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Abstract 

Despite growing recognition of the importance of indigenous knowledge, its
potential as a driver of innovation and development remains largely untapped.
While there is increasing rhetoric about the need to integrate indigenous
knowledge into development initiatives and innovation policies, genuine
inclusion remains elusive. This study explored the role of indigenous
knowledge to drive innovation and development in Ethiopia. Employing a
qualitative research approach with a case study orientation, this study used
primary and secondary data sources that were collected using interviews,
focus group discussions, and desk review. Study participants were selected
using purposive and snowball sampling techniques. Data were analyzed using
the thematic analysis method. This study reveals that indigenous knowledge,
encompassing accumulated wisdom, skills, and philosophies developed by
indigenous people over generations, is increasingly recognized as a vital
resource for impactful innovation and development. This study indicates
multifaceted ways in which indigenous knowledge contributes to
environmental conservation, food security, healthcare, disaster resilience,
traditional governance, cultural preservation, conflict resolution and societal
transformation. Despite its immense potential, indigenous knowledge systems
in Ethiopia have been marginalized and gradually pushed to the periphery by
modernity and contemporary governance, reducing their relevance and
impact in innovation and development. The findings imply that, although
indigenous knowledge in Ethiopia constitutes a largely untapped asset for
promoting community well-being, environmental sustainability, and
socioeconomic resilience, its potential has been constrained by its
marginalization in favor of Western-oriented approaches. Ethiopia needs to
empower communities by integrating indigenous knowledge into innovation,
education, and development policies through strong legal support, funding,
and local participation. 
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1. Introduction 

Innovation and development have 

traditionally been shaped by Western scientific 

paradigms, which have significantly contributed 

to technological, economic, and social progress 

(Mignolo, 2011). However, these approaches 

have often neglected local contexts, cultural 

values, and indigenous knowledge systems 

(Ellen & Harris, 2016). 

Indigenous knowledge encompasses the 

knowledge, skills, practices, and beliefs 

developed by local communities through long-

term interaction with their environments and 

passed down across generations (Haverkort & 

Millar, 2014). It plays an important role in 

agriculture, healthcare, natural resource 

management, conflict resolution, climate 

adaptation, and community governance 

(Fernandez, 2014; UNESCO, 2017). Increasingly, 

scholars and development practitioners 

recognize indigenous knowledge as a valuable 

source of sustainable and context-specific 

solutions to contemporary challenges, including 

food security, environmental conservation, and 

social cohesion (Mishra, 2010; Escobar, 2018). 

Despite growing global recognition, 

indigenous knowledge remains marginalized in 

many countries, including Ethiopia, where 

development policies and innovation 

frameworks continue to prioritize Western-

oriented scientific approaches (Kebede & Belay, 

2017). Existing studies have mainly documented 

indigenous practices in sectors such as 

agriculture, traditional medicine, natural 

resource management, and conflict resolution, 

but have paid limited attention to their broader 

role in driving innovation and development. 

Moreover, there is insufficient research on how 

indigenous knowledge can be systematically 

integrated into modern development 

frameworks in Ethiopia, creating a significant 

knowledge gap (Engdasew, 2022). 

To address this gap, the present study 

examines the role of indigenous knowledge 

systems in promoting innovation and 

development in Ethiopia. It seeks to investigate 

how indigenous knowledge serves as a 

foundation for innovation, its contributions to 

development, and the challenges that hinder its 

effective application. 

The study is guided by three theoretical 

perspectives: Indigenous Epistemology Theory, 

which recognizes indigenous knowledge as a 

legitimate and valuable way of knowing (Chilisa, 

2020; Smith, 2021); Decolonial Theory, which 

highlights the marginalization of indigenous 

knowledge and advocates for epistemic justice 

and knowledge pluralism (Maldonado-Torres, 

2021; Bhambra et al., 2021); and Sustainable 

Development Theory, which emphasizes the 

integration of social, cultural, economic, and 

environmental dimensions of development 

(Sachs et al., 2023). Together, these frameworks 

view indigenous knowledge as a dynamic 
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resource that can support inclusive, culturally 

relevant, and sustainable development in 

Ethiopia. The main objective of the study was to 

investigate the transformative potential of 

indigenous knowledge systems for spurring 

innovation and development in Ethiopia. The 

specific objectives and contributions of the 

study are bulleted as: 

• To examine indigenous knowledge systems 

as critical basis for innovation 

• To explore the contribution of indigenous 

knowledge to development 

• To identify the challenges hindering the 

application of indigenous knowledge for 

innovation and development endeavors 

2. Review of Related Literature 

Theoretical Framework 

This study is guided by three complementary 

theoretical perspectives. 

