Anthropogenic impacts
Longshore drift of coastal sediments is frequently disrupted by the presence of harbour breakwater systems. In Poland, these include 14 ports along the coast, whose breakwaters reach up to 2 km into the sea. The presence of breakwaters influences the rate of cliff retreat; with increasing distance, this influence decreases (Frydel et al., 2017) but remains detectable as far as up to 12–15 times the length of the breakwater's reach into the sea. Currently, at S1, the whole barrier and about 40% of the cliff section are protected by coastal defence systems and occasional beach nourishment. Up to the late 1950s, the coast was rather stable (Uścinowicz et al., 2014), eventually in the 1960s, a tower with a lift for tourists was constructed, though it collapsed in 1982 (Subotowicz, 1995). From 1994 to 1997, a gabion seawall was raised at the foot of the cliff but soon landslides caused its progressing degradation (Subotowicz, 2000). In 2000, part of the western margin of the moraine was strengthened with a hydroengineering structure, the 235 m long Massive Cliff Stabilization System (MCSS). The retaining walls form four terraces that reach 29 m asl (Suppl. Fig. 8). Doubts about its efficiency (Subotowicz, 2000) have proved to be justified when a landslide reactivated behind the structure. Since 2010, the MCSS has been repeatedly scanned using LiDAR and photogrammetry (Kramarska et al., 2011; Uścinowicz et al., 2014, Karwacki, 2021). In contrast, the coast near the Gdynia Orłowo Cliff (GOC) remains virtually unprotected (Suppl. Fig. 9). In the 1930s, the Kępa Redłowska Nature Reserve was established, hence human interference was not allowed. In 2006, an exception was made and three submerged breakwaters were installed about 150–200 m from the shoreline to dissipate the wave energy and protect the nearby fishing harbour and the beach. However, even for an average sea level, only 33% of wave energy becomes scattered (Kubowicz-Grajewska, 2016). 
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