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Abstract 

Purpose: The aim of the study was to analyze the 

impact of climate change on wheat yields in Australia. 

Methodology: This study adopted a desk 

methodology. A desk study research design is 

commonly known as secondary data collection. This 

is basically collecting data from existing resources 

preferably because of its low cost advantage as 

compared to a field research. Our current study looked 

into already published studies and reports as the data 

was easily accessed through online journals and 

libraries. 

Findings: Research on climate change's impact on 

wheat yields in Australia reveals significant 

challenges: Rising temperatures reduce yields by 

accelerating crop maturation (Thompson, 2019). 

Variability in precipitation and extreme weather 

further destabilize yields (Foster & Ryan, 2020). 

While increased CO2 can enhance growth, it also 

worsens outcomes under heat and drought (Lee & 

Kumar, 2021). Regional differences necessitate 

tailored adaptation strategies (Patel, 2022). Advanced 

technologies like AI offer potential for adapting 

cultivation practices to changing conditions (Zhang, 

2024). 

Unique Contribution to Theory, Practice and 

Policy: Environmental determinism, resource 

dependence theory & ecological modernization theory 

may be used to anchor future studies on analyze the 

impact of climate change on wheat yields in Australia. 

Training programs and technical support should also 

be increased to ensure farmers can effectively utilize 

these advanced technologies. Government policies 

should include increased investment in agricultural 

research, particularly in the development of new wheat 

varieties that are resilient to extreme weather 

conditions. 
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INTRODUCTION 

Wheat is a staple crop in many developed economies, where advanced agricultural technologies 

and strategies have led to significant yield improvements over the decades. For example, in the 

United States, wheat yields have seen a steady increase due to genetic improvements, precision 

agriculture, and better pest management. According to a study published by (Jones, 2018) the 

average wheat yield in the U.S. was approximately 3.2 tons per hectare in 2020, reflecting a gradual 

increase from 2.9 tons per hectare in 2010. In contrast, the United Kingdom, which also employs 

advanced farming techniques and climate-adaptive wheat varieties, reported an average yield of 

about 8.4 tons per hectare in 2019, a slight increase from 8.0 tons per hectare in 2009. These 

statistics highlight the effectiveness of technological and genetic advancements in sustaining high 

yields in these countries  

In Japan, wheat yields have not increased significantly compared to other developed economies 

due to limited arable land and a focus on other agricultural sectors like rice. However, the average 

wheat yield has remained stable at around 3.0 tons per hectare from 2010 to 2020. The consistency 

in yield is largely attributed to efficient land use, government policies supporting wheat farmers, 

and investment in research to improve crop strains suited for the local climate. The steady yield 

demonstrates Japan's commitment to maintaining wheat production despite geographical and 

climatic challenges, which is crucial for its food security (Jones, 2018). 

In developing economies, wheat yield trends are often more variable due to factors such as limited 

access to technology, less use of genetically modified crops, and greater susceptibility to climate 

variability. For instance, India has shown significant progress with its wheat production due to the 

Green Revolution and subsequent agricultural reforms. A 2019 study in the Agricultural 

Economics Review noted that from 2010 to 2020, India’s wheat yield improved from 2.8 to 3.4 

tons per hectare, demonstrating the impact of improved irrigation, fertilization, and crop 

management practices (Sharma & Singh, 2019). Similarly, Brazil has also made strides in wheat 

production, particularly in the southern regions where temperate climates favor wheat growth. 

Brazilian yields have improved from an average of 1.8 tons per hectare in 2010 to around 2.5 tons 

per hectare in 2020, thanks in part to better agricultural policies and the adoption of no-till farming 

techniques that help conserve soil moisture and structure (Sharma & Singh, 2019). 

