temperature trends and 

variability of the study area 

 To establish the expected future climate change and variability over enset producing 

area 

 To examine the linkages between Enset productivity and current climate change and 

variability.  
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 To determine potential effects of baseline (current) and future climate change on site 

suitability of enset production and distribution 

1.3  Research Questions 

Considering the statement of the problem, the following research questions were formulated: 

 How does the climate (temperature and precipitation) behave in the study area? What 

is trend over the last three decades and how will it behave in the future in Enset 

growing areas? 

 What are relationship does exist between enset productivity and climate variables in 

the study areas?  

 What will be the main impacts of future climate change on enset production and area 

suitability under different scenarios?  

1.4  Scope of the Study 

The study target area on Dawro, Konta and Wolaita area is affected by climate change and 

variability like as other area of Ethiopia. The scope of this research is to investigate the 

climate variability from two climatic parameters (rainfall and temperature) and assessing its 

impacts on enset crop production,  the exent of future climate change and variability impacts 

on enset production and distribution in the study area. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

This chapter reviews previous studies on the climate change, and variability, and reviewing 

Ethiopia’s agricultural sector and enset sub-sector, constraints to enset production, 

projection of climate change and variability, and it’s impacts of climate on agriculture. 

2.1 Climate Change 

Climate change according to IPCC usage refers to a change in the state of the climate that 

can be identified (e.g. using statistical tests) by changes in the mean and/or the variability of 

its properties, and that persists for an extended period, typically decades or longer. It refers 

to any change in climate over time, whether due to natural variability or as a result of human 

activity. This usage differs from that in the United Nations Framework Convention on 

Climate Change (UNFCCC), where climate change refers to a change of climate that is 

attributed directly or indirectly to human activity that alters the composition of the global 

atmosphere and that is in addition to natural climate variability observed over comparable 

time periods (IPCC, 2014b). 

Climate change is among the major environmental problem of the 21st century. Consecutive  

reports of the Intergovernmental Panel on Climate Change (IPCC, 2007) and various other 

studies (IPCC, 2007; WFP, 2014; Megersa et al, 2014), reveal that climate change is having 

multiple impacts on human societies and the environment. Scientific evidence indicates that 

anthropogenic factors are the major contributors to the prevailing global climate change 

(Forster et al, 2007). The atmospheric concentration of greenhouse gases (GHGs) such as 

carbon dioxide, methane and nitrous oxide has substantially increased over time (Leggett, 

2018). Based on the emission of anthropogenic gases the IPCC has projected that the global 

average temperature has increased by 0.74 0C in the last century and it is anticipated to 
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increase with 1.1-5.8 0C by the end of this century. Reports by IPCC provided the estimated 

impacts that would persist on different climate variables under alternative emission 

scenarios. For instance, assuming no emission control policies, it predicted that average 

global surface temperatures will increase by 2.8ºC on average during the current century, 

while the best-guess increases ranging between 1.8 and 4.0ºC (IPCC, 2007). This increase 

would alter the natural environmental systems by increasing the frequency of extreme 

weather events (such as floods and drought), mounting sea levels, changing precipitation 

patterns and reversing ocean currents. The impacts of these changes on socio-economic 

activities, and environment health could have serious impacts on long-term implications for 

the well-being of humans (IPCC, 2014a). 

2.2 Drivers of Climate Change and Variability 

Changes in the atmospheric concentrations of GHGs and aerosols, land cover and solar 

radiation alter the energy balance of the climate system and are drivers of climate change. 

They affect the absorption, scattering and emission of radiation within the atmosphere and 

at the Earth’s surface. The resulting positive or negative changes in energy balance due to 

these factors are expressed as radiative forcing, which is used to compare warming or cooling 

influences on global climate (IPCC, 2007).  

Human activities result in emissions of four long-lived GHGs: CO2, methane (CH4), nitrous 

oxide (N2O) and halocarbons (a group of gases containing fluorine, chlorine or bromine). 

Atmospheric concentrations of GHGs increase when emissions are larger than removal 

processes (IPCC, 2007). 

A schematic framework representing anthropogenic drivers, impacts of and responses to 

climate change, and their linkages, is shown in Figure 2.1. At the time of the Third 

Assessment Report (TAR) in 2001, information was mainly available to describe the  
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linkages clockwise, i.e. to derive climatic changes and impacts from socio-economic 

information and emissions. With increased understanding of these linkages, it is now 

possible to assess the linkages also counterclockwise, i.e. to evaluate possible development 

pathways and global emissions constraints that would reduce the risk of future impacts that 

society may wish to avoid(IPCC, 2007). 

Schematic framework of anthropogenic climate change drivers, impacts and responses 

 

Figure 3 Schematic framework representing anthropogenic drivers, impacts of and responses 

to climate change, and their linkages. Soruce: (IPCC, 2007) 

2.4 Impacts of climate change and variability 

Climate change and extreme events are now becoming global concerns. It’s imapct is 

uncertain on different sector and in some sector there are constraints to predict the effects of 

climate change and variability, i.e. on agricultural production, human and animal health, 
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tourism, forestry, water resource and infrastructures (Boko et al, 2007). Within the African 

region, the East Africa Countries are among the most vulnerable and are the least prepared 

countries for adverse global environmental change with a very weak economy and capacity 

to adapt to changes, climate sensitive livelihoods and fragile agro-ecological conditions 

(Martínez et al, 2015). 

2.4.1 Impacts of Climate change on Agricultural Sector (Enset Sub-sector) in 

Ethiopia 

Agriculture is the mainstay of the Ethiopian economy, contributing 42% of the country’s 

gross domestic product (GDP), and 85% of all employment in the country (Conway & 

Schipper, 2011). Although agriculture is one of Ethiopia’s most promising resource, the 

sector has been slowed down by periodic drought, and poor infrastructure that often mak it 

hard and expensive to get goods to market. Also, overgrazing, deforestation and high 

population density has led to massive soil degradation leading to low productivity. The 

above problems have made it hard for the country to feed itself best exemplified by the 

dramatic 1984-85 famine (Yohannes et al, 1992). However, a critical look at the sector shows 

a high potential for self-sufficiency in grains and also for the development of export 

especially for livestock, vegetables, fruits and any crop types. Further, many other economic 

activities depend on agriculture. These include processing, marketing and export of 

agricultural products among others (Campbell et al, 2011). 

Enset looks like a large, thick, single-stemmed banana plant. Both enset and banana have an 

underground corm, a bundle of leaf sheaths that form the pseudo stem, and large leaves. 

Enset, however, is usually larger than banana, with the largest plants up to 10 meters tall and 

with a pseudo stem up to one meter in diameter. The leaves are more erect than those of a 

banana plant, have the shape of a lance head, and may be five meters long and nearly one 
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meter wide. Banana plants normally form suckers or clusters of plants at the base, but enset 

does not (Brandt et al., 1997). 

The stem has three parts. The upper-most portion is the pseudo stem, which is made of a 

system of tightly clasping leaf bases or leaf sheaths. The pseudo stem may be two to three 

meters tall and contains an edible pulp and quality fiber. The underground corm is really an 

enlarged lower portion of the stem. It may be up to 0.7 meters in length and in diameter. A 

short section of stem near the soil line, between the pseudo stem and corm, is the true 

botanical stem. Leaves and the single flower head initiate from the true stem at it’scenter, 

grow up through the middle of the pseudo stem, and emerge at the whorl in the middle of 

the leaf bases. Enset has a fibrous rooting system that grows out from the corm (Brandt et 

al., 1997). 

2.4.2 Enset Production Constraints in Ethiopia 

Apart from an Enset plant disease epidemic in 1984-85 which wiped out large parts of the 

plantations and created the green famine in the past 10 years major factors were recurrent 

drought and food shortage together with acute land shortage that forced farmers consume 

immature plants. Hence farmers were over exploiting their enset reserves thereby causing 

gradual losses and disappearance of the false banana. Eventhough not all the plant losses can 

be attributed to drought and land shortage and hence early consumption of immature crops, 

estimations go as far as more than 60% of the Enset crop stands have been lost in some areas 

in SNNPR during the last 10 years. This basically means that a many people who used to 

close the food gap with enset consumption are not able to do so any more, and lacking a 

viable alternative, have become food insecure and highly vulnerable to climatic and 

economic disruptions of their agricultural system (Dressler et al., 2014). 
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Several studies revealed that the major problem for enset production is diseases such as 

bacterial wilt (Xanthomonas campestris pv. Musacearum; EXW), pests (Enset root mealy 

bugs, leaf hopper, mole rat and porcupine) and soil nutrient depletion are some of the 

diseases related constraint and drought is other threat for enset production constraints 

encountered in the south western Ethiopian Highlands. It is reported that up to 80% of enset 

farms are currently infected by EXW (Awol Zeberga et al., 2014). According to Teshome 

enset is susceptible to different diseases, but the most widespread and destructive among 

such diseases, appears to be bacterial wilt. According to the survey result, 29 % and 92 % of 

the sample households in Gana kare and Olo’o kebele reported enset disease in their farm. 

From the survey result, it was evident that there is spatial variation in the distribution of enset 

damaging disease in the study area. This showed that warm tropical climate seems to be the 

ideal environment for the multiplication of enset infecting viruses. Regarding the severity of 

disease, about 74.5% of the overall respondents reported that bacterial wilt is highly 

widespread, while the remaining 25.5 % responded replied as corm rot is most severe. 

Decline of soil fertility is one of the major causes of declining crop yields particularly in 

most parts of enset production area in Ethiopia (Bayu, 2016). 

2.5 Climate change in Ethiopia 

Studies revealed that temperature has been an increases in seasonal mean temperature in 

many areas of Ethiopia over the last 50 years and future projection show that rainfall and 

temperature anomaly obesrved, consistent with wider African and global trends (Mcsweeney 

et al., 2010). Warming has occurred across much of Ethiopia. Many parts of Ethiopia 

experience high inter-annual and intra-seasonal rainfall variability which hampers the 

tracking of trends or changes that could be the result of anthropogenic climate change. Whilst 

some studies have identified downward trends in parts of the country, comprehensive 

analysis shows that the situation is not uniform and varies by region or time period. There is 
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no strong evidence for consistent changes in seasonal and annual rainfall totals or the 

frequency and intensity of extreme events in Ethiopia. Computer-based global climate 

models form the basis for descriptions of future climate conditions and risk assessment. 

However, the complex influences on Ethiopia’s rainfall, such as tropical sea surface 

temperatures, the El Niño-Southern Oscillation and rugged topography, mean that climate 

models simulate quite different patterns of future rainfall response, which leads to high 

uncertainty about the nature of future rainfall-related risks. Overall climate models simulate 

continued warming but very mixed patterns of rainfall change for Ethiopia. Warming occurs 

in all four seasons with annual warming by the 2020s 1.2°C higher than it is at present, with 

a range of 0.7-2.3°C (2050s 2.2°C, range 1.4-2.9°C). This warming will be associated with 

more frequent heat waves and may affect evaporation of precious soil moisture during crop 

growing seasons. Some climate models project more rain, others less, but with a tendency 

for slightly wetter conditions. Overall, there are relatively small changes (~1%) in average 

annual rainfall by the 2020s and 2050s. The seasonal changes are slightly larger but still 

modest when averaged across all climate models. In cases where uncertainty about future 

climate risks is very high, such as in Ethiopia (and many other parts of Africa), there is a 

strong case for using recent climate observations (in situ and remotely-sensed) as a guide to 

conditions during the next decade. This requires regular updating and comparison with 

climate model results (Conway & Schipper, 2011).  