Indigenous Epistemology Theory views 

indigenous knowledge as a legitimate, 

systematic, and dynamic form of knowledge 

developed through long-term interaction 

between communities and their environments. 

It challenges the dominance of Western 

scientific epistemology and emphasizes 

knowledge pluralism, cultural relevance, and 

context-specificity (Chilisa, 2020; Smith, 2021). 

The theory considers indigenous knowledge as 

an evolving system that supports innovation in 

areas such as agriculture, healthcare, and 

environmental management. 

Decolonial Theory explains how colonial and 

postcolonial structures have marginalized 

indigenous knowledge by privileging Western 

science and development models (Mignolo, 

2020; Maldonado-Torres, 2021). It provides a 

framework for understanding the exclusion of 

indigenous knowledge from formal policy and 

innovation systems despite its practical value. 

Sustainable Development Theory emphasizes 

the integration of economic, social, cultural, and 

environmental dimensions of development. 

Indigenous knowledge contributes to 

sustainability through practices such as soil 

conservation, water management, biodiversity 

protection, and traditional conflict resolution 

mechanisms (Sachs et al., 2023). 

I. Concept of Indigenous Knowledge Systems 

Indigenous Knowledge Systems (IKS) are the 

accumulated knowledge, skills, practices, and 

beliefs developed by local communities through 

generations of interaction with their 

environment (Smith, 2021). Unlike formal 

scientific knowledge, IKS is transmitted through 

oral traditions and practical experience, making 

it highly context-specific and responsive to local 

needs (Chilisa, 2020). 

II. Indigenous Knowledge and Innovation 

Research indicates that indigenous 

knowledge promotes grassroots innovation in 

agriculture, healthcare, and community 

development. Indigenous practices such as soil 
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fertility management, crop rotation, weather 

prediction, and traditional medicine enhance 

productivity, resilience, and healthcare 

outcomes (Altieri & Nicholls, 2020; WHO, 2022). 

Indigenous innovation also includes social and 

institutional innovations, such as community-

based governance and conflict resolution 

systems, which are often sustainable, 

affordable, and adaptable to local contexts. 

III. Indigenous Knowledge and Sustainable 

Development 

Indigenous knowledge contributes to 

sustainable development by supporting 

environmental conservation, ecosystem 

resilience, and food security through practices 

such as land management, agroforestry, and 

biodiversity conservation (Sachs et al., 2023). It 

also strengthens social sustainability through 

customary institutions that regulate resource 

use and promote peaceful conflict resolution. 

IV. Indigenous Knowledge in Ethiopia 

Ethiopia possesses a rich indigenous 

knowledge base shaped by its ethnic and 

ecological diversity. Communities apply 

indigenous practices in soil conservation, 

traditional irrigation, herbal medicine, and 

conflict resolution (Tufa, 2019; Engdasew, 2022). 

Notable examples include the Oromo Gadaa 

system (Tadesse, 2021) and the indigenous 

practices of the Konso people (Garedew et al., 

2020). Despite their contributions, indigenous 

knowledge systems remain under-documented 

and insufficiently integrated into formal 

development planning and innovation 

frameworks (Kebede & Belay, 2017). 

3. Research Methodology 

The study employed a case study design to 

investigate indigenous knowledge practices 

within their real-life social and cultural contexts 

and to better understand the relationship 

between indigenous knowledge, innovation, and 

development. A qualitative approach was 

adopted because the study aimed to explore 

participants’ experiences, perceptions, and 

interpretations regarding indigenous knowledge 

systems (IKS) and their contributions to scientific 

advancement, innovation, and development. 

