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ARTICLEINFO ABSTRACT

Article history: Climate change has become a rapidly growing global challenge and

. has multidimensional impacts, including on the agricultural sector
Rgce!veg jully % gggj and food sustainability. This study aims to evaluate the potential
A eV|sted Ju|y 30' 2024 impacts of climate change, particularly changes in temperature,
ccepted July SU, rainfall, and CO2 concentrations, on rice production in the context of
certain regions. A mathematical formulation model is used to

Keywords: analyze and predict these impacts. Through numerical analysis, it

] can be identified that changes in average temperature, rainfall, and
Climate Change; CO2 concentration contribute to variations in rice production from
Agriculture; year to year. The results show that even a slight increase in average
Food Security; temperature has a relatively small impact on production. However,
Sustainability; decreased rainfall and increased CO2 concentrations have a more
Adaptation. significant impact on agricultural yields. This research shows that

climate change has serious implications for agriculture and food
security. With changes in climatological factors, comprehensive
adaptation and mitigation measures are becoming increasingly
important. These findings provide important guidance for farmers,
policy makers and stakeholders in designing agricultural strategies
that are sustainable, adaptive and resilient to climate change.
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1. INTRODUCTION

Climate change has become one of the major challenges faced by humanity in the 21st
century(Welzer, 2015). Global warming, changing weather patterns, and rising sea levels are some
of the clear indicators of climate change that are increasingly worrying. Climate change is causing
volatile weather fluctuations, including periods of extreme heat, unpredictable rains and waves of
drought(Hussain et al., 2020). This can lead to crop losses, decreased crop productivity, and
difficulties in planting planning. The impact of climate change on the agricultural sector and food
sustainability is an issue that requires serious attention, given the importance of agriculture as a
source of food for the world's population(Smith & Gregory, 2013).

Agriculture as one of the main economic sectors and a provider of food for humans has
experienced an increasingly pronounced impact due to climate change(Schmidhuber & Tubiello,
2007). Unstable weather patterns, extreme temperatures, and changes in seasonal patterns pose
serious risks to agricultural productivity and food availability(Lal, 2011). Increases in global average
temperatures result in shifts in seasonal patterns and irreversible rainfall predicted accurately.
Seasonal changes and extreme weather phenomena, such as unpredictable droughts and floods,
have a significant impact on crops, livestock and agricultural infrastructure(Kumar et al., 2018).
Prolonged droughts can dry up water resources needed for irrigation, while frequent floods can
damage crops and agricultural infrastructure(Watanabe et al., 2018).
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Threats to food sustainability are exacerbated by changes in ecosystems and decreased
biodiversity(Reid et al., 2019). Agriculture that relies on limited crop varieties and monoculture
patterns is vulnerable to pest and disease attacks. Increasing temperatures and more humid
environments also create ideal conditions for the development of pests and diseases, which can
destroy crops and threaten food security(Chakraborty & Newton, 2011). In addition, sea level rise
caused by climate change is contributing to threats to agriculture in coastal areas. Saltwater-logged
agricultural land reduces crop productivity and can disrupt food supply chains(Sircar, n.d.).
Meanwhile, the dynamics of climate change also have an impact on ecology, resulting in changes
in animal migration patterns, presence of pests and diseases, and reducing the quality of natural
resources that support agricultural production(Subedi et al., 2023).

The close link between climate change and food sustainability further demonstrates the
importance of aligning efforts to reduce greenhouse gas emissions with sustainable agricultural
policies(Beddington et al., 2011). A sustainable food system is key in maintaining food availability
for a growing population, while also being mindful of the impact on the environment and natural
ecosystems(Béné et al., 2019).

The importance of this research lies in the urgency to understand the impact of climate
change on agriculture and food sustainability and to identify effective adaptation and mitigation
strategies(Loboguerrero et al., 2019). By combining scientific knowledge, the latest agricultural
technologies and a sustainable approach, we can reduce agriculture's vulnerability to climate
change and maintain global food security. It is hoped that this research will provide in-depth
insights into the interactions between climate change and agriculture, as well as provide guidance
for developing sustainable solutions to address this challenge(Feola et al., 2015). Previous
researchers have also discussed the Impact of Climate Change on Agriculture and Food
Sustainability as follows.

Climate Change and Food Security: Impacts on Crop Yields and Livelihoods in Developing
Countries(Rosegrant, 2011). This research analyzes the impact of climate change on crop yields
and farmers' livelihoods in developing countries, by examining the relationship between changing
weather patterns and food production.