2.6 Vulnerability of Ethiopia to Climate Change 

Ethiopia is one of the poorest and least developed nations in the world. It is also seen as one 

of the African countries most vulnerable to the impacts of climate change, with limited 

capacity to cope with short-term climatic shocks or adapt to longer-term trends (Conway & 

Schipper, 2011). 
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2.7 Climate Projections 

Due to the inherent uncertainty of the climate system and the inevitable existence of model 

errors, multi-model ensemble is the recommended approach for climate change projections. 

Several climate models have been developed and currently used to simulate the behavior of 

the climate system. The ultimate objective is to understand the key physical, chemical and 

biological processes which govern the climate systems. Through understanding of the 

climate system, it is possible to obtain a clearer picture of past climates and associated 

processes by comparison with empirical observation, and predict future climate change 

based on some key assumptions. Models can be used to simulate climate on a variety of 

spatial and temporal scales. According to Vuuren et al, (2011) and Moss et al, (2014) provide 

detailed introductory discussions of the methods and techniques involved in climate 

modeling.  

As an alternative, Regional Climate Models (RCMs) were introduced to provide more 

detailed climate simulations for various regions on the globe. RCMs statistically downscale 

GCM output to scales more suitable to end user needs (Kilsby et al, 2007) and are useful for 

understanding climate variability and change particularly in regions with complex 

topographical detail such as Ethiopia. These models are nested within global models and are 

fed across lateral boundaries by information produced by the GCMs or observational fields. 

It should be, however, emphasized that RCMs are not formulated to replace GCMs but rather 

to supplement GCMs by adding fine-scale detail to their coarser resolution simulations 

(Kilsby et al., 2007). 

2.8 Climate Scenarios 

A range of scenarios can be used to identify the enset site suitability and climate projection 

over study area for enset production, to climate change and to help policy makers decide on 
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appropriate policy responses. It is important to emphasize that, unlike weather forecasts, 

climate scenarios are not predictions. Weather forecasts make use of enormous quantities of 

information on observed state of the atmosphere and calculate, using the laws of physics, 

how this state will evolve during the next few days, producing a prediction of the future 

(IPCC, 2007). In contrast, a climate scenario is a plausible indication of what the future could 

be like over decades or centuries given a specific set of assumptions. These assumptions 

include future trends in energy demand, emissions of GHG, land use change as well as 

assumptions about the behavior of the climate system over long time scales. It is largely the 

uncertainty surrounding these assumptions which determines the range of possible scenarios.  

Hulme (Hulme et al., 2018) suggested five criteria (consistency with global projections, 

physical plausibility, applicability in impact assessment, representative and accessibility) 

that should be met by climate scenarios if they are to be useful for impact research and policy 

makers. 

2.8.1 Types of climate scenarios 

Climate scenarios are of three main types which have been employed in impact assessment: 

Synthetic scenario, analog scenarios and climate model-based scenarios (IPCC, 2007). In 

this impact study climate model-based scenarios were applied. Climate models atdifferent 

resolution and complexity serve as the major source of information for 

constructingscenarios. The most common method of developing climate scenarios for 

quantitative impactassessment is to use result from GCMs and RCMs. These numerical 

models representingphysical processes in the atmosphere, ocean, cryosphere and land 

surface are the mostadvanced tools currently available for simulating the response of the 

global climate system to increasing greenhouse gas concentration (IPCC, 2007). GCMs 

depict the climate using a threedimensional grid over the globe, typically having a horizontal 

resolution of between 250 and 600 km, 10 to 20 vertical layer in the atmosphere and 
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sometimes as many as 30 layers in theoceans, whereas RCMs have a horizontal resolution 

of about 50 km or less. 

2.8.2  Emission scenarios 

A set of scenarios known as Representative Concentration Pathways (RCPs) has been 

adopted by climate researchers to provide a range of possible futures for the evolution of 

atmospheric composition (Moss et al., 2010). These RCPs scenario and, for some purposes, 

are meant to replace former scenario-based projections of atmospheric composition, such as 

those from the Special Report on Emissions Scenarios. The RCPs are being used to drive 

climate model simulations planned as part of the World Climate ResearchProgramme’s Fifth 

Coupled Model Intercomparison Project (CMIP5) (Hulme et al., 2018) and other comparison 

exercises. The four RCPs are based on multi-gas emission scenarios whichwere selected 

from the published literature (Vuuren et al., 2011; Kotir, 2011; Wayne, 2013) there are some 

inconsistencies in the relationships between emissions and concentrations that could 

complicate the interpretation of the climatic consequences of the four different scenarios. 

Furthermore, although concentration drive traditional coupled atmosphere ocean climate 

models, CMIP5 also includes simulations by Earth System Models (ESMs) with a full 

representation of the carbon cycle. These ESMs are optionally driven by prescribed 

emissions ofcarbon dioxide. The CMIP5 exercise requires a set ofhistorical and future 

pathways for both concentrations and emissions ideally produced by a single model. Starting 

from these standardized concentration datasets, forthcoming CMIP5 inter comparisons will 

allow our understanding of the relationship between emissions and concentrations to be re-

defined (Wayne, 2013). 

A global community of integrated assessment modeling groups formed the Integrated 

Assessment Modeling Consortium to develop the RCPs, based on a peer-reviewed research 
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process and community-wide discussion. The four pathways are summarized as follow: 

2.8.2.1 RCP8.5 - High emissions 

This RCP is consistent with a future with no policy changes to reduce emissions. It was 

developed by the International Institute for Applied System Analysis in Austria and 

ischaracterized by increasing greenhouse gas emissions that lead to high greenhouse 

gasconcentrations over time. It is comparable with the previous SRES scenario, A1 F1. 

Thefeature of this high emission scenario is consistent with rapid increase in methane 

emissions,three times today’s CO2 emissions by 2100, heavy reliance on fossil fuels, lower 

rate oftechnology development, high population growth, increased use of croplands and 

grasslandwhich is driven by an increase in population and no implementation of climate 

policies (Vuuren et al., 2011). 

2.8.2.2 RCP 6 - Intermediate emissions 

This RCP is developed by the National Institute for Environmental Studies in Japan. 

Radiativeforcing is stabilized shortly after year 2100, which is consistent with the application 

of a rangeof technologies and strategies for reducing greenhouse gas emissions. It is 

comparable withthe previous SRES scenario, B2. The feature of this high emission scenario 

is consistent withheavy reliance on fossil fuels, intermediate energy intensity, increasing use 

of croplands anddeclining use of grasslands, stable methane emissions and CO2 emissions 

peak in 2060 at 75per cent above today’s levels, then decline to 25 per cent above today  

(IPCC, 2007; Moss et al., 2010;). 

2.8.2.3 RCP 4.5 - Intermediate emissions 

This RCP is developed by the Pacific Northwest National Laboratory in the US. Here 

radiativeforcing is stabilized shortly after year 2100 and it can be comparable with SRES 
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scenario B1.This future is consistent with lower energy intensity, strong reforestation 

programmes,decreasing use of croplands and grasslands due to yield increases and dietary 

changes,stringent climate policies, stable methane emissions and CO2 emissions increase 

only slightlybefore decline commences around 2040 (Moss et al., 2010; Quante & Bjørnæs, 

2016). 

2.8.2.4 RCP 2.6 - Low emissions  

This RCP is developed by PBL Netherlands Environmental Assessment Agency. Here 

Radiative forcing reaches 3.1 W/m2 before it returns to 2.6 W/m2 by 2100. In order to reach 

suchforcing levels, ambitious greenhouse gas emissions reductions would be required over 

time.(Comparable SRES scenario: None). This future would require declining use of oil, 

lowenergy intensity, a world population of 9 billion by year 2100, use of croplands increase 

due tobio-energy production, more intensive animal husbandry, methane emissions reduced 

by 40 per cent and CO2 emissions stay at today’s level until 2020, then decline and become 

negative in 2100 (Wayne, 2013). 

2.9  Modeling Approach and Future Climatic Changes  

Spatial crop suitability modeling is conducted to estimate where a specific crop can be 

produced given different environmental factors, including current and future climate 

scenarios. Crop suitability models can be potentially useful tools for strategic spatial 

planning of agricultural activities, including risk assessments, as these models are capable 

of reproducing regional and global trends in crop production (Ramirez-villegas., 2013). Crop 

suitability model outcomes can also provide crop breeders with decision support for 

targeting genotypes to environments (Beebe et al., 2011), or for identifying future 

requirements in crop adaptation (Beebe et al., 2011).  According to Ramirez et al, (2011) 

were used empirical and mechanistic crop growth models and applied a threshold to the 
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predicted yield to assess the suitability of banana and plantain (Musa spp) under current and 

future climates.  

Climate models attempt to simulate the behavior of the climate systems. The ultimate 

objective is to understand the key physical, chemical and biological processes which govern 

climate. Through understanding the climate system, it is possible to: obtain a clear picture 

of past climates by comparison with empirical observation, and predict future climate 

change. There have been several studies used a differentmodelingapproach to simulate the 

climate suitability for crop production.  

Crop growth simulation models are research tools usually applied in assessing the 

relationship between crop productivity and environmental factors. They have been shown to 

be efficient in determining the response of crop plants to changes in weather and climate. 

Examples of such models include (Hoogenboom et al., 2003). In most of the cases, these 

crop models have been developed in particular localities and they are not always applicable 

in other regions without modification. Therefore, when introducing such crop models into 

new regions, their applicability needs to be evaluated. The EcoCrop model of DIVA-GIS is 

a universal model which can be used for the crops of any region by adjusting the required 

climatic parameters. DIVA-GIS implement Ecocrop to predict the adaptation of a crop over 

geographic areas (Mali, 2015). According to FAO, Ecocrop can be used to assist in the 

identification of candidate species for defined environments (Ranjitkar et al., 2016).  

FAO‟s EcoCrop database of the environmental requirements of a long list of plant species, 

which can be used to identify possible crops to grow in a particular environment. In DIVA-

GIS, we implement EcoCrop to predict the adaptation of a crop over geographic areas. 

Currently, only temperature and precipitation data are used to make this prediction. In 

EcoCrop, the growing period is defined in days between Gmin and Gmax (start of growth 
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and end of growth, respectively). The length of the growing season is defined as the average 

of Gmin and Gmax (Ramirez-villegas., 2013; Mali, 2015).  

In DIVA-GIS, 12 possible growing seasons are considered, starting on the first of each 

month. To determine the suitability of a growing season for a certain crop, the following 

temperature parameters are used:  

KTMP: absolute temperature that will kill the plant  

TMIN: minimum average temperature at which the plant will grow  

TOPMN: minimum average temperature at which the plant will grow optimally  

TOPMX: maximum average temperature at which the plant will grow optimally  

TMAX: maximum average temperature at which the plant will cease to grow  

The suitability of a location (grid cell) for a crop is evaluated for each of the 12 potential 

growing seasons. If the average minimum temperature in one of these months is 4oC or less 

above KTMP, it is assumed that, on average, KTMP will be reached on one day of the month, 

and the crop will die. The temperature suitability of that month is thus 0%. If this is not the 

case, the temperature suitability is evaluated for that month using the other temperature 

parameters. The overall temperature suitability of a grid cell for a crop, for any growing 

season, is the lowest suitability score for any of the consecutive number of months needed 

to complete the growing season (Hijmans et al., 2012). 