Both primary and secondary data sources 

were utilized to enhance the credibility and 

comprehensiveness of the findings. The research 

was conducted in the regional states of Tigray, 

Amhara, and Oromia, which were purposively 

selected due to their rich indigenous knowledge 

traditions and their diverse socio-cultural, 

linguistic, ecological, and economic contexts. 

These characteristics made them suitable 

settings for examining the varied contributions 

of indigenous knowledge to innovation and 

development. 

Purposive and snowball sampling techniques 

were employed to identify participants with 

extensive knowledge, practical experience, and 

direct involvement in indigenous knowledge 
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systems. A total of 44 participants were involved 

in the study, including 20 participants in Key 

Informant Interviews (KIIs) and 24 participants in 

Focus Group Discussions (FGDs). The 

participants included indigenous knowledge 

holders such as traditional healers and 

community elders, researchers and academics, 

government officials and policymakers, 

representatives of non-governmental and civil 

society organizations, entrepreneurs and 

innovators, as well as community development 

agents and local leaders. 

Data were collected through Key Informant 

Interviews (KIIs), Focus Group Discussions 

(FGDs), and desk review. Semi-structured 

interview guides were used during the 

interviews to explore participants’ experiences 

and perceptions regarding indigenous 

knowledge systems and their role in innovation 

and development. Three FGDs were conducted 

in each study area, with each discussion 

involving eight participants and lasting between 

90 and 120 minutes. The desk review provided 

contextual information and helped situate the 

primary findings within broader scholarly and 

policy discussions on indigenous knowledge, 

innovation, and development. 

Data analysis was conducted manually 

without the use of qualitative data analysis 

software. Interview transcripts, FGD notes, and 

documentary materials were systematically 

organized, reviewed repeatedly, and analyzed 

using thematic analysis to identify key patterns 

and themes. Ethical principles were observed 

throughout the research process. Nevertheless, 

the study acknowledged certain methodological 

limitations that may affect the scope and 

generalizability of its findings. 

4. Results and Discussion 

4.1 Indigenous Knowledge Systems as Critical 

Basis for Innovation 

Indigenous knowledge systems serve as a 

critical foundation for innovation by providing 

context-specific, sustainable, and adaptive 

solutions developed through generations of 

interaction with local environments. Rather than 

being outdated, indigenous knowledge is 

dynamic and continues to influence innovation 

in agriculture, healthcare, natural resource 

management, conflict resolution, and 

community development. Unlike conventional 

approaches that often treat economic, social, 

and environmental issues separately, indigenous 

knowledge adopts a holistic perspective that 

recognizes the interconnectedness of ecological, 

social, and economic systems. 

Findings from Key Informant Interviews (KIIs) 

and Focus Group Discussions (FGDs) revealed 

that indigenous communities continuously 

adapt and improve traditional practices. Farmers 

modify plowing techniques, seed selection 

methods, and farming practices to respond to 

changing environmental conditions, while 

traditional healers develop new treatments by 

adjusting herbal combinations. These practices 
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demonstrate that indigenous knowledge 

promotes innovation through experimentation, 

collective learning, and adaptation to local 

needs. As one key informant noted, indigenous 

knowledge is adaptive, tested over generations, 

and has contributed significantly to innovations 

in agriculture, medicine, natural resource 

management, and conflict resolution (KII 04, 

March 20, 2025, Adama). 

The study further revealed that indigenous 

knowledge can be effectively integrated with 

modern innovation systems to create hybrid 

solutions that combine traditional wisdom with 

contemporary scientific approaches. Such 

integration supports social justice, 

environmental conservation, and sustainable 

development while preserving cultural identity. 

Indigenous communities actively participate in 

designing and implementing innovations, 

making development processes more inclusive 

and locally relevant. From different contexts 

illustrate how indigenous knowledge has been 

combined with modern technologies and 

scientific methods to address challenges related 

to health, climate adaptation, and resource 

management. 

The findings also highlighted the strong 

adaptive capacity of indigenous communities in 

responding to environmental and climatic 

changes. Indigenous weather forecasting, water 

harvesting techniques, livestock management 

systems, agroforestry, terracing, and seasonal 

migration practices demonstrate sophisticated 

environmental knowledge that enhances 

resilience and sustainability. Participants 

emphasized that local indicators such as bird 

migration patterns and plant flowering are used 

to predict weather conditions and guide farming 

decisions. These practices have increasingly 

been recognized and incorporated into 

contemporary development initiatives because 

of their effectiveness in promoting sustainable 

resource management. 

