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Abstract: Climate change is a major challenge for agriculture and natural resource management,
affecting water availability and agricultural water productivity through rising temperatures, altered
precipitation, drought, and hydrological changes. This review-analytical study examines the links
among climate change, water resources, agricultural water productivity, environmental sustainability,
and adaptation strategies. The reviewed studies show that increased evapotranspiration and crop water
requirements, together with declining reliability of surface and groundwater resources, reduce water
productivity and increase agricultural vulnerability. These trends may accelerate groundwater
depletion, salinity, reduced environmental flows, ecosystem degradation, and biodiversity loss. Key
adaptation strategies include sustainable water and soil management, modern irrigation, crop-pattern
adjustment, drought- and heat-tolerant cultivars, climate-smart agriculture, watershed management, and
ecosystem restoration. Emerging technologies, decision-support systems, and haloculture can further
improve water productivity and reduce pressure on natural resources. Sustainable agriculture therefore
requires integrated managerial, technological, environmental, and policy measures.

Keywords: Climate change, Water productivity, Food security, Environmental management, Climate-
smart agriculture

Introduction: Climate change has become a major environmental and socio-economic challenge worldwide.
Rising temperatures, changing precipitation patterns, frequent droughts, and extreme climatic events have
significantly affected water resources, agricultural production, and ecosystem stability (IPCC, 2023). These
impacts are particularly severe in arid and semi-arid regions where agricultural productivity strongly depends on
water availability. Previous studies have shown that climate change influences crop water requirements,
evapotranspiration, groundwater recharge, river flows, and soil moisture dynamics (Challinor et al., 2012;
Makuvaro et al., 2018). Agriculture is both affected by and contributes to climate change through greenhouse-gas
emissions, land-use changes, and resource exploitation (Garg et al., 2024). According to FAO (2020), agriculture
consumes approximately 70% of global freshwater withdrawals, making efficient water management essential for
future food security. Consequently, improving water productivity and water-use efficiency has become a central
adaptation strategy (Molden et al., 2007; Blum, 2009). Recent studies have emphasized climate-smart agriculture,
sustainable irrigation systems, and ecosystem-based adaptation as effective approaches for reducing climate
vulnerability (Jagermeyr et al., 2025; Yu et al., 2021). Despite extensive research on climate change, water
management, and agricultural sustainability, integrated assessments linking these components remain limited.
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Therefore, this study evaluates the impacts of climate change on agricultural water productivity and examines their
implications for environmental management. The geographical distribution of relevant studies is presented in Fig.
1 and Table 1, while the principal climate-related impacts on agricultural systems are summarized in Table 2.

Methodology: This study employed a descriptive—analytical review approach to investigate the relationships
among climate change, agricultural water productivity, and environmental management. Relevant scientific
studies, international reports, and recent research findings addressing climate impacts on water resources,
agricultural systems, ecosystem sustainability, and adaptation strategies were reviewed and synthesized. The
analysis focused on identifying the principal climatic drivers affecting agricultural water productivity, including
temperature increase, precipitation variability, drought occurrence, groundwater depletion, and hydrological
changes. In addition, adaptation measures proposed by international organizations, particularly the Food and
Agriculture Organization (FAO) and the Intergovernmental Panel on Climate Change (IPCC), were examined and
compared with practical experiences reported in different countries. The geographical distribution of studies and
major research themes were analyzed using the information presented in Fig. | and Table 1. Furthermore, the
impacts of climate change on agricultural systems and water resources were categorized according to the
framework summarized in Table 2. Adaptation strategies developed by FAO and the experiences of European
countries were comparatively evaluated using Tables 3 and 4. In addition, climate-related software, modeling tools,
and decision-support systems presented in Table 5 were assessed regarding their contributions to climate
adaptation, water-resource management, and environmental sustainability. Through the integration and
comparison of these findings, a conceptual framework was developed to explain the interactions among climate
change, agricultural water productivity, adaptation strategies, and environmental management and to identify
effective pathways for sustainable agricultural development under future climate conditions.

