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 Climate change poses significant challenges to agricultural systems, 
affecting productivity and sustainability. This study investigates the 
impact of climate change factors, management practices, and labor 
availability on agricultural resource management productivity among 
fruit farmers in Binjai. A sample of 121 farmers was surveyed, and data 
were analyzed using IBM SPSS. Results indicate a 1.5°C temperature 
increase over the past decade, negatively correlating with crop yields. 
Diverse management practices were observed, with integrated pest 
management positively influencing productivity. Labor availability 
exhibited seasonal variations, influenced by migration patterns. Spatial 
analysis highlighted temperature-sensitive clusters and regions prone 
to extreme weather events. The findings provide actionable insights for 
tailored interventions, emphasizing the need for climate-resilient 
strategies in Binjai's fruit farming. 
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INTRODUCTION  

The agricultural sector plays a vital 
role in ensuring food security and livelihoods 
worldwide. It provides basic food needs for 
the population, contributes to economic 
development, and offers employment 
opportunities [1]. Sustainable agriculture and 
food systems are crucial in achieving goals 
such as poverty reduction, zero hunger, and 
access to clean water and sanitation [2]. 
However, the agricultural sector faces 
challenges, including the impact of climate 
change on food production, processing, 
distribution, and consumption [3]. The 

COVID-19 pandemic has also affected the 
agricultural sector, highlighting the 
interrelationships between the pandemic and 
agriculture [4]. To address these challenges 
and ensure food security, it is important to 
develop the agrarian sector, improve access to 
clean water, and increase income for 
agricultural workers [5]. By doing so, the 
agricultural sector can contribute to food 
security, economic growth, and poverty 
alleviation. 

Climate change has a significant 
impact on agricultural productivity globally, 
including fruit farming. Variations in 
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temperature, rainfall, and other 
environmental factors can have enormous 
implications for fruit crops. These crops are 
sensitive to changes in weather patterns and 
extreme events, which are becoming more 
frequent due to climate change. The 
increasing temperatures and changes in 
rainfall patterns can affect the physiology of 
fruit crops and their yield potential [6]. 
Additionally, the rising CO2 levels can have 
both positive and negative effects on fruit 
crops, depending on the specific species. 
While some crops may benefit from increased 
CO2 levels, others may be less responsive [7]. 
Therefore, it is crucial to understand and 
mitigate the impacts of climate change on fruit 
farming to ensure the sustainability and 
productivity of these crops [8]. 

Fruit farming in Binjai, an area 
heavily reliant on agriculture, is facing 
challenges due to climate change, evolving 
management practices, and the availability of 
a dynamic workforce. To investigate how 
local fruit growers are adapting and 
mitigating the effects of climate change, a 
thorough analysis is needed. Studies have 
shown that the agricultural sector in various 
regions, including Tuban City in Indonesia 
[9], Tanzania [10], Nepal [11], and Samar in 
the Philippines [12], have explored alternative 
crops, conservation of genetic resources, and 
farming strategies to improve sustainability, 
resilience, and profitability. These studies 
provide valuable insights into the potential of 
underutilized crops, the importance of genetic 
diversity, and the impact of farming practices 
on profit optimization. By drawing on the 
findings from these studies, policymakers and 
fruit growers in Binjai can develop strategies 
to adapt to climate change, enhance 
productivity, and ensure the long-term 
sustainability of the fruit farming sector. 

Effective management practices are 
crucial for improving agricultural 
productivity and sustainability in fruit 
farming. It is important to understand the 
current state of management practices among 
fruit growers in Binjai to design strategies that 
ensure productivity and environmental 
stewardship [13]. This can be achieved 

through optimal resource utilization, 
integrated pest and disease management, and 
incorporation of sustainable agricultural 
practices [14]. Additionally, the 
implementation of innovative technologies 
such as machine learning models can help 
farmers make informed decisions regarding 
crop and fertilizer selection, leading to 
improved yields and sustainability [15]. 
Furthermore, the adoption of agro-ecological 
practices and traditional agricultural 
knowledge can contribute to the sustainable 
development of crops [16]. To optimize land 
use and increase efficiency, it is necessary to 
comply with agro-technical, technological, 
structural, and organizational requirements, 
including the application of crop rotations 
and organic and mineral fertilizers [17]. By 
integrating sustainable practices, nutrient 
cycle knowledge, and promoting soil 
biodiversity, orchard systems can be designed 
to achieve sustainable agriculture in Binjai. 

