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Supplementary Table 1. Basic information on the main Po River tributaries. Tributaries are
ordered in the downstream direction.

River Source Sink Drainage area (km?) Percent area of Po basin

Stura di Lanzo Alps S1 855 1.2
Malone Alps S1 344 0.5
Orco Alps S1 911 1.2
Dora Baltea Alps S2 3,922 5.3
Sesia Alps S3 3,075 4.1
Tanaro Alps S3 8,101 10.9
Scrivia Apennines S3 1,235 1.7
Upper Ticino Alps s 6,301 8.5
Lower Ticino Maggiore Lake 1,523

Lambro-Olona Alps S4 2,450 3.3
Trebbia Apennines S4 1,071 1.4
Upper Adda Alps S5 8,192 11.0
Lower Adda Como Lake S5 3,347

Taro Apennines S5 2,028 2.7
Parma Apennines S5 815 1.1
Enza Apennines S5 890 1.2
Upper Oglio Alps S6 6,360 8.6
Lower Oglio Iseo Lake 4,566

Upper Mincio Alps S6 3,007 4.0
Lower Mincio Garda Lake 823

Secchia Apennines S6 2,095 2.8

Panaro Apennines S6 1,780 2.4




Supplementary Table 2. Mann-Kendall test statistics for the verification of significance of a
monotonic time series trend (Mann, 1945) and Sen slope statistic as an estimate of the trend (Sen,
1968).

Mann-Kendall

n Sen-slope Significant at 0.05
p-value

Mximum daily flows
1954-2021 0.623 67 -4.269 no
1954-1989 0.774 35 8.798 no
1990-2005 0.893 16 -33.083 no
2006-2021 1.000 16 -6.938 no

Average daily flows
1954-2021 0.779 67 -0.728 no
1954-1989 0.236 35 5.154 no
1990-2005 0.964 16 -2.478 no
2006-2021 0.964 16 0.644 no

Minimum daily flows
1954-2021 0.223 67 1.400 no
1954-1989 0.079 35 3.749 no
1990-2005 0.753 16 -6.667 no

2006-2021 0.344 16 11.613 no




Supplementary Table 3. Active-channel width statistics (median, 90, 75, 25 and 10" percentiles)
derived from cross-sections measured with a 500-m spacing along the Po River.

1955 Sl S2 S3 S4 S5 S6
Median 339.0 258.5 527.2 449.7 712.8 455.5
90" percentile 525.6 610.4 900.5 679.7 1053.4 740.4
75t percentile 454.8 391.8 704.1 583.4 904.7 557.8
25t percentile 246.0 212.7 397.2 337.3 557.7 352.3
10" percentile 211.7 182.9 313.0 283.9 4224 295.3
1978 Sl S2 S3 S4 S5 S6
Median 203.4 196.7 466.6 409.9 531.8 443.0
90" percentile 388.5 372.5 750.5 584.9 809.3 662.6
75M percentile 259.0 271.0 611.0 502.2 652.1 536.3
25t percentile 162.4 162.0 343.9 326.8 419.3 365.8
10" percentile 134.7 138.6 270.1 262.3 327.6 296.5
1989 s1 S2 S3 sS4 S5 S6
Median 172.9 190.5 412.4 399.2 4471 441.0
90t percentile 275.2 279.9 724.2 601.6 639.7 649.1
75M percentile 224.6 239.1 5333 495.9 554.3 551.0
25t percentile 128.0 157.7 342.3 319.0 3434 356.2
10" percentile 102.6 129.7 294.8 2554 300.6 301.2
1999 s1 S2 S3 sS4 S5 S6
Median 191.8 202.3 436.2 396.7 376.5 437.5
90" percentile 380.5 329.0 750.0 559.0 545.4 611.3
75M percentile 261.9 257.2 550.6 492.2 465.1 529.7
25t percentile 142.4 158.0 3374 309.7 313.1 355.8
10" percentile 113.9 131.7 294.4 252.6 260.1 296.4
2005 S1 S2 S3 sS4 S5 S6
Median 227.9 220.5 4232 388.3 351.3 438.7
90™ percentile 411.2 339.5 651.2 567.0 550.8 629.5
75" percentile 308.0 257.7 534.8 492.0 438.6 537.3
25M percentile 171.6 173.4 346.9 309.4 304.1 362.2
10" percentile 143.5 148.2 282.7 254.7 249.8 299.2
2021 S1 S2 S3 S4 S5 S6
Median 2274  209.2 450.7 385.5 345.8 429.8
90" percentile 384.5 332.1 770.1 571.9 511.8 627.4
75" percentile 300.5 262.8 603.8 485.5 416.9 523.0
25 percentile 166.8 177.6 354.6 295.4 291.5 353.0