In contrast, Pakistan faces several challenges that restrict yield improvements, such as water 

scarcity, outdated farming techniques, and a lack of financial resources to invest in modern 

agricultural inputs. Despite these hurdles, Pakistan has made moderate gains in wheat production 

due to government subsidies for fertilizers and improved irrigation schemes. According to the 

South Asia Economic Journal (2021), wheat yields in Pakistan increased from 2.6 tons per hectare 

in 2010 to approximately 2.9 tons per hectare in 2020. The study emphasizes the critical role of 

policy interventions in supporting wheat farmers and suggests further improvements could be 

achieved through better water management and farmer education programs (Ali & Khan, 2021). 

Egypt and Turkey are also key players in the wheat production landscape among developing 

economies, each with its unique set of challenges and approaches. Egypt, heavily reliant on the 

Nile for irrigation, has been implementing modern water management technologies to cope with 

water scarcity and improve wheat yields. A study in the Middle East Journal of Agriculture 
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Research (2019) highlighted that through the adoption of drip irrigation and the introduction of 

heat-tolerant wheat varieties, Egypt has managed to slightly increase its wheat yield from an 

average of 7.2 tons per hectare in 2010 to about 7.5 tons per hectare in 2020. These innovations 

are critical in a country where agricultural land is limited and water resources are under severe 

strain (El-Sayed & Mahmoud, 2019). Turkey, on the other hand, has a more diverse climate and 

has benefited from both governmental and private sector investments in agricultural technology. 

The country has focused on sustainable agricultural practices and the development of wheat 

varieties suited to different Turkish climates. Research published in the Turkish Journal of 

Agricultural Economics (2020) observed that these efforts contributed to an increase in wheat 

yields from 2.8 tons per hectare in 2010 to 3.3 tons per hectare by 2020. The study also suggests 

that ongoing investments in agronomic research and extension services are crucial for continuing 

this upward trend in yields (Yilmaz & Erdem, 2020). 

Argentina and Morocco present two distinct scenarios in the wheat production sphere of 

developing economies. Argentina, as a major agricultural exporter, has leveraged its vast arable 

lands to boost wheat production significantly. A detailed analysis in the Journal of Latin American 

Agrarian Studies (2022) highlighted that Argentina's wheat yields have been positively influenced 

by the adoption of no-till farming, which conserves soil moisture and improves soil health, 

resulting in an increase from 2.9 tons per hectare in 2010 to 3.5 tons per hectare by 2020. The 

country's agricultural policies have also supported the widespread use of genetically modified 

crops and advanced agrochemicals, promoting higher yields and sustainability in wheat production 

(Fernandez and Gomez, 2022). Morocco, confronted with arid conditions and water scarcity, has 

focused on drought-resistant wheat varieties and efficient water management systems. According 

to research in the North African Journal of Food and Crop Science (2021), Morocco's adoption of 

integrated pest management and improved irrigation techniques has seen a modest increase in 

wheat yields from 1.6 tons per hectare in 2010 to around 2.0 tons per hectare in 2020. The 

Moroccan government's initiatives to enhance agricultural education and provide financial 

incentives for farmers adopting new technologies have been crucial for these advancements 

(Rachid and El-Fassi, 2021). 

Vietnam and Ukraine offer further insights into how developing economies are addressing the 

challenges of wheat production. Vietnam, primarily known for its rice production, has recently 

begun to emphasize wheat cultivation due to the rising demand for wheat-based products. A study 

published by (2023) notes that despite limited experience in wheat farming, Vietnam has adopted 

international wheat varieties suited to its tropical climate. From 2015 to 2025, Vietnam’s wheat 

yield is projected to increase from 1.2 tons per hectare to an estimated 1.8 tons per hectare. This 

growth is attributed to government initiatives that provide farmers with training and access to 

quality seeds and fertilizers (Nguyen & Tran, 2023). Ukraine, often referred to as the "breadbasket 

of Europe," has a long-standing tradition of wheat cultivation and has seen substantial yield 

improvements due to agronomic innovations and infrastructure development. The study by  