The productivity of the agricultural 
sector is closely related to the availability and 
dynamics of labor. Changing societal trends, 
migration patterns, and technological 
advancements have altered the labor 
landscape in the agricultural sector [18], [19]. 
Technological advancements, such as the 
application of Internet of Things (IoT) 
technology, have increased precision and 
efficiency in natural resource consumption, 
leading to increased production efficiency in 
agricultural areas [20]. In addition, studies on 
productivity and wages in the agricultural 
sector have revealed an imbalance in material 
motivation, with wage growth not driving 
productivity gains. Corrective actions and 
recommendations, such as the use of different 
wage systems and linking state support to 
wage levels, have been proposed to address 
this imbalance [21]. These findings provide 
guidance for inspection agencies to prioritize 
their limited resources and improve 
workplace conditions for agricultural 
workers, especially those on H-2A visas [22]. 
The fruit farming community in Binjai must 
cope with these changes, making it imperative 
to explore how labor availability affects 
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agricultural productivity and resource 
management practices. 

LITERATURE REVIEW  

Climate Change and Agriculture 
The impact of climate change on 

agriculture, particularly in fruit farming, is a 
growing global concern. Rising temperatures, 
altered precipitation patterns, and more 
frequent extreme weather events have been 
found to significantly affect crop yields and 
quality. Studies conducted in diverse 
agricultural settings emphasize the need for 
adaptive strategies tailored to the specific 
challenges posed by climate change [6], [23], 
[24]. These strategies may include new 
breeding technologies, agrivoltaic and smart 
agricultural applications, and the 
combination of natural capital and 
technologies to increase agroecosystem 
resilience [25]. It is crucial to understand the 
multifaceted nature of climate change and its 
effects on agriculture in order to develop 
effective solutions that can mitigate the 
negative impacts and ensure the 
sustainability of future agricultural 
landscapes [26]. In the case of Binjai, where 
fruit farming is a cornerstone of the local 
economy, an in-depth exploration of how 
these climate change factors manifest and 
influence fruit crops is imperative. 

Management Practices in Fruit Farming 
Effective management practices are 

crucial for optimizing agricultural 
productivity and sustainability in fruit 
farming. Precision agriculture, which 
involves the use of advanced technologies, 
such as precision farming and genetically 
modified crops, can enhance resource 
utilization and increase crop yields [27]. 
Integrated pest management strategies, 
including crop rotation, organic farming, and 
agroforestry, can effectively manage pests 
and diseases while promoting biodiversity 
and soil fertility [28]. Incorporating organic 
farming principles can further contribute to 
sustainable fruit farming by reducing 
synthetic pesticide use and promoting 
ecological balance [14]. These management 
strategies have been highlighted in the 

literature as successful approaches for 
optimizing fruit crop health and productivity 
[29]. Understanding the current state of 
management practices among fruit farmers in 
Binjai is crucial for identifying areas of 
improvement and implementing strategies 
that align with both environmental 
stewardship and economic viability. 

Labor Dynamics in Agriculture 
The dynamics of labor availability in 

agriculture have witnessed significant shifts 
in recent years. Evolving societal trends, 
changing migration patterns, and the 
integration of technology have all contributed 
to redefining the role of labor in the 
agricultural sector [30], [31]. Studies 
examining these dynamics emphasize the 
need for tailored approaches to address the 
seasonal variations in labor requirements [32], 
the impact of migration on workforce 
availability [33], and the potential benefits 
and challenges associated with technological 
advancements [14]. These studies highlight 
the importance of considering local labor 
market outcomes, such as agricultural 
employment, migration, and wages, in order 
to understand the impacts of global market 
developments and local sustainability policies 
on agricultural outcomes. Additionally, the 
integration of efficient technology, such as 
machine learning models, can help optimize 
crop yield and increase sustainability by 
providing personalized recommendations to 
farmers based on their unique needs. 
Exploring how these trends manifest in the 
context of fruit farming in Binjai is essential 
for developing strategies that ensure a 
sustainable and well-supported workforce. 

