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 1.4. Significance of the study  

The Heteroptera, or true bugs, are diversified group of insects displaying number of 

unusual and sometimes unique cytogenetic characters such as holokinetic chromosomes,  

M-chromosomes, multiple sex chromosome systems, sex chromosome post reduction and 

occasionally prereduction in male meiosis, variation in the presenceor absence of chiasmata  

in spermatogenesis, different types of a chiasmate meiosis and others.Therefore, this study 

could be important in the following aspects. It could generate valuable cytogenetic 

information on chromosome number, sex determination mechanism and meiotic behavior of 

Heteroptera. It would provide a base line information and direction for those who want 

further investigation in the field. In addition, as certain groups of Heteroptera were predators

, understanding their genetics may give a clue for selecting them as biological control 

agents. 
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2. REVIEW OF RELATED LITERATURE 

2.1. Taxonomy of studied species 

The suborder Heteroptera is separated into seven infraorders, two of which are primarily 

aquatic (Gerromorpha and Nepomorpha), one semi aquatic (Leptopodomorpha) and the 

remaining terrestrial (Enicocephalomorpha, Dipsocoromorpha, Cimicomorpha and Pentatom

omorpha).Pentatomomorpha is the second largest infraorder in species diversity, the first 

being the Cimicomorpha (Schuh et al., 2009).  

Heteroptera comprises 89 families with more than 42,300 described species (Henry, 2015). 

Members of Heteroptera range from less than 1 mm to 10 cm in length, and have four or five 

segmented antennae, two or three ocelli and well developed compound eyes. At rest, wings 

cross over one another to lie flat over the insect's back. The wing bases do not cover a 

visible triangle at the center of back which is called scutellum. Mouthparts are of the 

piercing or sucking type. The mandibles and maxillae form two pairs of piercing stylets and 

are contained in a flexible sheath derived from the labium. Metamorphosis is gradual with 

immature usually appearing like the adults but wingless (Leraut, 2003).  

The family Coreidae, often called leaf-footed bugs, pod bugs or squash bugs, includes 

2200 species belonging to 500 genera (Dursun and Fent, 2009). Coreids are worldwide in 

distribution but are more abundant in the tropics and sub-tropics; they are divided 

 in to 4 subfamilies: Coreinae,Pseudophloeinae, Meropachydinae and Agriopocorinae 

(Schuh  and  Slater, 1995). Of these 4 subfamilies, cytogenetic data is available for 127 

species in only 2 subfamilies, Coreinae and Pseudophloeinae (Kaur and  Bansal, 2012a; 

Yang et al., 2012). Homocentric chromosomes, post reductional division of sex 

chromosomes and a pair of micro chromosomes and absence of a Y chromosome (Bressa 

et al., 2008). 
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Reduviidae is the largest family of the predaceous land Heteroptera and includes about 6500  

species in 930 genera and 22 subfamilies. Peiratinae is one of the most important predaceous

 subfamilies of Reduviidae distributed worldwide with 32 genera and over 300 described 

species (Jande, 1959a, b, Ueshima, 1979; Manna and Deb-Mallik, 1981;Ambrose,2006; 

Ambrose et al., 2007, Panizzi 2000). 

2.2. Life cycle of Heteroptera 

The Heteroptera do not undergo complete metamorphosis during their life cycle but instead 

typically have five wingless nymph instars before becoming reproductive, and typically 

winged, adults (Cárdenas et al., 2001). However, flexibility in the number of larval stages 

has been observed in the New Zealand species Nysius huttoni. In this species, the number of 

larval instars ranges from three to seven, though individuals with five instars still form the 

majority. In the laboratory, variation in the number of instars is affected by both temperature 

and photoperiod, with lower numbers of instars more frequent at lower temperatures (Wei, 

2010). This suggests that flexibility in the number of larval instars may aid survival under 

changing environmental conditions (Wei, 2010). Nysius huttoni normally have three 

generations per year in their natural range and overwinter as adults, therefore a shorter 

nymph stage could potentially be beneficial to enable individuals to reach adulthood during 

poor, shorter summers. So far, this is the only species found to show this flexibility in 

nymph instars within the Lygaeidae; however it is well documented in other insect groups 

(Sandre et al., 2007). 
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2.3. Economic importance 

The Heteroptera, or true bugs, include many species of economical and medical importance. 

Among them, the subfamily Triatominae is particularly relevant because most of their membe

rs are vectors of the protozoan Trypanosoma cruzi, causative agent of Chagas disease or Ame

rican Trypanosomiasis. This parasitic disease is one of the most important in the tropics and 

subtropics of the Americas, with about 200,000 cases per year (Carpintero, 2002). Lygaeidae 

species are of economic importance due to their status as pests (Sweet; 2000, Summers et al., 

2010). Turning to feeding, as one of the common names suggests, many, though not all, 

species of Heteroptera feed on seeds (Sites et al., 2000). As pests to attack grasses including 

grain  crops, sugar, grasses and grasses  used  for  lawns  and  playing  fields  (Sweet,  2000).  

Anoplocnemis curvipes is aspecies of sap sucking insect in the genus Anoplocnemis. They are

 native to subSaharan Africa where considered as major pest of many types of agricultural 

plants such as trees and shrubs, including legumes this has earned them the name leaf wilt  

(Schabel, 2006). 

2.4. Chromosome study of Heteroptera  

A chromosome is adeoxyribonucleic acid (DNA) molecule  with  part  or all of the  genetic 

material  (genome) of  an  organism.  Most  eukaryotic  

https://en.wikipedia.org/wiki/Sub-Saharan_Africa
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ABSTRACT 

Changes in precipitation and temperature would influence human and natural systems. 