Furthermore, indigenous knowledge 

contributes not only to technological and 

environmental innovation but also to the 

preservation of culture, language, identity, and 

community cohesion. Traditional values such as 

collective responsibility, cooperation, and 

respect for nature strengthen social 

sustainability and support holistic development. 

As one key informant stated, indigenous 

practices are often more environmentally 

sustainable than imported technologies and 

contribute to community pride, autonomy, and 

cultural continuity (KII 11, March 5, 2025, 

Dessie). 

The findings indicate that indigenous 

knowledge in Ethiopia represents a valuable yet 

underutilized resource for innovation and 

development.  

The Contribution of Indigenous Knowledge to 

Development 

The findings from Key Informant Interviews 

(KIIs) and Focus Group Discussions (FGDs) 
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indicate that Indigenous Knowledge (IK) is a 

comprehensive and integrated system that 

contributes significantly to all dimensions of 

human development, including agriculture, 

environmental management, health, 

governance, culture, and economic 

development. Participants emphasized that IK 

promotes sustainability, resilience, community 

well-being, and locally appropriate solutions, 

making it an important driver of equitable and 

sustainable development. One key informant 

described IK as a living system of innovation that 

has substantial potential to contribute to 

Ethiopia’s overall development and called for its 

greater recognition, documentation, and 

integration into national policies and 

development strategies (KII 14, March 26, 2025, 

Ambo). 

The study revealed that IK plays a vital role in 

agricultural development and food security 

through practices such as crop rotation, 

intercropping, indigenous seed selection, 

terracing, water harvesting, and traditional 

weather forecasting. These practices help 

communities maintain stable agricultural 

production, conserve biodiversity, restore 

degraded land, and enhance resilience to 

climate variability. Indigenous knowledge also 

contributes significantly to environmental 

conservation through agroforestry, rotational 

grazing, community-based natural resource 

management, and traditional systems of 

biodiversity protection. Such practices improve 

soil fertility, prevent erosion, conserve water 

resources, and strengthen climate change 

adaptation and disaster preparedness. 

In the health sector, Indigenous Knowledge 

provides accessible and culturally appropriate 

healthcare through traditional medicine and 

healing systems. Participants noted that many 

rural communities depend on herbal remedies 

and indigenous healing practices for treating 

common illnesses and maintaining holistic well-

being. Traditional medicinal knowledge was 

viewed as an important complement to modern 

healthcare systems and a potential area for 

collaboration and development. 

The findings further demonstrated that 

Indigenous Knowledge contributes to 

governance and social development through 

traditional institutions of conflict resolution, 

justice, and participatory decision-making. 

Systems such as Shimglina among the Amhara, 

the Kanchi Haqi system in Wejerat, and the 

Gadaa system among the Oromo promote social 

harmony, accountability, community cohesion, 

and inclusive governance. These institutions also 

reduce pressure on formal legal systems and 

strengthen local stability. 

Participants consistently identified 

Indigenous Knowledge as a foundation of 

cultural identity, preserving languages, values, 

social norms, traditional practices, and historical 

memory. The transmission of IK across 

generations contributes to cultural continuity, 
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intercultural understanding, and the 

preservation of Ethiopia’s diverse cultural 

heritage. In addition, IK supports economic 

development by sustaining local livelihoods 

through traditional occupations such as 

weaving, pottery, blacksmithing, indigenous 

medicine, and food processing. These activities 

generate income, create employment 

opportunities, particularly for women and 

youth, and add cultural value to local products 

that can attract tourism and broader markets. 

The findings indicate that Indigenous 

Knowledge is a valuable resource for promoting 

sustainable development, environmental 

stewardship, food security, health, governance, 

cultural preservation, and economic resilience.. 