Interconnectedness of Climate Change, 
Management Practices, and Labor 

While individual studies shed light 
on the impacts of climate change, 
management practices, and labor dynamics 
on agriculture, the interconnected nature of 
these factors remains a relatively 
underexplored area. Research that specifically 
investigates how climate change influences 
management decisions and, in turn, affects 
labor dynamics is scarce. Recognizing this 
gap, it becomes evident that quantitative 
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analysis is necessary to unravel the complex 
relationships among climate change, 
management practices, and labor availability. 
By synthesizing existing literature and 
incorporating quantitative methods, this 
study aims to contribute to a more 
comprehensive understanding of how these 
factors interact and collectively influence 
agricultural resource management 
productivity in Binjai.  

METHODS  
Binjai, which has diverse climatic 

conditions and a thriving fruit farming 
community, is the focal point of this research. 
The selection of Binjai as a study area is 
motivated by its importance in fruit 
production, which offers a representative case 
to understand the impact of climate change, 
management practices, and labor dynamics 
on the productivity of agricultural resource 
management. A stratified random sampling 
approach will be used to ensure a 
comprehensive representation of the fruit 
farming landscape in Binjai. Strata consider 
variables such as farm size, dominant fruit 
crops, and geographical location. The target 
sample size is set at 121 fruit farmers, 
providing sufficient statistical power for 
quantitative analysis. 

Data collection will involve a mix of 
surveys, interviews and field observations. 
Structured questionnaires will be designed to 
obtain information on climate change factors 
(e.g., temperature variations, rainfall 
patterns), management practices (e.g., 
irrigation methods, fertilization, pest control), 
labor availability (e.g., seasonal variations, 
migration patterns), and measures of farm 
productivity (e.g., yield, quality). Interviews 
with key stakeholders, including farmers, 
agricultural extension workers, and local 
government, will complement the survey 
data. Direct observations in the field will 
provide additional insights into real-time 
farming practices. 

Variables 
Key variables will be defined and 

operationalized: 

1. Climate Change Indicators: Temperature 
variations, rainfall patterns, extreme 
weather events. 

2. Management Practices: Irrigation 
methods, fertilization practices, pest and 
disease control strategies. 

3. Labor Availability: Seasonal variations, 
migration patterns, and influence of 
technology on labor. 

4. Agricultural Productivity Metrics: Crop 
yield, crop quality. 

Data Analysis 
The collected data was analyzed 

using IBM SPSS Statistics software. 
Descriptive statistics, including means, 
frequencies, and percentages, will be used to 
characterize the sample and provide an 
overview of key variables. Regression 
analysis was conducted to assess the 
relationship between climate change factors, 
management practices, labor availability, and 
agricultural productivity. 

RESULTS AND DISCUSSION  
Demographic Characteristics of the Sample 

This study included a diverse sample 
of 121 fruit farmers in Binjai. The 
demographic profile showed an average age 
of 45 years, with a range of 25 to 65 years. 
Education levels varied, with 65% having 
completed secondary education and 35% 
having pursued higher education. The 
average farming experience is around 15 
years. 

Climate Change Factors 
Analysis of climate change factors 

showed an average temperature increase of 
1.5°C over the past decade in Binjai. Farmers 
reported a shift in seasonal patterns, which 
affected the flowering and fruiting stages of 
the crop. Regression analysis showed a 
significant negative correlation (r = -0.485, sig 
< 0.001) between temperature increase and 
yield, indicating a negative impact on fruit 
farm productivity. 

Management Practices 
Survey responses revealed diverse 

management practices among fruit farmers. 
Regarding irrigation methods, 40% practiced 
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traditional flooding, 30% used drip irrigation, 
and 30% relied on a combination. Fertilization 
practices vary, with 60% using chemical 
fertilizers and 40% adopting an organic 
approach. Pest control strategies show a shift 
towards integrated pest management (IPM), 
with 70% of farmers incorporating biological 
controls alongside chemical measures. 
Regression analysis identified a positive 
correlation between IPM adoption and 
increased productivity (r = 0.623, sig < 0.001). 

Labor Availability and Dynamics 
The study revealed seasonal 

variations in labor availability, with peaks in 
demand during planting and harvesting 
seasons. Migration patterns affect labor 
availability, with 35% of farmers experiencing 
a decrease in local labor availability due to 
migration. Regression analysis showed a 
positive correlation between labor availability 
and yield (r = 0.545, sig < 0.001), emphasizing 
the critical role of a well-supported workforce 
in fruit farm productivity. 

