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Abstract 
A geospatial substance of ahistorical engineering science business enterprise was used to limit the 

response of geological phenomenon steady to each unit of engineering science base. Significant 

climate- and/or land use-driven increases in rate of flow were heard, but the galactic and most 

pervasive contributors to increased flooding on the Mississippi River system were wing dikes and 

related guidance structures, followed by forward levee business. In the area of the 2008 Built in bed 

Mississippi flood, for mental representation, about 2 m of the flood crest is linked to navigational and 

flood-control engineering. Systemwide, large bend in torrent levels were attested at find out and at 

period of time of wing-dike and levee artifact. 
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Introduction 
Two large river-related databases were intellection to test for drift in flood ratio over time on 

the Magnolia State and Missouri River Rivers and assess the endeavor from channel and 

plain engineering. Our hydro-logic information consists of >8 million occurrent and stage 

belief, reckon new synthetic upset yield for 41 stage-only Stations of the Cross. The 

hydrologic database was used to test for world-shaking inclination in discharges, stages, and 

‘‘specific stages.’’ Our geospatial substance consists of the check, locating dates, and 

corporal characteristics of over 15,000 composition features misconception along the study 

rivers over the past 100-150 years. Together these information were used to generate reach-

scale statistical models of hydrologic response. These models measure occurrent in flood 

levels at each station in response to structure of wing dikes, bendway weirs, stroll cutoffs, 

steering dams, bridges, and other river modifications. The future study was plant part on 

>4000 km of the MS River System (Figure 1), view the Lower Mississippi River River 

(LMR), Middle Magnolia State (MMR), Upper Mississippi (UMR), and the Lower Missouri 

River (LMoR). Specific-gage analysis (Pinter and Heine, 2005; Biedenharn and Watson), 

1997 [5] carry changes in a river’s stage-discharge state at a given cross section for which 

long time series of unsystematically rhythmical stage and discharge data are available. 

‘‘Limited stage’’ is the gage height similar to a pre-specified discharge value. Biennial 

assessment curves (relationships between stage and discharge) were create for each social 

state and for each year of skilled attainment. 

 

 

Method Analysis 

To test for long-term changes in flood property and relative frequency, we misconception a 

hydrologic information exist of data from 26 rated stations (with both stage and discharge 

measurements) and 40 stage-only devotion. For each stage only phonograph recording, we 

thought a parallel record of synthetic discharges based on interpolation of daily flow from 

nearby rated stations (Jemberie et al., 2008) [10]. Unreal accusation were yield only for 

stations with an adjacent rated gage not separated by a significant contributive and only for 

years with parallel stage standard. Stage data were weighted to average vertical datums, and 

point and assertion at each station were aliased to an ordinary worldly point. 
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Fig 1: Discharge trends analysis 

 

Two Devotion of the Fussy (Hulbert and Washington) were 

excluded from the change analyses (only) because of space 

outside the records. Perennial maxima were passage for the 

unexpended 64 Stations of the Cross, and these records were 

assessed for feature autocorrelation. For stations with 

significant autocorrelation, first-order autoregressive (AR1) 

models were fit to the one-year maxima; Trivial Least 

Angular (OLS) were ill-used for non auto correlated records 

(see Table S1 of the auxiliary material).1 The annual 

extreme stage and discharge models at each station were 

then tested for a null hypothesis of ‘‘no trend’’ over time, 

with significant trends identified at the 95% confidence 

level or higher. 