Results and Discussion: The findings indicate that climate change affects agricultural water productivity through
interconnected mechanisms. Rising temperatures increase evapotranspiration, crop water requirements, and
irrigation demand while reducing the availability and reliability of water resources. Consequently, agricultural
water productivity declines and pressure on surface and groundwater systems increases. These findings are
consistent with IPCC (2023), Challinor et al. (2012), and Makuvaro et al. (2018), who emphasized the effects of
increasing temperature, hydrological variability, and climate uncertainty on crop performance, water demand, and
agricultural vulnerability.

Changes in precipitation patterns, prolonged droughts, and irregular rainfall distribution reduce soil moisture
availability, increase dependence on groundwater resources, and intensify environmental problems such as aquifer
depletion, soil salinization, ecosystem degradation, and reduced environmental flows. These findings are
consistent with FAO (2020), which emphasized the importance of sustainable water management for ensuring
food security under changing climatic conditions. Likewise, Rockstrom et al. (2017) highlighted that improving
water productivity is essential for reducing pressure on freshwater ecosystems while maintaining agricultural
production. The geographical distribution of studies presented in Fig. 1 and Table 1 demonstrates that the United
States, China, India, Australia, and several European countries are among the leading contributors to research on
climate change and agricultural water management. Although research priorities vary among regions, a common
conclusion is that climate adaptation requires the integration of scientific knowledge, technological innovation,
and effective resource management.

The FAO adaptation framework summarized in Table 3 highlights sustainable water and soil management,
climate-resilient crop varieties, watershed management, conservation agriculture, ecosystem restoration, and
biodiversity protection as key adaptation measures. These findings are consistent with Molden et al. (2007) and
Blum (2009), who emphasized the importance of improving water productivity and water-use efficiency at
different agricultural and environmental scales. The experiences of European countries summarized in Table 4
further demonstrate that successful adaptation depends on a combination of technological, economic, institutional,
and policy-based measures. Approaches such as advanced irrigation systems, water-allocation reforms, crop
insurance, watershed restoration, and climate-responsive planning have contributed to reducing agricultural
vulnerability and improving environmental sustainability. Compared with traditional approaches that primarily
focus on increasing water supply, these strategies emphasize efficient resource utilization and long-term resilience.
This finding is consistent with Garg et al. (2024).

The climate-related tools and decision-support systems summarized in Table 5 facilitate climate-data analysis,
resource management, adaptation planning, and environmental assessment. These technologies enhance the ability
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of decision-makers to evaluate climate risks and implement evidence-based adaptation strategies. The study also
identifies haloculture as a promising adaptation approach for regions affected by water scarcity and salinity. By
utilizing saline water resources and salt-tolerant plant species, haloculture can reduce dependence on freshwater
resources while supporting agricultural production and environmental management. This approach provides an
alternative pathway for improving resilience in arid and semi-arid regions facing increasing climatic pressures.
The principal contribution of this study is the integration of climate change impacts, agricultural water
productivity, environmental management, adaptation strategies, and emerging technologies within a single
analytical framework. Unlike many previous studies that examined these issues separately, the present review
highlights their interdependence and demonstrates that sustainable adaptation requires coordinated action across
agricultural, environmental, technological, and institutional dimensions.

Conclusion: Climate change poses significant challenges to agricultural water productivity, environmental
sustainability, and food security. The findings demonstrate that rising temperatures, altered precipitation patterns,
drought intensification, and water-resource degradation reduce agricultural resilience and increase environmental
vulnerability. Sustainable water management, climate-smart agriculture, advanced irrigation technologies,
watershed management, ecosystem conservation, and institutional support were identified as key adaptation
strategies. International experiences further indicate that successful adaptation requires the integration of
technological innovation, environmental protection, and effective governance. In addition, emerging approaches
such as haloculture and climate-support decision systems offer promising opportunities for enhancing water
productivity and strengthening resilience under future climate conditions. Therefore, integrated management of
water resources, agricultural systems, and environmental assets is essential for achieving long-term sustainability
and effective adaptation to climate change.

