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Abstract Planning for restoration of river-flood-

plain systems requires understanding how often and

how much of a floodplain may be inundated, and how

likely the floodplain is to retain the water once

flooded. These factors depend fundamentally on

hydrology and geomorphology of the channel and

floodplain. We discuss application of an index of

river-floodplain connectivity, the Land Capability

Potential Index (LCPI), to regional-scale restoration

planning along 600 km of the Lower Missouri River.

The LCPI integrates modeled water-surface eleva-

tions, floodplain topography, and soils to index

relative wetness of floodplain patches. Geomorphic

adjustment of the Lower Missouri River to impound-

ment and channel engineering has altered the natural

relations among hydrology, geomorphology, and

floodplain soils, and has resulted in a regional

upstream to downstream gradient in connectivity

potential. As a result, flow-regime management is

limited in its capacity to restore floodplain ecosys-

tems. The LCPI provides a tool for identifying and

mapping floodplain restoration potential, accounting

for the geomorphic adjustment. Using simple criteria,

we illustrate the utility of LCPI-like approaches in

regional planning for restoration of plains cotton-

wood (Populus deltoides) communities, hydrologi-

cally connected floodplain wetlands, and seasonal

floodplain wetlands.

Keywords Wetland restoration � Fluvial

geomorphology � Flow regime � Dams � Cottonwoods

Introduction

River restoration strategies generally involve

attempts to restore ecosystem functions to a level

that meets ecological and socio-economic objectives

(Federal Interagency Stream Restoration Working

1998). Much emphasis has been placed on restoring

elements of the flow regime, usually accepted as the

master variable structuring river-floodplain ecosys-

tems (Poff et al. 1997; Poff and Zimmerman 2010;

Richter et al. 1997; Richter et al. 2003). In many river

systems, however, flow regime alterations take place

within a natural context of spatially and temporally

varying geologic processes as well as spatially and

temporally varying anthropogenic factors that con-

tribute to altered water quality, sediment fluxes, and

river morphology (Poff et al. 2009). These indepen-

dent, or semi-independent, factors can combine to

challenge diagnosis of riverine ecosystem dysfunc-

tion and design of restoration strategies.

R. B. Jacobson (&)

Columbia Environmental Research Center, US Geological

Survey, Columbia, MO, USA

e-mail: rjacobson@usgs.gov

T. P. Janke � J. J. Skold

Missouri River Program, The Nature Conservancy,

Omaha, NE, USA

123

Wetlands Ecol Manage

DOI 10.1007/s11273-011-9217-3



A central theme in large river ecosystem function-

ing has been the flood-pulse concept (Junk et al.

1989; Sparks et al. 1998; Tockner et al. 2000) which

holds that periodic, long-duration inundation of the

floodplain provides the connectivity that facilitates

exchange of nutrients and access of some fishes to the

floodplain for feeding and spawning. Because the

flow regimes of regulated rivers are typically altered

to remove or decrease flood peaks, floodplain-

connecting flood pulses are often reduced in magni-

tude, frequency, and duration. Restoration of flood-

plain-connecting discharge pulses has therefore been

a focus for restoration on many managed rivers

(Sparks et al. 1998; Richter et al. 2003; Richter and

Thomas 2007; Galat and Lipkin 2000).

In addition to the presence of flood pulses, effective

connection with the floodplain requires channel and

floodplain morphologies that allow inundation. Con-

nections to natural alluvial floodplains are often

through crevasses (channels eroded through natural

levees), so-called ‘‘tie channels’’ to floodplain lakes

(Rowland et al. 2009), or overbank flooding that

precedes from downstream to upstream on a river

bottom (Schmudde 1963). Moreover, the ecological

functioning of water on the floodplain may vary with

floodplain geomorphology that controls water depth,

velocity, and residence time, and indirectly influences

water temperature, water quality, and sediment con-

centrations (Mertes 2002, 1997; Power et al. 1995;

Knowlton and Jones 1997; Galat et al. 1998).

Water may also connect with the floodplain and

floodplain wetlands through groundwater connec-

tions. Pathways for groundwater connections are

varied, but can be classified into two broad classes:

connections with the channel and connections with

surrounding uplands, each of which is likely to have

different contributions to wetland water quality and

hydroperiod (Amoros and Bornette 2002). Sandy,

permeable floodplain sediments facilitate rapid and

dynamic connections between river channels and

wetlands adjacent to the channel whereas wetlands

near valley walls may be more affected by local

sources of surface water and groundwater from

uplands (Kelly 2006). The complexity of interactions

among surface water, ground water, topography, and

alluvial sediments presents a substantive challenge to

assessments of restoration potential.

The intent of this article is to describe a systematic

process to evaluate the joint effects of flow regime,

channel-floodplain morphology, and soils in deter-

mining site suitability for floodplain restoration. The

evaluation approach can be used at a range of scales,

but the intent of the article is to describe application

at the valley-segment scale (100 s of kilometers). The

example used is a 600 km section of the Lower

Missouri River extending from Gavins Point Dam,

South Dakota (river mile 8111), to downstream of St.

Joseph, Missouri (river mile 420; Fig. 1). This section

encompasses a range of channel morphology includ-

ing a multi-thread, complex, incised segment down-

stream of Gavins Point Dam and single-thread,

channelized, non-incised segments further down-

stream (Jacobson et al. 2009). The range of channel

morphological conditions is typical of responses of

many rivers to dams (Schmidt and Wilcock 2008;

Williams and Wolman 1984), and produces a

continuum of floodplain restoration potential.

This paper was motivated by the need for a

regional-scale tool for assessing relative suitability of

the Missouri River floodplain for restoration. Rec-

ommendations for holistic restoration of the Missouri

River have included reconnection of flows to the

floodplain to improve general riverine ecosystem

functions (National Research Council 2002). Efforts

of more limited scope have emphasized specific

restoration projects to benefit riparian cottonwood

communities and floodplain connecting events to

benefit native and endangered fishes (US Fish Wild-

life Service 2000, 2003). Currently over 80,000 ha of

floodplain acquisition, easements, and accompanying

restoration efforts are being undertaken by the US

Army Corps of Engineers, the Natural Resources

Conservation Service, the US Fish and Wildlife

Service, and other municipal and non-governmental

groups. The Land Capability Potential Index (LCPI;

Jacobson et al. 2007) was developed to provide an

index of suitability potential for floodplain restora-

tion, and thereby to provide planners, managers,

stakeholders, and landowners with an understanding

of where along this river section restoration values

can be maximized and costs can be minimized. The

LCPI was the product of a partnership among the US

Geological Survey, the US Fish and Wildlife Service

Rainwater Basin Joint Venture, the Nebraska

1 River miles are the customary units of distance along the

Missouri River and are used here to facilitate communication

with resource managers and stakeholders.
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Partnership for All Bird Conservation, the US Army

Corps of Engineers Missouri River Integrated Sci-

ence Program, the Nebraska Game and Parks Com-

mission, and The Nature Conservancy’s Missouri

River Program.