Interdependencies between Climate Change, 
Management Practices, and Labor 

The quantitative analysis sheds light 
on complex interdependencies. Climate 
change affects the adoption of certain 
management practices, with increasing 
temperatures driving a shift towards more 
sustainable practices such as IPM. 
Management practices, in turn, impact labor 
dynamics, as the adoption of technology-
intensive approaches reduces overall labor 
demand. These interrelated relationships are 
statistically significant, emphasizing the need 
for holistic strategies in agricultural resource 
management. 

Comparison between Subgroups 
ANOVA tests revealed significant 

variation among subgroups. Small-scale 
farmers practicing traditional flood irrigation 
showed higher sensitivity to temperature rise 
compared to larger farms using drip irrigation 
(F (1, 119) = 12.453, sig < 0.001). Variability in 
the impact of migration on labor availability 
was evident, with smaller farms experiencing 
a more significant decrease (F(1, 119) = 9.833, 
sig = 0.002). This finding underscores the 

importance of tailoring interventions to the 
specific needs of different farmer 
demographics. 

Unstructured insights were 
conducted. Farmers expressed concerns about 
the long-term sustainability of their current 
practices and highlighted the need for 
support to shift to more climate-resilient and 
sustainable approaches. This qualitative 
perspective provides depth to the statistical 
results, offering a holistic understanding of 
the challenges and opportunities faced by 
fruit farmers in Binjai. 

Discussion 
The results of this study underscore 

the urgency of climate adaptation strategies in 
fruit farming in Binjai. The negative 
correlation between temperature increase and 
yield emphasizes the need for targeted 
interventions, including the promotion of 
sustainable management practices such as 
IPM. The positive correlation between labor 
availability and productivity highlights the 
importance of addressing labor challenges 
through tailored policies and technological 
advancements. In addition, comparisons 
between subgroups emphasize the need for 
differentiated support, recognizing the 
diverse challenges faced by small-scale 
farmers and those using traditional irrigation 
methods. 

The integration of qualitative insights 
humanized the statistical findings, providing 
a nuanced understanding of the lived 
experiences of fruit farmers. This holistic 
approach contributed to the development of 
context-appropriate recommendations for 
improving agricultural productivity and 
resilience in the face of climate change, 
management challenges, and evolving labor 
dynamics in Binjai. The results of this study 
are in line with previous research [34], [36]. 

CONCLUSION 
In conclusion, this study highlights 

the complex dynamics shaping fruit farming 
in Binjai, emphasizing the interaction between 
climate change, management practices and 
labor availability. Rising temperatures 
emerged as an important factor affecting crop 
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yields, prompting the adoption of adaptive 
strategies. Diverse management practices and 
the positive correlation between integrated 
pest management and productivity 
underscore the importance of sustainable 
farming approaches. 

Labor dynamics, affected by seasonal 
variations and migration, require targeted 
policy interventions to ensure a consistent 
and well-supported workforce. Spatial 

analysis improves the precision of climate 
change impact assessments, allowing for 
region-specific strategies. 

These findings provide a foundation 
for evidence-based policies, agricultural 
extension programs, and community-led 
initiatives aimed at improving the resilience 
and sustainability of fruit farming in a 
changing climate context. 

REFERENCES 
[1] M. Silvia and P. A. Bowo, “The Impact of Agricultural Sector on Food Security,” Effic. Indones. J. Dev. Econ., 

vol. 6, no. 2, pp. 135–145, 2023. 
[2] A. Ahmed, A. Elbushra, and M. Elrasheed, “Implications of Climate Change on Agriculture and Food 

Security,” in Cultivation for Climate Change Resilience, Volume 1, CRC Press, 2023, pp. 2–27. 
[3] I. Irtyshcheva, M. Ponomarova, and I. Dolzhykova, “Conceptual fundamentals of development of the food 

security system,” Balt. J. Econ. Stud., vol. 5, no. 2, pp. 57–64, 2019. 
[4] Ö. S. Gürçam and I. Mukhlis, “The Role of Agricultural Sector in Food Security and Poverty Alleviation in 

Indonesia and Turkey,” Asian J. Agric. Extension, Econ. Sociol., vol. 40, no. 11, pp. 430–436, 2022. 
[5] D. Štreimikienė, T. Baležentis, A. Volkov, E. Ribašauskienė, M. Morkūnas, and A. Žičkienė, “Negative 

effects of covid-19 pandemic on agriculture: systematic literature review in the frameworks of 
vulnerability, resilience and risks involved,” Econ. Res. Istraživanja, vol. 35, no. 1, pp. 529–545, 2022. 