To estimate the suitability of the rainfall in an area for a particular crop, the following rainfall 

parameters are used:  

Rmin: minimum rainfall (mm) during the growing season  

Ropmin: optimal minimum rainfall (mm) during the growing season  

Ropmax: optimal maximum rainfall (mm) during the growing season  

Rmax: maximum rainfall (mm) during the growing season  
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The evaluation for rainfall is similar as for temperature, except that there is no “killing” 

rainfall and there is one evaluation for the total growing period (the number of months 

defined by Gmin and Gmax) and not for each month. The output is the highest suitability 

score (percentage) for a growing season starting in any month of the year (Hijmans et al., 

2012).  

Ecocrop model was suited for rainfall, temperature, or for both (the boxes to tick are on the 

Predict tab). In the last case, the minimum value of the two for each growing season is used 

to compute the suitability.  To run the model first the select a species is seelcted the Select 

tab. You can search for species using the options in Filter by. Then select the crop you want 

by clicking on it (the selected record is highlighted in blue). On the next tab, Parameters, 

you can inspect the temperature and rainfall parameters from the EcoCrop database, and 

change them if you want. The changed parameters will be used, but not saved (Hijmans et 

al., 2012).  

Several studies have been undertaken to model climate change impacts on different crops 

and projected future scenario of climate suitability for crop production. Some of them are 

(Mali, 2015; Ranjitkar et al., 2016), to validate the procedure for the estimation of the effect 

of expected climate changes on banana production in the subtropics using the EcoCrop 

model to estimate the magnitude of expected changes and the changes in the suitability of 

selected subtropical regions for banana production given the predicted changes in 

temperature and rainfall projected by climate change models. 
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CHAPTER THREE 

3. MATERIAL AND METHODS 

3.1 Description of Study area 

The study area consists two zones and one special district (woreda), Dawro, Wolayita, and 

Konta, respectively (Figure 4). The study area found in the Ethiopian Southern Nations, 

Nationalities, and Peoples' Region (SNNPR). Study area (Dawro, Konta, and Wolayita) is 

located in the South-Western and southern part of Ethiopia, which is 500 and 360 km south-

west and south of Addis Ababa, the capital city of Ethiopia. Based on the 2007 Census 

conducted by the Central Statistical Agency of Ethiopia (CSA), Dawuro and Wolaita has a 

total population of 489,577 and 1,501,112, repectively. The area well known by high range 

of climate variability from lowland to highland. The study area lies in between 60 45’ 16” to 

70 34’ 34” north latitudes and 360 32’  08” to 380 12’ 94” east longitude. The focus area 

shares boundaries with Jimma zone (Oromiya Region), Hadiya, Kambata-Tambaro zones in 

the northeast, Gamo-Gofa zone in the southeast and Sidama Zone in the east. 

 

Figure 4 Location Map of Study Area 
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3.2 Data Collection  

The required input data for this study was collected from secondary sources. The data used 

in this study daily rainfall and temperature data of the study area were obtained from the 

National Meteorological Agency of Ethiopia to detect relationships of the independent 

variable with the dependent variable (climate variable Vs enset yield data). From the 

following link climate data were downloaded, Global Weather Data for SWAT 

(https://globalweather.tamu.edu/) was used for trend and variability analysis for baseline 

period and to downscaling climate variables over an enset growing geographic area. The 

downscaled climate data was used to project future climate trend and variability over enset 

producing area. The climate (temperature and rainfall) data for suitability analysis was 

downloaded from a worldclim website. The data available here downscaled climate data 

from simulations with Regional Climate Models (RCMs). The original data was made 

available by (CMIP5). These data were downscaled and calibrated (bias 

corrected) by  WorldClim 1.4 version as baseline 'current' climate. The file format is 

GeoTIFF for a current time period (1970 - 2000). Downscaled for future climate trend and 

variability global climate model (GCM) data from CMIP5 (IPCC Fifth Assessment) and for 

future about 2050 and 2070 three (RCP2.6, RCP4.5, and RCP8.5) ‘representative 

concentration pathways’ (RCPs) scenario’s climate data were downloaded from this website 

(Hijmans et al., 2005; http://www.worldclim.org. Twelve climate and growing time 

parameter obtained from FAO website to project site suitability for enset production. Ten-

year annual crop production and productivity data for Enset were obtained from Central 

Statistical Agency of Ethiopia.  

3.3 Materials  

The materials were used in this study for data analysis: XLSTAT, IBM SPSS Ver. 21, 

EcoCrop Model, Diva-Gis,  ArcGis Ver. 10.3.1,  MDM, SDSM Ver. 4.2. 

https://globalweather.tamu.edu/
http://cmip-pcmdi.llnl.gov/cmip5/
http://www.worldclim.org/downscaling
http://www.worldclim.org/downscaling
http://worldclim.org/
http://www.worldclim.org/
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3.4 Methods of Data Analysis 

The main objectives of this study was to determine the extent of climate variability as well 

as change and their associated effects on the Enset farming in a study area. This was achieved 

through the determination of linkages between Enset productivity and current climate change 

and variability; the extent of future climate changes over study area (Ethiopia), and the 

potential effects of future climate change on Enset production over Ethiopia. This section 

provides brief highlights of the various methods that were used to address the specific 

objectives of the study.  

3.4.1 Trend and variability analysis of rainfall and temperatures in the study area 

In this study, Mann-Kendall trend test analysis was undertaken to detect temperature and 

rainfall data series to reveal a pattern of change in the given time series. XLSTAT software 

was used and interfaced with Microsoft Excel to detect the climate trend and Mann-Kendall 

trend test was used to check whether there is a trend or not in a given time series in climate 

parameters. Mann Kendall test is a statistical tool widely used for the analysis of trends in 

climatic variables. There are two advantages of using this test. First, it is a non-parametric 

test and does not require the data to be normally distributed and it is less sensitive to outliers 

in time series data. In this test, a score of +1 is awarded if the value in a time series is 

increasing, or a score of -1 is awarded if it is decreasing. To show the direction of change in 

time series climate variables (Birsana et al., 2005). 

In order to achieve the first objective of interseasonal and interannual climate trend and 

variability was investigated in this study. Under this objective, the study period was begun 

from 1980-2010. Trend detection was conducted using the non-parametric Mann-Kendall 

(MK) test that takes care of all the distribution of the data set (Mann, 1945; Mali, 2015; 

Pohlert, 2018). Sen's Slope estimation test computed for both the slope (i.e. the linear rate of 
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change) and intercept according to a Sen's method. This method have been used in different 

scholars (Addisu et al., 2015;  A.Asfaw et al., 2018) in Ethiopia and as global.  

Mann-Kendall trend test result was obtained for the study area in the following way. If the 

p-value is less than the significance level α (alpha) = 0.05, H0 is rejected. Rejecting H0 

indicates that there is a trend in the time series while accepting H0 indicates no trend was 

detected. On rejecting the null hypothesis, the result is said to be statistically significant. The 

non-parametric test, Mann Kendall method was used to analyze the rainfall  and temperature 

trends. 

This non-parametric test has been used for detecting trends in observed climate time series 

in a study area. The Mann-Kendall test is described in the subsequent section. 

The Mann-Kendall S statistic is computed as follows:  

𝑆 = ∑ ∑ 𝑠𝑔𝑛(𝑛
𝑗=𝑖+1

𝑛−1
𝑖−1 𝑋𝑗 − 𝑋𝑖)                                                                       (1) 

The application of trend test is done to a time series 𝑥𝑖 that is ranked from = 1,2, … . , n − 1 

and 𝑋𝑗, which is ranked from j = i +1,2,.......,n. Each data point Xi is taken as a reference 

point which is compared with the rest of the data points Xj so that, 

𝑆𝑔𝑛(𝑋𝑗 − 𝑋𝑖) =  {

1, (𝑋𝑗 − 𝑋𝑖) > 0

0, (𝑋𝑗 − 𝑋𝑖) = 0

−1, (𝑋𝑗 − 𝑋𝑖) < 0

                                                                               (2) 

If n < 10, the value of |S| is compared directly to the theoretical distribution of S derived by 

Mann and Kendall. The two-tailed test is used. At certain probability level H0 is rejected in 

favor of H1 if the absolute value of S equals or exceeds a specified value Sα/2, where Sα/2 

is the smallest S which has the probability less than α/2 to appear in case of no trend. A 

positive (negative) value of S indicates an upward (downward) trend.  For n ≥ 10, the statistic 

S is approximately normally distributed with the mean and variance as follows:𝑬(𝒔) = 𝟎 

The variance statistic is given as 
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𝑽𝒂𝒓(𝑺) =
𝒏(𝒏−𝟏)(𝟐𝒏∓𝟓−∑ 𝒕𝒊(𝒊)(𝒊−𝟏𝒎

𝒊=𝟏 )(𝟐𝒊+𝟓)

𝟏𝟖
                                                                (3)        

where n is the number of observation and ti are the ties of the sample time series. The test 

statistics Zc is as follows: 

𝑍𝑠 = {

𝑠−1

𝜎

0
𝑠+1

𝜎

𝑖𝑓 𝑆 > 0
𝑖𝑓 𝑆 = 0
𝑖𝑓 𝑆 < 0

                                                                                                            (4) 

where Zc follows a normal distribution, a positive Zc and a negative Zc depict an upward 

and downward trend for the period respectively. Sen's Slope estimation test computes both 

the slope (i.e. the linear rate of change) and intercepts according to a Sen's method. The 

magnitude of the trend is predicted by Sen (1968) slope estimator methods. A positive value 

of β indicates an ‘upward trend’ (increasing values with time), while a negative value of β 

indicates a ‘downward trend’. Here, the slope (Ti) of all data pairs is computed as (Sen, 

1968). In general, the slope Ti between any two values of a time series x can be estimated 

from: 

𝑇𝑖 =
𝑋𝑗−𝑋𝑖

𝑗−𝑖
                                                                                                                           (5) 

where xj and xi are considered as data values at time j and i (j > i) correspondingly.  

In this study, rainfall and temperature variability have been computed using Coefficient 

Variation and Standardized Precipitation index. CV is calculated to evaluate the variability 

of the rainfall and temperature. A higher value of CV is the indicator of larger variability, 

and vice versa which is computed as: 

𝐶𝑉 =
𝜎

𝜇
 × 100                                                                                                                      (6) 

where CV is the coefficient of variation; σ is a standard deviation and μ is the mean 

precipitation or temperature. According to Hare (2003), CV is used to classify the degree of 

variability of rainfall events as less (CV< 20), moderate (20 < CV <30), and high (CV >30). 
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On the other hand, standardized precipitation index found the following link 

http://drought.unl.edu/MonitoringTools/DownloadableSPIProgram.aspx  for rainfall have 

been calculated to examine the nature of the extreme weather trends, enables the 

determination of the dry and wet years to assess frequency and severity of droughts. The 

scholars (Agnew & Chappell, 1999 ; Woldeamlak and Conway, 2007) have been used to 

detect extreme characters in Ethiopia. The dryness severity classes are: 

Table  1 Classifications of the dryness/wetness degree in accordance with the SPI definitions. 