Therefore, evaluating local rainfall and temperature trends is crucial to planning and 

implementing climate change adaptation and mitigation strategies. This study aimed to 

analyze historical and projected trends of precipitation and maximum and minimum 

temperature in the North Gojjam sub-basin of the Upper Blue Nile Basin Ethiopia. Observed 

data from six meteorological stations obtained from the Ethiopian Meteorological Institute 

from 1986 to 2022, and projection data downloaded from CMIP6 ensemble mean models 

under SSP2-4.5 and SSP5-8.5 scenarios for mid-century (2041-2070) and late-century (2071-

2100). Observed data quality was ensured through outlier detection and homogeneity tests, 

as well as bias correction employed for projected climate data. Thiessen polygons method 

applied to converted point data to areal mean data for precipitation, Tmax and Tmin. The 

Modified Mann-�.�H�Q�G�D�O�O�� �W�U�H�Q�G�� �W�H�V�W�� �D�Q�G�� �6�H�Q�¶�V�� �V�O�R�S�H�� �H�V�W�L�P�D�W�R�U�� �L�Q�� �5�� �V�R�I�W�Z�D�U�H�� �Z�H�U�H�� �X�V�H�G�� �W�R��

examine the statistical significance and magnitude of these trends. The results revealed 

significant positive trends in historical rainfall during the Belg, Kiremt, and annual periods, 

while the Bega season showed a non-significant increase. Trends for historical Tmax and 

Tmin also exhibited a general increase, with Tmin showing a more pronounced change. 

Future rainfall also projected significantly upward trend, except for the mid-century under 

the SSP2-4.5 scenario, which had non-significant trends. Likewise, projected temperature 

trend indicated warming for both Tmax and Tmin in mid-century and late-century time 

frames. Therefore, this study result confirming overall increasing trends in historical and 

projected precipitation and temperatures in the study sub-basin. This implies climate change 

adaptation and mitigation strategies such as soil and water conservation, afforestation and 

reforestation, using renewable energy sources, and enhancing farmers capacity to wards 

early warning system are very crucial to overcome the impacts of changing climate. 

Keywords: Climate models, climate change, Scenarios, significant trend, Thiessen polygon 



CHAPTER 1: INTRODUCTION 

1.1 Background  and Justification  

Precipitation and temperature are crucial climate elements in hydrology, climatology, and water 

resource management (Chattopadhyay & Edwards, 2016; Hadi & Tombul, 2018). As reported by 

Gashaw (2023) changes in these variables have a greater impact on human and natural systems 

than other climate factors. Climate change has altered hydrological processes and increased the 

frequency of extreme weather events globally (Abdaki et al., 2024; Fanta et al., 2023).  From 

2011 to 2020, the global surface temperature rose by 1.1°C compared to 1850 -1900, driven by 

greenhouse gas emissions (IPCC, 2022b). 

 Climate change is a global challenge; specially, it severely affects developing countries due to 

their high reliance on natural resources and limited capacity to respond to its impacts, unlike 

developed countries (Feyissa et al., 2018; IPCC, 2021; Shibru et al., 2023). Human-induced 

climate change has caused extensive harm to both people and the environment (IPCC, 2022b). 

The Sixth Assessment Report (AR6) from the Inter-Governmental Panel on Climate Change 

(IPCC) confirmed that surface temperatures have risen more rapidly since 1970 than during any 

other 50-year period in the last 2000 years. This rise in temperature presents a major global 

environmental challenge, particularly for developing regions like Africa, where much of the 

population depends on rainfed agriculture (Nguvava et al., 2019).  

Africa is highly vulnerable to climate variability and change due to its numerous challenges and 

limited adaptive capacity (Almazroui et al., 2020; Feyissa et al., 2018; IPCC, 2021). The 

continent's diverse geography and topography have resulted in varying local climate conditions 

and convective processes (Fanta et al., 2023; IPCC, 2014b). By the 21st century, the projected 

temperature rise in Africa is anticipated to outpace the global average. As a result, Africa is 

expected to be the most vulnerable region to climate change in the coming decades (Almazroui et 

al., 2020; Fanta et al., 2023; Gebrechorkos et al., 2023). In addition to the complexity of its 

topographical nature, the socioeconomic stability of northeast Africa hinges on climate 

conditions, with significant fluctuations between droughts and floods in recent years constraining 

crop yields (Jury & Minda, 2023). A prevalent climatic pattern in Eastern Africa causes frequent 

droughts that severely affect the population (IPCC, 2014b; Nicholson, 2017). Although the 

region is predominantly arid and semi-arid, the growing risk of humid heat stress has received 
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limited attention (Choi et al., 2023). In East Africa, large water bodies and diverse topography 

create a wide range of climatic conditions (Alemu & Mengistu, 2019). 

Ethiopia, characterized by high population density and abundant natural resources, frequently 

experiences severe climate-related disasters that cause significant damage to lives and property 

across various regions each year (Mohammed et al., 2022). The country faces significant 

challenges from climate change due to its economy's heavy reliance on climate-sensitive 

agriculture (Alemu & Mengistu, 2019; Conway & Schipper, 2011). �(�W�K�L�R�S�L�D�¶�V�� �S�U�H�G�R�P�L�Q�D�Q�W�O�\��

rain-fed agriculture makes production highly sensitive to rainfall fluctuations. Combined with its 

low socioeconomic development, high population, limited institutional capacity, and heavy 

reliance on climate-sensitive natural resources, the country is particularly vulnerable to climatic 

changes (Getachew, 2018). As a result, extreme climate events are common and have a 

detrimental impact on the socio-economic development of Ethiopia (Wubaye et al., 2023). Long-

term precipitation patterns vary significantly across locations due to the influence of regional and 

local factors such as topography, altitude, proximity to water bodies, and prevailing wind and 

atmospheric circulation patterns ���&�K�D�W�W�R�S�D�G�K�\�D�\�� �	�� �(�G�Z�D�U�G�V���� ������������ �<�D�Y�X�] �� �	�� �(�U�G�R�÷�D�Q���� ���������� . 

Examining rainfall and temperature trends at local and regional levels is essential for developing 

and implementing effective climate change adaptation strategies at various scales (Deoli & Rana, 

2019; Gashaw, Wubaye, et al., 2023; Wubaye et al., 2023).   