Challenges Hindering the Application of 

Indigenous Knowledge for Innovation and 

Development 

The findings from Key Informant Interviews 

(KIIs) and Focus Group Discussions (FGDs) 

revealed that although Indigenous Knowledge 

(IK) has significant potential to promote 

innovation, sustainable resource management, 

and local development, its application remains 

constrained by several interconnected 

challenges. Major barriers include institutional 

marginalization, inadequate policy recognition, 

weak documentation systems, intergenerational 

knowledge loss, intellectual property insecurity, 

modernization biases, and difficulties in 

integrating IK into formal development 

frameworks. 

Participants consistently reported that 

government institutions, development agencies, 

and funding organizations tend to prioritize 

modern scientific approaches while overlooking 

indigenous knowledge systems. Traditional 

agricultural practices, seed conservation 

methods, and local innovations are often 

regarded as inferior or unscientific despite their 

long-standing effectiveness. One informant 

noted that development projects commonly 

promote hybrid seeds and chemical fertilizers 

while ignoring indigenous farming techniques, 

making local communities feel excluded from 

innovation processes (KII 09, March 10, 2025, 

Woldia). Similarly, another participant explained 

that government institutions and funding bodies 

generally recognize only technologies developed 

through universities and laboratories, while oral 

and community-based knowledge is frequently 

dismissed as folklore (KII 17, February 10, 2025, 

Maichew). 

The study also identified the lack of 

systematic documentation as a major challenge. 

Since much Indigenous Knowledge is 

transmitted orally, it is vulnerable to erosion as 

elders pass away and younger generations 

become less engaged in traditional practices. 

Participants emphasized that valuable 

knowledge related to medicinal plants, weather 

forecasting, and natural resource management 

is being lost because there are few formal 
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mechanisms for recording and transferring it. As 

one informant observed, the death of an elder 

often means the loss of an entire library of 

knowledge (KII 19, February 20, 2025, Alamata). 

Unlike countries with more formalized 

indigenous knowledge policies, such as South 

Africa (Hoppers, 2020), Ethiopia's Indigenous 

Knowledge Systems remain largely informal and 

under institutionalized. 

Another major obstacle is the fear of 

exploitation and biopiracy. Many participants 

expressed concern that researchers, companies, 

and external actors often extract indigenous 

knowledge and biological resources without 

proper acknowledgment, compensation, or 

benefit sharing. This has created distrust toward 

researchers and development partners and 

discourages communities from sharing valuable 

knowledge. One participant described instances 

where outsiders collected information about 

medicinal plants and later patented the 

discoveries without benefiting the local 

communities that developed the knowledge (KII 

05, January 9, 2025, Debre Brhan). The findings 

suggest that weak legal frameworks for 

protecting communal intellectual property rights 

continue to undermine the application and 

sharing of Indigenous Knowledge. 

The research further revealed a growing 

generational divide. Many young people 

increasingly associate development and success 

with Western science and modern technologies, 

leading them to view Indigenous Knowledge as 

outdated or irrelevant. Participants attributed 

this perception to formal education systems, 

media influences, and urbanization. As a result, 

traditional practices, cultural values, and local 

governance systems are gradually losing their 

influence. Informants emphasized that younger 

generations often fail to appreciate traditional 

environmental conservation practices and 

customary laws, weakening community-based 

resource management systems (KII 09, January 

20, 2025, Jimma; KII 07, March 30, 2025, 

Wejerat). 

The study also highlighted the 

epistemological differences between Indigenous 

Knowledge and Western scientific systems. 

While Western approaches tend to emphasize 

standardization, quantifiable evidence, and 

universal applicability, Indigenous Knowledge is 

holistic, experiential, context-specific, and often 

transmitted through oral traditions. These 

differences create challenges in validating, 

documenting, and integrating Indigenous 

Knowledge within formal research, policy, and 

development programs. Participants noted that 

donor-funded projects frequently favor large-

scale, measurable interventions and overlook 

the gradual, decentralized, and community-

based benefits of indigenous practices (KII 01, 

March 1, 2025, Bahir Dar). 

