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Abstract. The successful advancement of precision agriculture depends on the avail-
ability of agrometeorological and agroclimatic data with high spatiotemporal resolution.
However, such data must also be high quality, consistent, and nationally valid, allowing
for long-term model calibration and short-term decision support systems. This study
explores potential improvements to AquaCrop, a widely used crop water productivity
model developed by the Food and Agriculture Organization, by incorporating feedback
from interviewees to enhance its applicability and to promote more sustainable water
resource use. Interviewees (farmers, researchers, and information technology experts)
were surveyed using structured questionnaires, and responses were analysed through
the Analytic Hierarchy Process (AHP) using the Super Decisions software. A three-level
hierarchical model was developed to assess and prioritise desirable model features. The
results demonstrate that the AHP effectively captures user needs and identifies concrete
areas for model improvement. Notably, the criterion related to data management (C3)
emerged as a key priority, particularly the capability for automatic communication with
external Internet of Things platforms. This study emphasises the importance of involv-
ing both users (farmers and researchers) and information technology experts in evalu-
ating the technical feasibility of proposed upgrades. The significant preference weights
expressed by farmers (0.15) and researchers (0.18) further underscore the importance
of aligning model development with real-world operational needs.

Keywords: decision making process, strategic planning, irrigation, crop production
models, water management.
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HIGHLIGHTS

- This study is organised into five sections to ensure
rigorous implementation of the Analytic Hierarchy
Process for the assessment and enhancement of the
AquaCrop model.

- User-centred model improvement: this study high-
lights the importance of user feedback in improving
AquaCrop, a widely used crop water productivity
model.

- Collaborative approach to software development:
collaboration between users, information technol-
ogy experts and professionals with deep knowledge
of software modelling underlines a holistic approach
to software development.

1. INTRODUCTION

Crop production simulation models simulate the
growth and development of a given crop and estimate
its production capacity under different environmental
and agronomic conditions. Since the 1990s, these mod-
els have become increasingly common in the research
sector as well as in agronomic studies (Giardini, 2012).
Currently, there are various crop models with different
levels of detail, scale, and representativeness, including
DSSAT, WOFOST, EPIC, CropSyst, and STICS (Rauff,
Bello, 2015; Kasampalis et al., 2018; Chapagain et al.,
2022; Garofalo et al., 2025). Among these crop growth
simulation models, AquaCrop focuses on water produc-
tivity and can be used: (i) to plan irrigation strategies to
improve water use and productivity in agricultural pro-
duction; (ii) to address increasing competition for scarce
freshwater resources by optimising consumption; and
(iii) to increase profitability by improving the ability of
farmers to use water more productively, especially in sit-
uations of water scarcity. AquaCrop was launched by the
Land and Water Division of the Food and Agriculture
Organization (FAO) in 2009 (Steduto et al., 2009). This
highly accurate and simple to use model incorporates
simulations of crop responses - including yield, biomass
accumulation, and water productivity - under different
water availability scenarios. These attributes have con-
tributed to its broad acceptance among both researchers
and practitioners, who employ it as a decision support
tool for the formulation and implementation of efficient
water management strategies in routine agricultural
practice (Roja et al., 2023). Although there are many
advantages to using the AquaCrop model, there are also
disadvantages. Indeed, AquaCrop comes as pre-compiled
software with an intuitive user interface, but this struc-

ture limits customisation, preventing users from directly
intervening in the code to adapt the model to specific
needs (Vanuytrecht et al., 2014; Foster et al., 2017).

Recent research in crop growth modelling has
focused mainly on the calibration steps, defined as the
standard practice of estimating crop parameters based
on field observations (Seidel et al., 2018; Ahmed, 2020;
Winn et al., 2023). Substantial efforts have also been
made to collect useful data on different environmental
conditions and crop management practices(Steduto et
al., 2009). The primary objective of this study is to inves-
tigate and enhance the usability of the AquaCrop model,
with particular emphasis on its capacity to simulate crop
growth and water productivity. To achieve this objective,
it was essential to identify potential areas for improve-
ment in the model through a comprehensive analysis of
the feedback and preferences provided by researchers,
farmers (end-users), and information technology (IT)
developers (technical experts).