North Gojjam Sub Basin (NGSB) i.e., the current study sub-basin is one of sixteen Abay Basin 

sub-basins in the highlands of Ethiopia. It is a major headstream of the Upper Blue Nile River 

(Ewunetu et al., 2023). Ongoing climate change and land degradation caused by expanding 

arable land to feed the growing population threaten the study area (Hurni et al., 2015). Small-

scale agriculture is the most crucial economic activity and livelihood source for the sub-basin 

population (Tibebe et al., 2022). This makes the area particularly susceptible to the adverse 

impacts of climate change. 

1.2 Statement of the Problem 

Although several studies have analyzed rainfall and temperature patterns in various parts of 

Ethiopia (Addisu et al., 2015; Assefa & Mengistu, 2021; Birara et al., 2018; Lebeza et al., 2023) 

most of them are conducted in the same sub-basin (Tana sub-basin), and the historical trend only 

(Addisu et al., 2015; Birara et al., 2018; Dawit et al., 2019). In addition, others were also studied 

in a single watershed (Alemayehu et al., 2022; Dawit et al., 2019). In the North Gojjam sub-basin, 









3 

studies on the trends of precipitation and temperature have not been conducted. On the other 

hand, previous climate change studies in Ethiopia have dealt with past trends; however, outlooks 

of local climate trends were not focused on. Therefore, projections of future climate change using 

the best-performing CMIP6 GCMs are crucial for assessing the impacts of climate change and 

planning suitable adaptation strategies at the sub-basin level (Choi et al., 2023; Gashaw et al., 

2024).  

Consciously, this study aimed to analyze historical and projected trends of precipitation and 

temperature in North Gojjam sub-basin, Upper Blue Nile Basin, Ethiopia, using the best 

performing GCM products in two climate change scenarios. This research chose to focus on the 

North Gojjam sub-basin because rainfall and temperature vary significantly due to differences in 

elevation (Gashaw et al., 2023; Taye et al., 2021).   

1.3 Objective   

1.3.1 General Objective  

The overall objective of this research was historical and projected trend analysis of precipitation 

and temperature in north Gojjam sub-basin, Upper Blue Nile Basin, Ethiopia 

1.3.2 Specific Objective s 

The specific objectives were to: -  

�™ Assess trends of seasonal, and annual historical rainfall  

�™ Analyze the trends of seasonal and annual minimum and maximum temperature. 

�™ Examine the projected changes in future precipitation and temperature. 

1.4 Research Question s 

�™ Are there significant trends of seasonal, and annual historical rainfall?  

�™ Is there significant increasing/decreasing trends of seasonal and annual minimum 

and maximum temperatures?  

�™ Are there projected changes in future precipitation and temperature?  
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1.5 Significance of the Study 

Analyzing historical and projected climate trends is essential for effective resource management 

and strategic planning aimed at sustainable development (Jury, 2019). The findings of this study 

will serve as a crucial scientific foundation for the planning and implementation of adaptation 

and mitigation measures in respons�H�� �W�R�� �(�W�K�L�R�S�L�D�¶�V�� �F�K�D�Q�J�L�Q�J�� �F�O�L�P�D�W�H���� �S�D�U�W�L�F�X�O�D�U�O�\�� �Z�L�W�K�L�Q�� �W�K�H��

specific sub-basin under investigation. By thoroughly analyzing the local climate impacts, the 

study will identify effective strategies to enhance resilience among vulnerable communities and 

ecosystems. Additionally, the research will contribute valuable insights into the dynamics of 

climate change, which can guide future scientific inquiries in this field. The outcomes will not 

only be instrumental for local policymakers seeking to develop targeted interventions but also 

provide a significant reference point for scholars examining similar environmental challenges. 

This dual impact underscores the importance of the study in shaping informed decision-making 

and advancing knowledge on climate adaptation and mitigation in Ethiopia.  

1.6 Scope of Study 

The current study focused on analyzing both past and future climate patterns in the North Gojjam 

Sub-Basin Upper Blue Nile Ethiopia. The historical analysis examined climate data from 1986 to 

2022, a period that covers more than three decades of observed temperature and precipitation 

trends. This phase utilized data from Ethiopian Meteorological Institute, and satellite 

observations, to identify significant changes, and patterns in temperature and precipitation. The 

projected part of the study extended from 2041 to 2100, where future climate scenarios have been 

assessed using CMIP6 climate models based on two emissions pathways SSP2-4.5 and SSP5-8.5. 

This allowed the research to provide future temperature and precipitation trends under moderate 

and high forcing climate change scenarios. The research has focused on two key climate 

variables temperature and precipitation that are critical for understanding impacts on agriculture, 

water resources, and ecosystems. It analyzed seasonal and annual trends of rainfall and 

temperature. The study aims to provide insights into how climate change may affect local climate 

conditions, with implications for adaptation strategies, while not directly addressing socio-

economic impacts. 
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1.7 Limitation of the study 

This study is limited by its temporal scope (1986-2022 for historical data, 2041-2100 for 

projections) and focuses only on precipitation and temperature trends, excluding key variables 

like humidity, wind speed, and solar radiation. It also omits extreme weather events, such as 

droughts and heavy rainfall, limiting insights into climate impacts on local ecosystems and 

communities. 

CHAPTER 2: LITERATURE REVIEW 

2.1 Overview of Climate Change  

Climate change is one of the major environmental issues causing hydro-climatological extremes 

such as floods, droughts, and aridity (IPCC, 2021; Jánosi et al., 2023). The recent unprecedented 

rate of global warming will have potentially profound effects on both natural ecosystems and 

human societies, for example, by promoting natural hazards growth Kumar and Mishra (2020) 

and accelerating the hydrologic cycle (Giorgi et al., 2019). Climate change and variability are not 

anymore a future matter rather it is already affecting many regions in the world (Gebrechorkos et 

al., 2023).  

