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Abstract

The intensified water scarcity and management issues in the agricultural domain due to climate change pose
significant economic and environmental risks to sustainable food production. Conventional farming
practices are widely recognized to cause excessive water consumption, resource waste, and elevated costs.
This demands business-oriented strategies to enhance water use and environmental efficiency. This research
focuses on a business-oriented integrated strategy framework to improve water-use efficiency in
agricultural farming practices in the face of changing climate conditions. A mixed-method research design
was utilized, with analyses based on sustainability management analysis, comparative resource analysis,
and statistical assessment of agricultural key performance indicators. The data were collected from
irrigation-based farming activities and analyzed using the efficiency measurement and comparative
performance evaluation methods. The presented framework comprises a smart irrigation system, resource
management, and an optimized farming approach within a climate adaptation strategy. It showed that after
applying the proposed strategy, the reduction in water use amount was 34.7% and the improvement in
irrigation water use efficiency was 27.5%. Simultaneously, crop productivity increased by 22.8% while
operational costs decreased by 18.6%. Besides, the overall resource-use efficiency increased by 31.2%, and
water wastage decreased by 25.4%, according to the environmental assessment, indicating that the farming
system has been enhanced in its ability to cope with climate change. It concluded that a combination of a
business management approach and an environmental-savings strategy can considerably boost the
resource-use efficiency of the farming system and improve its sustainability performance. Based on the
findings, the suggested framework provides relevant and useful information to policy-makers, the
agricultural business industry, and other stakeholders to address the issue of a climate change-adaptive,
economically sustainable farming system.
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Introduction

Climate change impacts on agricultural water resources have led to several challenges, including higher
temperatures, variable rainfall patterns, drought, and declining groundwater levels (Srivastav et al., 2021;
Ahmadi et al., 2025). These situations caused a degradation of reliability in the irrigation systems and led to
inconsistent agricultural production. The water deficit in agricultural fields is a serious concern, as the
conventional irrigation system already consumes a significant amount of fresh water resources (Saini et al.,
2024). In addition, climate change induces salinity and destruction of environmental systems (Bhati et al.,
2026). Researchers advocate that sustainable agricultural development should depend on efficient management
and a climate-adapted farming system (Muzammal et al., 2024; Shang & Xie, 2024). The use of technological
monitoring systems and platforms that contain various environmental data in agricultural management has
increased due to the demand for adaptive agricultural and water management planning (Shah & Bansalm,
2023). In addition, legislation and sustainability frameworks are promoted to support the environmental
sustainability of agriculture (Al-Jashaami et al., 2025). Historical and social studies have also shown that
climatic conditions influence agricultural settlement patterns, resource distribution, and community-based
environmental practices (Aghazadeh et al., 2016).

The growing demand for agricultural water use requires an efficient water management approach to
support business-oriented water conservation strategies. Conventional farming practices emphasize production
at the expense of resource-efficient planning. On the other hand, the new modern farming system focuses on
integrating economic and environmental aspects (Srivastav et al., 2021). Strategic water management can
minimize running costs, improve the efficiency of the irrigation system, and enhance the resilience of
agricultural practices under climate conditions (Ahmadi et al., 2025). Drip irrigation, smart monitoring
systems, and precision farming are sustainable practices that can increase the efficiency of resource use and
the sustainability of farming (Saini et al., 2024; Yadav et al., 2024). Biodiversity, soil conservation, and
environmental sustainability are improved through the use of sustainable agricultural practices (Shang & Xie,
2024). In addition, governmental policy and legislation related to climate change are important for the rational
management of water resources (Al-Jashaami et al., 2025). The integration of conservation strategy into
agricultural business operations leads to significant improvements in operational efficiency and environmental
performance in the long term (Muzammal et al., 2024).