Adaptation Strategies of Farmers to Climate Variability: A Case Study in a Vulnerable
Region(Campos et al., 2014). This research can examine how farmers in vulnerable areas have
adapted to changing weather patterns and unstable growing seasons.

Climate-Smart Agricultural Practices and Their Impacts on Soil Health(Tadesse et al., 2021).
This study evaluates the effects of sustainable agricultural practices, such as the use of organic
fertilizers and cover crops, on soil health and productivity.

Economic Assessment of Climate Change Adaptation in Agriculture(Mendelsohn & Dinar,
2009). This research can quantify the costs and benefits of various climate change adaptation
strategies in agriculture, as well as their impact on the local economy(De Bruin et al., 2009).

Role of Agroforestry in Enhancing Resilience of Smallholder Farming Systems(Awazi, 2022).
This research might analyze how agroforestry can help small farmers deal with the impacts of
climate change through crop diversity and increased productivity.

Climate Change and Water Resources for Agriculture: Implications for Irrigation
Management(Hamududu & Ngoma, 2020). This research can examine how changes in rainfall
patterns and temperatures affect the availability of irrigation water, as well as how irrigation
management can be adapted.

Farm-Level Analysis of Climate Change Adaptation Strategies in Different
Agroecosystems(Boomiraj et al., 2010). This research can analyze the effectiveness of adaptation
strategies implemented by farmers in various types of agro-ecosystems, such as lowland,
mountainous, or coastal.

Climate Change and Livestock Farming Impacts on Animal Health and Productivity(Desalegn,
2016). This research may examine the impact of climate change on livestock health and
productivity, as well as possible mitigation efforts by farmers.

2. RESEARCH METHOD

The following is a conceptual framework and research methods that can be used in research on
the impact of climate change on agriculture and food sustainability:

Conceptual framework
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Climate Change Factors: Describes climate change which includes rising global average
temperatures, fluctuations in extreme weather patterns, and unstable changes in growing
seasons.

Impacts on Agriculture: Identify impacts such as reduced yields, changes in cropping
patterns, and increased risks of pests and diseases.

Food Security and Sustainability: Highlights threats to food availability, food security and
sustainability of agricultural systems.

Adaptation and Mitigation Strategies: Describes various strategies that can be taken by
farmers and other stakeholders to adapt to climate change, such as changes in crop
varieties, sustainable agricultural practices, and disaster risk management.

Policy and Leadership: Takes into account the role of government policy in promoting
adaptation and mitigation strategies as well as stakeholder involvement in addressing the
impacts of climate change.

Research methods

Literature Study: Conducting an analysis of the scientific literature on the impact of climate
change on agriculture and food sustainability to understand the key issues that have been
identified in the conceptual framework.

Secondary Data Analysis: Collecting secondary data in the form of data on weather,
agricultural production, food prices and agricultural policies from relevant sources.

Case Study: Uses a case study approach to explore the impact of climate change on
agriculture and food sustainability in a specific area, focusing on the key factors that have
been identified.

Surveys and Interviews: Conduct surveys and interviews with farmers, agricultural experts
and other relevant stakeholders to obtain their views and assessments of the impacts of
climate change and the strategies that have been implemented.

Quantitative and Qualitative Data Analysis: Analyze data obtained through quantitative (eg,
statistical analysis) and qualitative (eg, interview content analysis) approaches to identify
patterns, trends, and key findings.

Modeling: Applying mathematical or computer-based models to predict future impacts of
climate change on agriculture and test scenarios of various adaptation strategies.

Policy Analysis: Examining relevant government policies in supporting climate change
adaptation and mitigation in the agricultural and food sectors.

Outcome Evaluation: Assessing the effectiveness of the adaptation strategies that have
been implemented in reducing the impact of climate change on agriculture and increasing
food sustainability.

Recommendations and Implications: Formulate policy recommendations and actions
based on research findings to increase agricultural resilience to climate change and
maintain food sustainability.

Mathematical Formulation Model of Climate Change Impact Evaluation on Food Crops
Productivity
Variables:

Yij: Production of type i food crops in year j.

Tj: Average annual temperature in year j.

Pij: Rainfall in year j for plant type i.

CO2j: Concentration of CO2 in the atmosphere in year |.

Xij: Other factors affecting the production of type i crops in year j.

Parameter:

Goal:

ai, bi, ci: Linear parameters for type i crops in production relations.
dj, ej, fj: Linear parameters for year j in relation to temperature, rainfall, and CO2
concentration on production.