Climate change is influenced by both manmade and natural substances and processes that alter 

the Earth's energy balance (IPCC, 2014a). According to these authors human activities, 

particularly the burning of fossil fuels, deforestation, and industrial processes, release greenhouse 

gases (GHGs) such as carbon dioxide (CO�• ), methane (CH�• ), and nitrous oxide (N�• O) into the 

atmosphere that trap heat, leading to a warming of the planet a phenomenon known as the 

greenhouse effect. Precipitation and air temperature are fundamental variables in both climate 

science and hydrology, as they directly influence the Earth's weather patterns, water cycles, and 

ecosystems (Chattopadhyay & Edwards, 2016; Gashaw, Wubaye, et al., 2023). Precipitation 

including rain, snow, sleet, and hail, determines the availability of water resources and plays a 

crucial role for understanding rainfall runoff, mitigation strategies, and flood and drought 

assessment on the other hand, temperature is essential for water availability, transpiration, and 

evaporation (Hadi & Tombul, 2018).  

Temperature plays a crucial role in regulating evaporation, transpiration, and overall water 

demand, directly influencing both water availability and management strategies (Chattopadhyay 
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& Edwards, 2016). As clearly stated by those authors higher temperature accelerate evaporation 

from soil, water bodies, and plant surfaces, leading to greater loss of water to the atmosphere as 

well as increased temperature heighten transpiration in plants, as they release moisture through 

their leaves, further contributing to water loss. The Intergovernmental Panel on Climate Change 

(IPCC) defines climate change as long-term alterations in the Earth's climate system, identified 

through statistical analysis of changes in average climate properties (e.g., temperature, 

precipitation) or their variability over decades or more (Bhuyan et al., 2018).  Climate change has 

significantly disrupted hydrological processes and altered climate conditions around the world, 

resulting in more frequent and intense extreme weather events, such as floods, droughts, 

heatwaves, and storms, as a direct consequence of the ongoing rise in global temperatures (Fanta 

et al., 2023). From 2010 to 2019, global net human-induced greenhouse gas emissions reached 

levels that surpassed those of any previous decade in recorded history, driven primarily by 

increased fossil fuel consumption, deforestation, industrial activities, and agriculture, marking an 

unprecedented acceleration in the rate of emissions and contributing significantly to the ongoing 

global warming and climate change crisis (IPCC, 2022a). 

 Climate scientists are deeply concerned about the rapid acceleration of climate change driven by 

global warming, as it intensifies the frequency and severity of extreme weather events, disrupts 

ecosystems, and exacerbates risks to food security, water resources, and human health, all of 

which pose significant challenges to both environmental sustainability and socio-economic 

stability worldwide (Geremew et al., 2020). Changes in rainfall patterns and temperature 

extremes have been observed across various regions of the world, with many areas experiencing 

more intense and frequent heatwaves, prolonged droughts, and altered precipitation distribution, 

leading to disruptions in ecosystems, agriculture, and water availability, while exacerbating the 

vulnerability of communities to climate-related hazards (T. Worku et al., 2019). Physical water 

availability refers to the overall balance of water from diverse sources, such as groundwater, 

surface water, and precipitation, while also considering factors like water quality, which affects 

its usability, and water demand, driven by consumption needs across agriculture, industry, and 

domestic use, all of which together determine the sustainability and adequacy of water resources 

in a given region (IPCC, 2023). The synthesis report indicates a continual growth in global 

greenhouse gas (GHG) emissions, linked to unsustainable energy consumption, changes in land 

cover and use, and varying consumption and production practices that vary across different 

regions, countries, and individuals. Global net anthropogenic greenhouse gas emissions from 

2010 to 2019 have risen faster than any previous period (IPCC, 2022a). Therefore, understanding 
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how hydrological processes may evolve in response to climate change, along with the degree of 

uncertainty in the hydrological response at a regional scale, is crucial for developing effective 

water resource management strategies, anticipating potential impacts on water availability, and 

preparing for the challenges posed by altered precipitation patterns, increased evaporation rates, 

and shifting seasonal cycles in specific regions (Bekele et al., 2019).  The warming of the climate 

system has been clear, and many observed changes since the 1950s have been unprecedented 

over decades to millennia (IPCC, 2014a). Anthropogenic climate change is driving significant 

shifts in weather patterns and climate extremes globally, leading to more frequent and intense 

events such as heatwaves, storms, droughts, and flooding, which in turn are causing widespread 

adverse effects on natural ecosystems, biodiversity, and human communities, disrupting 

livelihoods, threatening food and water security, and exacerbating socio-economic vulnerabilities 

across the world (IPCC, 2023).  

 Climate changes point to increased variability, fluctuations in rainfall and temperature, warming 

of the atmosphere and ocean, diminished snow and ice amounts, and rising sea levels (IPCC, 

2014a). The IPCC's Fifth Assessment Report predicts that future climate change will lead to 

increased climate variability, along with more frequent and severe extreme weather events in the 

region, including heightened risks of heatwaves, heavy rainfall, droughts, and flooding, all of 

which will have significant implications for ecosystems, water resources, agriculture, and human 

populations, particularly in vulnerable areas (Change, 2014). Global surface temperatures have 

increased at an unprecedented rate since 1970, surpassing the warming observed in any other 50-

year period over the past 2,000 years, with the accelerated rise in temperatures being closely 

linked to human activities, such as the burning of fossil fuels, deforestation, and industrial 

emissions, which have significantly amplified the greenhouse effect and driven the ongoing 

climate crisis (IPCC, 2022b). This uptick in temperatures due to global warming poses a 

significant environmental challenge worldwide, particularly affecting developing countries like 

those in sub-Saharan Africa where a majority of the population relies on rainfed agriculture (T. 

Worku et al., 2019). According to IPCC (2023) report climate change has led to significant 

damages and increasingly irreversible losses in various ecosystems including terrestrial, 

freshwater, cryosphere, coastal, and open ocean. The shifting and increasingly unpredictable 

climate patterns, coupled with their far-reaching impacts on ecosystems, human health, 

agriculture, and infrastructure, as well as the growing vulnerabilities of communities to these 

changes, are rapidly emerging as some of the most pressing global environmental concerns, 

necessitating urgent attention and coordinated action to mitigate risks and enhance resilience 
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(IPCC, 2014a). Meteorological data is frequently utilized to analyze fluctuations in key climatic 

factors, such as precipitation and temperature, providing valuable insights into the patterns and 

variability of these elements over time, which in turn helps scientists and policymakers identify 

emerging trends, assess the impacts of climate change, and develop strategies for managing and 

adapting to shifting environmental conditions (Chattopadhyay & Edwards, 2016).  