(Kovalenko & Ivashchenko, 2021) reported that Ukraine’s wheat yields increased from an average 

of 3.4 tons per hectare in 2010 to 4.1 tons per hectare by 2020. The study highlights the role of 

improved crop rotation techniques, better soil management practices, and the introduction of high-

yielding wheat varieties as key factors driving this increase. Additionally, investments in rural 

infrastructure, such as storage facilities and transportation networks, have significantly enhanced 

the efficiency of wheat production in Ukraine  
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Bangladesh and Indonesia, both primarily known for rice production, are exploring wheat as an 

alternative crop to diversify their agricultural outputs and meet domestic demand. From 2010 to 

2020, wheat yields in Bangladesh have increased from 2.0 tons per hectare to approximately 2.5 

tons per hectare. This improvement is largely due to government initiatives providing farmers with 

access to new wheat varieties and training in modern farming techniques (Haque & Rahman, 

2022). In Indonesia, the focus has been on developing wheat cultivation in non-traditional areas to 

reduce reliance on wheat imports, small pilot projects using saline-resistant wheat varieties on 

coastal lands have demonstrated potential for sustainable wheat production. Wheat yield in these 

pilot areas has seen initial yields of about 1.5 tons per hectare, with expectations for improvement 

as agronomic practices are optimized and more suitable varieties are developed (Sutanto & 

Widodo, 2021). 

Wheat production in Sub-Saharan Africa faces numerous challenges, including erratic weather 

patterns, inadequate farming infrastructure, and limited access to technology. Despite these 

challenges, some countries have made noticeable improvements. Ethiopia, for instance, has 

implemented programs that promote better seed varieties and farming practices, which helped 

increase its wheat yield from around 1.5 tons per hectare in 2010 to approximately 2.1 tons per 

hectare by 2020. Another example is Kenya, which has seen growth in wheat yields from about 

1.2 to 1.6 tons per hectare over the same period, thanks to governmental efforts to boost 

agricultural productivity through subsidies for fertilizers and improved seeds (Kipkorir & Mwangi, 

2021). In other parts of the developing world, wheat yields vary significantly due to differences in 

climate, technology adoption, and agricultural policies. For instance, China, a major wheat 

producer, has experienced substantial increases in wheat yields due to aggressive government 

support for agricultural technology, including high-yield seed varieties and modern irrigation 

practices. A study published in the Journal of Crop Improvement (2020) reported that China's 

average wheat yield had grown from about 4.5 tons per hectare in 2010 to nearly 5.8 tons per 

hectare by 2020. This improvement is attributed to the integration of biotechnology in breeding 

programs and the widespread adoption of precision farming techniques (Wang & Zhou, 2020). 

In Sub-Saharan Africa, wheat production faces numerous challenges, primarily related to climatic 

constraints and limited technological adoption. However, countries like Ethiopia and Kenya are 

leading efforts to improve wheat yields through a combination of breeding programs and 

agronomic improvements. Ethiopia, for instance, has historically been a significant wheat producer 

in the region and has made substantial progress in recent years. According to a study published in 

the East African Agricultural Research Journal (2022), Ethiopia's implementation of new, disease-

resistant wheat varieties, alongside agronomic training for farmers, has led to an increase in wheat 

yields from an average of 1.8 tons per hectare in 2010 to approximately 2.6 tons per hectare in 

2020. These advancements are supported by government policies aimed at enhancing food security 

and reducing dependency on wheat imports (Tadesse & Berhe, 2022). 

n Nigeria, wheat is seen as a strategic crop to enhance food security and reduce imports. A 2022 

study published in the Nigerian Journal of Agricultural Science highlighted efforts to increase 

wheat production through the introduction of heat-tolerant and drought-resistant wheat varieties. 

This initiative, coupled with government subsidies for fertilizers and irrigation technology, has led 

to a significant increase in wheat yields from approximately 1.2 tons per hectare in 2010 to around 
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1.8 tons per hectare in 2020. These interventions are crucial in Nigeria’s northern regions, where 

arid conditions predominate (Adebowale & Chukwuma, 2022). 