As highlighted by many studies in the field of soil
and water assessment (AbdelRahman et al., 2025; Ali
et al.,, 2025), decision support services in agriculture
increasingly rely on multicriteria analysis tools, par-
ticularly for identifying and prioritising the spatial data
required to develop effective agricultural policies. These
approaches enable the management of the inherent com-
plexity of agro-environmental systems by integrating
physical, climatic, socio-economic, and land manage-
ment variables into a coherent and structured decision-
making framework. Despite these advances, a methodo-
logical gap remains regarding the ability of decision sup-
port models to fully address the needs of stakeholders
who rely on these tools. Specifically, the literature high-
lights a lack of alignment between the prioritisation of
spatial and environmental data and the operational and
strategic requirements of decision-makers in the agricul-
tural sector.

This study contributes to the existing literature
through the application of the Analytic Hierarchy Pro-
cess (AHP) in three ways. First, the results of this study
can serve as a suggestion to the various stakeholders,
managers and private sector involved in planning crop
growth models. Second, the detailed analysis of the bar-
riers identified by the users in the implementation of
AquaCrop carried out here contributes to fill the exist-
ing gap in the literature and to help the academicians/
researchers working in this field. Finally, this study iden-
tifies the preferences related to the use of the model and
ranks them according to their degree of relevance. The
AHP is employed to structure and clarify the relation-
ships and relative importance among key factors influ-
encing the improvement of decision support tools in
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precision agriculture, as exemplified by the AquaCrop
model. Given that the successful advancement of preci-
sion agriculture relies heavily on high-quality, consist-
ent, and high-resolution agrometeorological and agrocli-
matic data, it is essential to systematically evaluate both
technical and user-oriented requirements.

This paper is divided into five sections. Section 1
provides the introduction and general overview of crop
simulation models. Section 2 presents the key features of
AquaCrop and its relevance to policy development. Sec-
tion 3 outlines the research methodology used to pri-
oritise criteria and sub-criteria. Section 4 discusses data
analysis and results. Finally, Section 5 concludes the
paper with theoretical and practical implications, as well
as the limitations of this study.

2. THE ROLE OF AQUACROP IN
POLICY DEVELOPMENT

To clarify the policy implications of this study, it is
appropriate to specify which aspects of the new Com-
mon Agricultural Policy (CAP) of the European Union
this paper aims to support. As described by Knierim,
Birke (2023), the CAP for 2023-2027 enhances a key ele-
ment, the concept of Agricultural Knowledge and Inno-
vation System (AKIS), which refers to the cooperation
of actors from extension, research, professional organi-
sations, and other stakeholders in the sector (Labarthe,
European Seminar on Extension & Education (26 : 2023
: Toulouse), 2023; Sutherland et al., 2023). Knowledge,
innovation, and technical education, including the pro-
vision of services to farmers, represents a transversal
goal, together with the objective of simpler, more trans-
parent, and effective policy (De Castro et al., 2020). As
Van Oost, Vagnozzi (2020) point out, AKIS is a rather

Guiding Water Alvlqcation and Policy _ Supporting Decision-Making for
Decisions - Sustainable Agriculture

complex bundle where research and innovation link with
practice and connect with farmers and other operators
through the support of farmers” organisations, advisors,
private companies, education systems, digital tools, and
data and knowledge sharing. Synergies are expected to
develop among the different components involved in
AKIS, with the ultimate goal of providing the agricultur-
al business system more tools for sustainable economic
development (Proietti, Cristiano, 2023; Sutherland et
al., 2023). Building on this framework, the goal of this
study is reinforced by its focus on providing timely and
relevant information to support innovation processes. In
particular, it underscores the role of agricultural exten-
sion services as essential knowledge providers, with
AquaCrop serving as a practical example of how decision
support tools can enhance service delivery. To reflect the
AKIS approach, this study involves three categories of
interviewees: researchers, farmers (users), and IT devel-
opers (experts).

AquaCrop is a strategic decision support tool for
agricultural and environmental policies addressing water
scarcity and climate change. By supporting efficient
water allocation, climate adaptation, and sustainable
crop management, this model provides policymakers
with robust evidence to design resilient and resource-
efficient agricultural systems (Figure 1) (Garcia-Vila et
al., 2009; Heng et al., 2009; Raes et al., 2009; Steduto et
al., 2009; Altobelli, Henke, 2024).