© 2024 University of Zabol, Zabol, Iran.
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Table 1 Distribution of Reviewed Studies According to the Main Thematic Axes of Climate Change, Agriculture, Water Resources,

and Water Productivity
e Itematonal
Impacts of Climate Change on Agriculture and Water Resources 3 5 8
Relationship Between Climate Change and Agricultural Water Productivity 5 10 15
Impacts of Climate Change on the Environment and Natural Resources 3 4 7
Adaptation Strategies and Approaches 7 8 15
Emerging Technologies, Models, and Tools 2 7 9
Total 20 34 54
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Fig. 1 PRISMA 2020 flow diagram illustrating the identification, screening, eligibility assessment, and selection of studies
included in the systematic review
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Fig. 2 Geographic Distribution of Leading Countries in Climate Change Research
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Table 2 Leading Countries Conducting Research on the Effects of Climate Change on Agricultural Water Productivity and
Environmental Management

Country Research Focus Research Characteristics = Examples of Study Areas Main
Reference
. Climate variability, water resources Interdisciplinary studies and =~ Watershed-scale analyses
United . . . Sahar et al.
management, and agricultural advanced modeling and evaluation of water
States ST S (2025)
ecosystem sustainability approaches management policies
. Water productivity and the impacts ~ Application of simulation SWAT apd DSSAT models, Sahar et al.
China . . along with climate change
of climate change on agriculture models . . (2025)
scenario analysis
India Cl(l:rrl(l)ate fgggiio?grﬁlsilrrr?p;;tosnon Emphasis on water scarcity Crozinsinxztl:;l?;g;(r)g:;mg Sahar et al.
PP 5 and food security (2025)

water requirements management

Watershed hydrology studies

Drought risk assessment and Integrated watershed-scale  Sahar et al.

Australi . . i tal fl .
ustratia environmental water allocation and environmental flow studies (2025)
management
. Evaluation of environmental EU research programs
European ~ Water governance and sustainable valu N . | prog Sahar et al.
. . and water management focusing on climate change
Countries agriculture (2025)

policies adaptation
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Table 3 Impacts of Climate Change and Their Effects on the Agricultural Sector

Climatic Factor Impact on Water Systems

Impact on Agriculture

Adaptation/Mitigation Strategy Reference(s)

Increased soil evaporation

Increased irrigation

Adoption of drought- and heat- Ramirez-Villegas

Rising S water demand; reduced L & Challinor
and plant transpiration; . ] tolerant crop varieties;
temperature reduced river baseflow water-use efficiency; adjustment of planting dates (2012); Makuvaro
intensified heat stress J P & et al. (2018)
Altered temporal Disruption of irrigation
Changes in distribution of water ~ schedules; reduced crop Modern irrigation; water Makuvaro et al.
precipitation supply; more frequent yield; difficulty in harvesting and storage; adaptive (2018); Lester et
patterns water shortages, droughts,  meeting crop water farm management al. (20206)
and floods requirements
Increased Dechr_ung g_roundw_ater . . Artificial groundwater recharge;
. sustainability; falling  Higher production costs; .
reliance on ) o groundwater abstraction control;
groundwater table; land  deterioration of water o Lester et al. (2026)
groundwater . . . ) monitoring of water
subsidence; groundwater quality; soil degradation .
resources S consumption
salinization
Water shortages during
Changes in Altered timing of water the warm season; Water storage: inteerated water
snowmelt availability; reduced disruption of traditional g% & Lester et al. (2026)
S resources management
hydrology seasonal water resources water distribution
systems
Conflicting Reduced environmental Degradation of Rockstrom et al.
. . Integrated management and
management  flow allocations; wetland ecosystems surrounding Lo o (2017); Lester et
.o . . institutional coordination
objectives degradation agricultural lands al. (20206)
Increased stress on D N
. . Loss of biodiversity and . Rockstrom et al.
Impacts on vegetation; changes in . . . Ecosystem restoration and ;
. increased risk of species . (2017); Garg et al.
ecosystems ecological water conservation

requirements

decline

(2024)
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Table 4 Studies on the Impacts of Climate Change on Agriculture and Water Resources by Publication Year

Study Year Author(s) Domestic/International

Topic/Approach

Main Finding Relevant to the Article

Kanae &

2006 Oki

International

Ramirez-
Villegas &
Challinor

2012 International

Makuvaro

2018 et al.

International

Solimani

2021 et al.

Domestic

Dehghani
Sanij &
Bashi
Azghadi

Alavi Nia
2026 &
Babakhani

2025 Domestic

Domestic

Lester et

2026
al.