Categories SPI Index 

Extremely wet 

Very wet  

Moderately wet  

Near normal 

Moderately dry 

Severely dry 

Extremely dry 

>2 

1.5 to 1.99 

1.0 to 1.49 

-0.99 to 0.99 

-1.0 to – 1.49 

-1.5 to – 1.99 

<-2 

 

3.4.2 Projecting the Extent of Expected Future Climate Change and Variability 

The second objective was achieved by projecting the future climate change and variability 

of enset growing area. In the near future time period (2011-2040) and in a far future time 

period (2041-2070) climate projection made by different RCP2.6, RCP4.5, and RCP8.5 

scenarios. To facilitate interpretation of results and be able to visualize the entire study area, 

spatial data analysis required the use of a geographic information system (GIS). The spatial 

representation of data is performed with the use of appropriate software and adequate 

interpolations, namely Kriging methods for temperature and precipitation data. Projected 

climate change and variability pattern computed to identify future climate trends and 

extremes. Downscaled rainfall and temperature trend was computed between three scenarios 

http://drought.unl.edu/MonitoringTools/DownloadableSPIProgram.aspx
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to identify which scenario we should select to minimize climate-related risk for two future 

timescales. It was done through computing mean, standand deviation and coefficient of 

variation of climate variables (rainfall and temperature). As for climate projection, it was 

generated with the statistical technique of downscaling SDSM (Statistical Downscaling 

Model) developed by the Environmental Agency of England and climate change scenarios 

from atmospheric general circulation models (R.L. Wilby et al., 2002). 

 

 

 

 

 

 

 

Figure 5 The main operations used by SDSM model to construct high resolution climate 

change scenarios 

3.4.3 Establish the Linkages between Enset Productivity and Observed Climate 

Change. 

3.4.3.1 Correlation and Regression Analyses 

The third objective sought to determine the nature of linkages between enset yields and 

climate variability and change over the study area. Observed daily climate data were 

available in most enset growing areas while there was only annual enset yields data for ten 

years in Central Statistics Agency over the study area. This made it very difficult to quantify 
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direct and indirect linkages amongst the changes in the past and present enset yields with 

past and current climate change and extremes. 

Correlation and regression method was used to examine the existing linkages between enset 

yields and climate variables (rainfall and temperature). Brief details of these methods are 

provided below. Under correlation analysis, Pearson’s product-moment correlation 

coefficient (ρ xy) was used as a measure of the degree of agreement between variables. The 

correlation coefficients were computed (Eq, 7) between standardized climate variables (X) 

and enset yields (Y) and the values have been tested for significance (Eq,8). 

The correlation coefficient, ρXY =
𝒄𝒐𝒗(𝑿,𝒀)

𝝈𝒙𝝈𝒀
                                                                  (7) 

                                            -1≤ 𝝆 𝑿𝒀 ≤ 𝟏 

The significance of the correlation coefficients was tested using the statistical t-test. The test 

statistic t is given by the expression: 

t n-2 = 𝝆 XY√
𝒏−𝟐 

𝟏− 𝝆𝑿𝒀𝟐 

     = √
𝝆𝒙𝒚𝟐(𝒏−𝟐

𝟏−𝝆𝒙𝒚𝟐
                                                                                                             (8) 

In Equation (9), n is a number of observations.  

Under correlation method, it was assumed that cumulative annual climate stress has 

significant effects on annual enset yields and allows correlating annual climate and enset 

yield. 

Regression analysis was undertaken for cases where correlation coefficients if significant. 

Yt= β0  +  β1Tt +  β2Pt+ εt                                                                                     (9) 
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where Yt, Tt, Pt are yield, growing average temperature, and growing season total 

precipitation, respectively, in year t, β0–2 represent model parameters to be fit, and ε is an 

error term. The values of β0–2 were obtained as the least-squares solution to Eq. (9). The 

use of growing period averages for temperature and precipitation is common in statistical 

approaches, 

The variance of the error term ei, in this case, is 𝑺𝟐 =
𝑺𝑺𝑬

𝒏−(𝒌+𝟏)
                                  (10) 

A test of the adequacy of the model is done by computing 𝑅2(the multiple coefficients of 

determination) given by 𝑹𝟐= 1-
𝑺𝑺𝑬

∑ (𝒀−𝒀)𝟐𝒏
𝒊−𝟏 

                                                                 (11) 

For R² = 0, it implies lack of fit, while R² = 1 implies perfect fit. The R2 is a better measure 

of variance to interpret results. The F-test based on the Analysis of Variance (ANOVA) was 

used to test for the significance of the coefficients of regressions.  

3.4.4 Determine Potential Effects of Future Climate Change on Enset Production and 

Distribution 

Modeling current and expected future climates suitability in enset growing area. The fourth 

objective of the study determined the potential effects of projected future climate on enset 

production in study area. The climate scenarios based on Assessment Report Five (AR5) 

RCPs have been used in the projection of future climate change scenarios over focus area. 

The climate change projections were used to examine the potential effects of such climate 

changes on growth patterns and changes in suitability of enset production in study area. The 

climate change information based on AR5 RCPs climate scenarios were used for the periods 

2050 and 2070 (with 1970-2000 as a reference period. The details will be explained in 

subsequent section:  

3.4.4.1 Current Climate Suitability Modelling for Enset Production 
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Current climate data were downloaded from WorldClim (Fick,S.E. and RJ.Hijmans, 

2017,http://www.worldclim.org). Monthly maximum, minimum temperatures and total 

monthly precipitation data were gathered at 1-km spatial resolution climate surfaces for 

global land areas.Worldclim data was downloaded for (1970-2000) historical time period 

climate suitability analysis of enset distribution over the study area. This climate material 

prepared for in the form of importable to Diva Gis interfaced EcoCrop model. Then climate 

data and map of the study area was imported into the Diva-Gis software to do the analysis. 

Enset crop was selected in the EcoCrop model, twelve climate parameters were filled in a 

given space for the purposes and then the map of study area extent selected to run the model. 

Then the EcoCrop model was modelled current period climate suitability for enset crop 

production and distribution. 

3.4.4.2 Projecting of Expected Future Climate Suitability over Enset growing areas in Ethiopia 

Apart from comparing the projected climate change scenarios with the specific climate 

thresholds for enset growth (Table 6), the FAO EcoCrop tool was also used to determine and 

map current and future suitability of enset growth in Ethiopia. The FAO EcoCrop tool was 

used to provide additional information on the thresholds of climate conditions for the enset 

crop over Ethiopia. The EcoCrop tool was originally developed by Hijmans et al.. (2001) 

and further improved, providing calibration and evaluation procedures (Ramirez-Villegas et 

al., 2011b). The suitability mapping was based on the historical period in the above section 

provided climate data and  projection of future enset distribution underneath section through 

using the different scenarios over Ethiopia.  

http://www.worldclim.org/
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Figure 6 Climate requirements for enset growth. Source ( http://www.ecocrop.fao.org/). 

The spatial patterns and trends in monthly rainfall, minimum and maximum surface 

temperatures have been used to identify variations in the suitability of the enset growing 

regions of Ethiopia. The ArcGIS based suitability model was developed and used to 

determine current and future enset growth patterns and quantify the response of enset growth 

patterns to projected future climate patterns for the study areas. 

The climate scenarios based on AR5 RCPs have been used in the projection of future climate 

change scenarios over the study area. The climate change projections were used to examine 

the potential effects of such climate changes on growth patterns and changes in suitability of 

enset production across the study area. Enset suitability analysis undertaken first 

downloading temperature and rainfall fromWorldClim 1.4 downscaled (CMIP5) data. The 

data available here are the IPCC5 climate projections from global climate models (GCMs) 

for four representative concentration pathways (RCPs). These are the most recent GCM 

climate projections that are used in the Fifth Assessment IPCC report. The GCM output 

http://www.ecocrop.fao.org/
http://cmip-pcmdi.llnl.gov/cmip5/
http://en.wikipedia.org/wiki/Representative_Concentration_Pathways
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was downscaled and calibrated (bias corrected) using WorldClim 1.4 as baseline 'current' 

climate (http://www.worldclim.org). 

The fourth objective achieved through in following flow chart:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Flow chart of a methodology for enset growing area suitability 
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CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

This chapter presents the results obtained from the various data analysis methods (discussed 

in Chapter Three) to achieve the overall and specific objectives of the study. The results on 

interseasonal and interannual climate change and variability are presented first and followed 

by other results in the order to specific objectives. 

4.1 Climate variability and Trend 

In order to achieve the first objective, descriptive statistics to detect climate variability and 

trend analysis (Mann-Kendall test) has been implemented on rainfall and temperature time 

series data to check whether there is climate change in study area or not, the following  results 

in table and figure show descriptive statistics and  MK trend analysis of rainfall  in study 

area. The time period was selected from (1980-2010) due to the availability of good quality 

climate data for the study area. 

4.1.1 Rainfall variability and trend 

This study revealed that average annual rainfall of the study area during the study period was 

670.77mm with 147.09mm standard deviation and 22% CV. The minimum and maximum 

record of  rainfall were 413.92mm ( in year 1984 was the most extreme drought year) and 

1139.67mm (during 2010 was the wettest year) respectively, (Table 2). The result of 

normality test (using Shapiro-Wilk tests) for the rainfall data distribution type indicated that 

spring and winter rainfall data of the area was not normally distributed at a significance level 

of 5%; while summer, autumn, and annual total rainfall data were approximately found to 

be normally distributed. The result revealed that in the study area major rain season was 

summer in last three decades and spring season was next by gaining more rain. Through time 

summer season showed that rainfall decreasing trends and high variability recorded. In the 
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area rainfall shows erratic characters and become not suitable condation for rainfed 

dependent agriculture. 

4.1.1.1 Standard Precipitation Indices (SPI) for Drought Characteristics  

It was observed under a methodology that the Standard Precipitation Indices (SPI) was used 

to examine extreme rainfall characteristics (drought) and extremely wet condition in the 

study area. SPI patterns for the period 1980-2010 over the selected study area of Ethiopia 

are presented in Figures 8. In this study, for 30 year time period in 12-month scales are 

studied to assess the intensity and duration of the major droughts in the study area. As can 

be seen from Figure 8 for the yearly Standardized Precipitation Index (SPI) analysis revealed 

that in 1984 the extremely dry, 2003 severely dry (Drought) observed and 1980, 1982 and 

2002 these three moderately dry took place in the study area. The remaining years were 

nearly normal to extremely wet during the study period. 

 

Figure 8 (SPI) over selected areas of the SNNPR of Ethiopia. In this figure less than (-2) 

indicate extremely dry and (-1.5 to -1.99) severely dry periods while (-1 to -1.49) indicated 

moderately dry (drought) periods during 1980-2010. 
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4.1.1.2 Rainfall Trend 

As depicted in Table 2 Mann-Kendall trend analysis and p-values derived at 5% level of 

significances. In the Mann-Kendell trend test, parameters like Kendall's tau, S statistic, and 

the Z statistic were considered to identify the increasing or decreasing trend in the time series 

of climatic parameters. The Sen's slope was used to identify the magnitude of decreasing or 

increasing trend. Figure 9 (A-F) depicted annual and four seasonal rainfall trends in separate 

graph and four-season together in one graph to compare the trends of rainfall in seasonal 

time scale.  

This study analysis results indicate that most of the station's consecutive seasonal and annual 

rainfall showed increasing amount (Table 2) but  statistically significant trends were detected 

for only April month rainfall, this study only focused on the annual and seasonal time scale 

of rainfall and also this result is statistically insignificant at 95 % confidence limit during the 

period of 1980-2010. In April month the computed p-value is lower than the significance 

level alpha = 0.05, the null hypothesis H0 was rejected, and the alternative hypothesis Ha 

was accepted. Rainfall patterns for periods denote no trends at 95 % confidence level. 

However, there is a considerable amount of rainfall decrease for the summer season which 

is a statistically insignificant trend at 95 % confidence limit during the period of 1980-2010. 