Missouri river background

Physiographic and climatic framework

The Missouri River drains more than 1.3 million km2

of the United States and Canada. At 4,180 km length,

the mainstem is the longest river in the United States

(Galat et al. 2005). The Missouri River Basin mixes

snow-melt hydrology in the Rocky Mountains and

Great Plains with less predictable runoff from frontal

storms and tropical air masses from the Gulf of

Mexico. This produces a characteristic double-

peaked annual hydrograph, with March and May–

June flood pulses. Natural intra- and interannual flow

variability increases moving downstream (Galat and

Lipkin 2000; Pegg et al. 2003).

As the Missouri River flows through the Great

Plains, it traverses a broad area dominated by annual

precipitation ranging from 200 to 500 mm, a precip-

itation range generally associated with the greatest

sediment delivery rates per unit watershed area

(Langbein and Schumm 1958). Sediment contribu-

tions from the Great Plains are responsible for the

Missouri River’s large natural sediment flux (Jacob-

son et al. 2009) and dominance of the Mississippi

River’s sediment load (Meade 1995). Under natural

conditions, the sand-bedded Missouri River was a
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Fig. 1 Location of the

Lower Missouri River

valley bottom between

Gavins Point Dam, South

Dakota and St. Joseph,

Missouri, with river miles

upstream of St. Louis,

Missouri (river mile = 0)

and US Geological Survey

streamflow gaging stations
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highly dynamic braided to anastomosed channel

characterized by rapid channel migration (Jacobson

and Galat 2006; Moody et al. 2003).

Bedrock and surficial geology have influenced the

nature and extent of Missouri River floodplain. The

drainage basin has been affected by multiple glaci-

ations that have caused multiple reorganizations of

the drainage network and produced large quantities of

glacially derived sediment that have been transported

to the south (Bluemle 1972). Near Yankton, South

Dakota, the Missouri River flows across the southern

boundary of the Wisconsin glaciation (King and

Beikman 1974). Extensive deposits of late Pleisto-

cene outwash underlie a broad alluvial valley

5–25 km wide, extending from Yankton, South

Dakota, to central Missouri (Fig. 1). Variations in

valley width relate to variations in erodibility of

bedrock underlying the valley walls. A notable

example is the narrowing of the valley that occurs

near rivermile 625, coincident with a transition from

shale-dominated Cretaceous rocks to carbonate dom-

inated Pennsylvanian rocks (Hallberg et al. 1979).

The Missouri River valley bottom can be differ-

entiated into active channel, meander belt (flood-

plain), alluvial terraces, and bordering colluvial

landforms downslope of bluffs (Fig. 2). The active

channel is that part of the valley bottom that contains

most of the mainstem discharge and is characterized

by the bed, sandbars, and banks of the river; the sub-

aerial distribution of these features depends on river

stage. The meander belt is that part of the land

surface that the river channel has occupied and

deposited during the Late Holocene and is the focus

of the LCPI. Because of its relatively recent depo-

sition, the meander belt retains some of its original

ridge and swale topography, although it has been

altered to various extents through levees, farming,

road construction, and ditching.

The ridge and swale topography of the meander

belt results in juxtaposition of landscape patches with

differing potential for restoration related to variations

in local access to surface water, interaction with

groundwater, and permeability of the underlying

sediment. The ridges mostly are remnants of point

bars and tend to be sandy, whereas the swales are

infilled channels, which tend to be composed of silt

and clay sediments (Holbrook et al. 2006). Under

natural conditions, the meander belt was a floodplain

that would be inundated relatively frequently,

generally with a probability of once per year to

1/100 per year (that is, the 100 year recurrence flood

plain). Bordering terraces and colluvial land forms

flood much less frequently. At the resolution of soil

orders and suborders, modern soil maps indicate the

underlying morphology and stratigraphy of the Mis-

souri River floodplain, with Entisols occurring on

young point bars, Mollisols on young infilled chan-

nels, and relatively small areas of Vertisols, Incep-

tisols, and Alfisols on alluvial terraces and colluvial

aprons. These relations allow for judicious extrapo-

lation of subsurface information that is available in

limited areas to regional interpretations from soils

maps, which are available for the entire Missouri

River floodplain.

Natural floodplain vegetation communities

Understanding of the mosaic of natural vegetation

communities and their relations to hydrology and

geomorphology of the pre-European settlement flood-

plain provides understanding to inform floodplain

restoration goals. The historic natural vegetation of

the Lower Missouri River floodplain can be broadly

categorized into three major types: woody assem-

blages, grassland assemblages and wetland/aquatic

assemblages. Together, patches of these assemblages

formed the mosaic of riparian communities that

defined the natural character of the Missouri River

valley. The distribution of the assemblages across the

floodplain was highly associated with the underlying

geomorphology, hydrology, and soils, and so under-

standing of these historical associations helps inform

modern restoration efforts. Woody assemblages

included early successional woodlands and riparian

forests. Early successional woodlands largely con-

sisted of young stands of sandbar willow (Salix

interior) and plains cottonwood (Populus deltoides)

that rapidly established on recently deposited and

exposed alluvium (Pound and Clements 1900; Bragg

and Tatschl 1977; Aikman 1929). Early successional

woodlands were highly dynamic systems character-

ized by large population changes driven by high rates

of bank erosion and sediment deposition. More

mature riparian forests were comprised of older

cottonwoods in addition to more mesophytic species

including silver maple (Acer saccharinum), Boxelder

(Acer negundo), hackberry (Celtis occidentalis),

black walnut (Juglans nigra), green ash (Fraxinus
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pennsylvanica), and American elm (Ulmus ameri-

cana). Early successional woodlands typically blan-

keted low-elevation point bar surfaces, young alluvial

deposits and channel margins, while riparian forests

commonly bordered the river channel growing on

natural levees and higher, more stable point bar

surfaces as well as confluences with other smaller

rivers (Weaver 1960).