International

Hydrological Cycle and Water
Resources

Climate Data for Agriculture

Impacts of Climate Change on
Agricultural Productivity and
Adaptation

Agricultural Adaptation to
Climate Change

Perspectives and Impacts of
Climate Change

Impacts of Climate Change on
Different Systems

Synergies Between Agricultural
Water Access and the
Environment

Climate and hydrological changes
affect the status of water resources and
the water cycle.

Appropriate climate data are important
for assessing the impacts of climate on
agriculture.

Climate variability affects agricultural
productivity and increases the need for
adaptation.

Adopting adaptation strategies is
essential to reduce agricultural
vulnerability.

Climate change has diverse and
region-specific dimensions and
consequences.

The consequences of climate change
are multidimensional in nature.

Climate change can simultaneously
affect agricultural water availability
and environmental flows.
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Table 5 FAO Strategies for Climate Change Adaptation

Strategy Sub-strategy Adaptation Method Expected Outcome Reference(s)
Integrated and ecosystem- Reducing vulnerability to  Enhanced resilience Heydari (2020); Garg
based risk management extreme climate events  of local communities et al. (2024)
. Development and Increasing tolerance to Sustainable Heydari (2020);
Protecting . N . .
R dissemination of climate- drought, heat, and agricultural Makuvaro et al.
Livelihoods and resilient crop varieties recipitation variabilit roduction (2018)
Food Security p p. p. ] ) y p
. Promotion of . Diversifying produgtlon Improved food Heydari (2020);
multipurpose tree species systems and reducing . ..
security and Rockstrom et al.
(food, fodder, and dependence on annual .
. . household income (2017)
bioenergy) cropping
Integrated agricultural Imp roving water Sustainable food Heydari (2020);
water management productivity and reducing suppl Molden et al. (2007);
& water losses PPLy Blum (2009)
Preventing Optimized irrigation Reduc;ng water Reduced pressure on lr{eydarl (2020);
. . management (particularly ~ consumption in water- Jagermeyr et al.
Disruptions to Food . . . water resources
Supply in paddy fields) intensive crops (2015)
Improved agricultural land Maintaining S.Oll fertility Sustained agricultural Heydar1"(2020) :
manasement and reducing land roduction Rockstrom et al.
& degradation P (2017)
Adoption of energy- Reducing dependence on  Reduced greenhouse Heydari (2020);
efficient technologies fossil fuels gas emissions Arvandi (2025)
Restoration of degraded Restorlng.the prodl}ctlve Increased ca'rbon Heydarlﬂ(2020);
and ecological functions of sequestration Rockstrom et al.
lands )
land capacity (2017)
. Enhancing carbon Contributing to Heydari (2020);
Planting carbon- S - N
. . . sequestration in soil and climate change Rockstrom et al.
Protecting sequestering tree species . L
biomass mitigation (2017)
Ecosystems and
Ecosystem Services lncreasing water Storage
and improving the Enhanced water Heydari (2020);
Watershed management sustainability of water security Molden et al. (2007)
resources
Prevention of land . .
. Enhancing ecosystem Strengthened Heydari (2020); Garg
degradation and 2 . oo
. . . resilience ecological resilience et al. (2024)
biodiversity conservation
Increasing productivity Optimizing land use Increased food Heydarln(2020);
per unit area efficiency production Rockstrom et al.
(2017)
Improving water Producing more output per Adaptation to water M;Jllszgaertl ;12 (282)’7)
Enhancing productivity unit of water consumed scarcity ) ’
Aori Blum (2009)
gricultural
Productivity Conservation agriculture . I Long-term Heydari (2020);
. Conserving soil moisture sustainability of "
and crop residue . . . . Rockstrom et al.
and reducing soil erosion agricultural
management - (2017)
production
Plant breeding and Enhancing crop tolerance to Long-term structural Heydari (2020);
. . . Makuvaro et al.
biotechnology climate-related stresses adaptation

(2018)
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Table 6 Studies on Climate Change and Agricultural Water Productivity by Publication Year