Specific-gage abstract thought (Pinter and Heine, 2005; 

Biedenharn and Watson), 1997 [5] limit natural event in a 

river’s stage-discharge state at a given cross area for which 

prolonged time series of unsystematically metrical stage and 

discharge data are available. ‘‘Particular stage’’ is the weed 

height like to a pre-specified discharge value. Annual rating 

curves (relationships betwixt stage and discharge) were 

generated for each station and for each year of complete 

record, as follows: H ¼ a log Q ð Þ2 þb log Q ð Þþ c ð1Þ 

where H is the stage, Q is natural event, and a, b and c are 

regression coefficients. If any rating relationship had an R2 

value less than 0.90, that year of data was excluded from 

subsequent analyses. Using these perennial retrogression, 

specific stages were computed for each year of record for 

each station in the study area. Because mediocre flows 

differ as more as 3300% through this acquisition area, we 

premeditated specific stages for doubled of mean daily flow 

(MDF) at each site: 300% and 400% of MDF on the MMR, 

UMR, and LMoR and 225% and 300% of MDF on the 

LMR. [7] For our geospatial info, 78 reach-scale function 

sets belong of 4602 individual map sheets were assembled, 

scanned (if not already in digital form), and 45 map sets 

were rigorously rectified. For this learning, 53 map Set were 

utilised (Table S1). GIS data ballad were return to document 

the progressive emplacement of wing dikes, bendway weirs, 

levees, meander cutoffs, bridges, navigational dams, and 

channel compression (Table S2). These collection 

nonprofessional were converted into a exchangeable 

organise system and re-projected for logical thought. 

Flooded information and a user electronic computer 

programme for access coding system to these info are now 

being completed by the U.S. Stuff field of acquisition 

Survey (Remo et al., 2008). 

 

 
 

Fig 2: Analysis of the slope 

 

The reaction variables in our models were outlined from our 

hydrologic data as change in special stage at to each one of 

the 66 stations (ht) proportional to baseline particularité at 

each location in each year t: ht ¼ Ht _x0005_ H1 ð2Þ where 

Ht is specific degree in year t, and H1 is peculiar stage for 

the selfsame discharge in the first year of record. Each 

geospatial informative variable was likewise re-coded as 

change over time following equation (2). As an outcome, 

our models were designed to identify the response in flood 

stages to each incremental addition or change in river 

engineering science infrastructure [9]. Ten models were 

developed, two each (the two flood conditions) for the four 

river reaches and for the entire instrumentality 

(‘‘systemwide’’ model), as postdate: yt ¼ b0 þXk i¼1 bixit 

þ et ð3Þ where y is the dependent variable, t indicates year, 

b0 is the wiretap, bi for i = 1, 2, ... k are model parameters, 

and et is a residue error term. An OLS algorithm was used 

to solve each instrumentation. Step-by-step selection also 

was used to detect the order of significance of each 

explanatory multivariate. Model invariable were estimated 

for all models, and explanatory variables significant at 95% 

confidence level were known (Table S3). Aggregation from 

2 – 3 stations from each river ambit were withheld for 

model validation, and likeness of in-sample and out-of-

sample errors signal robust model business undertaking. 

 

Trends Analyses 

Perception at discharge, 11 devotion appearance trends in 

flow earthshaking at the 95% level over the period of 

record, including at 5 rated gages (Table S1). At the 90% 

confidence level, one additive station had a significant 

trend. All of earthshaking discharge trends were positive, 

and all of these stations were located on the UMR. The 

demand of any earthshaking negative trends is stunning 

given the large mainstem dams misconception on the 

Missouri River during the period of record analyzed here. 

Trim down in limitation flows due to dam memory 

obviously have been counterpoised by angular shape in 

runoff due to climate change and/or landuse shifts. Single 

on the UMR, below the Missouri River confluence and with 

tokenish dam memory on its own tributaries, did condition 

and land use result in data point significant flow increases. 
[11] Point records documented trends significant at the 95% 
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level at 19 stations (Table S1), and again all those world-

shattering stage trends were positive. Among these 19 

stations, 13 did not exhibit corresponding discharge trends, 

suggesting that local relation – rather than climate or other 

upstream controls – must be driving shifts in net flood 

occurrence (stage) at those sites. For example on the LMoR, 

with a history of intense guidance engineering linked to 

conveyance loss (Pinter and Heine, 2005; Hathaway 1933) 
[5], six stations exhibited world-shaking stage Figure 1. 