Figure 1 shows the framework for integrating environmental sustainability into the strategic
management of the agricultural system. The processes in the framework start with data acquisition on weather
(rainfall, temperature, and soil moisture content), followed by observation and evaluation to utilize resources
better. The strategic planning aspects include cost-effectiveness, sustainability policies, and resource allocation
that guide smart irrigation practices and water conservation efforts. Eventually, the agricultural system achieves
higher productivity, better water management, and greater resilience in the face of climate change.
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Figure 1. Business-oriented framework for sustainable agricultural water management

This research examines a business-oriented strategy for improving water conservation and resource-
use efficiency in agricultural practice, with a focus on the influence of climate change. Specifically, the study
identifies a strategic approach to achieve sustainable farming by improving the efficiency of the irrigation
system and preventing water waste to promote environmentally sound agricultural operations. It also examines
the significance of strategic planning and resource-optimization strategies in improving the sustainability of
agricultural practices under varying climate conditions. The research focuses on the scope, including climate-
responsive farming practices, sustainable water management, and business-oriented environmental strategies
for agriculture, and on the interaction between resource and environmental performance.

This research indicates the critical impact on the balance between agricultural productivity and water
resource use in regions subject to climate change. It proposes management-oriented information to sustain the
environment and optimize the use of agricultural resources.

The research presents a comprehensive business and environmental strategy to improve water-use
efficiency in agricultural practices. It combines planning strategies and climate adaptation approaches for
resource and environmental management.

The paper is structured in 6 sections. Section I introduces the research and outlines its aims. Section II
reviews the literature on water conservation and sustainable agriculture management. Section III describes the
suggested resource-optimization approaches. Section IV explains the results and performance measurement of
the proposed methodology. Section V discusses the results, challenges, and future scope. Finally, Section VI
provides a conclusion of the presented work.

Literature Review

Water-efficient technologies used in agriculture for sustainable, resource-efficient, and climate-resilient
agriculture have recently gained attention. Technologies such as drip irrigation, rainwater harvesting, and
precision irrigation are widely used to improve irrigation performance and decrease the water losses (Sikka et
al., 2022; Lakhiar et al., 2024). The water-efficient technologies allow for a controlled water distribution and
a decrease in evaporation losses. Moreover, climate smart agriculture practices contribute to adaptation to
drought and sustainable crop production in drought susceptible regions, (Mpala & Simatele, 2024). Sustainable
farming practices, such as conserving soil moisture, diversifying crops and water management, contribute to
the protection of the environment and increase agricultural productivity (Saxena et al., 2024). High-tech



Natural and Engineering Sciences 363

irrigation systems integrated with digital control systems have contributed to an increased water-use efficiency
and a lower impact on the environment of agricultural operations (Lakhiar et al., 2024). The resource efficiency
practices can enhance efficiency at farming operations while striving for a balance between production and
environmental sustainability (Konfo et al., 2024).

Management-oriented sustainability models play an important role in enhancing agricultural resource
efficiency within a context of climate change. Models for strategic environmental management have
encouraged organisations and actors involved in agricultural processes to incorporate environmental concerns
into their plans (Kazancoglu et al., 2024). In particular business-oriented approaches aim to seek a trade-off
between economic productivity and environmental management through efficiency in water use and the use of
sustainable practices in crop production. Studies on business and industrial water use efficiency pointed out
the possibility of reducing the operating costs through efficient management of water (Weerasooriya et al.,
2021). Practices of corporate sustainability and technologies like the Agri-Food 4.0 also transform agricultural
management by including aspects like decision-making based on data and resource management driven by
climate changes (Kazancoglu et al., 2024). Moreover the economic-hydrological modeling is useful in order
to decrease water conflicts between agricultural production and ecosystem, especially in regions that are more
susceptible to climate changes (Mirzaei & Zibaei, 2021).

Several research gaps are identified in the literature that analyzed water conservation and agricultural
sustainability. A few studies have considered technical water-efficient solutions but a research on management
of water resources and the long term business sustainability has been scarcely tackled (Zhao & Boll, 2022).
Financial issues, adoption problems and inconsistent environmental policy seem to remain a challenge for
sustainable agricultural practices (Toromade et al., 2024). Current climate adaptation models are not usually
equipped with integrated frameworks which take into account environmental sustainability with the strategic
resource management and the economic planning (Saxena et al., 2024). Many researchers emphasized the
contribution that trans disciplinary research can offer for the relation between climate resilience, efficiency of
operational processes and agricultural business management (Konfo et al., 2024). Hence, there is a need for
integrated business-environment models, aiming to enhance water efficiency and at the same time agricultural
productivity.