[6] N. Kumar and S. M. P. Khurana, “Potential Push of Climate Change on Crop Production, Crop Adaptation, 
and Possible Strategies to Mitigate This,” Glob. Clim. Chang. Plant Stress Manag., pp. 35–51, 2023. 

[7] S. Manickam, V. R. Rajagopalan, B. Manoharan, S. Natesan, and R. Muthurajan, “Genomics-Assisted 
Breeding for Climate-Resilient Crops,” in Molecular Marker Techniques: A Potential Approach of Crop 
Improvement, Springer, 2023, pp. 357–368. 

[8] S. Roy and R. Rakshit, “Impact of Climate Change on Productivity of Field Crops,” Response F. Crop. to 
Abiotic Stress Curr. Status Futur. Prospect., p. 211, 2022. 

[9] E. C. Aldi, S. A. Lukita, and M. Yasin, “Analisis Potret Pertanian di Kota Tuban Meliputi Tanaman 
Palawija, Perkebunan, Peternakan, Kehutanan, Perikanan,” J. Creat. Student Res., vol. 1, no. 3, pp. 82–95, 
2023. 

[10] M. K. Benedict, F. M. Reuben, L. A. Chilagane, and G. M. Tryphone, “Traditional African Vegetables 
Agrobiodiversity: Livelihood Utilization and Conservation in Tanzania Rural Communities,” 2023. 

[11] B. Regmi, S. Kunwar, T. D. Acharya, and P. Gyawali, “Potential of Underutilized Grain Crops in the 
Western Mountains of Nepal for Food and Nutrient Security,” Agriculture, vol. 13, no. 7, p. 1360, 2023. 

[12] T. Baba, H. Nomura, T. Than, P. Srean, and K. Ito, “How Do Small-Scale Cassava Producers Overcome 
Global Issues? Cassava Profit and Technical Efficiency in Cambodia,” J. Agric. Sci., vol. 15, no. 8, 2023. 

[13] F. D. Llerena and L. Quimíz, “Guayas, Ecuador,” FOOD Sci. Agric. Environ., p. 138. 
[14] C. Chatterji and R. Sandhu, “Crop and Fertilizer Recommendation System,” 2022. 
[15] А. Н. Жилдикбаева, Д. К. Молжигитова, С. Р. Турганалиев, С. К. Елемесов, and Н. М. Əшімхан, 

“EFFICIENCY OF LAND USE BY PEASANT FARMS IN THE SOUTHERN REGION OF 
KAZAKHSTAN,” Izdenister natigeler, no. 1 (97), pp. 110–118, 2023. 

[16] P. K. Kosamkar, V. Y. Kulkarni, K. Mantri, S. Rudrawar, S. Salmpuria, and N. Gadekar, “Leaf disease 
detection and recommendation of pesticides using convolution neural network,” in 2018 fourth 
international conference on computing communication control and automation (ICCUBEA), IEEE, 2018, pp. 1–4. 

[17] J. Freitas and P. Silva, “Sustainable agricultural systems for fruit orchards: The influence of plant growth 
promoting bacteria on the soil biodiversity and nutrient management,” Sustainability, vol. 14, no. 21, p. 
13952, 2022. 

[18] I. Niftiyev and G. Ibadoghlu, “Longitudinal Principal Component and Cluster Analysis of Azerbaijan’s 
Agricultural Productivity in Crop Commodities,” Commodities, vol. 2, no. 2, pp. 147–167, 2023. 

[19] O. Gribonika, “HISTORICAL AND CONTEMPORARY ASPECTS OF THE DEVELOPMENT OF THE 
AGRICULTURAL SECTOR,” in INDIVIDUAL. SOCIETY. STATE. Proceedings of the International Student 
and Teacher Scientific and Practical Conference, 2021, pp. 31–35. 



West Science Agro     r     27 
 

Vol. 01, No. 01, November: pp. 21-27 

[20] M. E. Pérez-Pons, J. Parra-Domínguez, P. Chamoso, M. Plaza, and R. Alonso, “Efficiency, profitability and 
productivity: Technological applications in the agricultural sector,” ADCAIJ Adv. Distrib. Comput. Artif. 
Intell. J., vol. 9, no. 4, 2020. 