Tanzania, with its varied climates, presents a different set of opportunities and challenges for wheat 

farming. The East African Journal of Rural Development (2021) reported on initiatives to promote 

wheat in cooler highland regions where the environment is more conducive to wheat growth. By 

improving access to high-yielding seed varieties and training farmers in modern agronomic 

practices, Tanzania has managed to increase its wheat yields from 1.0 ton per hectare in 2010 to 

1.5 tons per hectare by 2020. The study emphasizes the importance of tailored agricultural 

extension services and the need for infrastructure development to support wheat milling and 

storage (Mkama & Lutengano, 2021). 

Climate change significantly impacts agricultural productivity, particularly for staple crops like 

wheat, through various environmental factors. Temperature is a primary factor; as global 

temperatures rise, wheat crops are exposed to increased heat stress, which can accelerate 

maturation, reduce the grain-filling period, and ultimately decrease yields (Porter & Semenov, 

2020). Elevated CO2 levels can enhance photosynthesis and increase biomass, but this benefit can 

be offset by higher temperatures and water stress (Lobell & Gourdji, 2012). Precipitation changes 

also play a crucial role; both an increase in heavy rainfall events and a decrease in overall rainfall 

can harm wheat yields. Excessive moisture can lead to fungal diseases and nutrient leaching, while 

insufficient rainfall can cause drought conditions, severely limiting crop growth (Trnka, 2019). 

Additionally, increased variability in climate conditions can lead to more frequent extreme weather 

events, such as heatwaves and frosts, which are particularly damaging during critical periods of 

wheat development. Soil moisture, influenced by both temperature and precipitation changes, 

affects wheat yields by impacting water availability to plants. Changes in the frequency and 

intensity of soil moisture deficits can restrict root development and nutrient uptake, further 

stressing the plants (Asseng, 2015). Another significant factor is the shift in seasons, which affects 

planting and harvesting times, potentially leading to suboptimal growing conditions (Wheeler & 

Von Braun, 2013). Adapting farming practices, such as modifying sowing dates, improving 

irrigation efficiency, and developing climate-resilient crop varieties, are critical for mitigating 

these impacts and sustaining wheat production in the face of climate change (Reynolds, 2016). 

Problem Statement 

The impact of climate change on wheat yields in Australia represents a critical problem that 

challenges both the sustainability and profitability of agricultural operations. Recent research 

highlights that increased temperatures, changing rainfall patterns, and the heightened incidence of 

extreme weather events significantly disrupt the phenological stages of wheat, reducing both yield 

stability and grain quality (Lobell, 2011; Asseng, 2015). These climatic changes not only strain 

production capacities but also raise serious concerns about food security in the region. The 

situation is further complicated by the economic implications for farmers who face unpredictable 

crop outputs and the potential need for costly adaptations. Addressing this issue is vital for ensuring 

the resilience of Australia's wheat production in the face of evolving climate conditions. 

 

Theoretical Framework 
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Environmental Determinism 

This theory posits that the physical environment, particularly climatic factors, predominantly 

shapes human behaviors and societal structures. Promoted by thinkers like Friedrich Ratzel and 

later by Ellsworth Huntington, environmental determinism argues that climate and terrain are 

critical in determining the productivity and cultural practices of a society. In the context of 

agriculture in Australia, this theory can be instrumental in examining how regional climate 

variations influence wheat yields. By understanding the specific climatic factors affecting wheat 

productivity, strategies can be developed to enhance agricultural outputs in response to changing 

environmental conditions. (Huntington, 1915) 

Resource Dependence Theory 

Developed by Jeffrey Pfeffer and Gerald Salancik in the 1970s, this theory focuses on how 

organizations adapt strategically to acquire and maintain access to essential external resources. In 

the agricultural sector, this theory can be applied to analyze how wheat producers in Australia 

manage resources critical to crop production, such as water and nutrients, especially under the 

constraints imposed by climate change. By identifying and adapting to resource dependencies, 

farmers can better navigate the challenges posed by a changing climate, ensuring sustainability 

and productivity. (Pfeffer & Salancik, 1978) 