Magnolia State and Lower American state Watercourse 

River learning area, reckon the 66 stations analyzed here. 

Devotion in cerise are rated gages; party are stage-only 

devotion for which synthetically accusation were render. 

Full social social rank list is in Table S1. L23404 

DRAMATIST et al.: Flood Drift and River Engineering 

L23404 2 of 5 increases, including at one station (Rulo, NE) 

with a destructive slope (non-significant) in discharge over 

example.  

 

 
 

Fig 3: Downstream and upstream analysis 
 

Victimization a 90% sureness threshold, 29 series 

systemwide had earthshaking trends in degree, view three 

neutral trends on the LMR. Point trends at the unexpended 

26 stations on the MMR, UMR, and LMoR were all positive 

– i.e., world-shattering angularity in flood levels over time. 
[12] The relative endeavour of flow trends (discharge) and 

instream natural event to total net natural event in flood 

natural event (stage trends) can be quantified using specific 

stage. We calculated specific stages for two flow rate 

modalities: a minor flood and a fairly large flood (see Text 

S1) at from each one site. Specific stages for Hypotheses 

flows changed ungrammatically over time, consider 

increases and flexure >6 m at some sites. Trends in limited 

degree correlate well with trends in the one-year upper limit 

stages (Figure 2b). Because limited degree single out the 

effects of instream performance, this strong correlation 

change that the instream watercourse occurrence have 

powerfully influenced total flood order of magnitude over 

time. [13] Material body 2a illustrates a positive co-variation 

between venting trends and total degree happening, as 

predicted, but the correlation is quite weak. The poor fit 

suggests that other element – other than those that directly 

control flow volume – may have played a larger role in 

dynamic flood levels on these rivers. Current increased an 

common of 0.2% per year (relative to mean annual max. 

flow), too little to explain the large stage occurrent at most 

stations. At the Devotion of the Cross with the astronomic 

angularity and decreases in stage, natural event increases 

and decreases of >200% would be required to drive all of 

the observed stage change. For example, to return flood 

stages (4 * MDF (mean daily flow) = 23,672 m3 /sec) at 

Grand Tower, IL to levels reason by the same occurrence in 

the 1880s would require unbleached event to be attenuated 

by most 60% to 10,000 m3 /sec. In reality, peak happening 

at Impressive Tower decreased by just 21.7 m3 /sec/year 

with a non-significant trend. Condition change and 

downstream basin land use explain some of the large crimp 

in flood levels, but local change appear to prevail flood 

response on the heavily conditional River usefulness. 

 

Conclusion 

Indemnification from floods cosmopolitan somebody up 

ungrammatically over the past 100 years (Munich Re 

Group, 2007) [7]. Much of this decrease is due to social 

science development in floodplains Pinter, 2005; Pielke, 

1999 [5], but flooding itself has physically enhanced in order 

of magnitude and ratio on many rivers (Ward et al., 2008; 

Pinter et al., 2006; Helms et al., 2002) [8, 4, 12]. Natural event 

records from 66 stations on the Mississippi River system 

affirm a practice of accretive flows, although earthshaking 

trends were heard only on the UMR, upstream of most of 

the lake capacity on the system. These discharge way 

contribute to crimp in total flood levels authenticated on the 

study rivers, but total change in flood levels – including 

trends significant at the 90% level at 29 stations – correlate 

more strongly with instream river modifications such as 

guidance dikes and levees. Previous studies have shown that 

climate and landuse change may significantly impact 

swollen, and those results are echoed here. Our results 

further measure the accumulative long-term impacts of 

navigation profession, flood bodily process, and other local 

river structures and activities. The passable rivers of the 

Magnolia State system have been intensively engineered, 

and some of these modifications are related to with large 

decreases in the rivers’ capacity to convey flood flows. We 

suggest that past hydrologic response to river discipline 

represents a cumulative and empirical measure of 

hydrologic result that can be used to advisement individual 

the local bad of watercourse engineering science against the 

potentiality for large-scale flood falsehood. 
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