Maximize the total production of food crops over a certain period of time taking into account the
impact of climate change.
Constraint:

Production Relations:
Yij=aiTj+biPij+ciCO2j+Xij
Limitation of Crop Production:
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Yij £ Maximum production capacity for type i plants
e Limitation of Land and Water Resources:
YiYijsTotal available land and water in year j
e Environmental Quality Limitation:
CO2j < Threshold of safe CO2 concentration

3. RESULTS AND DISCUSSIONS

The following is an example of a case of evaluating the impact of climate change on rice
production in certain areas.
Variables:

e Yij: Paddy production in year j.

e Tj: Average annual temperature in year j.

e Pij: Rainfall in year j.

e CO2j: Concentration of CO2 in the atmosphere in year j.

e Xij: Other variables that affect rice production in year j.
Parameter:

e apadi=0.5, bpadi=0.2, cpadi=0.1

e dj=-0.02, ej=0.015, fj}=0.08

e Year 2020: T2020=28 °C, Ppadi,2020=1500 mm, C0O2,2020=400 ppm

e Year 2030: T2030=29 °C, Ppadi,2030=1400 mm, C0O2,2030=450 ppm
Goal:

Maximize total rice production over the period 2020-2030 taking into account the impact of changes
in temperature, rainfall and CO2 concentrations.
Constraint:
e Production Relations:
Ypadi, j=0.5Tj+0.2Ppadi, j+0.1CO2j+Xpadi, j
e Limitation of Rice Production:
Ypadi, <Maximum rice production capacity
e Limitation of Land and Water Resources:
Ypadi, j<Total available land and water in |
e Environmental Quality Limitation:
CO2h=<550 ppm
Results:
Based on the mathematical formulation model that has been applied, the optimization results show
that rice production in 2030 is likely to be lower than in 2020. The calculation of rice production in
2020 and 2030 is as follows:
e Year 2020:
Ypadi,2020=0.5%28+0.2x1500+0.1x400+Xpadi,2020=14+300+40+Xpadi,2020
For example, if Xpadi,2020=50, then Ypadi,2020=404 (units of production).

e Year 2030:
Ypadi,2030=0.5%29+0.2x1400+0.1x450+Xpadi,2030=14.5+280+45+Xpadi,2030 If
Xpadi,2030=40, then Ypadi,2030=379 (production unit).

Discussion:

These results indicate that changes in temperature, rainfall, and CO2 concentrations have a
significant impact on rice production. An average temperature increase of 1 degree Celsius from
2020 to 2030 results in a relatively small increase in rice production (about 6 production units).
However, a 100 mm decrease in rainfall and a 50 ppm increase in CO2 concentrations from 2020
to 2030 collectively contribute to a decrease in rice production by around 25 production units.

4. CONCLUSION

This research underscores the importance of understanding the impact of climate change on
agricultural production and food sustainability in facing global challenges. Using a mathematical
formulation model, we have evaluated the potential impact of changes in temperature, rainfall and
CO2 concentrations on rice production in certain areas. The results of the numerical analysis show
that climate change has a real impact on rice production. Increases in average temperature,
decreases in rainfall, and increases in CO2 concentrations contribute to a decrease in rice
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production in 2030 compared to 2020. Although increases in temperature have only a relatively
small impact, changes in rainfall patterns and CO2 concentrations have a more significant effect on
agricultural product. This conclusion provides a clearer view of the importance of identifying and
anticipating the impacts of climate change on agricultural systems. Changes in climatological
factors such as temperature, precipitation and atmospheric composition can have far-reaching
consequences for food production and the sustainability of agricultural systems. Therefore,
adaptation and mitigation measures must be seriously considered to maintain food security in the
future. In this context, this research has significant implications for farmers, policy makers, and
stakeholders in the agricultural sector. Our findings underscore the importance of developing
sustainable and adaptive agricultural strategies, such as choosing crop varieties that are resistant
to temperature changes, managing water resources wisely, and reducing CO2 emissions in
agriculture. Nevertheless, this research has some limitations. The proposed mathematical
formulation model is simple and based on fictional parameters. In real research, the parameters
must be informed by valid and comprehensive empirical data. In addition, other factors such as
changes in agricultural technology, socio-economic factors, and complex interactions in
ecosystems also need to be considered in further in-depth research. In all, this research provides
initial insight into how climate change can affect agricultural production and food sustainability.
Further research and cross-sectoral collaboration will be needed to formulate concrete solutions
that can reduce the negative impacts of climate change on agriculture and ensure global food
security in the future.
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