3. RESEARCH METHODOLOGY

This study was conducted in three sequential phas-
es, as illustrated in Figure 2. Phase I involved selection
of criteria and sub-criteria through a general survey to
establish the hierarchical structure of the AHP. This

1  AquaCrop's Role \

Figure 1. The role of AquaCrop in policy development.

‘ in Policy Development l
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Figure 2. The research methodology summarised in three phases.

preparatory phase had three main objectives: (i) to con-
ceptualise research objectives, (ii) to define AHP criteria
and sub-criteria, and (iii) to determine the format of the
questions. Phase II comprised the selection and invi-
tation of experts. During four international meetings,
experts in agricultural forecasting models presented and
discussed their results. Researchers and professors met
to discuss future challenges in the sector. By participat-
ing in these conferences, frameworks, and meetings,
which will be presented later, the authors of this work
were able to discuss with respondents from the academic
and the research community. Finally, Phase III involved
calculation of the weight of each criterion and sub-crite-
rion, by applying the AHP.

According to the literature, to guarantee that the
AHP analysis is consistent, it is necessary to ensure
proper structuring of the hierarchy and selection of the
criteria and sub criteria that are most appropriate to the
goal of the hierarchy (Saaty, Vargas, 2012). Phase I was
crucial to ensure inappropriate criteria were not selected.

As documented in the literature, the AHP does not
require large sample sizes to produce reliable and mean-
ingful results, as it is based on structured pairwise com-
parisons rather than statistical inference. The robustness
of AHP outcomes depends primarily on the expertise
of the respondents and the internal consistency of their
judgments, rather than on the number of participants
involved. Several studies have shown that small panels
of well-selected experts are sufficient, and often prefer-
able, when the objective is to elicit informed preferences
and priorities in complex decision-making contexts(Cay,

Uyan, 2013; Elolu et al., 2025). In this study, the authors
decided to involve 10 participants for the stakeholder
group to ensure a balance between diversity of perspec-
tives and high consistency of pairwise comparisons,
which was confirmed by a consistency ratio below the
accepted threshold (< 0.1) for all matrices. This approach
is consistent with previous AHP applications in agricul-
ture and natural resource management, where expert
samples of similar size have been successfully employed.

3.1. Application of the AHP

The AHP is a method of multi-criteria decision
analysis developed by Thomas Saaty in the late 1970s.
One of the fundamental determinants to ensure the
AHP is used effectively - so that decisions are made
under conditions of multi-criteria certainty- is that the
decision-maker must have complete information about
the decision environment and the consequences of the
decision alternatives. The AHP also includes steps for
measuring the consistency of judgments called the con-
sistency ratio. A value of 0 means that there is perfect
consistency, a value < 0.1 ensures that the judgments are
consistent and reliable, and values > 0.1 indicate incon-
sistency (Benitez et al., 2012; Lane, Verdini, 2007). There
are two main sources of inconsistency: the method of
structuring the model and criteria considered, and the
questionnaire administration method. There is extensive
published information on the mathematical foundations
of the AHP (Saaty, Ozdemir, 2003; Ishizaka, Lusti, 2006;
Ishizaka, Labib, 2009, 2011; Ishizaka et al., 2011, 2012).
Therefore, this section provides a brief overview of the
steps taken to obtain the weights needed to determine
the AquaCrop improvement scenario.

Close collaboration within a well-connected
research network significantly accelerated the develop-
ment of the hierarchical structure of the AHP analy-
sis, enabling rapid consultation with most experts and
achieving a high response rate. However, as suggested by
(Beiderbeck et al., 2021), research teams should be aware
of potential biases and homogeneous thinking within
a narrow network. Thus, interaction with experts took
place over several rounds during the year and in differ-
ent contexts. Several researchers were invited to com-
ment on the criteria and subjectivities identified in the
next steps of the analysis. In particular, they were first
invited to share their experiences of using crop growth
models through open-ended questions, focusing on the
use of AquaCrop when requested. The first objective of
the formulation sessions was not to define the final set of
statements that would be required in the second step of
the AHP, but rather to collect related information, and to
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choose the AHP interview format and key questions that

led to the definition of the criteria and sub-criteria. The

main scientific initiatives that drove the development
of this phase of the work are briefly outlined below and

summarised in Table 1.