2.1. 1 Climate Change in Africa 

Africa is considered highly vulnerable to future climate change due to its reliance on climate-

sensitive sectors like agriculture and water resources, high poverty levels, limited adaptive 

capacity, and exposure to extreme weather events such as droughts, floods, and heatwaves, all of 

which are expected to worsen with rising global temperatures, further deepening socio-economic 

challenges and threatening sustainable development (Almazroui et al., 2020; Hadgu et al., 2015). 

The observed climate change in Africa underscores the profound challenges the continent will 

face from future climate shifts, with projections indicating that rising temperatures and altered 

precipitation patterns will lead to increased dryness, exacerbating water scarcity, agricultural 

stress, and the frequency of droughts, all of which will have severe consequences for food 

security, livelihoods, and overall socio-economic stability across the region (Ifejika Speranza, 

2010). 

 In the twenty-first century, future climate forecasts suggest that Africa's surface temperature will 

increase more rapidly than the global average, especially in arid regions (Niang et al. 2015). The 

mean annual temperature across Africa is expected to rise by 1.5 °C (2.3 °C) in the near future 

and by 1.8 °C (4.4 °C) under two SSPs for moderate and strong forcing, known as SSP2-4.5, and 

SSP5-8.5, respectively (Almazroui et al., 2020). In addition to human-induced climate change, 

Africa's climate fluctuations are strongly influenced by the interactions between marine and 

continental factors, including sea surface temperatures, ocean currents, and atmospheric 

conditions, which significantly affecting economic development, particularly in agriculture and 

water resources (Jury, 2012). According to the Intergovernmental Panel on Climate Change 

(IPCC) fifth assessment report, future climate change is expected to heighten climate variability, 

leading to more frequent and intense extreme events in the region. The socio-economic stability 

of northeast Africa is closely tied to climate conditions, with recent fluctuations between 

droughts and floods severely limiting crop yields and hindering agricultural productivity (Jury & 

Minda, 2023). In recent decades, the frequency and intensity of extreme weather events have 

significantly increased, driven by the combined effects of climate change and natural climate 
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variability, leading to greater environmental, social, and economic challenges (Mohammed et al., 

2022). East Africa, home to a large population living in poverty and heavily dependent on 

climate-sensitive sectors such as agriculture and water resources, is particularly vulnerable to the 

impacts of climate change and related extreme weather events, such as droughts, floods, and 

shifting rainfall patterns, which exacerbate food insecurity, reduce access to clean water, and 

threaten the livelihoods of millions (Change, 2014). In the Horn of Africa, decreasing rainfall 

during critical growing seasons has adversely affected agricultural productivity, while 

paradoxically, there has been an increase in rainfall during September and November, which has 

created favorable conditions for the spread of malaria vectors, exacerbating public health 

challenges in the region (Ifejika Speranza, 2010).  

A prevalent climatic pattern in the Eastern Africa region is the frequent occurrence of droughts 

that severely affect the population (Nicholson, 2017). This author observed that, in much of 

eastern Africa, the long rainy seasons have been gradually declining over recent decades, while 

the short rainy seasons have become more frequent and intense, disrupting traditional farming 

cycles and exacerbating water management challenges in the region. Eastern Africa, including 

Ethiopia, has various climate zones, from arid to tropical monsoon conditions, with significant 

long-term fluctuations in rainfall but temperature exhibited an average increase of 1.5 ° C to 2 ° C 

during the 1963 to 2012 periods (Daron, 2018). The average temperature in this region is rising at 

a rate faster than the global average, while rainfall patterns have become increasingly erratic, 

with unpredictable fluctuations that are expected to persist and potentially intensify in the future, 

further complicating water management and agricultural practices (Gebrechorkos et al., 2019). 

Consequently, the region is prone to experiencing extreme weather events, including both severe 

floods and prolonged droughts, often within the same year, creating significant challenges for 

water resource management, agriculture, and the livelihoods of local communities (Nicholson, 

2017).  

2.1.2 Climate Change in Ethiopia 

Ethiopia is a large country with intricate rainfall patterns and diverse livelihoods (Funk et al., 

2012). The country, densely populated and rich in natural resources, frequently experiences 

severe climate-related disasters that result in significant harm to both life and property every year 

in in different parts of the country (Mohammed et al., 2022). In Ethiopia, the climate is 

characterized by three distinct seasons, which are determined by patterns of rainfall and 

temperature, with the main seasons being the rainy season (Kiremt), the dry season (Bega), and a 
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short rainy season (Belg), each influencing agricultural cycles and local weather conditions 

across different regions of the country (Fekadu, 2015). Rainfall patterns in Ethiopia vary 

significantly across different regions, with some areas experiencing heavy, consistent rainfall 

during the main rainy season, while others, particularly in the eastern and northern parts, are 

more prone to erratic rainfall, prolonged dry spells, and occasional droughts, which can have 

profound implications for agriculture, water resources, and overall climate resilience (Funk et al., 

2012). Due to its low level of socioeconomic development, high population, insufficient 

infrastructure, limited institutional capacity, and heavy reliance on climate-sensitive natural 

resources, Ethiopia is susceptible to climatic fluctuations (Getachew, 2018). These environmental 

changes are anticipated to exacerbate existing challenges in Ethiopia, leading to greater 

environmental degradation, intensified food shortages, widespread water scarcity, more frequent 

�G�L�V�H�D�V�H�� �R�X�W�E�U�H�D�N�V���� �D�Q�G�� �G�H�H�S�H�U�� �O�H�Y�H�O�V�� �R�I�� �S�R�Y�H�U�W �\�� �� �D�O�O�� �R�I�� �Z�K�L�F�K�� �Z�L�O�O�� �V�W�U�D�L�Q�� �W �K�H�� �F�R�X�Q�W�U�\�¶ �V�� �U�H�V�R�X�U�F�H�V��

and hinder efforts to achieve sustainable development (Zegeye, 2018).  