Grasslands were a common feature throughout the

Missouri river valley but greatly increased in occur-

rence and extent upstream of the Missouri-Iowa

border. Several distinct types of grasslands existed

throughout the Missouri River valley. Coarse hydric

grasslands dominated by prairie cordgrass (Spartina

pectinata) and other hydrophytic species capable of

withstanding frequent flooding and siltation grew

abundantly throughout the meander belt and wetter

portions of the upper floodplain. Relatively drier sites

were dominated by switchgrass (Panicum virgatum)

and Canada wildrye (Elymus Canadensis). Mesic

prairie dominated by big bluestem (Andropogon

gerardii) and to a lesser extent, Indian grass

(Sorghastrum nutans) grew on better drained portions

of the upper floodplain where the water table was

several feet below the surface. Mesic prairie also

grew on higher Pleistocene terraces where it inter-

mixed with tallgrass prairie (Weaver 1960).

Wetlands and aquatic plant assemblages were

found throughout the floodplain in oxbow lakes,

ponds, marshes and wet meadows. Oxbow lakes and

ponds were often inhabited by White water lily

(Nymphaea odorata) and Yellow water lily (Nuphar

variegata) rooted in mud 1–2.5 m below the water

surface. In other places, pondweeds (Potamogeton

spp.) and duckweeds (Lemna spp.) grew in great

abundance (Weaver 1960). In addition to oxbows,

shallow lakes also occurred at the margins of the

floodplain where it meets the adjoining bluff. Large

areas of marshland were found along the Missouri

river where seasonal water levels kept the soil barely

submerged to saturated throughout the growing

season. The dominant species in marshes included

bulrushes (Schoenoplectus acutus, S. validus, Bolbo-

schoenus fluviatilis), broad-leaf cattail (Typha latifo-

lia), common reed (Phragmites australis), giant

burreed (Sparganium eurycarpum), arrowhead (Sag-

ittaria spp.) and water plantain (Alisma spp.) (Weaver

1960). Wet meadows occurred along the Missouri

River in places where the summer water level was

close to the soil surface, but not much above ground

level. In spring, these wetlands were subject to

inundation after heavy rains or overbank flooding

(Weaver 1960). Many wet meadows were inhabited

almost entirely by tall sedges and rushes, including

fox sedge (Carex vulpinoidea), smooth-cone sedge

(Carex laeviconica), Dudley’s rush (Juncus dudleyi)

and Torrey’s rush (Juncus torreyi). Others consisted

largely of hydric grasses and forbs including rice

cutgrass (Leersia oryzoides), reed canarygrass (Pha-

laris arundinacea) or smartweeds (Polygonum spp).

History of alteration

Historical descriptions of the pre-European settlement

Missouri River indicate that the river-floodplain

system was dynamic and supported a complex mosaic

of channel features, riparian, wetland, and grassland

communities. Alteration of the Missouri River system

for socio-economic benefits altered the balance of

hydrology and geomorphology that maintained the

complex floodplain ecosystem. The Missouri River

today hosts the largest reservoir system in North

America, consisting of 6 mainstem dams that have a

total of more than 91 km3 of storage (Galat et al.

2005). The downstream-most dam (Gavins Point) was

completed in 1957 and the reservoir system was filled

and operating by 1967 (US Army Corps of Engineers

2004a; National Research Council 2002). Regulation

of the Missouri River Reservoir System for flood

control, navigation, power production, and other

purposes has resulted in substantial change to intra-

and interannual variability in discharges, with the

degree of alteration diminishing in the downstream

direction as less-regulated tributaries add flow to the

Missouri River (Galat and Lipkin 2000; Jacobson and

Galat 2008). Alteration of the flow regime in the

600 km section considered here resulted in substantial

decreases in spring discharges to decrease flood

hazards, and increases in summer-fall low flows to

support barge navigation flow targets. Daily flows in

the 75th to 100th percentile range can be viewed as

indicators of high flows with potential to connect to

the floodplain. In this part of the Missouri River these

low-exceedance flows are highly affected by regula-

tion, but recover substantially downstream towards St.

Joseph, Missouri (Fig. 3).

From Sioux City, Iowa, to St. Louis, Missouri, the

Missouri River also has been channelized and
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stabilized to support a navigation channel, beginning

in the 1800 s and continuing through completion in

1981 (Ferrell 1996). Narrowing of the channel by as

much as 75% occurred by accretion of marginal

lands, stabilization of the banks of the accreted land,

construction of levees, and construction of extensive

drainage systems have resulted in substantial losses

of valley-bottom habitats including estimates of

40,000 ha of aquatic habitat, 27,000 ha of sandbar

habitat, and 143,000 ha of connectable floodplain

habitat (US Army Corps of Engineers 2004a; Funk

and Robinson 1974; Hallberg et al. 1979). Channel

engineering served also to decrease variation in

channel slope, which now now a uniform 0.015–

0.025 percent.

The dams have also substantially diminished

sediment load because of deposition in reservoirs.

Just downstream of Gavins Point Dam the suspended

sediment load is practically zero under present-day

conditions (0.24 million megagrams per year [Mg 9

106 9 y-1] compared to 125 Mg 9 106 9 y-1 under

historical conditions); 120 km downstream at Sioux

City, Iowa, present-day suspended sediment load is

7.3 Mg 9 106 9 y-1 compared to an estimated

130 Mg 9 106 9 y-1 before the dams were closed

(Jacobson et al. 2009). As a result of diminished

sediment load, the channel downstream from Gavins

Point Dam has incised as much as 3.5 m indicated by

decreased water-surface elevations for specific dis-

charges (Fig. 4). Channel elevations generally

recover to near-historical values near Omaha;

increases in water-surface elevations above historical

levels (rivermile 450–650, 200–300) have been

variously interpreted as loss of conveyance due to

navigation structures, levee construction, and sedi-

mentation in the channel and within the levees (Pinter

and Heine 2005; US Army Corps of Engineers 2007).

As channels downstream of dams incise, they tend

to create new floodplain and new meander belt at

lower elevations. This process has been documented

in the reach downstream of Gavins Point Dam (river

mile 753–811), where the river has created small

patches of new depositional surfaces at elevations

substantially lower than the pre-dam floodplain

(Elliott and Jacobson 2006). If some sediment supply

exists from tributaries and the channel is allowed to

migrate unimpeded, theory holds that the channel will

construct new floodplain at an elevation in equilib-

rium with the newly imposed flow regime, with a

surface that will be inundated about once every 1––

2 years on average (Leopold et al. 1964; Wolman and

Leopold 1957); the previous floodplain becomes a

terrace, subject to inundation with less frequency than

before incision. Our analysis considers the entire

valley bottom complex, which we refer to simply as

floodplain.

