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3.5	Challenges and Barriers
	Challenges and Barriers
	Descriptions
	Key References

	Incomplete and Inaccurate Information
	Discrepancies in network representations, the omission of critical parameters (e.g., pipe roughness), and inconsistencies in historical records all undermine model fidelity.
	(Conejos Fuertes et al., 2020; Green et al., 2025; Huang et al., 2023; Marzouk & Othman, 2017; Melo et al., 2019; Namaki et al., 2025; Tomić et al., 2022; Wang et al., 2022)

	Lack of Real-Time Dynamics
	The absence of reliable live data streams hinders bi-directional interaction, limiting the system to static simulation rather than dynamic control.
	Lu et al. (2023); (Pedersen et al., 2022; Roudbari et al., 2024; Tarpanelli et al., 2023; Xu et al., 2024)

	Integration & Interoperability
	Difficulties in merging diverse datasets (historical, operational, geospatial) due to software limitations and conflicting data formats.
	(Conejos Fuertes et al., 2020; Feng et al., 2024; Melo et al., 2019; Tomić et al., 2022)

	Computational Burden
	High demands for processing power and storage required for large-scale hydrological modelling and real-time analytics.
	(Cohen-Manrique et al., 2025); Henriksen et al. (2022); Lu et al. (2023); (Park & You, 2023; Xu et al., 2024)

	Organizational & Workforce Gaps
	A shortage of skilled personnel proficient in DT tools (BIM, GIS, AI) and a lack of institutional capacity for digital transformation.
	(Melo et al., 2019; Tomić et al., 2022; Yang et al., 2021)

	Stakeholder Misalignment
	Fragmentation and lack of coordination between water authorities, municipalities, researchers, and consultants.
	(Henriksen et al., 2022; Marzouk & Othman, 2017; Ramos et al., 2023; Tomić et al., 2022)

	Budgetary and Time Constraints
	Financial limitations force trade-offs in data quality and system functionality, often compromising the final DT implementation.
	(Habibian et al., 2023; Singh & Sharma, 2025; Zekri et al., 2022)
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