To identify an appropriate structure on which to
base the hierarchical structure of the AHP content, the
criteria and sub-criteria were selected through a litera-
ture review, expert interviews, brainstorming, and group
discussions among researchers. In addition, there was
extensive consultation with software programmers. Four
rounds of expert consultation were conducted through
face-to-face brainstorming. This was a fundamental step
in collecting the responses, which were then categorised
into preferences. Three types of experts, two of them
users, were consulted.

- Farmers: the sample consisted of 10 farmers select-
ed from the AquaCrop section workshops. The FAO
has published a list spanning from July 2009 to July
2020 (https://www.fao.org/aquacrop/workshops/
archive/en/#c668638 accessed on 23 August 2025) of
the initiatives it has organised to disseminate knowl-
edge and use of the software among interested par-
ties. International and local partners are involved
to train participants in the practical applications
of AquaCrop, including strategic management to
increase crop water productivity. After completing
these courses, participants can train other users in
their countries.

- Researchers: a total of 10 researchers were contacted.
After each interview, members of the research team
reviewed the results to ensure the consistency of the
AHP pairwise comparison matrix.

- IT experts: one interview session involved 10 com-
puter scientists. Their expertise in software selection
and programming was fundamental to this study.
The main objective of the survey was to evaluate the
ease of integration of the operations, proposed to
the users (researchers and farmers) of the AquaCrop
model.

While constructing the hierarchy, the environment
surrounding the goal was considered with sufficient
relevant detail to fully represent the problem. Assess-
ing the issues and attributes that influence the solution,
identifying the stakeholders involved, and incorporating
user perspectives in the improvement of AquaCrop con-
stituted the main steps in constructing the hierarchical
model. As suggested by Saaty (2004), organising goals,
attributes, issues, and actors into a hierarchy serves
three primary purposes: it provides a holistic view of the
problem, enables decision-makers to compare elements
of similar weight or impact, and captures the distribu-
tion of influence from the most significant criteria to the
least significant. There are several types of hierarchies
depending on the arrangement of goals, attributes, and
stakeholders in the analysis (Forman, 1993). Hierarchies
can be structured as forward or backward planning.
This study used a forward planning hierarchy, descend-

Table 1. Network of research activities for the selection of AHP criteria and sub-criteria.

Key events used to construct the hierarchical structure of the AHP and to select participants

The Global Framework on Water To develop the research question for this study, the authors consulted experts at the 2nd International

Scarcity in Agriculture (WASAG) Forum on Water Scarcity in Agriculture ‘Making Agriculture Resilient to Climate Change: Water
Scarcity’ The Forum aimed to share relevant knowledge and information on key issues; to network and
foster collaboration among partners; and to showcase the latest technologies, practices, and products
in agriculture. WASAG brings together key players from all over the world and from different sectors.
This partnership is hosted by the FAO and consists of government agencies, international organisations,
research institutions, stakeholders, and professional associations to develop and implement policies,
strategies and programmes to adapt agriculture to water scarcity on the ground.

Innovation for Drought and
Agriculture (FAO - IRI)

Innovation in drought management and agriculture were the key topics discussed during the session.
Experts presented participatory and innovative tools, methods, and approaches essential for effective

drought management in agriculture. Additionally, they showcased research activities related to the

application of agronomic models.

Conference on
micrometeorological
measurements — Urban
microclimate monitoring and
agricultural meteorology for
climate change (FAIRNESS)

The debate was developed around the exchange of experiences and projects presented by international
research centres and universities with the aim of improving the standardisation and integration between
databases/sets of micrometeorological measurements, including crop growth prediction models. On this
occasion, it was possible to review publications and research activities related to the use of AquaCrop in
complex climatic-environment contexts.