As channelization, incision, and land accretion

occurred along the Lower Missouri River, the natural

wetland habitats of the floodplain diminished con-

siderably in extent. Most of the mosaic of natural

vegetation communities was converted to row crops,

dominantly corn and soybeans (Ferrell 1996; Bragg
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and Tatschl 1977). Levees and revetment isolated the

floodplain from the main channel, and ditching and

channelizing of tributaries expedited drainage of

water from former wetlands. Natural vegetation

communities remained in isolated conservation lands

and in narrow riparian zones between the channel and

the levees, including some of the accreted lands that

were retained in conservation status. Extant natural

vegetation communities are non-functioning or low

functioning relics due to the absence of the natural

geomorphological and hydrological disturbances

required to create and maintain diverse seral stages.

Recent conservation efforts have been intended to

reverse some of these changes and restore floodplain

wetlands and associated vegetation assemblages.

Currently, Federal, State, and local agencies have

plans for restoring more than 80,000 hectares of the

Missouri River floodplain from St. Louis, Missouri to

Gavins Point, South Dakota ((US Army Corps of

Engineers 2003; US Fish Wildlife Service 1999). A

critical question is where agencies should concentrate

restoration efforts to maximize both conservation

goals and socio-economic benefits.

Approach

The LCPI is based on integration of three components

that determine connectivity and water-holding capa-

bilities of the valley bottom. These factors are an

index of inundation frequency based on hydraulically

modeled water-surface elevations, valley bottom

topography, and water-retaining properties of under-

lying soils. The following sections briefly describe

the origins of each component and how they are

combined. More detailed information on develop-

ment of the LCPI is available in Jacobson et al.

(2007). Development of the LCPI was facilitated by

ready availability of high resolution hydraulic, land-

surface elevations, and soils datasets.

The LCPI differs from other wetland assessment

methods in using explicitly modeled water-surface

elevations of discharges with known recurrence

intervals compared to high-resolution digital eleva-

tion data, thereby putting hydrology into a frequency

context. Unlike the hydrogeomorphic (HGM)

approach to wetland assessments which uses a priori

categories of geomorphic origin to classify fluvial

wetland types (Hauer and Smith 1998; Brinson 1993),

the LCPI uses a spatially continuous assessment of

connectivity without requiring an initial classifica-

tion. Where high resolution hydraulic and topo-

graphic data are available, this approach is more

systematic and objective than approaches requiring

classification. Similar to implementations of the

HGM like that of Klimas et al. (2009), LCPI does

not assess wetlands based on existing vegetation

because the focus is on understanding restoration

potential within a landscape presently dominated by

intensive agricultural land use. Unlike a previous

attempt to model environmental factors affecting

successional stages of Lower Missouri River
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floodplains (Thogmartin et al. 2009), the LCPI

provides a direct, quantitative measure of wetness

potential rather than relying on soils data to infer

hydrology of a site. The LCPI is similar to a system

developed on the Willamette River, Oregon, which

provides a framework for geographic prioritization of

restoration potential at a regional scale (Hulse and

Gregory 2004). Both systems provide longitudinal

views of geomorphic and hydrologic characteristics

of the river system that allow for assessment and

visualization of costs and benefits of restoration

projects.

Hydrology and hydraulics

Hydrologic information was available from the

USACE Upper Mississippi River System Flow Fre-

quency Study (US Army Corps of Engineers 2004b),

which calculated flood frequencies for each of the US

Geological Survey streamflow gaging stations along

the Missouri River using standardized statistical

methods. These calculations provided discharges for

the 1, 2, 5, 10, 25, 50, 100, 250, and 500 year

recurrence floods (equivalent to annual probabilities

of 100, 50, 20, 10, 4, 2, 1, 0.4 and 0.2%) under

current (2004) reservoir regulation (Table 1).

Although the statistical and hydrologic basis of

calculation of extreme flood probabilities is well

established in floodplain management policies in the

United States (Federal Emergency Management

Agency 2003; Thomas and Kirby 2007), there are

concerns that the more-extreme probabilities (0.2–1.0

percent annual probability floods) lack validity

because of wide errors of estimation and violation

of statistical assumptions, especially independence

and stationarity (Milly et al. 2008; Knox 2000). In

this article we use the modeled flood probabilities

calculated in the Corps of Engineers flood frequency

study, but we consider the flood probabilities to be

indicators of relative inundation frequency rather

than predictions of probability. For simplicity, we

refer to wetness classes in terms of their associated

recurrence intervals.

The Upper Mississippi River System Flow Fre-

quency Study (UMRSFFS) computed water-surface

elevations attained by discharges ranging from 2 to

500 year recurrence by using a 1-dimensional

unsteady hydraulic model (US Army Corps of

Engineers 2004b). The model was calibrated to

reproduce water-surface elevations for the considered

range of flows, and provide reliable estimates of

water-surface elevations at approximately each mile

along the river. Local variations of hydraulics at finer

scales of resolution, of course, are not present in the

models. The UMRSFFS hydraulic models include the

effects of levees such that flows within the levees are

constricted, resulting in locally increased water-

surface elevations, and flows that are greater than

local levee elevations spread out, resulting in locally

decreased elevations.

We assigned water surface elevations correspond-

ing to flood probabilities to points at every river mile

along the LMOR and along the valley wall. The

points were converted to a triangulated irregular

network (TIN) using relevant water-surface eleva-

tions as the height source, and then gridded into 5 m

cells.

Land-surface elevations

Land-surface elevations are used to assess how

surface water elevations interact with the ground

surface to define potential wetness. The land-surface

elevation dataset was compiled by the USACE for the

UMRSFFS, based on photogrammetric methods that

collected breaklines and mass points with a root-mean

square vertical error of approximately 0.2 m (US

Army Corps of Engineers 2004b). The land-surface

elevation dataset was supplemented with a bathymet-

ric dataset for the Missouri River as part of the same

project. Bathymetric data were collected by echo-

sounding on lines spaced approximately 150 m apart

with accuracies estimated at 0.15 m. The bathymetric

data were collected by the USACE during 1994–1998.