The temperature is exhibiting a notable upward trend, especially in terms of minimum values, 

while annual rainfall is steadily decreasing, with a more pronounced decline observed during the 

spring months and in the occurrence of light or "small" rains (Fazzini et al., 2015).  Climate 

change analysis and vulnerability assessments in Ethiopia indicate that, over the coming decades, 

increasing climate variability and volatility are expected to pose significant threats to the 

�F�R�X�Q�W�U�\�¶ �V�� �V�R�F�L�D�O�� �D�Q�G�� �H�F�R�Q�R�P�L�F�� �V�H�F�W�R�U�V���� �O�L�N�H�O�\�� �U�H�V�X�O�W�L�Q�J�� �L�Q�� �D�� �K�L�J�K�H�U�� �I�U�H�T�X�H�Q�F�\�� �D�Q�G�� �L�Q�W �H�Q�V�L�W �\�� �R�I��

droughts and famines, which could exacerbate existing vulnerabilities and hinder development 

efforts (Dawit et al., 2019). Over the past few decades, the impacts of climate change have 

become increasingly apparent through the recurrence of droughts, erosive rainfall, fluctuating 

rainfall patterns, and food insecurity events, all of which have highlighted the growing 

vulnerability of the region to climate-related hazards (Meshesha et al., 2016).  

Long-term climate data for Ethiopia reveals diverse rainfall trends across different regions, with 

certain areas experiencing an increase in rainfall while others are facing a decline, all coupled 

with a consistent rise in temperatures across the entire country (Zeray & Demie, 2016). The 

summer season plays a crucial role in the region's rainfall distribution, contributing between 50% 

and 80% of the total precipitation in Ethiopia's agricultural areas, while also delivering a 

significant amount of rainfall to the highland and coastal regions of Kenya, thereby supporting 

both countries' agricultural productivity and water resources during this period (Nicholson, 

2017). Changes in precipitation and temperature have profound implications for water resource 
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planners, as they must carefully assess how these climatic shifts influence hydrologic variables 

such as streamflow, groundwater recharge, and reservoir levels, which are critical for effective 

water management, infrastructure planning, and long-term sustainability (Chattopadhyay & 

Edwards, 2016). Climate fluctuations in Ethiopia have a direct and often devastating impact on 

the food resources available to rural communities, as unpredictable weather patterns, including 

prolonged droughts, erratic rainfall, and extreme temperatures, can severely disrupt agricultural 

production, which is the primary livelihood for many in these areas and these fluctuations lead to 

reduced crop yields, soil degradation, and water shortages, undermining food security and 

making it more difficult for rural populations to access sufficient and nutritious food (Ballard et 

al., 2013). Moreover, the increasing frequency and severity of climate events exacerbate 

vulnerabilities, pushing many communities into cycles of food insecurity, poverty, and 

displacement, while also straining the capacity of local and national governments to respond 

effectively to the growing challenges. Ongoing greenhouse gas emissions are expected to drive 

further global warming and induce lasting changes in the climate system, thereby intensifying the 

risk of severe, and potentially irreversible, impacts on both human populations and ecosystems, 

with consequences that could disrupt social, economic, and environmental stability for 

generations to come (IPCC, 2014a). According to this report, surface temperatures are projected 

to rise throughout the 21st century under all emission scenarios, with the extent of warming 

varying depending on the level of greenhouse gas emissions, but with an overall trend of 

consistent temperature increases across the globe. The latest IPCC report highlights that many 

climate risks may be far more severe than previously assessed, with projected long-term impacts 

potentially reaching several times the magnitude of current observations, underscoring the need 

for urgent action to mitigate the escalating effects of climate change (IPCC, 2023). Climate 

change adaptation should be prioritized as an integral component of a comprehensive strategy 

aimed at strengthening the resilience of communities to the diverse shocks and stresses, they 

face, ensuring that both short-term vulnerabilities and long-term risks are effectively addressed to 

safeguard livelihoods, infrastructure, and ecosystems (Simane et al., 2016). For vulnerable 

communities, adaptation strategies should be tailored to align with their specific livelihood 

characteristics, ensuring that these approaches are culturally appropriate, economically feasible, 

and directly address the unique challenges they face, thereby enhancing their capacity to cope 

with and recover from climate-related impacts (Addisu et al., 2015).  
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2. 2 Trend Analysis 

Analyzing historical and projected climate trends is crucial for effective resource management 

and strategic planning, as it provides the foundational data necessary to inform decision-making 

processes that support sustainable development, allowing for the anticipation of climate-related 

challenges and the implementation of proactive measures to ensure long-term environmental, 

economic, and social resilience (Mark R. Jury, 2019). Calculating trends in temperature and 

rainfall using existing observed data is essential for assessing the extent of recent climate 

changes, as it provides valuable insights into shifts in climate patterns, enabling a better 

understanding of current environmental conditions and helping to inform future adaptation and 

mitigation strategies (Daron, 2018). Numerous studies have been conducted in recent years to 

identify and analyze potential climate trends and changes across the globe, employing a range of 

methodologies to assess shifts in temperature, precipitation patterns, and extreme weather events, 

with the aim of improving our understanding of global climate dynamics and informing policy 

decisions for mitigation and adaptation (Chattopadhyay & Edwards, 2016; Jain & Kumar, 2012; 

Jánosi et al., 2023; Nicholson, 2019). Variation in key climate variables, such as precipitation 

and temperature, is typically assessed by detecting and characterizing trends within available 

meteorological data, allowing for a comprehensive analysis of temporal changes, which helps to 

identify patterns, forecast future conditions, and inform climate adaptation and management 

strategies (Chattopadhyay & Edwards, 2016). Quantifying and assessing the risks potentially 

induced by climate change is of paramount importance for every country, as it enables informed 

decision-making, facilitates the development of effective climate adaptation strategies, and 

enhances risk prevention efforts, thereby ensuring more resilient social, economic, and 

environmental systems in the face of future climate challenges (Ye et al., 2021). In Ethiopia, 

several studies have been conducted to analyze the trends in precipitation and temperature, 

aiming to identify patterns of climate variability, understand regional differences, and assess the 

potential impacts of these trends on agriculture, water resources, and overall climate resilience 

(Abebe et al., 2022; Addisu et al., 2015; Alaminie et al., 2021; Assefa & Mengistu, 2021; 

Gashaw, Wubaye, et al., 2023). These authors reported inconsistent findings, with some 

indicating an increasing trend in both precipitation and temperature, while others observed a 

decreasing trend, highlighting the complexity and variability of climate patterns in the region. 

