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            Abstract
Over the past century, many of the world’s major rivers have been modified for the purposes of flood mitigation, power generation and commercial navigation1. Engineering modifications to the Mississippi River system have altered the river’s sediment levels and channel morphology2, but the influence of these modifications on flood hazard is debated3,4,5. Detecting and attributing changes in river discharge is challenging because instrumental streamflow records are often too short to evaluate the range of natural hydrological variability before the establishment of flood mitigation infrastructure. Here we show that multi-decadal trends of flood hazard on the lower Mississippi River are strongly modulated by dynamical modes of climate variability, particularly the El Niño–Southern Oscillation and the Atlantic Multidecadal Oscillation, but that the artificial channelization (confinement to a straightened channel) has greatly amplified flood magnitudes over the past century. Our results, based on a multi-proxy reconstruction of flood frequency and magnitude spanning the past 500 years, reveal that the magnitude of the 100-year flood (a flood with a 1 per cent chance of being exceeded in any year) has increased by 20 per cent over those five centuries, with about 75 per cent of this increase attributed to river engineering. We conclude that the interaction of human alterations to the Mississippi River system with dynamical modes of climate variability has elevated the current flood hazard to levels that are unprecedented within the past five centuries.
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                    Figure 1: The lower Mississippi River and the Mississippi River basin in North America.[image: ]


Figure 2: Instrumental and reconstructed flood frequencies and magnitudes of the lower Mississippi River.[image: ]


Figure 3: Lower Mississippi River flood frequency and its relation to dominant modes of climate variability.[image: ]


Figure 4: Attribution of the observed increase in flood magnitudes over the past five centuries.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Location of Lake Mary, Mississippi (MRY) and sediment core (MRY2) used in this study.
Lake Mary is an oxbow lake that formed via neck cut-off of the lower Mississippi River in ad 177620 and is situated inside the modern floodway such that it continues to be inundated during overbank floods. Bathymetric contours (white) given in metres. Shaded relief shows relative topographic lows (dark shades) and highs (light shades) according to the National Elevation Dataset25.


Extended Data Figure 2 Location of False River Lake, Louisiana, and sediment core (FLR1) used in this study.
False River Lake is an oxbow lake that formed via neck cut-off of the lower Mississippi River in ad 172220 and is situated outside the modern floodway. Bathymetric contours (white) given in metres. Shaded relief shows relative topographic lows (dark shades) and highs (light shades) according to the National Elevation Dataset25.


Extended Data Figure 3 Location of Lake Saint John, Louisiana, and sediment core (STJ1) used in this study.
Lake Saint John is an oxbow lake that formed via neck cut-off of the lower Mississippi River in about ad 150020 and is situated outside the modern floodway. Bathymetric contours (white) given in metres. Shaded relief shows relative topographic lows (dark shades) and highs (light shades) according to the National Elevation Dataset25.


Extended Data Figure 4 Radiography, bulk geochemistry, grain size and chronology of core MRY2.
The age–depth model at right shows the median age probability (black line) and 1σ confidence intervals (grey shading), with 2σ confidence intervals on individual chronological controls.


Extended Data Figure 5 Radiography, bulk geochemistry, grain size and chronology of core FLR1.
The age–depth model at right shows the median age probability (black line) and 1σ confidence intervals (grey shading), with 2σ confidence intervals on individual chronological controls.


Extended Data Figure 6 Radiography, bulk geochemistry, grain size and chronology of core STJ1.
The age–depth model at right shows the median age probability (black line) and 1σ confidence intervals (grey shading), with 2σ confidence intervals on individual chronological controls.


Extended Data Figure 7 Relationships between peak annual discharge and normalized EM score for historical floods in sedimentary archives.
Scatterplots and linear regressions with 1σ prediction intervals relating normalized EM score (a measure of grain size) to peak annual discharge of historical flood events for (a) MRY, (b) FLR and (c) STJ. Peak annual discharge estimates are from the Mississippi River gauging station at Vicksburg. Calibration periods vary owing to site-specific factors discussed in the Methods and Supplementary Information. adj., adjusted.
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Engineering magnifies Mississippi's rising rivers
Instrumental records of river discharge do not go far enough back in time to place recent flood activity in a longer-term context, making it difficult to understand how climate variability and human activity might have affected flooding. Now, Samuel Munoz and colleagues reconstruct the past flood frequency of the Mississippi River from a compilation of river-discharge, tree-ring, sedimentary and climate data. The results show that the magnitude of the 100-year flood has gone up by about 20 per cent over the past 500 years. Climate cycles account for most of the variability in flooding on multidecadal timescales, but engineering works account for about three-quarters of the long-term increase.
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