Because of the widely spaced cross sections and

dynamic nature of channel morphology of the Mis-

souri River, these data are considered indicative of

general channel conditions rather than relevant to

contemporary, site-specific conditions. Bathymetric

and floodplain topographic points were merged and

gridded at 5 m cell size using techniques designed to

maintain streamwise and linear topographic features

(Jacobson et al. 2007; McDonald et al. 2005).

Soil drainage classes

The water retention capacity of a landscape relates to

the hydraulic conductivity of the soil and surficial
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geologic materials as well as topographic character-

istics that can enhance water access or retard water

drainage. The LCPI uses soil-drainage class as a

measure of the ability of the soil to retain water during

saturated conditions. Drainage classes conceptually

integrate saturated hydraulic conductivity of the soil

and underlying geologic materials, and to some

extent, contain information related to surface topog-

raphy (Soil Survey Staff 1993). Seven soil-drainage

classes, as well as other soil attributes, were extracted

from the Natural Resources Conservation Service

(NRCS) Soil Survey Geographic (SSURGO) database

maps for each county within the study area (Natural

Resources Conservation Service 2003–2006).

Integration of water surface elevations,

topography, and drainage classes

The first step was to intersect the hydraulically

modeled water-surface elevations corresponding to

flood recurrence intervals with the land-surface

elevations. It should be emphasized that the LCPI

provides references for relative wetness and is not

meant to predict flood inundation hazards. The maps

do not take into account whether or not the water has

an overland flow path to all areas in the valley bottom

at the modeled water-surface elevation or lower.

Hence, the actual water-surface elevations may not

extend to all the indicated polygons; there may be

natural topographic or engineered barriers such as

roads or levees. For flows that are overbank but lower

than the tops of the levees, the mapped polygons may

over-estimate (‘‘over-map’’) potential area that would

be flooded by overbank flows, even without levees.

These ‘‘over-mapped’’ areas do, however, indicate

the areas of the valley bottom that would be affected

by impeded interior drainage or ground-water drain-

age if water levels in the channel were held against

the levees for long durations. For the purposes of the

LCPI, these areas are treated as having the same

wetness potential as those at the same elevations on

the channel side of the levee. Except in urban areas,

the 100 and 500 year elevations would overtop all

levees, and since the UMRSFFS models explicitly

included these levees, the mapped flooded areas are

consistent with model predictions, subject to the

caveats discussed above about the statistical validity

of extreme flood probabilities. Areas of wetness

classes were calculated on a cell-by-cell basis by

subtracting the land-surface elevation grid from the

water-surface elevation grids. The intersected data-

base contains wetness class for all floodplain poly-

gons plus all soil attributes present in the NRCS

SSURGO maps; hence, the resulting geographic

information system (GIS) database can be queried

for a wide range of attributes including soil taxo-

nomic units, drainage classes, and habitat suitability

classes.

We assessed application of LCPI to regional-scale

floodplain restoration decisions by exploring the

distribution of LCPI information in map form and

in graphical longitudinal distributions. Longitudinal

Table 1 Hydrologic data for calculations of Land Capability Potential Index (Jacobson et al. 2007)

Flows at indicated recurrence intervals (Percent chance), (m3/s)a

Gaging

station

Location 2

(50%)

5

(20%)

10

(10%)

20

(5%)

50

(2%)

100

(1%)

200

(0.5%)

500

(0.2%)

6818000 St. Joseph, Missouri 3,085 4,160 4,924 5,632 6,594 7,386 8,122 9,169

6813500 Rulo, Nebraska (Kansas City, Corps)b 2,720 3,736 4,471 5,207 6,226 7,075 7,952 9,056

6813500 Rulo, Nebraska (Omaha, Corps)b 2,680 3,744 4,553 5,337 6,150 7,137 8,402 10,491

6807000 Nebraska City, Nebraska 2,490 3,359 4,239 5,374 5,841 6,699 7,808 9,775

6610000 Omaha, Nebraska 1,817 2,414 3,498 3,755 4,186 4,944 5,787 7,016

6601200 Decatur, Nebraska 1,483 1,995 2,468 2,875 3,410 4,013 4,664 5,595

6486000 Sioux City, Iowa 1,401 1,890 2,216 2,657 3,221 3,787 4,387 5,247

a From US Army Corps of Engineers Upper Mississippi River System Flow Frequency Study (US Army Corps of Engineers 2004b)
b Frequency analyses for the Rulo gage were completed by two offices of the U.S. Army Corps of Engineers, with slightly different

results (US Army Corps of Engineers 2004b)
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plots by river mile provide a graphical visualization

for assessing where restoration actions may be

effective at the regional scale. These plots are created

by attributing address points spaced every 500 m

along the centerline of the river with LCPI database

information for the floodplain adjacent to the points.

Areas are assigned to the points by constructing

polygons that distribute floodplain attributes on a

nearest-neighbor basis.

We explored the utility of the LCPI for restoration

planning by considering two restoration objectives.

The first objective is restoration of riparian plains

cottonwood (Populus deltoides) communities and the

second is restoration of floodplain wetlands. Broad

criteria for these two classes were developed from the

scientific literature; the criteria are discussed in the

results section of this paper. The LCPI database was

designed to easily accommodate other sets of criteria.

Regional distributions of LCPI classes

The mapped and longitudinal distributions of wetness

classes reflect the geomorphic adjustments of the

Missouri River that have occurred because of sedi-

ment retention by upstream dams and, to some extent,

channel engineering downstream of Sioux City, Iowa

(Figs. 5, 6a). The upstream, incised part of the section

is dominated by floodplain areas with wetness classes

indicated by 100–500 year return intervals. Moving

downstream more relative area occurs in more

frequently wetted classes, and downstream of Deca-

tur, Nebraska, the floodplain is dominated by wetness

classes that correspond to 1–5 year recurrence inter-

vals. Reference to valley-bottom width and cumula-

tive drainage-area distributions (Fig. 6d) indicate the

total area of floodplain available and the downstream-

increasing potential for increased flow variability at

locations of major tributary confluences.