The trend was insignificant as the p-value is greater than alpha=0.05, one cannot reject the 

null hypothesis H0. This means that no trend was seen in the summer season in this climate 

variable for 30-year time scales over the study area. For more detail explanation and to 

visualize the trends of rainfall over study area depicted in figure 9 (a-f). 
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Figure 9 Inter-annual and seasonal climate trends and variability of rainfall totals (January-

December, in mm) over selected areas of the SNNPR, during the period 1980-2010. 
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Table  2 Descriptive statistics and  MK analysis of rainfall in the study area (1980-2010). 

 

Month Min Max Mean Variance  SD CV% 

Kendall's 

tau 

p-

value 

Sen's 

slope 

Jan 0.00 64.20 10.79 182.66 13.52 
125 

0.198 0.118 0.267 

Feb 0.10 115.49 11.25 401.86 20.05 
178 

-0.019 0.893 -0.045 

Mar 2.16 123.73 35.31 818.47 28.61 
81 

0.247 0.052 0.867 

Apr 14.27 231.67 90.76 2459.13 49.59 
55 

0.295 0.020 2.112 

May 32.03 162.59 84.91 1078.05 32.83 
39 

-0.114 0.380 -0.573 

Jun 32.17 150.57 84.57 952.93 30.87 
37 

-0.114 0.380 -0.784 

Jul 25.53 201.98 98.47 2068.93 45.49 
46 

-0.140 0.280 -0.875 

Aug 42.18 197.27 88.48 1233.52 35.12 
40 

-0.123 0.345 -0.625 

Sep 24.93 205.23 94.74 1402.61 37.45 
40 

-0.019 0.893 -0.053 

Oct 11.98 107.63 47.22 589.30 24.28 
51 

0.131 0.311 0.490 

Nov 0.33 83.17 16.32 333.31 18.26 
112 

0.041 0.762 0.067 

Dec 0.00 72.21 7.95 204.93 14.32 
180 

0.110 0.399 0.051 

Spring 88.44 489.92 210.98 5324.03 72.97 
35 

0.213 0.096 2.696 

Summer 114.50 459.18 271.52 6269.73 79.18 
29 

-0.187 0.145 -2.544 

Autumn 80.20 314.50 158.28 2470.98 49.71 
31 

0.032 0.814 0.318 

Winter 2.38 140.47 29.99 876.95 29.61 
99 

0.148 0.251 0.402 

Annual 413.92 1139.67 670.77 21634.26 147.09 
22 

-0.006 0.973 -0.127 
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4.1.2 Surface Temperatures Trend  

Results from graphs of the plotted minimum and maximum surface temperature time series 

revealed that there are observed increasing trends in the annual and seasonal surface 

temperature time series data over focus area. 

Observed temperature trend are shown in Figures 10 (a-f) show trends in annual and seasonal 

minimum temperatures anomalies, while Figures 11 (a-f) shows annual and seasonal 

maximum temperature trend over study area. An increasing trend detected in surface 

temperature and the issue is among the global view of climate change. Analysis of annual 

and seasonal temperature data was undertaken to detect the variability and trend of 

temperature change in the study area for the periods of 1980-2010. Table 3 and 4 portray the 

monthly, seasonal and annual (minimum and maximum) temperature trend was examined, 

the scope this study focus only seasonal and annual variability and trends. The average 

temperature in the study area ranges from 12OC minimum to 31.4OC maximum with an 

annual average temperature of 21.3OC. A linear regression model was used, to detect the rate 

of change through by the slope of the regression line (Figure 10 and 11) which in this case 

is about  0.039, 0.051 and 0.045OC in annual time scale for minimum, maximum and mean 

temperature during in the study period of  1980–2010, respectively. 
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Table  3 Minimum Temperature descriptive statistics and Trend analysis from 1980-2010 

 

 

 

 

Month Min Max Mean Variance SD CV 

Kendall's 

tau 

       S 

Statistics P-Value 

Sen's 

slope 

Jan 10.71 14.40 12.95 0.94 0.97 
 7 

0.31 143.00 0.0150 0.048 

Feb 10.92 16.14 14.22 1.15 1.07 
 8 

0.17 81.00 0.1758 0.029 

Mar 12.44 15.85 14.61 0.70 0.83 
 6 

0.16 75.00 0.2108 0.023 

Apr 13.26 16.17 14.43 0.37 0.61 
 4 

0.39 183.00 0.0016 0.037 

May 12.51 14.77 13.44 0.32 0.57 
4 

0.36 167.00 0.0042 0.032 

Jun 11.28 13.63 12.29 0.36 0.60 
5 

0.38 179.00 0.0021 0.039 

Jul 10.77 13.00 12.14 0.32 0.57 
5 

0.44 203.00 0.0004 0.037 

Aug 11.13 13.67 12.30 0.44 0.66 
5 

0.45 207.00 0.0003 0.050 

Sep 11.77 13.81 12.74 0.31 0.56 
4 

0.57 267.00 < 0.0001 0.053 

Oct 11.29 13.77 12.51 0.50 0.71 
6 

0.48 225.00 < 0.0001 0.057 

Nov 10.72 13.73 12.40 0.42 0.65 
5 

0.25 117.00 0.0482 0.027 

Dec 10.22 14.64 12.34 1.43 1.19 
10 

0.22 101.00 0.0896 0.056 

Spring 12.91 15.38 14.16 0.32 0.56 
4 

0.34 159.00 0.0066 0.031 

Summer 11.28 13.30 12.24 0.27 0.52 
4 

0.53 245.00  < 0.0001 0.043 

Autumn 11.74 13.47 12.55 0.27 0.52 
4 

0.51 239.00 < 0.0001 0.043 

Winter 11.40 14.16 13.17 0.54 0.73 
6 

0.36 167.00 0.0042 0.043 

Annual 12.01 13.82 13.03 0.22 0.47 
4 

0.56 261 < 0.0001 0.039 
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In Table 3 and 4 Mann-Kendall trend test result show that minimum and maximum annual 

average temperatures have been increasing significantly at 95% confidence level. The results 

revealed that there was an increasing trend pattern of the temperature in the study area as the 

computed p-value is lower than alpha = 0.05, the null hypothesis H0 was rejected, and 

alternative hypothesis Ha was accepted. It implies that the Mann-Kendall trend test is 

statistically significant for the minimum and maximum temperature which has shown a 

monotonic (positive) trend. Minimum temperature trend can be seen in Table 3 and 

Maximum temperature portray in Table 4 both parameters was begun from the year 1980-

2010 in seasonal and annual time scale was selected to interpret. 

 4.1.2.1 Seasonal Temperature Trend 

The seasonal minimum temperature analysis revealed that spring, summer, autumn, and 

winter mean minimum temperature over the study area was 14.2, 12.2, 12.5, and 13OC. The 

proportion of coefficient of variation in spring, summer, autumn, and winter minimum 

temperature explained by the year was 4, 4,4, and 6,% (Table 3), respectively. The standard 

deviation of minimum temperature for last more than 30 year of seasonal time scale, namely 

spring, summer, autumn, and winter is 0.56, 0.52, 0.52, and 0.73oC, respectively. The 

analysis of Mann-Kendall test statistics value of the computed p-value is lower than the 

significance level alpha=0.05, the null hypothesis H0 was rejected, and the alternative 

hypothesis Ha was accepted. However, the spring, summer, autumn, and winter minimum 

temperature revealed statistically significant increasing trend at P<0.05 (Table 3). Annual 

minimum temperature trend figure 10 (E) and spring, summer, autumn, and winter minimum 

temperature trends shown in figures 10 (A-D and F). 
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Figure 10 Inter-annual and seasonal climate trends and variability of minimum temperature 

totals (January-December, in OC ) over selected areas of the SNNPR, during the period 1980-

2010. 

 

 

 

 



46 
 

4.1.2.2 Seasonal Maximum Temperature Trend 

At the seasonal level, the spring maximum temperature varied between 29.4 to 33.96OC and 

spring mean maximum temperature was 31.85OC. Spring maximum temperature CV and SD 

was 3.4% and 1.09OC respectively. The spring maximum temperature doesn't show any 

trend in the study area over the study period. As the computed p-value is greater than the 

significance level alpha=0.05, the null hypothesis H0 was cannot rejected. Means H0 say 

there is no trend in the series if the p-value is greater than alpha=0.05 (Table 4). 

The remaining three season, namely summer, autumn and winter maximum temperature 

varied between 22.8, 26.5, 30.3 and 28.7 ,31.6, 33.5OC and summer, autumn and winter 

mean maximum temperature over the study area was 25.8, 29.3, 31.9OC. The coefficient of 

variation in summer, autumn and winter maximum temperature explained by the year was 

5, 4,  and 3, respectively. Standared deviation of maximum temperature for summer, autumn 

and winter season was 1.4, 1.24 and 0.88oC, respectively (Table 4).   The analysis of Mann-

Kendall test statistics value of the computed p-value is lower than the significance level 

alpha=0.05, the null hypothesis H0 was rejected, and the alternative hypothesis Ha was 

accepted.This analysis indicated that summer, autumn and winter maximum temperature 

showed an increasing (positive) trend. The summer, autumn and winter maximum 

temperature revealed statistically significant trend at P<0.05 (Table 4). Annual maximum 

temperature trend in figure 11 (E) depicted and spring, summer, autumn and winter 

maximum temperature trends shown in figures 11 (A-D and F). Except spring season the 

remaining three season revealed that statistical significant trends of maximum temperature 

over study area. 
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Table  4 Maximum Temperature descreptive statistics and Trend analysis from 1980-2010 

 

Month Min Max Mean Variance  SD CV% 

Kendall's 

tau 

S 

Statistics 

P-

Value 

Sen's 

Slope 

Jan 28.94 33.41 31.63 1.07 1.04 
3 

0.12 55.00 0.36 0.03 

Feb 30.37 35.37 33.01 1.62 1.27 
4 

0.28 129.00 0.03 0.06 

Mar 31.32 36.32 33.50 1.64 1.28 
4 

0.19 89.00 0.14 0.04 

Apr 28.13 34.08 32.17 2.13 1.46 
5 

0.09 43.00 0.48 0.02 

May 26.51 32.74 29.87 2.06 1.44 
5 

0.19 89.00 0.14 0.03 

Jun 23.19 30.43 27.28 2.43 1.56 
6 

0.22 101.00 0.09 0.05 

Jul 21.89 29.34 24.88 2.83 1.68 
7 

0.30 139.00 0.02 0.09 

Aug 22.67 28.53 25.18 2.18 1.48 
6 

0.30 139.00 0.02 0.09 

Sep 24.81 29.73 27.42 1.81 1.35 
5 

0.36 167.00 0.00 0.09 

Oct 25.51 32.62 29.26 2.77 1.66 
6 

0.16 73.00 0.22 0.05 

Nov 27.25 33.65 31.20 2.04 1.43 
5 

0.25 115.00 0.05 0.05 

Dec 28.67 32.41 31.01 0.86 0.93 
3 

0.23 109.00 0.07 0.04 

Spring 29.40 33.96 31.85 1.18 1.09 
3 

0.23 107.00 0.07 0.04 

Summer 22.80 28.69 25.78 1.88 1.37 
5 

0.32 149.00 0.01 0.07 

Autumn 26.47 31.58 29.29 1.54 1.24 
4 

0.28 131.00 0.03 0.05 

Winter 30.28 33.47 31.88 0.78 0.88 
3 

0.31 143.00 0.01 0.04 

Annual 28.03 31.38 29.70 0.88 0.94 
3 

0.34 157.00 0.01 0.06 
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Figure 11 Inter-annual and seasonal climate trends and variability of maximum temperature 

totals (January-December, in oC ) over selected areas of the SNNPR, during the period 1980-

2010. 