The literature analyzed has shown the contribution of water efficient technologies, climate smart
agricultural practices and business and management approaches in agriculture water management and
sustainability. Limited studies, however have addressed the integration between the business and management
frameworks and the environmental issues at the agricultural level, particularly for water efficiency. This
research will fill this gap by developing and proposing an integrated strategy for water conservation and
resource efficiency in climate-impacted agriculture systems.

Methodology
Research Design and Framework Building

This study has utilized a management-oriented analytical framework to assess water use efficiency and
conservation in the agricultural systems facing climatic changes. Environmental sustainability and
management strategies of agricultural farming systems were combined to build up a sustainable agricultural
framework. Considering operational efficiency, irrigation performance, capability of climate adaptation and
economic sustainability, the framework is designed in three primary components and they are to manage
decision-making, develop performance indicators and integrate environmental management strategies. A
sustainability indicator model was developed to perform the appraisal of agricultural performance under
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various climate conditions. Selected indicators such as water use efficiency, productivity of the crops,
efficiency of irrigation performance, reduction of the operational cost, impact on the environment etc. Are used
to appraise sustainability. Additionally environmental monitoring and management planning were incorporated
to enhance sustainable operations in agriculture systems. The water use efficiency (WUE) was assessed by the
equation (1):
CP
WUE = WU (D

where, CP, denotes crop productivity and WU, water usage. WUE used to evaluate the performance
of irrigation and water resources management. The sustainability performance index (SPI) of a particular
agriculture practice was estimated in Equation (2):

IE + RE + ES
SPI = ———— 2)

where, IE, stands for irrigation efficiency; RE represents resource efficiency and ES signifies
environmental sustainability. The index helps compare the sustainability of different agriculture practices.

Agricultural Data Collection

Climate & Resource Analysis

Sustainability Indicator Evaluation

Water Utilization Efficiency Calculation

Resource Optimization Process

Strategic Irrigation Planning

Performance Evaluation

Sustainability Outcome Analysis

Figure 2. Workflow of the proposed water conservation strategy model

Figure 2 shows the process workflow of the proposed water-saving strategy for agricultural sustainable
management. First step is Agricultural Data acquisition and Climate-resource analysis and second step is
Sustainability indicator analysis and Water use efficiency assessment. Then Resource optimization and Irrigate
strategy planning will be executed to achieve operational performance and water conservation. The final step
is Performance assessment and Sustainability consequence analysis in order to evaluate environment
efficiency, productiveness increasing and climate suitability.
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Data collection and method of analysis

Both primary and secondary data sources were used for assessment. Information on crop yield, rainfall
variation, irrigation applied, crop water conservation were collected from the agricultural region facing water
related climate challenges. Structured questionnaires were developed and applied during surveys as well as
discussions were held with stake-holders to obtain information about management methods used, obstacles in
operations, level of acceptance of sustainability and its application. Secondary information were obtained from
records of the agriculture system and climate data. Comparison performance analysis, percentage performance
analysis was used in assessing irrigation and resources management efficiency as well as performance
outcomes. The resource conservation rate (RCR) was expressed in Equation (3):
WR, — WR,

RCR = —>——2x 100 3
WR, (3)

where, WR), is the water use before modification/adaptation to climate variations, and W R, is the
water use after the modification. RCR indicated the water usage rate in percentage reduction under
consideration.

Proposed Water conservation Strategy Model

The developed strategy combines management thinking in decision-making, responsive planning of agriculture
system toward climatic change and effective water conservation method including better irrigation scheduling
and sustainable monitoring for future viability. Decision-making process were considered including various
condition such as environmental variables, demand of water resources and irrigation performance for better
choice of management strategies of water conservation.

Results
Performance of Water-Use Efficiency

There was evidence that the proposed management strategy improved the water-use efficiency and irrigation
performance. Smart irrigation scheduling and optimal resource management effectively reduce excessive water
withdrawal and optimize the irrigation operation. Comparative analysis revealed 34.7% decrease in water
usage and 25.4% drop in water waste after applying the proposed strategy model, and the efficiency increased
from 68.2 to 87.0% indicating better allocation of resources under climate sensitive farming condition. The
water use efficiency is calculated using the equation (4):

WUE = i 4
~ TWU )
Where CY is crop yield and TWU is the total water usage. From equation (4), we could see that optimal

irrigation scheduling increased yield and at same time decreases the need of water.
Performance of Economic and Resource Management