Historical and structural factors further 

compound these challenges. Participants 

pointed to the enduring impacts of colonialism, 

including the marginalization of Indigenous 
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Knowledge, the weakening of indigenous 

languages and governance systems, cultural 

assimilation, land dispossession, and the 

disruption of traditional knowledge 

transmission. Colonial and postcolonial 

educational systems have largely privileged 

Eurocentric perspectives while neglecting 

Indigenous Knowledge, contributing to its 

continued marginalization. These historical 

injustices have also generated distrust, reduced 

community control over resources, and limited 

opportunities for indigenous peoples to 

participate in decision-making processes 

affecting their knowledge systems. 

The findings indicate that the major 

challenges hindering the application of 

Indigenous Knowledge for innovation and 

development are institutional neglect, 

inadequate policy support, poor documentation, 

intellectual property concerns, intergenerational 

knowledge loss, modernization biases, 

epistemological differences, and the long-term 

effects of colonialism.  

5. Conclusion 

Indigenous knowledge systems are valuable 

resources that support development, 

innovation, and sustainability. Developed over 

generations, they help communities protect the 

environment, manage resources effectively, and 

solve local challenges. Integrating indigenous 

knowledge with modern scientific knowledge 

can contribute to more equitable and 

sustainable development in Ethiopia. A key 

strength of indigenous knowledge is its holistic 

approach, which connects different disciplines 

and promotes greater adaptability, impact, and 

sustainability. Indigenous people are the 

custodians of this knowledge, and there is much 

to learn from their expertise. Despite facing 

challenges and limited recognition, indigenous 

knowledge offers important opportunities for 

resilience, innovation, social justice, and 

sustainable development. 

Recommendations 

The study recommends that Ethiopia develop 

a comprehensive policy and legal framework to 

recognize, protect, and promote Indigenous 

Knowledge Systems (IKS) while integrating them 

into key sectors such as agriculture, health, 

environmental management, and rural 

development. It also emphasizes establishing 

national and regional centers to document and 

preserve indigenous knowledge, strengthening 

research and education through universities, 

and promoting collaboration between 

indigenous knowledge holders, researchers, and 

policymakers. Furthermore, the study highlights 

the importance of supporting community-based 

knowledge preservation and intergenerational 

knowledge transfer through mentorship and 

cultural education programs. Strong 

partnerships among government institutions, 

universities, local communities, and 

development organizations, supported by a 

National Indigenous Knowledge Council and 
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sustainable funding mechanisms, are essential 

