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Abstract. The morphological evolution of river deltas is a complex process influenced by both natural factors and human inter-

ventions. The stability and predictability of flow distribution within delta channels are critical for human settlements; however,

this requirement conflicts with the natural tendency of deltas to avulse towards the most hydraulically efficient branch. This

study examines the existence of alternative equilibrium states within deltaic systems, highlighting key internal feedback mech-

anisms among delta branches through a novel theoretical model tailored to river-dominated delta channels. In particular, the5

analysis identifies the total length of delta branches extending toward the downstream end as the primary factor governing

the stability of individual bifurcations within the delta. Additionally, the spacing between internal bifurcation nodes plays a

secondary role by influencing flow partitioning through feedback mechanisms that modify the free-surface elevation at the bi-

furcation node. For deltas exhibiting significant asymmetries in either length or width, a threshold condition emerges, reducing

the number of possible equilibrium states. Focusing on the Po River Delta, Italy, as a case study, we examine equilibrium vari-10

ability and identify potential avulsion sites. Our findings provide a valuable framework for predicting future shifts in deltaic

morphology and informing management strategies that reconcile natural delta evolution with infrastructural and economic

requirements.
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1 Introduction15

River deltas are dynamic landforms where fluvial and marine environments merge. The continuous evolution of river deltas is

governed by a complex interplay of different processes, including the relative balance between sediment supplied by the river

and accommodation space. Sediment load depends on upstream conditions such as natural erosion, land use, damming, and

vegetation cover. The interplay between sediment supply and hydrodynamic forces, including river discharge, tidal action, sea

level changes, and wave energy, determines the morphology and progradation rates of deltas (Galloway, 1975; Nienhuis et al.,20

2020).

River deltas hold critical importance for human activities due to their fertile soils, rich biodiversity, and strategic locations.

Consequently, they have been often subject to anthropogenic interventions which have significantly impacted their morpholog-

ical evolution, as shown in Figure 1. Indeed, large-scale engineering projects, such as dam construction, river channelization,
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