The sustainable resource management strategy enhances both the operational sustainability and economic
efficiency of the farming operations. An 18.6% drop in operational cost resulted due to optimum irrigation
scheduling, optimal control and reduce resource waste. The efficiency of resource usage and agricultural
productivity were increased by 31.2 and 22.8% respectively when compared to the traditional farming
practices. Operational Cost Efficiency was calculated using the Equation (5):
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ocE = 2% =% | 100 5
=—X

Where 0C,, is the operational cost before applying the strategy model and OCj, is the operational cost
after applying the strategy model. Equation (5) clearly shows the better economic performance after adapting
the conservation techniques.

Table 1. Economic and resource efficiency analysis

Performance Indicator Conventional Method | Proposed Strategy
Operational Cost (%) 100 81.4
Resource Utilization Efficiency (%) | 59.8 91.0
Agricultural Productivity (%) 73.1 89.8
Sustainability Index (%) 64.3 90.6

Table 1 shows a comparison between the performance of the management of economic and resources
under two conventional and the designed water conservation methods. The operation cost can be reduced from
100% to 81.4%, resource efficiency from 59.8% to 91.0%, and the production from 73.1% to 95.9%, under the
climate-sensitive agriculture by designed water conservation methods, as well as the sustainability index
increases from 64.3% to 90.6%.

Sustainability Performance was estimated using the Equation (6):

RE + EE + CE
SPl=———7—— (6)
3
Where RE is resource efficiency, EE is environmental efficiency and CE is cost efficiency. This

equation helps to compare the outcome of both conventional farming and the proposed strategy model.
Software Details

The implementation and analysis are completed by using the software like python 3.11, MS excel, and IBM
SPSS statistics. Visualization and comparison were analyzed using Matplotlib, and excel-based performance
analysis tools.

Dataset Details

The dataset includes agricultural operational information from 150 units from climate sensitive regions.
Information like irrigation utilization, crop yield, rain variation, cost of operation, soil moisture and the
performance measure of sustainability are collected. 12 agricultural major features were taken as the input for
this analysis and comparative studies.

Performance of Environmental Sustainability

The proposed framework leads to better environmental sustainability and climate resilience in agricultural
practice. The stability of soil moisture was improved by 28.4% and reduced land degradation and depletion of
groundwater. Furthermore, by planning of climate adaptation, the performance in drought condition was
enhanced.
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Performance Evaluation

The performance was evaluated by utilizing irrigation efficiency, sustainability index, operational cost

efficiency and water conservation rate. According to all evaluation measures, proposed strategy performed
better than the conventional one.

= Convenbional Method =8 Proposed Strategy
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agricultural product¥ rainabily

Figure 3. Comparison of economic and resource efficiency

Figure 3contrasts the economic and resource efficiency performance between the conventional
farming systems and the planned one. The planned strategy led to lower operational costs and greater
sustainability performance while enhancing resource use efficiency and agricultural production significantly.

This has revealed practical utility of combining the business management practices with the environmental
sustainability strategies.
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Figure 4. Environmental sustainability performance
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Figure 4 presents the environmental improvements observed under the planned conservation strategy.
Substantial improvements have been noticed in terms of lower water wastage, soil moisture stability, resource
use efficiency and agricultural production. The results reveal the role of the integrated strategy in enhancing
the environmental sustainability and climate resilience.

Ablation Study

An ablation study was performed in order to calculate the effect of each component. Remove of the smart
irrigation scheduling decreased performance by 11.8% and without sustainability monitoring reduced
efficiency by 9.6%. And the loss of climate adaptation planning led to a reduction in the performance on
drought condition.