 

 

 

 

 

 

 



49 
 

Study finding confirm that rainfall variability and trends in annual and seasonal time scale 

analysed. The study area was get major rain during in summer season and spring. But spring 

season rain was much more lessthan summer season in the study area. The  rainfall variability 

existance in seasonal and inter-annual basis witnessed by Standardized Precipitation Index 

and descriptive statistics in study area. Based on Standardized Precipitation Index (SPI), the 

frequence of drought years has been increasing through time and the study area has 

expraniced a numbers of drought years since 1980s and 2000s. This show that rainfall found 

to be erratic and extreme weather condition presence in the study area. This results in line 

with other study in ethiopia (Kotir, 2011, A. Asfaw et al., 2018). The results of MK trend 

analysis test revealed that decreasing trend for summer rainfall was found to be statistically 

insignificant and the remaining seasons and annual rainfall has been shown increasing trends 

but statistically insignificant. Average minimum and maximum temperature showed 

increasing trends in spring, summer, autumn, and winter season and in inter-annual basis. It 

was also statistically significant except spring season of maximum temperature over study 

area. In agreement with other similar study for example (Hadgu et al., 2014) but different 

study area of Ethiopia they were found mean minimum and mean maximum temperature 

show that increasing trends 

4.2 Simulated Climate Projections 

The second specific objective of the study examine projected future climate change and 

variability based on Representative Concentration Pathways (AR5) scenarios for enset 

growing area in near future (2011-2040) and for a far future period (2041-2070) over a study 

area of Ethiopia. The results obtained from various methods of data analysis are presented 

in the subsequent sections. This section presents the results for future projections of rainfall 

(mm/year), and an average surface temperature (°C). The results were obtained from the 

techniques of SDSM for RCM outputs based on RCP2.6, RCP4.5 and RCP8.5, Coupled 
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Model Intercomparison Project (CMIP5) over the study area. The study analysis was based 

on the period 2011-2040 (near future time periods) to represent the near future climate 

change conditions and the period 2041-2070 (far future time period) to represent the longer 

term climate change conditions. 

The analysis results on annual time scales indicating the patterns of the two climate 

parameters for the three representative concentration pathway scenarios (RCP2.6, RCP4.5, 

and RCP8.5) are presented. The study considers the mean, the variability (SD), the 

Coefficient of variation (CV) and the projected changes in the mean and standard deviation 

relative to the present study climate parameters (rainfall and average temperature). 

According to Addisu et al., (2015) and A. Asfaw et al., (2018) were used the same way to 

investagete climate change and variability projection and trends, respectively. 

4.2.1 Projected Annual Rainfall Distribution  

Table 5 shows the projected near future and far future period (30-year) averaged annual 

rainfall (mm/year) for three IPCC-RCP scenarios depicted in Figure 12 (a-f) over the study 

area showed that mean rainfall spatial distribution. Under all RCP scenarios in figure 12 (a-

f), the projected mean annual rainfall patterns for both near future and far future periods are 

nearly similar for selected three RCP scenario with a slight increase in rainfall projected to 

focus area. The study observed that in the RCP2.6 emission scenario mean annual rainfall is 

likely the highest amount of rainfall during near future and far future with slight decrement 

in amount observed in rainfall when comparing the remaining two RCP4.5 and RCP8.5 

scenarios in two periods.   

For detail, in Figure 12 (a-f) and Table 5 the result show that the amount of annual mean 

rainfall projections undertaken three RCP scenarios revealed that monotonic positive trends 

while under the RCP2.6 for near and far future will be high when compared with remaining 
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RCP4.5 and RCP8.5 scenarios in both time periods slight reduction in rainfall observed for 

two future.  

 

Figure 12 Future projections of mean rainfall according to RCP2.6, RCP4.5 and RCP8.5 

scenarios from (2011- 2040) in short time period and (2041- 2070) in a long time period, for 

30 years averaged climate. 

Figures 13 (a-f) and table 5 show spatial patterns of projected annual rainfall variability 

based on a computation of the standard deviation of rainfall annual time scale. The patterns 

in annual rainfall variability are presented for selected three RCP scenarios (2.6, 4.5 and 8.5) 

and the patterns have been compared in the two time periods of future climate. In annual 

time scale, the results of the RCP4.5 intermediate emission scenario for near future 2011-

2040 in Figure 13 (b), project a likelihood of the study area will experience the lowest 

variability of rainfall while for remaining RCP (2.6, 4.5 and 8.5) in the year from 2011-2040 

and 2041-2070 as shown in (Figure 13 and Table 5) likely to experience high rainfall 

variability.  
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The study generally observed likely increase in the variability of rainfall in future over the 

study area. Although the RCP4.5 in Figure 13 (B and E) projected annual rainfall shows 

relatively low rainfall variability for the two periods, the result shows that variability of 

rainfall is stronger in  RCP(2.6, 4.5 and 8.5) during (2011-2040 and 2041-2070) than that of 

RCP4.5 for 2011- 40 projection. Under all emission scenario, rainfall variability is likely to 

increases in the far future period (2041-2070) compared with the near future period (2011-

2040).  

 

Figure 13 (a-f): Simulated annual rainfall (mm) variability (standard deviation) projections 

for the periods 2011-2040 (a-c) and 2041-2070 (d-f) based RCP2.6, RCP4.5 and RCP8.5 

scenarios for 30 years averaged climate. 

Figures 14 (a-f)  present the spatial patterns of averaged Coefficient of Variation under three 

RCP2.6, RCP4.5 and RCP8.5 scenarios for two periods. The Coefficient of Variation (CV, 

%) has been used in this study as a measure of the percentage ratio of the standard deviation 

to the mean of annual rainfall. This measure helps to compare the patterns of the mean and 
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variability of a temporal and spatial pattern of the study area. The results depicted in figures 

14 (a-f) for RCP2.6 in during 2040 an average of 2011-2040 years and RCP4.5 scenario 

during (2011-2040 and 2041-2070) time period showed the lower coefficient of variability 

over most of the study area.  Figure 14 (a-f) and Table 5 on the other hand, shows a bit high 

coefficient of variability for RCP2.6 during 2070 time period and RCP8.5 scenario during 

the two periods (2011-2040 and 2041-2070). However, the mentioned difference between 

lower and higher Coefficient of Variation for rainfall in three above listed RCP scenario and 

two time period is not that much big variation. 

 

Figure 14 (a-f): Simulated annual rainfall (mm) variability (Coefficient of Variation) 

projections for the periods 2011-2040 (a-c) and 2041-2070 (d-f) based on RCP2.6, RCP4.5 

and RCP8.5 scenarios for 30 years averaged climate. 
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Table  5 IPCC RCP (2.6, 4.5 and 8.5) scenario projected mean rainfall, standard deviation 

(SD) and Coefficient of Variation (mm/year) over the study area. 

Scenarios & 

Projected Year  

 

Minimum 

 

Maximum 

 

Mean 

 

SD 

 

CV 

RCP2.6-2040 471.6 1176.4 901.8 261 29 

RCP2.6-2070 503 1179.4 907.8 248.3 27 

RCP4.5-2040 482 1153 898 250.5 28 

RCP4.5-2070 505.5 1137 890 233.8 26 

RCP8.5-2040 486 1143.4 904 249 27 

RCP8.5-2070 524 1162 886.8 229.7 25 

4.2.2 Spatial and Temporal Patterns of Projected Average Temperature 

The downscaled climate (average surface temperature) variable was projected to selected 

study area in annual time scale. Spatial patterns in the mean average temperature for the 

three RCP based scenarios and two periods are shown in figures 15 (a-f) RCP (2.6, 4.5 and 

8.5). Figure 15 the result indicates warmer temperature for the period 2041-2070 (d-f) than 

for 2011-2040 (a-c) over the study area. Temperatures are projected to be warmer in Dawro 

and Wolaita lowland during 2041-2070 in three scenarios.  The mean temperatures change 

during  2041-2070 is 0.23, 0.35 and 0.70 oC (Table 6). The temperature under RCP8.5 is 

quite warmer than other scenarios.  
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Figure 15 Future projections (mean) of average surface temperature according to RCP2.6, 

RCP4.5 and RCP8.5 scenarios from (2011- 2040) in short time period and (2041- 2070) in 

a long time period, for 30 years averaged climate. 

The projected variability (standard deviation) in temperature is shown in figure 16 (a-f) for 

all selected scenarios in this study. Figure 16 (a-f) and Table 6 indicate that temperatures 

variability during 2041-2070 is higher over Dawro under the RCP8.5 scenario. The 

variability in temperature is the same in other remaining scenarios and for two selected 

period than RCP2.6 near future (2011-2040). Table 6  shows the higher variability in an 

RCP8.5 scenario in far future observed during (2041-2070) time period and the area 

projected to experience low-temperature variability during (2011-2040) in the RCP2.6 

scenario. 
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Figure 16 Future projections (Standard deviation) of average surface temperature according 

to RCP2.6, RCP4.5 and RCP8.5 scenarios from (2011- 2040) in short time period and (2041- 

2070) in the long time period, for 30 years averaged climate. 

The coefficient of variation for averaged surface temperature is presented in Figure 17  RCP 

(2.6, 4.5 and 8.5). Figure 17 shows the spatial and temporal patterns of Coefficient of 

Variability for temperature. The study observed that from 2041-2070 time period (RCP8.5) 

scenario is more likely to experience higher Coefficient of Variability than others (RCP2.6 

and RCP4.5) scenarios in the near future and far future time period. The study observed that 

CV values are expected to be higher for the period 2041-2070 than for 2011-2040 for RCP8.5 

over the study area.   
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Figure 17 Future projections (Coefficient of Variation) of average surface temperature 

according to RCP2.6, RCP4.5 and RCP8.5 scenarios from (2011- 2040) in short time period 

and (2041- 2070) in the long time period, for 30 years averaged climate. 

Table  6 IPCC RCP(2.6, 4.5 and 8.5) projected average temperature (2011-2040 & 2041-

2070) Mean, Standard Deviation and Coefficient of Variation. 

 

Scenarios & Projected Year  

 

Minimum 

 

Maximum 

 

Mean 

 

SD 

 

CV 

RCP2.6-2040 28.4 31.6 30 1.1 3.6 

RCP2.6-2070 28.5 31.7 30.23 1.2 3.9 

RCP4.5-2040 28.5 31.6 30 1.2 4 

RCP4.5-2070 28.5 31.8 30.35 1.2 3.9 

RCP8.5-2040 28.4 31.5 30 1.2 4 

RCP8.5-2070 28.5 32.2 30.70 1.4 4.5 
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In the second parts of finding the study projected the climate change and variability over 

focus area. The finding confirmed that rainfall will show increasing trends under RCP (2.6, 

4.5, and 8.5) emission scenario in near future period (2011-2040) and far future period 

(2041-2070). The projection show that rainfall will increaeses in different amount in future 

decades but the increament of this climate variables differ due to what kind of policy we will 

follow as nations and contienents. Rainfall variability will also increases moderately in study 

area this was achieved through variability analysis in inter-annual time scales. In different 

studies rainfall projection result has been differ as regional  and country levels. This finding 

agree with IPCC (2014) report over East Africa and particularly Ethiopia the rainfall will get 

increasing trends and unexpected extreme condition will be exist in future. Average surface 

temperature projection under RCP (2.6, 4.5, and 8.5) emission scenario revealed that the 

study area will get warmer than baseline period. Special under high emission scenario 

(RCP8.5) the study area temperature will get increased in mean and variability than low and 

intermidate emission scenarios RCP (2.6 and 4.5) respectively. This study in line of  IPCC 

(2014) as they revealed that projections for medium to high emissions scenarios indicate that 

maximum and minimum temperatures over equatorial East Africa will incrases and that there 

will be more hot days compared to the baseline by the middle and end of this century. 