Study Year Author(s) Domestic/International Topic/Approach Main Finding
. Water productivity provides a framework
2003 Molden et al. International Water Productivity for linking production and water
Framework
management.
Water Management  Improving water productivity is a key
2007 Molden International for Food and component of sustainable agricultural water
Agriculture management.
Improving Water =~ Water-use practices, irrigation, crops, and
2008 Ali & Talukder International Productivity in Crop plant varieties are among the factors
Production affecting water productivity.
Water Productivity — Effective water use should be considered
2009 Blum International and Water-Use beyond the narrow concept of water-use
Efficiency efficiency.
Assessment of Water productivity, along with water-
2014 Heydari Domestic Agricultural Water management policies and programs, is of
Productivity in Iran fundamental importance in Iran.
i . Global Modeling of Improving and modernizing irrigation
2015 Jagermeyr et al. International L systems can reduce water consumption and
Irrigation Systems . ..
increase water productivity.
Improving water allocation, transmission,
Processes for and distribution management and reducin
2017 Morsali Domestic Improving Water g &
L2 water losses can enhance water
Productivity in Iran o
productivity.
Water Productivity Increasing water productivity is proposed
2021 Yuetal. International and Global Water as one of the pathways to address water
Scarcity scarcity.
Challenges in Water ~ The definition and application of water
2023 Heydari Domestic Productivity productivity indicators face conceptual and
Indicators practical challenges.
Improving Wheat
Irrigation Improving irrigation-system performance
2024 Pourgholam- Domestic Productivity: and water management can contribute to
Amiji et al. Irrigation System  enhanced irrigation productivity in wheat
and Water production.
Management
Tmp i(r)r‘;g;%ic\)xr]lheat Farm management and mechanization can
2024 Nayebi et al. Domestic Productivity: contri bute to improving irrigation
L. productivity through better management of
Mechanization and . .
agricultural operations and water use.
Farm Management
Review of Improving water productivity is important
2025 Oyeagu & Lewu International Agricultural Water P & p Y 15 1mp
.. for water and food security.
Productivity
Smart Irrigation Smart irrigation methods and tools can support improved
2025 Hajirad Domestic Management Methods irrigation scheduling, more efficient water use, and reduction of
and Tools unnecessary irrigation consumption.
Tohamy & Climate Change,  Climate change can affect crop production
2026 Y International Crop Production, and the water-use efficiency (WUE) of
Mostafa
and WUE Ccrops.
Optimizing Water ~ Machine learning approaches can support
Productivity under the analysis of climate and agricultural data
2026 Hajirad et al. Domestic Climate Change and improve decision-making for
Using Machine optimizing water productivity under

Learning

changing climatic conditions.
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Table 7 Climate Change Adaptation Strategi

Strategy Measures Adaptation Mechanism Implementation Level  Reference(s)

Development of climate Establishing policy

Institutional and adaptation programs (e.g., the  frameworks to manage

Heydari (2020);

Policy European Climate Adaptation  climate change impacts Policy Sahar et al. (2025)
Frameworks :
Plan) across multiple sectors
. Irrigation management, . Jagermeyr et al.
Agricultural including deficit irrigation and Improvmg water use Farm / Resource (2015); Molden et
Water Resources ; . efficiency and reducing
the conjunctive use of surface Management al. (2007); Yu et
Management pressure on water resources
water and groundwater al. (2021)
Economic and Establishment of water Reducing economic risks .
. . . . . Heydari (2020);
Management markets and crop insurance associated with drought and ~ Policy / Economic
. Lot Sahar et al. (2025)
Instruments schemes climate variability

Developing climate-resilient
Application of biotechnology crop varieties and
production systems

Research / Arvandi (2025);
Technological Garg et al. (2024)

Innovation and
Technology

Increasing water storage

Watershed management and X . Molden et al.
Natural Resources . capacity and enhancing the . .
the expansion of water . Regional / Infrastructure  (2007); Heydari
Management . sustainability of water
harvesting infrastructure .7 . (2020)
resources in arid regions
. Strengthening institutional Enhancing the adaptive
Social and . . . : .
L capacity and promoting social capacity of local . o Heydari (2020);
Institutional ) . . . Social / Institutional
. innovation for climate change communities and Sahar et al. (2025)
Adaptation e
response nstitutions
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Table 8 Software Applications Used in Climate Change Crisis Management