to ensure that indigenous knowledge 

contributes effectively to innovation, resilience, 

inclusive development, and sustainable growth 

in Ethiopia. 
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	Indigenous Knowledge Systems as Drivers of Innovation and Development in Ethiopia
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	Abstract
	Despite growing recognition of the importance of indigenous knowledge, its potential as a driver of innovation and development remains largely untapped. While there is increasing rhetoric about the need to integrate indigenous knowledge into development initiatives and innovation policies, genuine inclusion remains elusive. This study explored the role of indigenous knowledge to drive innovation and development in Ethiopia. Employing a qualitative research approach with a case study orientation, this study used primary and secondary data sources that were collected using interviews, focus group discussions, and desk review. Study participants were selected using purposive and snowball sampling techniques. Data were analyzed using the thematic analysis method. This study reveals that indigenous knowledge, encompassing accumulated wisdom, skills, and philosophies developed by indigenous people over generations, is increasingly recognized as a vital resource for impactful innovation and development. This study indicates multifaceted ways in which indigenous knowledge contributes to environmental conservation, food security, healthcare, disaster resilience, traditional governance, cultural preservation, conflict resolution and societal transformation. Despite its immense potential, indigenous knowledge systems in Ethiopia have been marginalized and gradually pushed to the periphery by modernity and contemporary governance, reducing their relevance and impact in innovation and development. The findings imply that, although indigenous knowledge in Ethiopia constitutes a largely untapped asset for promoting community well-being, environmental sustainability, and socioeconomic resilience, its potential has been constrained by its marginalization in favor of Western-oriented approaches. Ethiopia needs to empower communities by integrating indigenous knowledge into innovation, education, and development policies through strong legal support, funding, and local participation.
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	Abstract
	This study presents the design and numerical evaluation of a single-tank thermocline thermal energy storage (TES) system for solar thermal applications aimed at improving energy access in rural Ethiopia through small to medium-scale concentrated solar power (CSP) integration. A two-dimensional model using Computational Fluid Dynamics (CFD) and the Finite Element Method (FEM) simulated unsteady, incompressible laminar flow and heat transfer in a vertical cylindrical tank modelled as an isotropic porous medium. The system used water as the heat transfer fluid and operated between 55°C and 98°C, with a height-to-diameter ratio of 1.2. The computational mesh included 3,938 domain elements and 192 boundary elements, with a maximum element size of 0.01 m. During charging, hot water introduced at the top formed a thermocline that moved downward, reaching a thickness of 0.263 m after 7,200 seconds. The flow remained laminar, with a peak velocity of 0.02 m/s and a Reynolds number of about 1,078, while a pressure gradient of 2.49 kPa developed from top to bottom. The performance index was approximately 0.95, indicating strong stratification and minimal mixing. During discharging, reverse flow from the bottom reached a velocity of 0.002 m/s with a Reynolds number near 769, and the thermocline rose to 0.25 m by 7,200 seconds, maintaining separation of hot and cold zones. Enthalpy increased from 2.25 J/m³ to 2.55 J/m³ during charging and decreased from 4.0 J/m³ to 3.75 J/m³ during discharging, reflecting efficient energy storage and release. Overall, the results confirm stable thermal stratification, high energy efficiency, and the suitability of the proposed water-based thermocline TES for cost-effective, off-grid solar thermal energy applications.
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	Abstract
	The aim of this study is to address how smallholder farmers perceived climate change and the need to analyze the link between local perceptions and climatic data, which is very crucial to design context interventions and policies toward supporting adaptation measures. This study collected data from 384 randomly selected respondents in 18 kebeles over three districts, using focus group discussions, climate data analysis (Mann-Kendall tau test and Sen’s slope), descriptive statistics, and an order logit model. Most respondents reported that climate had changed notably with raised temperatures, declined rainfall, and a delayed rainy season as well as an increased intensity of drought and flood. Climatic patterns confirmed a significant increase in minimum and maximum temperatures during most seasons and years. While rainfall trends exhibited inter-seasonal variability, a significant increase was observed in long wet and autumn periods. Key findings reveal that the link between farmers’ perceptions and climatic patterns revealed strong correlations with temperature changes but some inconsistencies regarding rainfall trends. The order logit model results revealed that the respondents’ farm experience, educational level, livestock ownership, exposure to crop failure, total income, access to climate change information, and farmland fertility have significantly influenced their perceptions. Focusing interventions on these socio-demographic, institutional, and risk exposure variables will positively enhance farmers’ perceptions of climate change, which, in turn, can contribute to enhanced ecological resilience to climate change.
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	Abstract
	Barley is a vital crop for smallholder farmers in Ethiopia’s highlands, but productivity is constrained by poor soil fertility and inadequate fertilizer management. A field experiment was conducted in Southeastern Tigray during the 2017/18 Ethiopian cropping rainy season to evaluate the effects of macronutrients (N and P) and micronutrients (Fe and Zn) on barley yield, yield components, and grain quality. A split-plot design with three replications was used, with three N and P treatments (MA1 = control, MA2 = 100 kg Urea ha⁻¹ + 100 kg DAP ha⁻¹, MA3 = 50 kg DAP ha⁻¹ + 50 kg Urea ha⁻¹) as main plots and four Zn and Fe foliar treatments (P1 = control, P2 = 25 kg Zn ha⁻¹, P3 = 25 kg Fe ha⁻¹, P4 = 12.5 kg Zn ha⁻¹ + 12.5 kg Fe ha⁻¹) as subplots. Results showed that combining macronutrients and micronutrients produced better responses than either alone. The combination of 100 kg Urea ha⁻¹ + 100 kg DAP ha⁻¹ with 12.5 kg Zn ha⁻¹ + 12.5 kg Fe ha⁻¹ gave the highest grain yield (2.62 t/ha and 2.17 t/ha), Fe content (374.8 mg kg-1 and 155.3 mg kg-1), and protein content (15.6% and 12.4%) at Dejen and Kedamay-weyane, respectively. This nutrient combination is recommended to improve barley yield, grain Fe, and protein content in the study area.
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