For instance, (Addisu et al., 2015) revealed that the mean, maximum, and minimum temperatures 

in the Lake Tana sub-basin highlands of Ethiopia exhibited a generally increasing trend, while 

the rainfall amounts showed a consistent decreasing trend over the same period. In contrast, other 
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development of tailored, context-specific adaptation strategies aimed at enhancing these 

communities' resilience and minimizing the long-term adverse consequences of climate change 

(Addisu et al., 2015). Studying trends in rainfall and temperature across various spatial scales can 

significantly enhance our understanding of issues related to floods, droughts, and water 

availability, providing essential insights that inform future climate projections and help in 

developing strategies for managing water resources, mitigating climate-related risks, and 

addressing the varying needs of different sectors in response to changing climatic conditions 

(Jain & Kumar, 2012).  

2.3 Projection of Future Climate Change 

Projections of future climate change are essential for enhancing our understanding of the climate 

system, as they not only provide critical insights into potential environmental shifts but also help 

characterize the risks to society, enabling the identification of effective response options and 

guiding the development of adaptation and mitigation strategies to address the challenges posed 

by climate change (O'Neill et al., 2016). Projections of statistical aspects of weather and climate 

extremes can be derived from climate models that represent potential future climate states, with 

the Coupled Model Intercomparison Project Phase 6 (CMIP6) climate model ensemble now 

providing the most up-to-date, state-of-the-art climate model experiments, offering enhanced 

accuracy and a broader range of scenarios for analyzing future climate variability and extreme 

(Eyring et al., 2016); it aims to enhance climate change projections by employing more advanced 

parameterization techniques and improving the representation of key processes within climate 

models, thereby increasing the accuracy and reliability of future climate scenarios it aims to 

improve climate change projections by using better parameterization and process representation 

(Fan et al., 2021).  

Global climate models (GCMs) are regarded as the primary tools for studying climate change, as 

they are extensively used to simulate and predict climate dynamics on both global and regional 

scales, providing critical insights into the potential impacts of climate change and helping to 

inform policy decisions and adaptation strategies (Fan et al., 2020). GCM outputs offer valuable 

opportunities to examine 21st-century climate change projections, enabling the analysis of 

potential impacts both globally and regionally, thereby helping to assess future climate scenarios 

and inform targeted adaptation and mitigation strategies (Bannister et al., 2017). The best-

performing models for temperature projections in Eastern Africa are HadGEM-GC31-LL and 
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mitigation, offering a more holistic approach than previous frameworks, such as the IPCC 

Special Report on Emissions Scenarios, that focused primarily on emissions pathways without 

fully addressing the broader socio-economic and policy contexts that influence climate outcomes 

(Ebi et al., 2014). The scenario matrix architecture is structured around two primary axes: the 

future climate radiative forcing level, represented by the Representative Concentration Pathways 

(RCPs), which outline various potential greenhouse gas concentration trajectories, and a series of 

alternative global development pathways, the Shared Socioeconomic Pathways (SSPs), which 

reflect different socioeconomic, technological, and policy scenarios for the future (Kriegler et al., 

�������������2�¶�1�H�L�O�O���H�W���D�O������������ ���� . The SSPs are based on five narratives describing alternative pathways 

for socio-economic development, including sustainable development (SSP1), a future where 

there is rapid and widespread adoption of sustainable practices across all sectors of society, 

(SSP2) a future where societal trends continue along historical pathways without significant 

changes (SSP3) a future where regional competition and conflict drive societal development, 

(SSP4), a future where socioeconomic inequality is high and societal priorities are driven by 

economic elites and (SSP5), a future where economic growth and technological advancement 

take precedence over environmental concerns (fossil-fueled development ) (Kriegler et al., 2017; 

Riahi et al., 2017). 

 

CHAPTER 3: METHODOLOGY 

3.1. Description of the Study Area 

North Gojjam sub-basin is located between 37.2°E -38.6°E longitude and, 10.1°N -11.8°N latitude.  

The sub-basin is one of Upper Blue Nile Basin sub-basins. It covers approximately 14,389 km2, 

which stretches between the Choke and Gunna mountains, and its elevation varies from 998 to 

4093 m a.s.l (Figure 3. 1). The study sub-basin contains numerous springs, and rivers that drain 

into the Upper Blue Nil River. As a result, the study area serves as one of the significant 

tributaries of the Abay River (Ewunetu et al., 2023).   

The climate of the study sub-basin is highly influenced by altitude, and global weather systems as 

well as the movements of the Intertropical Convergence Zone (ITCZ), with most rainfall 

occurring in the summer months from June to September (Ewunetu et al., 2021). According to 

data obtained from the Ethiopian Metrological institute sub-basin's long-term mean annual 
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maximum and minimum temperature from the period (1986-2022) varies from 24.2-26.1°C  and 

8.5-11.3 °C , respectively. Meteorological data from stations in and around the sub-basin between 

1986 and 2022 showed an average annual rainfall of 1146.7 mm, with a low of 922.2 mm and a 

high of 1386.6 mm. The sub-basin has three seasons, June to September, which is locally known 

as K iremt the main rainy season of the sub-basin. The small rainy season from February to May 

is locally called the Bel g , and the dry season from October to January is locally known as the 

Bega . The dominant agroecological zone is characterized by tepid to cool moist middle highlands, 

and cold to very cold moist sub-Afroalpine to Afroalpine highlands (Ewunetu et al., 2021).  