Soil characteristics are distributed more uniformly

along the Missouri River valley compared to wetness

classes (Fig. 6b, c). Soil drainage classes are defined

by a combination of landscape position, observed

wetness, and patterns of redoximorphic (redox)

features in the soil profile (Soil Survey Staff 1993;

US Department of Agriculture 2009). Redox features

form over time as minerals weather and are redis-

tributed within the soil profile; hence indicators like

mottle development and soil color are relatively long-

term indicators of a soil wetness condition reflecting

development over tens to thousands of years (Chad-

wick and Chorover 2001; Cornu et al. 2009). Soil

particle size, or texture, also affects internal drainage

and expression of redox conditions. Integration of

several factors into a soil-drainage class designation

can confound interpretation; however, drainage class

diagnostics reflect long-term conditions (hundreds of

years) and are likely not indicative of short-term

conditions related to recent channel incision. It is not

surprising, therefore, that the longitudinal distribution

of soil drainage classes does not parallel wetness

(Fig. 6a), as the present combination of flood eleva-

tions and floodplain topography have determined the

distribution of water on the floodplain for no more

than four decades.

Soil taxonomic classes (Fig. 6c) provide some

additional information to contribute to restoration

planning. In contrast to soil drainage classes, taxo-

nomic classes are based on characteristics, sequence,

thickness, and development of soil horizons. Because

soil taxonomic classes ultimately relate to factors of

soil formation (parent material, climate, topography,

organisms, and time (Jenny 1941)), the soil taxa can

be indicators of physical, biological, and chemical

processes operating near the earth’s surface (Daniels

and Hammer 1992). The longitudinal distribution of

floodplain soil orders is dominated by Entisols, with

lesser areas of Mollisols. In fluvial environments,

Entisols are indicative of minimally weathered,

recently deposited, sandy sediment; they have thin

or non-existent A horizons with low organic matter

content and negligible differentiation of B horizons

(Soil Survey Staff 1993). Entisols form mainly in

sandy point-bar sediments in the Missouri River

floodplain. Mollisols are identified as soils with thick,

dark-colored A horizons with relatively high organic

content (Soil Survey Staff 1993). Mollisols usually

form because of organic matter accumulations over

long times, usually from deep-rooted grasses (Daniels

and Hammer 1992). In fluvial environments, how-

ever, Mollisols can form by successive deposition of

fine sediments with inherited organic carbon in

cumulative A horizons (Jacobson et al. 2003).

Cumulative Mollisols probably dominate over pedo-

genic Mollisols in low-elevation floodplain soils (in

swales and channel fills) although pedogenic Molli-

sols may exist on terrace remnants where tall-grass

prairie was the natural vegetation. Soil orders also
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lack correspondence with wetness classes, indicating

a general lack of equilibrium between soils and

modern-day hydrology and topography (Fig. 6a).

This observation underscores the limitations of

relying solely on soils data in floodplain restoration

planning in highly altered river systems.

A limited spatial association is evident between

the more poorly drained drainage classes and Mol-

lisols (and to a more limited extent, Vertisols)

(Fig. 6b, c). Bivariate plots indicate that increasing

proportional representation of Mollisols is associated

with increase in representation of poor drainage

classes (sum of somewhat poorly drained and poorly

drained classes) (Fig. 7a.) The relation between

Mollisols and poor drainage classes indicates a

threshold relation in which parts of the landscape

with low representation of Mollisols may have a wide

range of drainage characteristics, but parts of the

landscape with high representation of Mollisols are

dominated by high representation of poorly drained

classes. The opposite relation exists for Entisols and

well-drained classes (sum of excessively well

drained, somewhat excessively well drained, and

well drained classes) (Fig. 7b). This relation is also a

threshold relation, wherein parts of the landscape
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Fig. 5 Mapped distribution

of wetness classes through

the study area. Wetness

classes are indices based on

hydraulically modeled flood

return intervals. See text for

details

Fig. 6 Longitudinal distributions of proportions of valley

bottom by: a wetness classes, b soil drainage classes, and

c soil taxonomic orders, from Gavins Point Dam (upstream to
the left) to just downstream of St. Joseph, Missouri (to the
right). d is the longitudinal distribution of valley width and

cumulative upstream drainage area
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with high representation of Entisols can have a range

of drainage classes, but it is uncommon to have low

Entisol representation and high proportions of well-

drained soils. We interpret these relations to indicate

that sandy areas dominated by Entisols exhibit a

range of characteristics associated with a range of

drainage classes because high hydraulic conductivity

makes them relatively sensitive to local water-surface

fluctuations. Areas dominated by Mollisols, on the

other hand, do not have corresponding areas with low

representation of poorly drained soils. Mollisols and

poor drainage are associated on this landscape,

probably because these are cumulative Mollisols

formed in fine sediments in abandoned channels

(Holbrook et al. 2006). These relations indicate that

soil orders are broadly indicative of drainage class

and provide additional useful information to the

planning process, but are not definitive.
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Applications of the LCPI to floodplain

restoration planning

We illustrate the utility of the LCPI to floodplain

restoration planning by considering two restoration

objectives that have been pursued in the Lower

Missouri River. The first is restoration of cottonwood

communities. Floodplain agriculture has eliminated

most of the older cottonwood communities and bank

stabilization and flow management have diminished

channel migration that was historically associated

with cottonwood regeneration (Johnson 2000, 2002;

Johnson 1992; National Research Council 2002;

Dixon et al. 2010). Restoration of cottonwood

communities was listed as a reasonable and prudent

measure in the 2000 and 2003 Missouri River

Biological Opinions, mainly because of cottonwood

contributions to bald eagle habitat (US Fish Wildlife

Service 2000, 2003). On most of the Lower Missouri

River, channel migration is constrained by bank

stabilization. Hence, planning presently underway

includes restoration of cottonwood by vegetation

removal, mechanical disturbance, and artificial seed-

ing (L. Rabbe, U.S. Army Corps of Engineers, pers.

Com). The criteria for choosing sites for cottonwood

restoration are based on availability of enough soil

moisture to support seedling growth, but not so much

soil moisture that the seedlings develop unstable,

shallow root systems, or in extreme cases, suffer from

root hypoxia; deep root systems are encouraged by a

seasonally declining water table (Kalischuk et al.

2001; Mahoney and Rood 1998). These criteria

indicate that parts of the floodplain with sandy, well

drained and frequently wet soils would be targeted for

cottonwood restoration. For the purposes of illustra-

tion, we selected patches in the LCPI that would be

frequently wet or easily irrigated (elevations less than

or equal to the 2 year recurrence wetness class) and

underlain by Entisols with moderately well-drained

and well-drained drainage classes (Fig. 8a).

The optimal wetness and drainage classes for

cottonwood restoration at the local scale may require

some adjustment by experimentation or expert opin-

ion, but the results at the valley-segment scale would

be similar to Fig. 8a: the main constraint on maxi-

mizing cottonwood regeneration area is the lack of

hydrologically connected floodplain area in the

incised and hydrologically altered segments of the

Missouri River upstream of river mile 620.