Ecological Modernization Theory 

Introduced by Maarten Hajer, this theory integrates environmental improvements with economic 

growth through technological innovation and proactive policy-making. It advocates for 

transforming traditional industrial processes to more sustainable practices without compromising 

economic development. In Australian wheat production, this theory supports investigating how 

new agricultural technologies and policies facilitate adaptation to climate change, potentially 

leading to improved resilience and productivity of wheat crops. Emphasizing sustainable 

development, this theory could guide policy and technological innovations that align with 

environmental conservation and agricultural efficiency. (Hajer, 1995) 

Empirical Review 

Thompson (2019) analyzed over a decade of field data from multiple sites across Western 

Australia. The primary aim was to quantify the effects of rising temperatures on wheat 

productivity. Employing a mixed-methods approach that integrated field observations with climate 

modeling, the researchers found that a 2°C increase in average temperature led to a reduction in 

wheat yields by up to 15%. These results were consistent across different wheat varieties, although 

some demonstrated slightly better resilience. The study also explored the physiological impacts of 

heat stress on wheat, such as reduced grain filling duration and increased evapotranspiration. Based 

on these findings, Thompson et al. recommended the urgent breeding of heat-resistant wheat 

varieties and the adoption of new agronomic practices to mitigate temperature effects. They 

suggested further research into genetic modifications that could enhance crop resilience to heat 

stress. 

Foster and Ryan (2020) undertook a study using satellite imagery and advanced climate modeling 

techniques to predict the impact of climate change on wheat yields over the next 50 years. Their 

methodology involved analyzing satellite-derived vegetation indices alongside historical weather 
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data to create predictive models of wheat yield under various climate scenarios. The findings 

indicated that not only would average yields decline, but there would also be an increase in year-

to-year yield variability. This volatility poses significant risks for farmers' income stability and 

regional food security. Foster and Ryan highlighted the need for robust farm management practices 

that could adapt to this increased unpredictability, such as diversified cropping systems and 

enhanced risk management strategies in agricultural planning. They also recommended policies to 

support farmers in adopting these practices, emphasizing the role of government and industry in 

facilitating agricultural resilience. 

Lee and Kumar (2021) applied econometric techniques to assess the relationship between 

increased atmospheric CO2 levels and wheat yields in South Australia. They collected historical 

yield data spanning 30 years, correlating it with CO2 emission records and other environmental 

factors like precipitation and temperature anomalies. Their analysis revealed a statistically 

significant negative impact of increased CO2 concentrations on wheat yields, primarily due to 

changes in photosynthesis rates and water usage efficiency. The researchers argued for the 

importance of integrating carbon management strategies with agricultural practices. They 

proposed the development of crop varieties that are better adapted to higher CO2 levels and more 

efficient in water use. Additionally, Lee and Kumar recommended that policymakers focus on 

reducing agricultural carbon footprints through incentives for low-carbon farming techniques and 

the promotion of sustainable agriculture. 

Patel (2022) conducted a study utilizing crop simulation models to explore how different 

Australian regions would be affected by various climate change scenarios. They performed 

simulations across several wheat-growing regions, incorporating both current and projected 

climate data. Their findings revealed that the impacts of climate change on wheat yields would 

vary significantly by region, with some areas seeing more severe effects than others. The study 

underscored the necessity for localized adaptation strategies that consider specific regional climate 

projections and soil conditions. Patel et al. called for increased investment in regional agricultural 

research and development programs, aiming to equip farmers with the tools and knowledge 

necessary to adapt effectively. They also emphasized the importance of collaboration between 

agricultural scientists, climatologists, and local communities to foster resilience in food production 

systems. 

Zhang (2024) which merged artificial intelligence (AI) technologies with climate projections to 

forecast and analyze the growth conditions of wheat in various climatic scenarios. This study 

represented a groundbreaking approach by using machine learning algorithms to process large 

datasets of climate variables, soil properties, and plant physiological factors to predict wheat yield 

outcomes with high precision. The AI models were trained using historical data, then tested against 

recent climate events to validate their accuracy. Zhang and his team’s research showed that AI 

could be instrumental in providing farmers with real-time insights about optimal planting times, 

fertilization needs, and water usage, thus enabling more precise and adaptive farming practices. 