The Global Symposium on Soils
and Water (GSOWA23)

On this occasion, the most relevant aspects for this manuscript were the technical sessions related to
soil and water management, applications of data remote sensing innovations, database for monitoring

evapotranspiration, topics on which the functioning of the AquaCrop model is also based.
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Figure 3. The three levels of the hierarchical structure of the AHP.

ing from the main objective to criteria and sub-criteria.
It incorporated exploratory scenarios based on stake-
holders” weighted judgments, which guided the optimi-
sation of the AquaCrop model and are discussed in the
results section. In this study, questionnaires were distrib-
uted to AquaCrop users to achieve the objective outlined
above. The AHP was used here solely to assess the rela-
tive importance of criteria and sub-criteria, in line with
Saaty’s approach (Saaty, 1987, 2008). Unlike traditional
AHP applications that involve comparing alternatives,
this study focused exclusively on structuring and prior-
itising the criteria and sub-criteria, a methodology also
adopted by De Felice, Petrillo (2013).

To improve the performance of the AquaCrop mod-
el, a three-level hierarchical network was developed for
the selection of features and functions (Figure 3). The
first level - focus - has a single objective: to improve the
use of AquaCrop to best meet user needs. The second
level consists of four criteria (C1-C4) that specify the
content and meaning of the focus. The criteria are com-
pared in pairs to determine the criterion with the most
relevant weight based on the participants’ answers. The
third level corresponds to the sub-criteria, which rep-
resent the functionalities with the materialised criteria.
The relative priorities between the sub-criteria are also
established through pairwise comparisons, as for the
second level. The criteria and sub-criteria are summa-
rised in Table 2.

4. RESULTS AND DISCUSSION

The AHP was applied to identify and prioritise cri-
teria for improving the usability of the AquaCrop model,
to better meet the needs of users. The analysis incorpo-
rated judgments from 30 participants, including 20 end

l S,C; Multi-year simulation ‘

users (farmers and researchers) and 10 IT experts. The
results are based on pairwise comparisons conducted
across all defined criteria and sub-criteria.

Beyond eliciting user preferences, IT experts
assessed the operability and technical feasibility of the
criteria and sub-criteria identified by users. The result-
ing hierarchy, referred to as the ‘classification of criteria
operability’, shows a high degree of consistency with the
user-derived hierarchies. This alignment indicates that
the most critical user requirements are largely achievable
from a technical perspective, strengthening the validity
of the prioritisation results and supporting their use as a
decision-making framework for future AquaCrop devel-
opment. From a broader perspective, this consistency
highlights the central role of AquaCrop as a reference
crop model for irrigation planning and assessment of
water productivity. The wide adoption of the AquaCrop
model in research and operational contexts makes usa-
bility, accessibility, and data management key conditions
to maximise its impact as a decision support tool.

The results of the questionnaires were analysed
using Excel and the open-source software package Super
Decisions (https://www.superdecisions.com/, accessed
on 20 October 2023). The priority weights of all criteria
and sub-criteria were calculated and then combined in
each matrix to obtain a global priority vector. Based on
the previous experience (Donati et al., 2023), the authors
decided to split the sample by dividing the stakeholder
group into users (farmers and researchers) and program-
ming experts. In addition, they decided that instead of
using a postal survey, they would meet with experts to
explain the importance of pairwise comparisons in mul-
ti-criteria AHP analysis and to ensure that the partici-
pants were fully aware and understood the criteria they
had to compare. This procedure reduced the possibility
of inconsistent production between the elements of the
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Table 2. Description of the criteria and sub-criteria used in the hierarchical structure of the AHP.

Criterion Description .~
criterion

Description

$iG

URL - Web: the end user will not be required to install any software on their PC in order to access the
Operating system compatibility: installing a model compatible with iOS and Windows on the user’s
Devices: implementation of a user interface that facilitates simplified access from smartphones and

Multi-user: enables multiple operators to access the same data at the same time
Irrigation management: sharing information related to the irrigation management conducted by the

Marketing: a consultation-only section is proposed for AquaCrop company projects in order to

Input: reduction of the amount of data that the user must enter into the model (for crop calibration,

irrigation management, and soil characteristics). It is possible to configure the system to communicate
Graph: the user can obtain at the end of the crop cycle the final production and the total irrigation

Graph operations: it will be possible to carry out five different operations on one graph
Multi-year simulation: the creation of graphs that can be used to compare different agricultural years

Frequently asked questions (FAQs): developing a list of questions and answers prepared on the most
common problems encountered when using the model, which can be accessed by clicking on the icon

Email section: reports from users of answers that are not available in FAQs are collected through email

Community section: a website equipped with a platform function that allows users to ask and answer

service
C1 Accessibility  S,C, computer
5:C1 tablets, such as an app
$1C,
S$,C, . -
C2 Network company with the assistance of AquaCrop
S$;C, . ; .
communicate externally the value of sustainable water use achieved
$,C;
automatically with an external Internet of Things platform.
c3 Data $:Cs volume
5;Cs
$4Cs and irrigation scenarios
S,Cy
C4 Support S.C
request S support
S;C4

questions through registration and active participation.