Eventually, hydrologically connected, low-elevation

surfaces may become available in the non-channeli-

zed segment upstream from river mile 753 if channel

migration continues to be allowed. However, channel

migration rates and lateral extent of new floodplain

available for cottonwood regeneration will be sub-

stantially decreased relative to the pre-regulation

condition because of the regulated flow regime and

decreased sediment load.

Substantially more hydrologically suitable area for

cottonwood regeneration exists downstream of

Omaha where channel incision has not been as severe

and 2 year recurrence wetness classes extend to affect

much of the floodplain area (Fig. 4). Although

hydrologic conditions may favor restoration in these

non-incised segments, lack of channel migration in

the stabilized river (downstream from river mile 735)

would prevent formation of new point-bar surfaces

and consequent maintenance of multiple seral stages

of cottonwoods. In this region, high water tables also

could be a limiting factor on cottonwood survival,

and experimentation or local expert knowledge may

indicate a shift to less-frequently inundated wetness

classes to optimize survival. In general, restoration

objectives for cottonwood communities need to be

reconciled with the fact that the regulated river no

longer has the morphologic or dynamic characteris-

tics of the pre-regulated river, and therefore cannot be

expected to sustain the same community structure

and successional dynamics (Thogmartin et al. 2009).

Continuing, active restoration strategies (planting and

harvesting) may be needed to compensate for the lack

of natural dynamics.

Historical wetlands of the Lower Missouri River

floodplain have been disconnected from surface flow

by channelization, levees, and bank stabilization, and

they have been dewatered through ditching and

draining, Restoration of these former floodplain

wetlands has been articulated as a priority of the

U.S. Department of Agriculture Wetland Reserve

Enhancement Program (Natural Resources Conser-

vation Service 2008). As an illustration of LCPI

application to wetland restorations, we considered

two types of floodplain wetlands. Hydrologically

connected wetlands were identified as areas within

0–5 year recurrence interval wetness classes and

underlain by retentive soils (drainage classes some-

what poorly drained, poorly drained, and very poorly

drained) that are also classified as Mollisols. The
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requirement for both poorly drained classes and

Mollisol classification is a conservative attempt to

isolate the best landscape patches (Fig. 8b). This

class is distributed similarly to the cottonwood sites

because the dominant factor in both is hydrologic

connectivity. We also identified seasonal or irrigated
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wetlands that are not now easily connected to the

main channel, but could be developed as seasonal

wetlands because they are underlain by retentive

soils. Such wetlands might be developed only for

spring inundation from local rainfall and runoff, or

could be enhanced by pumping of groundwater or

diversions of surface water. To illustrate this class we

mapped out the distribution of somewhat poorly

drained, poorly drained, and very poorly drained

Mollisols at elevations classified in 50- to greater

than 500-year recurrence wetness classes (Fig. 8c).

The longitudinal distribution of these classes is less

dependent on modern hydrology and identifies large

areas in the upstream 100 miles for potential resto-

ration. The costs of hydrologically connecting these

areas may be substantially higher than restoring

naturally connected wetlands river miles 620–420,

and they may result in qualitatively quite different

wetlands with capacity to support different vegetation

communities. Seasonal wetlands that are inundated in

early spring when waterfowl migrate through the

region may be successfully cropped later in the year,

providing both ecological benefits and economic

benefits (Galat et al. 1998).

Discussion

Incision of channels downstream of dams is a

common response to retention of sediment in

upstream reservoirs (Williams and Wolman 1984;

Collier et al. 1996). The rate of incision and ultimate

downstream extent depend on multiple factors,

including bed-material size, armoring of the bed,

sources of sediment downstream, whether a dam

passes sediment, and characteristics of the reservoir’s

flow releases (Schmidt and Wilcock 2008). Incision

of the Missouri River downstream of Gavins Point

Dam seems to be slowing somewhat but mean

streambed elevations at Sioux City, Iowa, and Omaha

Nebraska continue to decrease slightly while the

streambed elevation at St. Joseph, Missouri has been

fairly stable to slightly aggrading over the last

40 years (Jacobson et al. 2009). Streambed elevations

can be affected by factors like local channel

engineering and aggregate mining, and it can be

difficult to separate multiple factors. Computational

modeling of streambed responses to diminished

sediment load downstream of Gavins Point Dam

alone suggest that an equilibrium bed profile should

have been achieved by 2000 (Karim and Holly 1986);

however, other computations indicate that incision

should be expected to continue and progress down-

stream to Kansas City (Schmidt and Wilcock 2008).

Incision may be limited in places by bedrock

underlying the channel (Hallberg et al. 1979).

Although the extent of future bed incision is

unclear, incision from closure of the dams to the

present has been significant and has affected flood-

plain restoration prospects. Large areas of former

floodplain are no longer accessible by discharges

within operational reservoir releases, especially river

miles 620–811 (Figs. 5, 6). Because only 33% of the

banks is stabilized in the segment directly down-

stream of Gavins Point Dam (river mile 753–811), a

limited amount of lateral migration of the channel is

continuing to create new floodplain with bare,

mineral soil amenable to natural germination by

cottonwoods and at elevations inundated by frequent

floods (Elliott and Jacobson 2006); however, these

areas are small in total area (Figs. 5, 6). The rate and

eventual extent of floodplain formation in the incised

segments also will be limited by sediment availabil-

ity. At present, suspended sediment flux is practically

zero at the base of the dam, and increases to only

about 5% of the pre-dam sediment flux at Sioux City

(Jacobson et al. 2009). Hence, the extent of floodplain

for sustainable cottonwood regeneration may be

strongly limited by the quantity of sediment that is

released from bank erosion and delivered by

tributaries.

Downstream in stable to aggrading reaches of the

river, the options for hydrologically connected flood-

plain restorations are substantially better. Lack of

channel incision and somewhat less-altered flow

regime result in larger areas that can be inundated

by the river more frequently if restoration activities

re-engineer revetment and levees that impede recon-

nection. Ongoing geomorphic adjustments of the

channel profile appear to be slow, so stable-aggrading

reaches are unlikely to transition into incising reaches

over decade-scale planning horizons.