Tool /
Tool / Developer / Application Applicati Primary Function / Software /
Model Organization Year *ggzl Domain  on Level Key Finding Reference Access URL
Converts climate-model
. . and observational
CMOR Program fqr Cllmate Climate- Climate outputs into .
(Climate Model Diagnosis ~ 2008—  model models and standardized. CF- Doutriaux
Model and Intercomparison present;  output climate-data Research / compliant Ne tC]’)F files etal.  https:/cmor.l
(PCMDI), Lawrence CMOR3 standardiz .. Modeling phan . > (2026); Inl.gov/n
Output Livermore National current ation standardizati facilitating consistent PCMDI
Rewriter) Laboratory (LLNL) libra on comparison and analysis
ry Yy across climate-model
experiments.
Provides a large
collection of command-
Climate- . line operators for .
CDO Max Planck data C&Lﬁ?ﬁj;d statistical analysis, mh;pitti;é/tc;de.
Climate Institute for 2002— processin, Research / arithmetic operations, Schulzwei MPIMELMDE.
p & weather P de/projects/c
Data  Meteorology (MPI- present and rediction Analytical spatial interpolation,  da (2026) do/embedded
Operators) M) and contributors analysis p selection, and ST
data . /index.html
software processing of GRIB and
NetCDF climate
datasets.
. Provides access to
Climate .
quality-assured
. data, .
Climate- . observations, .
. Copernicus Climate data agriculture, reanalyses, seasonal Cop@mlcu .
Climate . . water Research / -, s Climate https://cds.cli
Change Service 2018— repository . forecasts, climate .
Data Store : management Policy / L Change mate.coperni
(C3S), implemented present and : projections, and .
(CDS) b . , and Applied X Service cus.eu/
y ECMWF analysis . analytical tools that
lat climate- . 5 (C35)
platform . support evidence-based
1mpact . .
climate-impact and
assessment .
adaptation assessments.
Simulates interactions
CCSM National Center for among the atmosphere,
(Commun Atmospheric 1996 Coupled Global Rescarch / °¢cam land surface, and https://www.
ity ResearchIENC AR) 2010 climate- climate- Forecastin  5¢? ice to investigate NCAR cesm.ucar.ed
Climate and CCSM C CSNE 4 system system past, present, and future  (2010)  u/models/ccs
System communit model simulation & climate states. CCSM4 ml
Model) Y has subsequently been
superseded by CESM.
Integrates climate
Leibniz Centre for Agriculture, s;lzr(liaerllsosz; erizil(;tgul:;ll https:/www.
Agricultural Spatial land use, Regional / inforrilat%on and sciencedirect
LandCaRe Landscape Research decision- water & . . Wenkel et .com/science
2013 Farm / economic analysis to -
-DSS (ZALF) and support  resources, Applied  assess climate-chanee al. (2013) /article/abs/,
collaborating system  and climate PP . ) £ 1i/S03014797
. impacts and compare
researchers adaptation . 13001497
land-use and adaptation
strategies.
Climate Climate- Climate Maps current and
Mapping US. Federal risk hazards, projected exposure to U.S. https://coast
for G(;Vémment / 2022—  manpin infrastructur National / major climate hazards, Climate m
Resilience ppIng e, Regional / including extreme heat, Resilience 110aa.20V/ClS
NOAA and partner present and . . ., italcoast/tool
and agencies assessmen communities  Local drought, wildfire, Toolkit / s/emra.html
Adaptatio & t tool , and flooding, and coastal NOAA —
n adaptation inundation, supporting