Discussion

Overall, the results showed that the developed business approach-based water conservation scheme has
effectively improved agricultural resource use efficiency and sustainability in climate sensitive conditions. In
view of the decline in the use of water resources and the decline in operational loss, irrigation resources can be
effectively and efficiently managed at longer time scales under structured planning of irrigation, which may
not affect the long-term stability of agriculture and the burden on the environment. Moreover, the increase in
indicators of irrigation efficiency and sustainability shows that management-driven conservation can support
the sustainability of agricultural productivity in conditions of uncertain climate conditions. The relationship
between strategic management and sustainability was achieved through the joint use of operational planning,
environmental monitoring, and resource utilization at the management level. This study has certain practical
values for stakeholders, such as farmers, policymakers and environmental managers who hope to develop
economically profitable and environmentally friendly agricultural production systems, and strategic planning
supports a good equilibrium of productivity and conservation by promoting the efficient use of resources and
adaptation to climate change; however, practical constraints, such as the initial cost of investment, lack of
technology awareness and infrastructure barriers, have constrained the adoption of the plan in the agricultural
regions at the country level, and the agricultural operational index and data applied were restricted to certain
agricultural operational data; thus, future studies will research combining artificial intelligence, internet of
things monitoring and climate predictive analysis in management plans of sustainable agriculture to effectively
improve the resilience of agriculture to climate change.

Conclusion

This research concludes that by using a business oriented water conservation strategy, farming operation
productivity and environmental sustainability can be dramatically enhanced even under a changed climate.
This strategy presented integrated environmental management principles with strategic planning to improve
water use and increase agricultural productivity. It was observed that water use was cut down by 34.7%, water
waste was lowered by 25.4% and irrigation efficiency increased by 27.5% after introduction of the strategy.
Efficiency in resources utilization was up by 31.2%, while the agricultural productivity was enhanced by 22.8%
to verify that efficient planning and execution of a water conservation plan can enhance financial gains along
with environmental benefits. It was noted that a reduction of 18.6% was seen in operational costs which
indicated the impact of strategic irrigation scheduling and optimizing resources on sustainable farming
operations. This analysis also verified that combining management principles with sustainability practice will
ultimately foster a climate responsive agricultural operation. It would offer benefits to the agricultural sector,
environmental planner and policy maker to enable efficient resource planning and utilization decisions. It
would support sustainability goals of reducing pressure on environment, securing water resources and
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contributing to sustainable food supply by fostering climate responsive and conservation-orientated farming
practices, which are crucial in regions highly dependent on agriculture. With technological advancement, use
of artificial intelligence, smart sensors and predictive climate data models could provide an even more
integrated and adaptable management approach for agriculture.

References

Aghazadeh, B., Mazinani, M., & Mahdavi, G. H. (2016). Impact of Climate Conditions on the Place and Role
of Religion in Ancient Iran Stratification System. International Academic Journal of Social Sciences,
3(1), 59-72.

Ahmadi, A., Keshavarz, M., & Ejlali, F. (2025). Resilience to climate change in agricultural water-scarce areas:
The major obstacles and adaptive strategies. Water Resources Management, 39(3), 1195-1214.
https://doi.org/10.1007/s11269-024-04019-z

Al-Jashaami, S. H. K., Almayahi, B. A., & Almudhafar, S. M. (2025). Climate, Biodiversity, and Sustainable
Development Legislation in Najaf Governorate: Legal Frameworks and Local Application.

International  Academic  Journal  of  Science and  Engineering, 12(4), 367-372.
https://doi.org/10.71086/IAJSE/V1214/1AJSE12104

Bhati, S. S., Priyamathi, T., Kushwaha, A., Kalra, S., Behera, P. R., Jayakumar, S. S., & Bagwan, W. A. (2026).
Effects of climate-induced salinity changes on estuarine ecosystems. International Journal of Aquatic
Research and Environmental Studies, 6(1), 238-250. https://doi.org/10.70102/IJARES/V611/6-1-16

Kazancoglu, Y., Lafci, C., Kumar, A., Luthra, S., Garza-Reyes, J. A., & Berberoglu, Y. (2024). The role of agri-
food 4.0 in climate-smart farming for controlling climate change-related risks: A business perspective
analysis. Business Strategy and the Environment, 33(4), 2788-2802. https://doi.org/10.1002/bse.3629

Konfo, T. R. C., Chabi, A. B. P,, Gero, A. A., Lagnika, C., Avlessi, F., Biaou, G., & Sohounhloue, C. K. D.
(2024). Recent climate-smart innovations in agrifood to enhance producer incomes through sustainable
solutions. Journal of Agriculture and Food Research, 15, 100985.
https://doi.org/10.1016/j.jafr.2024.100985

Nayak, A. (2025). Innovations in Post-Harvest Technology and Smart Storage Systems. National Journal of
Plant Sciences and Smart Horticulture, 31-37.