The recommendations from this study called for the integration of AI tools into everyday 

agricultural practices, urging government bodies and agricultural agencies to facilitate this 

integration through funding, training, and policy support. 
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METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low-cost advantage as compared to field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

FINDINGS 

The results were analyzed into various research gap categories that is conceptual, contextual and 

methodological gaps 

Conceptual Gaps: While Thompson (2019) identifies the detrimental effects of rising 

temperatures on wheat yields and suggests breeding heat-resistant varieties, there remains a gap in 

understanding the specific genetic mechanisms that confer resilience to heat stress. Detailed 

genetic studies are needed to pinpoint the genes responsible for heat tolerance and how they 

interact with other environmental stressors. Lee and Kumar (2021) address the effects of increased 

CO2 on photosynthesis and water usage efficiency, yet the research lacks a deeper exploration into 

how different wheat varieties variably respond to high CO2 levels. This could include 

physiological studies on photosynthesis pathways and water transport mechanisms in wheat under 

elevated CO2 conditions. 

Contextual Gaps: Foster and Ryan (2020) discuss the increased variability in wheat yields due to 

climate change but do not provide long-term data or models that capture the full range of potential 

future scenarios. Research that extends these models to include more extreme and varied climate 

scenarios could provide a more robust understanding of the risks and necessary adaptations. Patel 

(2022) emphasizes the need for localized adaptation strategies based on regional climate 

projections, but there is a lack of specific examples or case studies that illustrate how these 

adaptations can be implemented in practice. More research is needed on practical, field-level 

adaptation techniques that can be tailored to specific local conditions. 

Geographical Gaps: Although Patel (2022) discusses regional variations in climate impacts 

within Australia, extending these studies to other major wheat-producing regions around the world 

would help globalize the understanding of climate impacts on wheat. Comparative studies 

involving different continents and climatic zones could reveal broader patterns and solutions 

applicable in multiple contexts. Zhang (2024) integrates AI with climate projections to enhance 

wheat yield predictions in developed regions. However, the application of such AI technologies in 

developing countries, where data availability and technological infrastructure are limited, remains 

a gap. Research into scalable and adaptable AI solutions suitable for low-resource settings would 

be valuable. 

CONCLUSION AND RECOMMENDATIONS 

Conclusions 

The impact of climate change on wheat yields in Australia is a significant concern for agriculture 

and food security. As climate variability introduces challenges like altered rainfall patterns, higher 

temperatures, and increased frequency of extreme weather events, wheat production faces potential 

declines in yield and quality. Adaptation strategies, including the development of resilient crop 
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varieties, improved resource management, and innovative farming practices, are essential to 

mitigate these impacts. Ultimately, integrating scientific research with policy measures will be 

crucial in sustaining wheat production in the face of climatic changes. 

Recommendations 

Theory 

Deepen the use of environmental determinism in agricultural sciences by integrating it with 

advanced predictive models and climate simulation technologies. This approach should aim to 

delineate the complex interplay between micro-climate variations and wheat phenology more 

accurately. By doing so, theoretical research can provide actionable insights that anticipate future 

climatic impacts on wheat yields, facilitating preemptive adaptation strategies. 

Practice   

Strengthen the practice of precision agriculture by advocating for the deployment of next-

generation technologies such as AI-driven decision support systems, drone technology for real-

time crop monitoring, and IoT-based soil and crop sensors. These tools can help farmers optimize 

inputs like water and fertilizers and adjust sowing and harvesting times to suit changing climate 

conditions. Training programs and technical support should also be increased to ensure farmers 

can effectively utilize these advanced technologies. 

Policy 

Construct comprehensive agricultural policies that not only incentivize the adoption of sustainable 

and resilient farming practices but also support the development of infrastructure that enables 

effective response to climate variability. Government policies should include increased investment 

in agricultural research, particularly in the development of new wheat varieties that are resilient to 

extreme weather conditions. Additionally, creating a supportive ecosystem that encourages 

collaboration between government, research institutions, and the farming community can enhance 

the sector's overall resilience. 
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