10" percentile 125.5 151.1 283.7 250.1 249.2 294.5
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Supplementary Figure 1. Extent of the Rovigo (RO) and Ferrara (FE) provinces. The embedded
table reports in-channel mining concessions granted between 1982 and 2005. Volumes are
subdivided by provincial offices into proximal (Alessandria-Pavia), mid-upper (Piacenza-
Cremona), mid-lower (Mantova-Parma-Reggio Emilia) and distal (Ferrara-Rovigo) portions of the
Po River mainstem (AdBPo, 2008a).
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Supplementary Figure 2. (a) Mean and (b) minimum annual values of daily flows recorded at
Pontelagoscuro (8 m asl) between 1 January 1954 and 31 December 2021. To ease visual
interpretation, the relevant 5-year moving average is reported (i.e., red solid linework). The vertical
dashed lines mark the photographic years used in this study. Note that the 1954-2021 trends tested
not significant to Mann-Kendall analysis at 0.05 level.



2005 2021
Artificial margins (m)
1736 1736
Natural margins (m)
2034 1922
Confinement (%)
46.1 47.5
SC = secondary channel

2004 2021
Artificial margins (m)
169 854
Natural margins (m)
3198 2291
Confinement (%)
5.0 27.7

2005 2021
Artificial margins (m)
3212 2636
Natural margins (m)
2192 2846
Confinement (%)
59.4 18.1

2004 2021
Artificial margins (m)
2284 659
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2035 3567
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52.9 15.6

Supplementary Figure 3. Examples of change in anthropogenic confinement between 2004/05
and 2021. (a and b) Confinement increases due to simplification (i.e., reduction in sinuosity) of
the natural margins on the right bank, related to the deactivation of a secondary channel. (c and
d) Confinement increases due to the lateral migration of the left margin towards the existing
defense works, which in 2021 make up the margin of the active channel bed. (e and f)
Confinement decreases due to the removal/damage of a weir at the upstream end of a regulated
secondary channel, which in 2021 becomes a natural one, and is characterized by higher
sinuosity (i.e., longer natural margins). (g and h) Confinement decreases due to the combined
effect of: (1) development of a vegetated bar on the left bank (i.e., increase of the natural
margins) that promotes flow deflection to the opposite bank; (2) bank erosion and collapse of the
defense works on the right bank (i.e., reduction of artificial margins).
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Supplementary Figure 4. Mainstem-wide historical evolution of the number and area of regulated
(orange) and natural (blue) secondary channels. Dashed and solid lines refer respectively to the
number and area of secondary channels.
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Suppl. Figure 5. Sample channel stretch, characterized by low anthropogenic confinement (21%),
located at km 162 within segment S4, near the town of Castel San Giovanni. Planimetric evolution
of the active channel across photographic years: (a) 1954; (b) 1975; (c) 1988; (d) 1999; (e) 2004;
and (f) 2021. (g) Cross-sectional channel changes measured at B-B’ in 1954, 1969, 1979, 1984,
1991, 2000, 2005, 2021 and 2022. (h) Historical trend in mean active channel bed elevation (red
linework) and width (ACW) at the B-B’ channel cross section (green linework), and ACW across
the entire river stretch (blue linework). In panels a through f, the white arrow denotes flow

direction, and the yellow line marks the footprint of reference channel cross section B-B’. VI =
vegetated island; ML = main levee.
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Suppl. Figure 6. Plan view of the Po River configuration in proximity of Isola Serafini Dam in
photo years: (a) 1954; (b) 1975; and (c) 2021. During the 1951 flood the meander cutoff of Isola
Mezzadra occurred. Subsequently, this channel planform simplification was exploited to build the
Isola Serafini Dam and the relevant navigation bypass, a highly confined, regulated secondary
channel dug across the the southern branch of Isola Mezzadra meander. In panels a and b, blue
linework indicates the outline of the active channel bed. In panel c, the solid line F-F’ indicates
reference cross-section #26 near Cremona, and dashed line marks the upstream end of reach A,
where DoD analysis across segment S5 starts (Figure 11). Note the historical trend of channel
narrowing and bed incision between 1954 and 2005.
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Suppl. Figure 7. Boxplots showing the historical (1955-2021) frequency distribution of Wrioss
calculated from cross-sections measured with a 500-m spacing: (a) S1; (b) S2; (¢) S3; (d) S4; (e)
S5; and (f) S6. Horizontal lines indicate median values, boxes enclose interquartile ranges, and
whisker indicate 10th and 90th percentiles. Where Wri9ss is the normalization of the width in a
given photographic year with respect to the initial width, in our case study 1955, allowing for
unbiased comparison of active channel width adjustment across segments (e.g., Scorpio et al.,
2024).
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