The hydrologic effects of channel incision could

be mitigated in part by releasing larger, floodplain-

connecting flood pulses from Gavins Point Dam, but

the net ecological and socio-economic benefits of

large pulsed releases are unclear. Although flood

pulses could connect more former floodplain area in
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the incised segments, they may also substantially

increase channel incision by increasing sediment

transport. Moreover, flood pulses that would connect

to the floodplain to achieve a measure of ecological

restoration in the incised segments would be per-

ceived as creating damaging floods in the stable-

aggrading segments. For example, a recent attempt to

develop relatively small spring pulsed flows from

Gavins Point Dam failed to achieve consensus among

river stakeholders (Jacobson and Galat 2008). The

pulsed flows were designed to provide spawning cues

for the endangered pallid sturgeon, and although the

magnitude of pulses under consideration was less

than 25% of natural spring pulses, stakeholders and

managers could not agree on acceptable criteria,

mostly because of uncertain ecological benefits and

fears of downstream flood damage in the stable-

aggrading segment river miles 420–620. Subse-

quently implemented spring pulses have been in the

range of 2–6% of pre-regulation pulse magnitudes

and remain quite controversial.

Recognition of these regional physical constraints

on wetland and riparian forest restoration provides

managers with a template that can be used to maximize

restoration investments. Restoration of hydrologic

connections in the incising segments of the river from

Gavins Point Dam to around river mile 620 would incur

considerable expense except in the small areas of new

floodplain being formed where the river is allowed to

migrate freely. It might be possible in this segment to

construct new hydrologically connected floodplain

surfaces by lowering the pre-dam floodplain surface by

mechanical excavation, an increasingly common

approach to restoring floodplain ecological functions

while simultaneously decreasing flood risks (Nienhuis

and Leuven 2001; Baptist et al. 2004); however, the

volume of sediment that would need to be removed

from the floodplain in a river the size of the Missouri

would make this option relatively expensive.

The LCPI also indicates where retentive soils can

be developed into seasonal wetlands if other sources

of water can be developed economically. Retentive

soils in the floodplain at the base of the valley wall

may be particularly well suited for wetland develop-

ment because of the presence of small tributaries that

can be diverted and high groundwater tables (Kelly

2006). Although tributaries and groundwater are not

explicitly considered in the LCPI, the LCPI can act as

a filter for identifying retentive soils that would not

otherwise be hydrologically connected. Wetland

creation activities focusing on more permanent

wetland types may need to excavate a wetland basin

as well as develop the appropriately sized local

watershed or irrigation source needed to maintain

desired water depth and permanence.

The longitudinal zonation of wetness classes indi-

cates that restoration of hydrologic connectivity would

be substantially easier to accomplish in the stable-

aggrading segment, especially river miles 460–580.

Surface-water connections to the main channel could

be more easily established here and wetlands with

semi-permanent water regimes capable of supporting

aquatic species assemblages could be more feasible in

these reaches due to the increased opportunity for

groundwater influence. The practicality of creating

these wetlands will depend on assessments of depth to

groundwater and permeability of surrounding soils at

the local scale. Increased surface water connections

may also increase fluxes of sediment from the main

channel to marshes and open water bodies and

consequently decrease their active life. Forested wet-

lands and sloughs comprised of coarse, herbaceous

species that can tolerate frequent sediment deposition

would likely be well adapted to these conditions.

Additionally, the costs and benefits of restoring

hydrologic connectivity in these areas would need to

consider potential costs of moving levees, social-

economic costs and benefits of removing wet soils from

agricultural production, and potential ecological ben-

efits if conversion of flood-prone areas to conservation

lands allows more flexibility in designing flood pulses

to benefit biota in the main channel.

Instead of optimizing restoration conditions for

one type of wetland or one particular vegetation

community, a conservation objective may be to invest

in parts of the landscape that have the most oppor-

tunities for restoring a diverse mosaic of communi-

ties. The relative suitability plots in Fig. 8 indicate

that the area of overlap (nominally river miles

620–690) could provide a wide range of wet and

dry patches on the landscape.

Summary

Mainstem dams and channel engineering fundamen-

tally changed the natural relations between flow

regime and floodplain elevations on the Missouri
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River downstream of Gavins Point Dam. Although

measurements of hydrologic connectivity in the pre-

engineered river are lacking, it can be assumed that

the floodplain topography was in some sort of

equilibrium with prevailing flow and sediment

regimes. The natural arrangement of floodplain

sediments and topography provided the physical

framework within which surface and groundwater

were distributed, resulting in a mosaic of conditions

amenable to diverse floodplain communities. Since

dam closure, the flow regime has been regulated to

decrease flooding (among other socio-economic ben-

efits), and retention of sediment in upstream reser-

voirs has resulted in substantially diminished

sediment load (Jacobson et al. 2009). Changes in

flow regime, sediment load, and channel engineering,

and consequent geomorphic adjustments, present

challenges and opportunities for floodplain restora-

tion in highly altered rivers like the Lower Missouri.

Recognition of the scale and scope of geomorphic

adjustments at the regional scale (100 s of km of river

length) provides planners and managers with an

improved understanding of what restoration practices

are likely to be effective in different parts of the river.

Under the present-day flow regime of the Lower

Missouri River extensive cottonwood communities

and hydrologically connected wetlands will be diffi-

cult to develop between river mile 620 and Gavins

Point Dam. Some restoration of hydrologic connec-

tivity would still be possible in this segment by

targeting small areas of new floodplain forming

within the banks of the former floodplain (Elliott and

Jacobson 2006). If restoration goals include targeting

seasonal wetlands, or if resources are available to

reconfigure surface water to feed wetlands or to pump

groundwater, then retentive soils on the disconnected

floodplain may be amenable for restoration. The part

of the floodplain between approximately river miles

460 and 580 is especially wet and presents the best

opportunities for restoring floodplain communities

that require abundant water. The part of the flood-

plain at the transition between incision and aggrada-

tion (river miles 620–690) may provide the best

opportunity to achieve the broadest variety of

restored landscape patches.

The example of the Lower Missouri River illus-

trates the complex geomorphic responses that are

possible downstream of dams in highly altered rivers

and the resultant changes in floodplain connectivity

due to geomorphic adjustments. Channel incision

decreases the efficacy of flow regime restoration alone

to restore floodplain ecosystem functions. Diminished

opportunities to reconnect floodplain in incising

reaches may be mitigated, however, by increased

opportunities for reconnection in aggrading reaches.

Recognition of these opportunities requires analytical

tools–like the LCPI–that can be applied over regional

scales to assess channel-floodplain interactions.
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