Vegetation coverage in NGSB is very small (Ewunetu et al., 2023). Natural forest coverage is 

scarce and limited to some riverbanks, hillsides, and church compounds. Among introduced 

species, Eucalyptus globulus forests are predominant, particularly in the highlands, where their 

coverage has expanded (Ewunetu et al., 2021). Unreliable rain-fed agriculture is the main source 

of livelihood in the study area. Smallholder farmers grow a mix of crops and raise livestock, with 

cereals, pulses, and oilseeds being the main crops, and predominant livestock include cattle, 

sheep, goats, horses, donkeys, mules, and poultry (Ewunetu et al., 2023; Tibebe et al., 2022).  
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Figure 3.1. Location map of the study area 

3.2 Dataset Description 

This study examined historical (1986-2022) and outlook (2041-2100) for rainfall, maximum 

temperature (Tmax), and minimum temperature (Tmin) variables. Daily observed precipitation 

and Tmax and Tmin data from six metrological stations (Table 3.1) for the study sub-basin have 

been obtained from the Ethiopian Meteorology Institute (EMI). These stations were selected 

based on the availability of quality datasets and the length of record years. Precipitation and 

temperature data were collected from a specific gauging station, representing point measurements. 

Since the meteorological stations are located within the same agroecological zone, traditionally 

referred to as Dega, gridded precipitation data were retrieved from the Climate Data Tool (CDT) 

in NetCDF format to assess spatial trends of precipitation (Dinku et al., 2022). For this purpose  

satellite-based data from the Climate Hazards Group InfraRed Precipitation with Station Data 
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the data. In this study, all data quality control was done by CDT package in R software (Dinku et 

al., 2022).  

Table 3.1. Spatial location of meteorological stations of North Gojjam sub-basin 

3.4 Estimation of Mean Areal Precipitation 

The Thiessen polygon method is popular and commonly used for estimating areal precipitation 

from point rainfall data over a basin (Bojago et al., 2024; Mekonnen et al., 2024; Mekonnen et al., 

2022; Olawoyin & Acheampong, 2017). This method is particularly useful when meteorological 

stations are sparsely and unevenly distributed, like in Ethiopia, and can provide satisfactory 

results (Arianti & AW, 2021). Due to its simplicity and ease of use make it a popular choice. 

According to these authors, Thiessen polygon is an effective, simple, and easy-to-use method 

compared with other methods, such as Inverse Distance Weighted (IDW), and Kriging. For 

example, Kriging is effective in lowland regimes where orographic and local climatic variability 

are insignificant, whereas IDW is recommended for densely distributed known rain gauge 

stations (Arianti & AW, 2021; Workneh et al., 2024). Therefore, in this study, the Thiessen 

polygon method was implemented in Arc GIS software (version 10.8). The Thiessen polygon 

method was selected for spatial interpolation of rainfall and temperature data in this study 

because it effectively captures localized variability based on proximity to meteorological stations 

(Dessie et al., 2015).  

S/N  Station Latitude (°E)  Longitude (ºN)  Elevation Recording period 

Historical Projection 

1 Adet 11.27 37.49 2179 1986-2022 2041-2100 

2 Bahir Dar 11.59 37.39 1827 1986-2022 2041-2100 

3 Debre Work 10.66 38.17 2508 1986-2022 2041-2100 

4 Motta 11.07 37.87 2417 1986-2022 2041-2100 

5 Simada 11.30 38.18 2584 1986-2022 2041-2100 

6 Yetnura 10.12 38.09 2420 1986-2022 2041-2100 
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3.5 Projection of Future Climate  

Future climate projections are crucial for evaluating and understanding climate change and its 

associated risks, influencing global and national climate change policies, and supporting 

evidence-based decisions in adaptation and mitigation strategies (O'Neill et al., 2016; Tananaev, 

2024). Global climate models (GCMs) are considered fundamental tools for studying climate 

change, widely used to simulate and predict climate change at global and regional levels (Fan et 

al., 2020; Guo et al., 2023). GCM outputs offer opportunities to explore 21st-century climate 

change projections and assess the potential global and regional impacts of these changes 

(Bannister et al., 2017).  

For this study, future climate simulations mid-century (2041-2070) and late-century (2071-2100) 

were acquired from outputs of the Coupled  Model Intercomparison Project Phase 6 (CMIP6) 

available at  (https://esgfnode.llnl.gov/projects/cmip6/)  (Dong et al., 2021; Eyring et al., 2016; 

Su et al., 2021). The CMIP6 dataset differs from the CMIP5 and CMIP3 datasets in terms of 

forcing scenarios and carbon emissions (Almazroui et al., 2020). The CMIP6 project used newer 

versions of integrated global climate models, a different initial year, and a new set of Shared 

Socioeconomic Pathway (SSP) scenarios of concentration (Gidden et al., 2019). The main reason 

to use the recent phase is relatively more collaborative approach has been implemented for 

CMIP6 to address the complexities of comprehensive modeling in climate science (Ebi et al., 

2014; Eyring et al., 2019; Fan et al., 2020).  

The selection of GCMs was based on the availability of daily precipitation and temperature data, 

their horizontal resolution, and their performance in East Africa (Ayugi et al., 2021; 

Gebrechorkos et al., 2023; Majdi et al., 2022) and various regions of Ethiopia (Gashaw et al., 

2024; Worku et al., 2020). Selected models for this study were EC-Earth3 (Döscher et al., 2021) , 

CNRM-CM6-1, and HadGEM3-GC31-LL f3 (Andrews et al., 2020; G. Worku et al., 2019). The 

detailed descriptions of selected GCMs are illustrated in (Table 3.2). 

 Many authors recommend using ensemble mean of multi-model coupled climate models to 

simulate precipitation and temperature projection data to strengthen GCM outputs (Guo et al., 

2023; Jehanzaib et al., 2020; Polley et al., 2013; Sung et al., 2021; Tang et al., 2023).  For this 

reason, the ensemble outputs of these models were utilized to analyze annual and seasonal trends 

of precipitation, as well as Tmax and Tmin, across the study sub-basin. 