Table 3. The weights of criteria grouped according to the farmers’
judgements.

Weight Final
Goal Criterion of the .
. ranking
criterion
C1 - accessibility 0.72 1
Enhance the use of C2 — network 0.15 5
AquaCrop to best
C3 - data 0.07 3
meet user needs
C4 - support request 0.05 4

pairwise comparison matrix (indicating a degree of ran-
domness in the participants’ answers). The consistency
ratios for the matrices were < 0.1, indicating consistency
in the judgements.

For the farmers, the weights ranged from 0.05 for
criterion C4 (support request) to 0.72 for criterion C1
(accessibility) (Table 3). According to the farmers (Figure
A.1) from the sub-criteria analysis, sub-criteria S;C; had
a priority value of 0.69: to improve the use of AquaCrop,
it is necessary to reduce the amount of data that the user
must enter into the model (for crop calibration, irriga-
tion management, and soil characteristics). This out-

come clearly reflects the dual nature of AquaCrop: on
the one hand, its strength lies in process-based simu-
lation of crop-water relationships; on the other hand,
its practical adoption is strongly conditioned by the
availability, quality, and complexity of required inputs.
The high priority attributed to data simplification con-
firms that enhancing usability is crucial to fully exploit
AquaCrop’s robustness beyond expert-driven research
applications. Sub-criteria S,C, and S,C, each had a pri-
ority value of 0.79. This result is consistent with recent
AquaCrop-based applications where simplified param-
eterisation strategies and predefined datasets proved
essential to broaden model adoption and to support on-
farm irrigation decisions while preserving simulation
reliability (Garofalo et al., 2025).

Table 4 shows the weightings for the researchers.
According to them, criterion C2 is not as relevant as
criterion Cl. In general, the farmers’ and researchers’
were similar, but with a clear difference in the weighting
between the most and least important criteria. Never-
theless, data and accessibility are very important for the
implementation of the AquaCrop model for both farmers
and researchers. On the other hand, the most important
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Table 4. The weights of the criteria grouped according to the
researchers’ judgments.

Table 5. The weights of the criteria grouped according to the IT
experts’ judgments.

Weight

Weight

Goal Criterion of the Fln‘al Goal Criterion of the Fm:al
. ranking . ranking
criterion criterion
C1 - accessibility 0.69 1 C1 - accessibility 0.62 1
Enhance the use of C2 - network 0.09 3 Classify the operability C2 - network 0.11 3
AquaCrop to best _
C3 - data 0.18 2 of the criteria C3 - data 0.20 2
meet user needs
C4 - support request 0.04 4 C4 - support request 0.06 4
Table 6. Summary of stakeholder-assigned weights and priorities for AquaCrop model improvement.
Priority area Stakeholder(s) Key criteria/sub-criteria (Weight) Proposed Action
Strea.mhne input Farmers $,C, - input (0.69) Develop a 51mp11ﬁe.d user mterfgce with default
requirements datasets and an assisted setup wizard
- C1 - accessibility (0.72 for farmers, 0.69 for ~ Improve web interface for low-bandwidth,
Improve accessibility ~ All groups

Enable multi-user

features experts for IT experts)
Enhance graphical

outputs and Researchers S,C; - graph (0.52)
visualisation tools

Responsive technical

support and user All groups

feedback mechanisms

researchers, and 0.62 for IT experts);
Researchers and IT S,C, multi-user (0.55 for researchers and 0.18

S,C, - email support (0.79 for IT Experts);
C4 - request for support (0.05 for farmers)

mobile-friendly, and offline use

Integrate role-based multi-user access for
collaborative use

Expand the dashboard with customisable
graphs, real-time simulations, and exportable
results