Climate models show warming in all four seasons over Ethiopia, which may result in more 

frequent heat waves. 

4.3 Relations between Observed Climate Variability and Enset 

Productivity  

It has been explained under methodology section that relationship between enset yield and 

climate are very complex and require detailed long period data and specific field experiments 

that were out of this study scope. The study adopted empirical methods to compare the inter-
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annual variability of climate and enset productivity based on correlation and regression 

analysis.  

4.3.1 Climate and Enset Yield Relationships 

The relationship between climate and the enset yield was analyzed through correlation 

coefficient in this study. This method was used to examine the existing linkages between 

enset yields and rainfall and temperature variability before doing regression analysis. Under 

correlation analysis, Pearson’s product-moment correlation coefficient was used as a 

measure of the degree of agreement between variables. The significance of the correlation 

coefficients was tested using the statistical t-test. It was assumed that total annual rainfall 

and temperature have significant effects on annual enset yields and allows correlating annual 

rainfall and temperature with enset yield. 

In Table 7 the result shows the summary statistics on enset production in the Dawro, Konta, 

and Wolayita during in the period enset yield data available (2007-2016). Enset is the major 

food crop in many parts of the region and it is the most important crop in terms of short 

period drought adaption measures as well as for diversification with another shade-loving 

crop like coffee and others within enset production systems. Table 7 Portrays results of 

correlation coefficients between enset yields and climatic variables. The study observed 

close linkages between enset yields and surface temperature variability with lower 

correlation values between enset yields and rainfall anomalies for the three of a study area. 

In Dawro showed a stronger positive response of variation in enset yields for both minimum 

and maximum surface temperature than the Konta and Wolaita. 
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Table 7 Correlation coefficients (coefficient of determination, R2) between climatic variables 

and enset yields for Dawro, Konta, and Wolayita. 

Study area Minimum 

Temperature  

Maximum 

Temperature  

Rainfall  

Dawro  0.85(R2=72)** 0.82(R2=67)** -0.32(R2=0.10) 

Konta -0.23(R2=5.3) -0.53(R2=0.28) 0.34(R2=0.12) 

Wolayita 0.55(R2=30) -0.38(R2=0.14) -0.02(R2=0.0004) 

Correlation is significant at the 0.01 level (2-tailed).** 

The results also showed that in Dawro area, variations in maximum temperature explain 

about 67% (Table 7) of the variations on enset yields. Table 7 above shows the correlation 

coefficient of 0.82, was interpreted as strongly positive relationships between enset yields 

and maximum temperature over Dawro area. The significance of 2-tailed test is 0.003 which 

is lesser than 0.05, hence, Ho is rejected and Ha is accepted indicating that one unit increase 

in maximum temperature results in unit increases in yield of enset. In Table 7 show that 

maximum temperature and enset yield per hectare in annual time scale for both Konta and 

Wolayita area negatively related. Maximum temperature and enset yield correlation show 

the coefficient of -0.53 for Konta and -0.38 for Wolaita area representing negative 

relationships. However, significance 2-tailed test is 0.116 and 0.278 for Konta and Wolaita, 

respectively. Hence, Ho is accepted because 0.116 and 0.278 > 0.05. Figures 18 (C) 

protrayed that increase in maximum temperatures over Dawro leads to an increase in enset 

yields up to an optimal value of temperature beyond which any further increase in 

temperatures would result into a drop in yields. The results in figure 18 (F and I) also 

revealed that an increase in maximum temperature for Konta and Wolaita progressively 

decreases enset yields it would negatively affect yields. 
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The results also showed that in Dawro, variations in minimum temperature explain about 

72% (Table 7) of the variations in enset yields, minimum temperature and enset yield show 

correlation coefficient of 0.85 indicating a strong positive relationship. The significance of 

2-tailed is 0.002 which is lesser than 0.05. Hence, Ho was rejected and Ha was accepted. 

This suggesting that one unit increase in minimum temperature results in unit increases in 

yield of enset in Dawro area. Konta and Wolaita variations in minimum temperature explain 

about 5.3% and 30% variations in enset yield, respectively (Table 7). Minimum temperature 

and enset yield record correlation coefficient of -0.23 representing the moderately negative 

relationship in konta area to more visualize in figure 18 (E). The significance of 2-tailed test 

is 0.520 > 0.05, hence, Ho is retained. Minimum temperature and enset yield for Wolayita 

area, provide correlation coefficient of 0.55 interpreted as a strong positive relationship. The 

significance of 2-tailed is 0.100, hence, Ho is retained since 0.100 is greater than significance 

level of 0.05 in table 7 and figure 18 (H). 

Table 7 and figure 18 (A and G) rainfall with enset yield negatively correlated in Dawro and 

wolayita area, and the significance 2-tailed test greater than alpha (0.363 >0.05 and 957 > 

0.05),  for Dawro and wolayita, respectively. Hence, Ho was accepted. Statistical 

insignificantly related enset yield and rainfall in the area. In konta area enset yield and 

rainfall positively related but it's statistically insignificant. Table 7 and figure 18 (D) show 

the relationship of enset yield and rainfall in the area. 

4.3.2 Results on Multiple Regression Analysis 

The combined effects of both rainfall and temperature on enset yields were computed using 

the multiple linear regression models. Table 8 shows the results of the regression models for 

three study area of Ethiopia namely (Dawro, Konta, and Wolaita). The values of the 

regression coefficients presented (Table 8) indicate the variation in the enset yield (in 



62 
 

standard deviations) associated with a change of one standard deviation in a particular 

climatic variable holding the value (s) of the other independent variable(s) constant. The 

coefficients were tested using the standard error method and found significant. 

The multiple linear regression analysis results in Table 8 for enset yield versus climate 

variables. The results indicate that the model is able to explain the variations in the enset 

yields ranging from 77% (0.771) in the case of Dawuro area and 47% (0.472) in the case of 

konta and in case of wolaita area the variation ranging from 74% (0.742) (see Table 8). 

Though the regression results show that less than half of analyzed variable show significant 

relationships between yield and climate variables, these coefficients can be used to assess 

the real effects of climate variables in the changes in the enset yields per hectare considered 

in this study. In addition, the sign of the coefficients indicates the direction of change in the 

enset yield versus climate variable changes. In the case of dawro, konta and wolaita study 

area enset yield, climate variables account for 77%, 47% and 74% of the yield changes, 

respectively. Whereas 23%, 53% and 26% of the variation in enset yield in dawro, konta, 

and wolayita, respectively was explained by other influential factors.  
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Figure 18 Relationship between Enset yields (Ton/ha -1) and Rainfall, Minimum and Maximum surface temperature (oC) for the study area (Dawro, 

Konta, and Wolayita)
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Table  8 Multiple regression statistics between Enset yields and climate variables 

Study area Coff. & 

P-value 

Rainfall 

annual 

Tmin annual 

 Average 

Tmax annual 

 average 

 

   R2 

 

Dawro 

Coff. 

    p-value 

 

0.258 

0.008 

-0.036 

0.602 

0.141 

0.076 

 

0.771 

 

Konta 

Coff. 

    p-value 

 

-0.018 

0.892 

0.093 

0.483 

-0.272 

0.071 

 

0.472 

 

Wolayita 

Coff. 

    p-value 

-0.007 

0.558 

0.045 

0.009 

-0.019 

0.163 

 

  0.742 

Coff. = coefficient, Tmax = maximum temperature, Tmin = minimum temperature. Bold 

written character to show alpha =0.05% significant. 

In third parts of study confirmed that correlation and regression of enset yield and climate 

variables (rainfall and minimum and maximum surface temperature). In the past study period 

more than half of combined climate variable showed that negatively correlated with enset 

yield over selected study area. In dawro minimum and maximum temperature positively 

correlated and statistically significant. Temperature (min and max) explained 72 and 67% of 

enset yield over dawro, respectively. Multiple linear regression was undertaken to detect the 

impacts of climate variables on enset yield. When temperature rise, enset yield also showed 

that positive relation over dawro area and the relation was statistically significant. In konta 

and wolaita the negative direction was found in enset yield with two climate variables. 

Average minimum temperature positively related with enset yield for wolaita area and it was 

statistically significant. For dawro and konta area the result revealed that negatively 

regressed but statistically insignificant. Average maximum temperature positively regressed 

with enset yield over dawro and also statistically significant. However, for wolaita and konta 

maximum temperature with enset yield negatively regressed and statistically insignificant.  
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4.4 Effects of Current and Future Climate Change on Enset distribution 

The fourth objective was modeling current and future climate suitability for Enset production 

for the current period (1970-2000) and future up to (2050 and 2070) climate change effects 

on enset production and distribution. 

4.4.1 Baseline Period Climate Suitability for Enset Production 

Figure 19 shows current enset crop distribution was modeled and final output of the result 

showed that 61% of the study area excellently suitable for production, 18% of the area was 

very suitable and 8% of land in the area suitable for enset production. The remaining of the 

study area was categorized into 6% marginal, 3% very marginal and 4% of the area not 

suitable in the study area. 

 Climate Suitability for Enset Production from (1970-2000) Baseline period 

 A 

Figure 19 Current climate suitability for enset production for baseline period (1970-2000) 
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4.4.2 Expected Future climate Suitability for Enset Distribution Under RCP 

Scenarios 

Projected suitable areas for enset production under the RCP Climate Scenarios based on 

rainfall and temperature changes. Figure 20 (A) reveals that under RCP2.6 in 2050, most of 

the study area is likely to remain excellently suitable for enset production for about 64% of 

the area during 2050 period. Under RCP2.6 scenario climate suitability for enset production 

in the year, 2050 projected into 6% very suitable, 6% suitable, 6% marginal, 4% very 

marginal and 14% not suitable at all. Similar conditions are expected for the period 2070 

under RCP2.6 as depicted in Figure 20 (D) with a high reduction in excellently suitable 

category and slight shift seen in the other categories of enset producing area suitability 

comparing with RCP2.6-2050. Under this scenario, the projected enset producing area into 

excellently and suitable area category showed a reduction. Projected area under RCP2.6 

scenario during 2070, 40% of area excellently suitable, 14% of the area projected into very 

suitable for enset production, 17% of the area suitable, 9% of the area marginal, 5% of the 

site very marginal and 15% of the study area projected to be not suitable for enset production. 

This shift is due to climate change and variability, an increases in temperature that will be 

accompanied by reductions in lower altitude area suitability for enset production over the 

study area. 
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Figure 20 Projected future climate suitability for enset growth under RCP 2.6, RCP4.5 and RCP8.5 scenarios for the period 2050 and 2070 study 

area of Ethiopia. Suitability of enset production in percentage prepared. 
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Projected future suitability of enset production under RCP4.5 for the period in (2050) 

and (2070) over the study area. The study observed that under the RCP4.5 scenario in 

figure 20 (B) there is still moderately suitable enset producing area found in study area 

when comparing with RCP2.6 and RCP8.5. In this scenario, excellently suitable area 

accounted for 34% during the period 2050. The remaining area from very suitable to 

not suitable for enset production are 13%, 13%, 8%, 4% and 28% of area categorized 

from very suitable, suitable, marginal, very marginal and not suitable area found, 

respectively. There is an unexpected significant decrease in enset producing area during 

2050 in an RCP4.5 scenario. When comparing RCP4.5 scenario during 2050 time with 

the same scenario but different time period 2070 still remain large excellently suitable 

to the suitable area found in Figure 20 (E) under RCP4.5 .  