Y


https://cmor.llnl.gov/n
https://cmor.llnl.gov/n
https://code.mpimet.mpg.de/projects/cdo/embedded/index.html
https://code.mpimet.mpg.de/projects/cdo/embedded/index.html
https://code.mpimet.mpg.de/projects/cdo/embedded/index.html
https://code.mpimet.mpg.de/projects/cdo/embedded/index.html
https://code.mpimet.mpg.de/projects/cdo/embedded/index.html
https://cds.climate.copernicus.eu/
https://cds.climate.copernicus.eu/
https://cds.climate.copernicus.eu/
https://www.cesm.ucar.edu/models/ccsml
https://www.cesm.ucar.edu/models/ccsml
https://www.cesm.ucar.edu/models/ccsml
https://www.cesm.ucar.edu/models/ccsml
https://www.sciencedirect.com/science/article/abs/pii/S0301479713001497
https://www.sciencedirect.com/science/article/abs/pii/S0301479713001497
https://www.sciencedirect.com/science/article/abs/pii/S0301479713001497
https://www.sciencedirect.com/science/article/abs/pii/S0301479713001497
https://www.sciencedirect.com/science/article/abs/pii/S0301479713001497
https://www.sciencedirect.com/science/article/abs/pii/S0301479713001497
https://coast.noaa.gov/digitalcoast/tools/cmra.html
https://coast.noaa.gov/digitalcoast/tools/cmra.html
https://coast.noaa.gov/digitalcoast/tools/cmra.html
https://coast.noaa.gov/digitalcoast/tools/cmra.html
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Tool /
Tool / Developer / Application Applicati Primary Function / Software /
Model Organization Year l\:;gil Domain  on Level Key Finding Reference Access URL
(CMRA) planning climate-resilient
planning.
DSS Supports irrigation
(Decision Agriculture, scheduling, water
Support - irrigation, allocation, agricultural https:/www.
Decision- . - -
Systems) . water management, and Zhai et al. sciencedirect
Various research support Farm / . . ) -
for L 2014— resources, S adaptation decisions by  (2020); .com/science
. institutions; framework District / . . . -
Agricultur application-specific present / software and Regional integrating Pereira et /article/abs/p
e and PP P svstems environment & environmental, crop,  al. (2014) 1i/S01681699
Water Yy al climatic, and 18319069
Managem management management
ent information.
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Table 9 Studies and Emerging Tools for Climate Change Assessment and Adaptation

Year Study/Tool Domestic/International Type Main Application
2013 Wenkel et al. — International Decision Support Assessing the impacts ‘of cllmate. change and analyzing
LandCaRe DSS System (DSS) adaptation strategies for agricultural land use.
2015 Jiagermeyr et al. International Global Modeling Assess.mg the potentla}l t“.or.wat'er savings through
1improvements in 1rrigation systems.
2020 Zhai ct al. International DSS / Agriculture  Supporting decision-making in agricultural and water
4.0 resources management.
Emerein Using artificial intelligence, the Internet of Things
2025 Arvandi Domestic ging (IoT), and smart technologies to address the impacts of
Technologies .
climate change.
B . Smart Irrigation Applymg smart irrigation management methogis gnd
2025 Hajirad Domestic tools to improve irrigation scheduling and optimize
Technology . .
agricultural water consumption.
o Applying Al-based approaches to water management,
.. . Artificial . .
2025 Hajirad Domestic . data analysis, decision support, and development of
Intelligence (AI) . - ;
climate-resilient water infrastructure.
Internet of Things  Using IoT-based technologies for monitoring, data-
2026 Hajirad Domestic (IoT) / Precision driven agricultural management, and improving
Agriculture resource-use efficiency and sustainability.
. . Applying machine learning approaches to optimize
2026 Hajirad et al. Domestic Machn(lf/[]i;tamlng agricultural water productivity and support decision-
making under climate change.
Technological Integrathg technological governance, irrigation
.. . technologies, and ecosystem-based approaches to
2026 Hajirad et al. Domestic Governance / e o .
.. strengthen irrigation-system resilience under climate
Resilience
change.
— NCAR - CCSM International Climate Model Simulating and analyzing the climate system.
(38 Climate Data International Climate Data Platform Accessing and analyzing climate data.for climate-
Store change assessment and planning.
Schulzweida — . Climate Data . . .
2026 CDO International Processing Tool Processing and analyzing climate model outputs.
CMOR3 - . . . . .
— International Climate Data Tool Standardizing and preparing climate model output data.

Doutriaux et al.
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5- List of Symbols

Al Artificial Intelligence

C3S Copernicus Climate Change Service
CCSM Community Climate System Model
CDO Climate Data Operators
DSS Decision Support System
FAO Food and Agriculture Organization
IoT Internet of Things
IPCC Intergovernmental Panel on Climate
Change

ML Machine Learning
NCAR National Center for Atmospheric
Research

WP Water Productivity
WUE Water Use Efficiency
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