Implement updated FAQs and a responsive
email/chat support system with issue tracking

sub-criteria are user reports of answers not available in
FAQs, collected through email support. At this level of
the hierarchy (level 2), there is some difference between
the judgements expressed by farmers and researchers.
Researchers expressed greater preference for sub-criteria
S,C, (0.55) and S,C; (0.52) (Figure A.2). These prefer-
ences emphasise the role of AquaCrop as a shared ana-
lytical platform, where simulation results are not only
generated but also interpreted, compared, and commu-
nicated among multiple groups of users. This dimension
becomes particularly relevant when AquaCrop outputs
are used within integrated evaluation frameworks to
assess alternative management strategies.

In this regard, recent multi-objective approaches
demonstrated that AquaCrop simulations gain opera-
tional value when coupled with decision support lay-
ers that can synthesise outputs across objectives and
facilitate comparison among scenarios, reinforcing the
importance of visualisation tools and collaborative
access (Garofalo, Vonella, 2025).

As shown in Table 5, among the IT experts, the
highest weight was given to criterion Cl, followed by cri-
terion C3. Criterion C4 was given the least importance.
The most important sub-criteria for this group are S,C;
(0.81), S,C,(0.52), S,C,(0.79) (Figure A.3).

From a technological standpoint, these results sug-
gest that AquaCrop is increasingly perceived not merely
as a standalone model, but rather as a component of
web-based, scalable decision support infrastructures.
Therefore, ensuring accessibility, interoperability, and
efficient data handling becomes essential to maintain the
relevance of this model and to facilitate its integration
into modern digital agriculture platforms.

The analysis of the weights assigned to the criteria
and sub-criteria by the various stakeholders enables the
development of a scenario aimed at optimising the use
of the AquaCrop model. Table 6 summarises the main
priorities identified by each group (farmers, researchers,
and IT experts), highlighting the proposed improvement
scenario.

Overall, the improvement scenario derived from the
AHP analysis reinforces the strategic role of AquaCrop
as a reference tool for irrigation planning and water pro-
ductivity assessment. By addressing usability, data han-
dling, and collaborative features, AquaCrop can more
effectively bridge the gap between robust biophysical
simulation and real-world decision-making, as demon-
strated by recent applied and multi-objective implemen-
tations (Garofalo et al., 2025; Garofalo, Vonella, 2025).
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5. CONCLUSIONS

Pressure on water resources and climate variability
make it important to develop reliable and flexible crop
simulation models. In this context, this study focused
on aspects of AquaCrop that could be improved to
increase usability and to meet users’ operational needs.
Using the AHP, this study sought to translate user
feedback into concrete guidelines for the technical and
functional development of the model, combining the
knowledge of farmers, researchers, and IT experts. The
analysis confirmed that the AHP is a robust and trans-
parent approach to capture user preferences and to
identify priorities for that can be used to improve the
AquaCrop model.

Among the four criteria considered, C3 emerged as
one of the most influential for all stakeholder groups.
According to the users, criterion C3 is an important
feature because the system can be configured to auto-
matically communicate with external Internet of Things
platforms. This priority aligns with recent operational
applications where AquaCrop integration with spatial
databases has enabled automated processing of multiple
pedo-climatic scenarios, significantly reducing manual
data entry requirements while maintaining model accu-
racy (Garofalo, Cammerino, 2025). In this regard the
improvement scenarios for the AquaCrop tool should
consider the significant weights expressed by farmers
(0.15) and researchers (0.18). It is also worth highlight-
ing that the sub-criterion related to marketing (S;C,)
was rated positively by the farmers (0.15). This demon-
strates the interest of farmers in using AquaCrop to add
the value of predictive, economic, and controlled man-
agement of water resources to their production. This
interest is particularly relevant considering that recent
studies have demonstrated AquaCrop’s capacity to sup-
port comprehensive environmental assessments when
integrated with Carbon and Water Footprint analysis
tools, enabling farmers to quantify and communicate the
sustainability performance of their water management
practices (Garofalo, Cammerino, 2025). As suggested by
Altobelli et al. (2019, 2021), irrigation advisory services
are suitable to promote the adoption of environmen-
tal certification systems, such as water footprint, which
could improve the sustainability of production processes.
Such recognition can increase competitiveness towards
the recognition of market value. Moreover, these systems
can help provide a very useful and reliable base for the
assessment of sustainability in agriculture, also support-
ing the construction of robust indices for the ongoing
switch from the Farm Accounting Data Network to the
Farm Sustainability Data Network (Vrolijk, Poppe, 2021).