Figure 20 (C) the results revealed that in RCP8.5 during 2050 enset production are 

expected to shrink more in this scenario the model showed that 17% of area excellently 

suitable, 13% of the area very suitable, 15% of the land remain suitable, and 11% of 

the land marginal, 7% of the area to became very marginal and 37% of the study area 

under this scenario projected to became not suitable for enset production at all. 

Projected rainfall and temperature conditions will not favor enset production under this 

scenario. On the other hand, the period 2070 is likely to experience climatic conditions 

that marginalize or don’t favor enset production over most parts of a study area. Figure 

20 (F) under RCP8.5 scenario during 2070 climate projected to be 10% of the area 

excellently suitable, 16% of the area expected to become very suitable, 16% of the area 

suitable, the remaining area projected to be marginalized from this 15% of land to be 

marginal, 9% of the area likely became very marginal and the large area projected to 

become 34% of study area under not suitable conditions in this scenario. The results 

revealed that most parts of the study area will be marginal to not suitable for the 
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production of enset under this scenario. Generally, the results have observed the worst 

condition for enset production in the future under RCP8.5 due to very high temperatures 

associated with high GHG emission. 

In this part of finding revealed that site suitability for enset distribution in baseline and 

future time period. The EcoCrop model was used to detect enset suitability in current 

and future periods over study area. The model is more simple to validate and calibrate 

for more than 1800 crop suitability analysis (Ramirez-villegas., 2013). Enset site 

suitability was projected for future period through undertaking RCP (2.6, 4.5, and 8.5) 

IPCC scenarios (with 1970-2000 as a reference period). Enset  site suitability was 

analyzed for baseline period accounted 87% and the remaining 13% of area categorized 

under marginal to not suitable (suitability in hectare (see in Appendix Table) and in 

spatial distribution (see Figure 20 and Table 9). Projected enset site suitability under 

RCP2.6 scenario in year (2050s) 76% of study area categorized suitable for enset 

production and 24% of site will not be suitable for enset distribution. Under RCP4.5 

during (2050s) the projection revealed that 60% of the study area suitable, this result 

showed that decreament in suitability of area when comparing with RCP2.6 in the year 

(2050). Meanwhile, in  some percentage increament observed in not suitable area under 

RCP4.5 in the (2050s). A great increament observed in not suitable area up to 61% 

under RCP8.5 during (2050s). Under this scenario only 39% of area suitable for enset 

production.  In the far future time, scenarios showed that 71% and 29% of study area 

categorized suitable and not suitable,  respectively.  In study area the finding confirm 

that 72% and 28% of area suitable and not suitable categories respectively, under 

RCP4.5 during (2070s). In RCP8.5 scenario during (2070s) the area will be categorized 

42% and 58% of area suitable and not suitable respectively (see Table 9). 
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Table  9 Enset Climate Site Suitability over Study area 

Adopting EcoCrop model approach for enset site suitability is subjected to some 

limitations: the EcoCrop model need validation and calibration of climate parameters 

before modeling crop site suitability. In this case the model  neglecting climate 

seasonality for perennial crop. The model does not account soil condation, drought, 

waterlogging, excessive heat or coldness (Ramirez-villegas., 2013).  

 

 

 

 

 

 

 

 

 

 

 

Suitability Index  

1970-

2000 

RCP2.6-

2050 

RCP4.5-

2050 

RCP8.5-

2050 

RCP2.6-

2070 

RCP4.5-

2070 

RCP8.5-

2070 

Suitable % 87 76 60 39 71 72 42 

Not suitable % 13 24 40 61 29 28 58 



71 
 

CHAPTER FIVE 

5. CONCLUSSION AND RECOMENDATION 

5.1 CONCLUSSION 

The study confirmed that variability and trend of rainfall and surface temperature for 

last 30 year time periods from 1980-2010, the result revealed that rainfall variability 

exists in seasonal and inter-annual basis, this was witnessed by Standardized 

Precipitation Index and descriptive statistics. Based on the result the frequency of 

drought years has been increasing over time. This show that rainfall found to be erratic 

and extreme weather condition present in the study area. Then non-parametric Mann 

Kendall test was used to analyze the rainfall trends, there was no trend observed in 

seasonal and inter-annual time scale for rainfall. However, there is a considerable 

amount of rainfall decreasing in the summer season which is a statistically insignificant 

trend at 95% confidence limit. Average minimum and maximum temperature showed 

increasing trends in four seasons and in inter-annual basis. It was also statistically 

significant except spring season of maximum temperature over the study area. In 

concluding future climate behavior, climate change and variability projection output 

confirm that in near future (2011-2040) and far future (2041-2070) finding reveal under 

RCP2.6 scenario high rainfall amount accounted than other two RCP (4.5 and 8.5) 

scenarios. Rainfall variability will relatively high under RCP (2.6 and 8.5) in both near 

future and far future periods except RCP4.5 in near future. Projection result indicates 

that the study area gets warmer for the period 2041-2070 than for 2011-2040 over the 

study area. The spatial pattern of temperatures are projected to be warmer in Dawro and 

Wolayita lowland during 2041-2070 in three scenarios than Konta relatively. The 

change in temperature will be 0.23, 0.35 and 0.70 OC under RCP (2.6, 4.5, and 8.5) 

from the year 2041-2070, respectively. However, from the year 2011-2040 under three 
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RCP scenarios there will be no change in mean temperature over the study area. The 

statistical method was used to investigate the inter-annual variability of climate (rainfall 

and temperature) and enset productivity based on correlation and regression analysis. 

The methods were used to examine the existing linkages between enset yields and 

climate variables through correlation and regression analysis. Inter-annual variability 

of rainfall and surface temperature is a major cause of fluctuations in the production of 

enset in the study area. Over the 2007-2016 one decade, for which enset crop production 

data are available, the patterns of inter-annual variability in production of the perennial 

enset crop in the selected study area show similar patterns of inter-annual variability in 

the annual rainfall amounts and average temperature. To conclude that climate 

suitability for enset growing area, EcoCrop simplest model was selected to assess the 

impacts of progressive climate change. The EcoCrop model was adjusted by directly 

obtained data from the FAO-EcoCrop database source. The model was found to 

perform well when predicting suitable area under present and future conditions. The 

model has projected the impacts of climate change on enset growing area for study site 

and confirms that enset is performing well in the baseline period and low emission 

scenario under RCP2.6 for near and far future time period (the 2050s and 2070s), 

respectively. A great reduction observed in a suitable area for enset production up to 

61% and 72% under high emission RCP8.5 scenario during (the 2050s and 2070s), 

respectively. The study highlights the considerable potential of this approach to assess 

the study area food security issues, broad climatic constraints and regional crop-

suitability shifts in the context of climate change. 
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5.2 RECOMENDATION 

As this study confirmed that climate change and variability exist in the selected enset 

producing area and the warming and erratic rainfall will be expected to continue in 

future. This change and variability of climate main driver for enset yield reduction. So 

the study result initiates to propose the following recommendation: 

 Climate change mitigation should be implemented to reduce greenhouse gas 

(GHG) at the global and continental level either the things will be out of control 

due to climate extremes.  

 Breeding genetical resistant enset varieties to adapt climate-driven hazard. 

 Diversification of climate resilient  crop with enset production for far future 

  Enhancing the capacity of the farmer for water harvest and producing 

enset/other crop throughout the year.   

 There is need to increase implementation of climate change adaptation, 

resilience and capacity building linked to mainly enset producing  farmers. 
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Appendices 

Appendix  1 Mann-Kendall trend test / Two-tailed test (Annual Rainfall Trend): 

XLSTAT Software (2018 released version) was used for Mann-Kendall trend tests 

Significance level (%): 5         

Kendall's tau                                     -0.006       

S                                               -3.000       

Var(S)                                             3461.667       

p-value (Two-tailed)                      0.973       

alpha                                               0.05       

An approximation has been used to compute the p-value.     

Test interpretation:         

H0: There is no trend in the series        

Ha: There is a trend in the series        

As the computed p-value is greater than the significance level alpha=0.05, one cannot 

reject the null hypothesis H0. The risk to reject the null hypothesis H0 while it is true 

is 97.31%. 

Appendix  2 Mann-Kendall trend test / Two-tailed test (Annual minimum temperature 

trend): 

Kendall's tau                             0.561       

S                                        261.000       

Var(S)                                        3461.667       

p-value (Two-tailed)                < 0.0001       

alpha                                         0.05        

An approximation has been used to compute the p-value.   

Test interpretation:         
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H0: There is no trend in the series        

Ha: There is a trend in the series        

As the computed p-value is lower than the significance level alpha=0.05, one should 

reject the null hypothesis H0, and accept the alternative hypothesis Ha. The risk to reject 

the null hypothesis H0 while it is true is lower than 0.01%. 

Appendix  3 Mann-Kendall trend test / Two-tailed test (Annual maximum temperature 

trend): 

Kendall's tau                               0.338       

S                                         157.000       

Var(S)                                          3461.667       

p-value (Two-tailed)                  0.007       

alpha                                           0.05       

An approximation has been used to compute the p-value.     

Test interpretation:         

H0: There is no trend in the series        

Ha: There is a trend in the series        

As the computed p-value is lower than the significance level alpha=0.05, one should 

reject the null hypothesis H0, and accept the alternative hypothesis Ha. The risk to 

reject the null hypothesis H0 while it is true is lower than 0.73%. 
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Appendix  4 Future rainfall projection for study area from 2011-2040 under three 

RCP scenarios. (RCP2.6, RCP4.5 and RCP8.5) 

 

Appendix  5 Future rainfall projection for study area from 2041-2070 under three RCP 

scenarios. (RCP2.6, RCP4.5 and RCP8.5) 
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Appendix  6 Future Surface Temperature Projection for study area from 2041-2070 

under three RCP scenarios. (RCP2.6, RCP4.5 and RCP8.5). 

 

 Appendix  7 Future Surface Temperature Projection for study area from 2041-2070 

under three RCP scenarios. (RCP2.6, RCP4.5 and RCP8.5) 
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 Appendix  8 Enset Climate Site Suitability over Study area in hectares from baseline to future projection under three RCP scenarios 

 

Appendix  9 Current climate suitability for enset productionin in percentage for baseline period (1970-2000)  
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Marginal
6%

Not Suitable
4%
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8%

Very 
Marginal

3%

Very suitable
18%

Climate Suitability for Enset Production from 

1970-2000 Baseline period

Sr. Suitability Index 1970-2000 RCP2.6-2050 RCP4.5-2050 RCP8.5-2050 RCP2.6-2070 

RCP4.5-

2070 RCP8.5-2070 

    (Area in ha)     

1 Excellent 684817 715973 377748 183498 445714 459054 116602 

         

2 Very suitable 196325 64176 142559 147104 161334 154326 172245 

         

3 Suitable 87261 63334 152146 168549 186206 181957 174446 

         

4 Marginal 67658 69898 89553 122219 99325 91793 166952 

         

5 Very Marginal 36776 41776 41224 81951 50919 47605 100356 

         

6 Not Suitable 40372 160685 309781 408959 164049 175707 379802 
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Appendix  10 Projected future suitability of enset growth under RCP 2.6, RCP4.5 and RCP8.5 for the period 2050 and 2070 study area of 

Ethiopia. Suitability of enset production in percentage prepared.
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