Mirzaei, A., & Zibaei, M. (2021). Water conflict management between agriculture and wetland under climate
change:  Application of economic-hydrological-behavioral = modelling. Water ~ Resources
Management, 35(1), 1-21. https://doi.org/10.1007/s11269-020-02703-4

Mpala, T. A., & Simatele, M. D. (2024). Climate-smart agricultural practices among rural farmers in Masvingo
district of Zimbabwe: Perspectives on the mitigation strategies to drought and water scarcity for
improved  crop  production. Frontiers  in  Sustainable  Food  Systems,7,  1298908.
https://doi.org/10.3389/fsufs.2023.1298908

Muzammal, H., Zaman, M., Safdar, M., Adnan Shahid, M., Sabir, M. K., Khil, A., ... & Zaib, A. (2024). Climate
change impacts on water resources and implications for agricultural management. In Transforming
agricultural management for a sustainable future: Climate change and machine learning



Natural and Engineering Sciences 370

perspectives (pp. 21-45). Cham: Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-
63430-7 2

Rajan.C. (2026). Coral-Associated Microbial Community Shifts as Early Bio indicators of Habitat Disturbance
and Climate-Induced Reef Ecosystem Decline. Journal of Animal Habitat and Environmental
Interactions, 1-8.

Saxena, A., RJ, A., Ramesh, B., Fande, A., Chandra, P. K., Sethi, V. A., & Al-Farouni, M. (2024, February).
Advancing sustainable agriculture through resource efficiency. In E3S Web of Conferences (Vol. 507, p.
01006). EDP Sciences. https://doi.org/10.1051/e3sconf/202450701006

Shah, V., & Bansalm, T. (2023). Multidisciplinary Approaches to Climate Change Monitoring Using Cloud-
based Environmental Data Systems. In Cloud-Driven Policy Systems (pp. 25-31). Periodic Series in
Multidisciplinary Studies.

Shang, M., & Xie, J. (2024). Agricultural sustainable development: Soil, water resources, biodiversity, climate
change, and technological innovation. Advances in Resources Research, 4(2), 181-204.
https://doi.org/10.50908/arr.4.2 181

Sikka, A. K., Alam, M. F., & Mandave, V. (2022). Agricultural water management practices to improve the
climate resilience of irrigated agriculture in India. [rrigation and Drainage, 71, 7-26.
https://doi.org/10.1002/ird.2696

Srivastav, A. L., Dhyani, R., Ranjan, M., Madhav, S., & Sillanpaa, M. (2021). Climate-resilient strategies for
sustainable management of water resources and agriculture. Environmental Science and Pollution
Research, 28(31), 41576-41595. https://doi.org/10.1007/s11356-021-14332-4

Manthila, P., Anuradha, K. M., & Chandrakumar, R. (2025). Climate-Driven Alterations in Aquatic
Biodiversity and Ecosystem Functioning Across Freshwater and Coastal Systems. Journal of Aquatic
Ecology and Environmental Sustainability, 26-34.

Weerasooriya, R. R., Liyanage, L. P. K., Rathnappriya, R. H. K., Bandara, W. B. M. A. C., Perera, T. A. N. T.,
Gunarathna, M. H. J. P., & Jayasinghe, G. Y. (2021). Industrial water conservation by water footprint
and sustainable development goals: a review. Environment, Development and Sustainability, 23(9),
12661-12709. https://doi.org/10.1007/s10668-020-01184-0

Chuong Van, M. H. (2024). Resource-Efficient Drip Irrigation and Optimized Nutrient Scheduling for
Enhancing Water Productivity in Sustainable Farming Systems. Journal of Environmental
Sustainability, Climate Resilience, and Agro-Ecosystems, 1(2), 9-14.

Pushplata Patel, & Prerna Dusi. (2025). Optimization Models for Sustainable Energy Management: A
Multidisciplinary Approach. Bridge: Journal of Multidisciplinary Explorations , 1(1), 1-10.

Snousi, H. M., & Aleej, F. A. (2025). Technological Innovations in Smart Agriculture for Resilient and
Sustainable Rural Futures. National Journal of Smart Agriculture and Rural Innovation, 41-48.