Triangulation of perspectives allows AquaCrop to be
improved in the following ways: (i) simplify data entry
with automatic connections to external databases and
Internet of Things platforms; (ii) increase accessibil-
ity via web and mobile interfaces; (iii) enable multi-user
functions for collaborative use; and (iv) strengthen tech-
nical support and feedback mechanisms. These results
show how the joint participation of users and developers
can significantly increase the operational relevance of
the model, bridging the gap between scientific modelling
and decision-making in the field.

Another aspect worth discussing is that farmers
express a particular interest in sharing their experi-
ences on AquaCrop in the form of a network (criterion
C2), with a weight of 0.15. In a world where water scar-
city defines the conditions for crop growth, AquaCrop is
a valuable tool, and its use can be improved and made
more efficient by directly involving users. From a pub-
lic policy perspective, this evidence is fully consistent
with the objectives of the CAP for 2023-2027, in par-
ticular with the AKIS approach, which promotes coop-
eration between research, advisory services, and actors
in the agricultural sector. The participatory approach
adopted in this study is a concrete example of how
digital tools such as AquaCrop can be co-developed to
become effective elements within AKIS systems, improv-
ing knowledge transfer and supporting more sustainable
water resource management. Furthermore, by improv-
ing the accessibility of the model and user engagement,
AquaCrop can contribute to broader sustainability goals,
such as reducing inefliciencies in water use, strengthen-
ing irrigation advisory services, and developing sustain-
ability indicators.

Taken together, the results highlight that AquaCrop
is not merely a crop simulation model; rather, it is a
strategic component of modern irrigation decision sup-
port systems. The priorities identified through the AHP
analysis — particularly data management, accessibility,
and user interaction - represent key enabling factors for
transforming AquaCrop from a predominantly research-
oriented tool into an operational platform capable of
supporting farmers, advisors, and policy-driven irriga-
tion strategies. Evidence from recent applied studies con-
firms that when combined with structured evaluation
frameworks, multi-objective optimisation approaches,
and environmental assessment tools, AquaCrop can
effectively support sustainable water allocation, enhance
water productivity, and improve the transparency of
irrigation decisions in Mediterranean and other water-
limited environments (Garofalo, Cammerino, 2025;
Garofalo et al., 2025; Garofalo, Vonella, 2025). These
applications demonstrate the model’s capacity to bridge



104 I.L.M. Donati, A. Martelli, A. Dalla Marta, P. Garofalo, A. Petrillo, F. Altobelli

the gap between robust biophysical simulation and real-
world decision-making contexts, particularly when user-
centred improvements enhance its operational acces-
sibility. From this perspective, the improvement path-
ways identified in the present study represent a concrete
step towards strengthening the role of AquaCrop at the
interface between scientific modelling, field-level deci-
sion making, and agricultural policy objectives. By sys-
tematically addressing the needs expressed by farmers,
researchers, and IT experts, the proposed enhancements
can facilitate AquaCrop’s evolution into a more integrat-
ed, user-friendly platform that serves both agronomic
optimisation and sustainability assessment, which are
core elements of the AKIS framework promoted by the
CAP.

Future research should focus on operational test-
ing of the proposed improvement scenarios in different
agro-climatic contexts, assessing their actual impact on
user adoption and decision-making efficiency. Further
developments may involve integration with real-time
data sources, artificial intelligence, and cloud infrastruc-
ture to expand AquaCrop’s potential as a decision sup-
port tool for precision irrigation and climate-smart agri-
culture. Ultimately, this study demonstrates that user-
centred innovation is not only possible but essential for
modelling tools such as AquaCrop to continue to serve
as catalysts for more sustainable and resilient agricultur-
al systems.
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Figure A.1. Ranking and weights of the sub-criteria according to
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Figure A.2. Ranking and weights of the sub-criteria according to
the researchers’ judgments.
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Figure A.3. Ranking and weights of the sub-criteria according to
the programmers’ judgments.
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