[21] D. I. Zhilyakov, E. V Kharchenko, and A. A. Kandiba, “Labor productivity modeling in the agricultural 
sector,” in IOP Conference Series: Earth and Environmental Science, IOP Publishing, 2021, p. 22073. 

[22] A. Jafari et al., “Enhancing detection of labor violations in the agricultural sector: A multilevel generalized 
linear regression model of H-2A violation counts,” arXiv Prepr. arXiv2306.04003, 2023. 

[23] T. Semeraro, A. Scarano, A. Leggieri, A. Calisi, and M. De Caroli, “Impact of Climate Change on 
Agroecosystems and Potential Adaptation Strategies,” Land, vol. 12, no. 6, p. 1117, 2023. 

[24] O. Hemond, V. Butsic, D. Moanga, and A. C. Wartenberg, “Farm consolidation and turnover dynamics 
linked to increased crop diversity and higher agricultural input use,” Agric. Syst., vol. 210, p. 103708, 2023. 

[25] A. J. Keutgen, “Climate change: challenges and limitations in agriculture,” in IOP Conference Series: Earth 
and Environmental Science, IOP Publishing, 2023, p. 12069. 

[26] S. S. Dhaliwal, V. Sharma, and A. K. Shukla, “Impact of micronutrients in mitigation of abiotic stresses in 
soils and plants—A progressive step toward crop security and nutritional quality,” Adv. Agron., vol. 173, 
pp. 1–78, 2022. 

[27] A. K. Rai, S. R. Bana, D. S. Sachan, and B. Singh, “Advancing Sustainable Agriculture: A Comprehensive 
Review for Optimizing Food Production and Environmental Conservation,” Int. J. Plant Soil Sci, vol. 35, 
no. 16, pp. 417–425, 2023. 

[28] G. Albahri et al., “Enhancing Essential Grains Yield for Sustainable Food Security and Bio-Safe Agriculture 
through Latest Innovative Approaches,” Agronomy, vol. 13, no. 7, p. 1709, 2023. 

[29] A. Barman, P. Saha, S. Patel, and A. Bera, “Crop diversification an effective strategy for sustainable 
agriculture development,” 2022. 

[30] W. Al-Ali, A. Ameen, O. Isaac, G. S. A. Khalifa, and A. H. Shibami, “The mediating effect of job happiness 
on the relationship between job satisfaction and employee performance and turnover intentions: A case 
study on the oil and gas industry in the United Arab Emirates,” J. Bus. Retail Manag. Res., vol. 13, no. 4, 
2019. 

[31] M. K. Ullah and S. Shabir, “The Significant Effects of Agricultural Systems on The Environment,” J. World 
Sci., vol. 2, no. 6, pp. 798–805, 2023. 

[32] S. Ray, I. Haqiqi, A. E. Hill, J. E. Taylor, and T. W. Hertel, “Labor markets: A critical link between global-
local shocks and their impact on agriculture,” Environ. Res. Lett., vol. 18, no. 3, p. 35007, 2023. 

[33] C. Mancilla, L. M. Ferrada, S. Soza-Amigo, and A. Rovira, “Labour Commutation in the Agricultural 
Sector—An Analysis of Agricultural Workers in Chile,” Agriculture, vol. 12, no. 12, p. 2110, 2022. 

[34] E. H. Samatar, “Assessing the determinants of agricultural productivity in Somalia: An application of an 
ARDL model,” Asian J. Agric. Rural Dev., vol. 13, no. 3, pp. 154–162, 2023. 

[35] W. Liu et al., “The statistical emulators of GGCMI phase 2: responses of year-to-year variation of crop yield 
to CO 2, temperature, water and nitrogen perturbations,” Geosci. Model Dev. Discuss., vol. 2023, pp. 1–36, 
2023. 

[36] S. S. Rabin, W. J. Sacks, D. L. Lombardozzi, L. Xia, and A. Robock, “Observation-based sowing dates and 
cultivars significantly affect yield and irrigation for some crops in the Community Land Model (CLM5),” 
Geosci. Model Dev. Discuss., vol. 2023, pp. 1–29, 2023. 

 
 
 


