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Study Objective

What Is the capacity of floodplains to retain sediment, nutrients,
and flood waters?




Study Area

\

Floodplain Sediment and Nutrient
Retention

Non-tidal wadable streams in the
Chesapeake and Delaware River
watersheds.
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Methods Workflow

Field Geomorphic

Measurements

Floodplain deposition and

streambank erosion

® Floodplain Flux
= Bank Flux

4 Net Flux (Chesapeake)
O Net Fx (Delaware)
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Floodplain Deposition Measurements
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Field survey metrics
Active floodplain width

Bank height

Channel width

Lateral and vertical change (cm/yr)
% eroding bank

Adjusted lateral erosion (cm/yr)
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Streambank Erosion Measurements
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Field survey metrics
Active floodplain width

Bank height

Channel width

Lateral and vertical change (cm/yr)

% eroding bank
Adjusted lateral erosion (cm/yr)
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Sediment Characteristics at 68 Sites

296 Floodplain samples EI

461 Stream bank samples Il Sampled Top 5 cm
Bulk density (g/cm?)

Bulk density <2 mm (g/cm?)
Bulk density <1 mm (g/cm?)
% organic

% mineral

% carbonate

Total OC (%)

Total N (%)

Total P (mg/q)

Total Ca (mg/g)

Total Na (mg/g)

~ Total Mg (mg/q)

Total K (mg/qg)

. Total Al (mg/g)

Total Fe (mg/qg)
N : s $ Total Ti (mg/q)
é* Q* é* Particle size: mean (um)
=== | Particle size: d50 (um)
NP Particle size: %<63 um

1.254

Cavas

0.754

Total N (%)

0.50+ e

Bulk Density (g/cm?3)

Total P (mg-P/qg)

Total Organic C (%)
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vertical accretion rate (m/yr) x floodplain width (m) x sediment bulk density

kg/m/yr

Bank Flux = lateral erosion rate x bank height x 2 banks x sediment bulk density

Sediment Flux

Floodplain Flux

(kg/m3)
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Methods Workflow

Watershed + Reach Predictors

Reach fluvial geomorphometry
Floodplain width, bank height,

channel width
Hopkins et al. 2020
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Random forest
regression model
development

Upstream watershed attributes
Land use, hydrology, soils,

USGS topography, slope, area

Wieczorek et al. 2018
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Floodplain and Chanel Evaluation Tool (FACET)

Automated fine-scale fluvial geomorphometry applied to large scales.

Functionality

" DEM pre-processing

" Stream network delineation
" Stream bank detection

" Mapping floodplain extent

= Calculate channel and floodplain
metrics

EXPLANATION

Channel Width (m)
O 3-5

O 5-10

O 10-15
@ 15-20
® 20-25
® 25-30
@
]
@
L

30 -40
40 - 50
50 - 60
60 - 80

Metrics
= Bank height

Cross Sections

= Channelwidth | SN g e T
= Channel area : 2t TERERL NN g :Z):::’:)i“
= Floodplain width I e ik 7 = e
USGS Example FACET output. Lamont et al. 2019
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FACET Channel and Floodplain Dimensions

EXPLANATION
Mean Bank Height (m)
0.3-0.5
>0.5-1
—>1-15 EXPLANATION
—>15-2 Mean Channel Width (m)
10-15
>15-20
—>90-95 EXPLANATION
-— > 25 _30 Mean Floodplain Width (m)
«= > 30 - 40 0
> e > 40 - 50 —>0-50
— >50-100

— > 100 - 150
, == > 150 - 200
» = > 200 - 275

West Branch Brandywine
Creek watershed
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Methods Workflow

Field Geomorphic
Measurements

Floodplain deposition and
streambank erosion

x (Delaware)
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Watershed + Reach Predictors

Reach fluvial geomorphometry

Floodplain width, bank height,

channel width
Hopkins et al. 2020
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Random forest
regression model
development

Prediction at
catchment scale

Upstream watershed attributes

Land use, hydrology, soils, C>
topography, slope, area %‘WL“

Wieczorek et al. 2018
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Random Forest Models

Partial Dependence
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Floodplain Deposition and Streambank Erosion Predictions

Streambank Nitrogen Flux
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Summarize conditions
at river basin and
catchment scales.

|dentify areas more
prone to erosion or
deposition.

Useful in targeting
areas for restoration
or high-value areas
for conservation.
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Methods Workflow

Watershed + Reach Predictors

Reach fluvial geomorphometry
Floodplain width, bank height,

. - channel width
Field Geomorphic Hopkins et al. 2020
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Benefits Transfer Approach for Valuation

Study within the Chesapeake Bay
watershed in Virginia.
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Floodplains Provide Substantial Benefits by Trapping
Sediments and Nutrients

Net
e ¢ ag i Nitrogen
Floodplain ... = Streambank Retention
Trapping Beneflt* e | Erosion Cost $100 million
Chesapeake A o 1 BT Chesapeake i USD per year
$223 million USD/yr $123 'million-USD/yr
DR Delaware | Chesapeake
$38 million USD/yr | $14 million USD/yr Bay
b el watershed

Hopkins et al. 2023
https://doi.org/10.1016/j.jenvman.2023.118747
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Spatial Variability in the Value of Floodplain Sediment
and Nutrient Retention

- P

Floodplain Nitrogen Value [l $1.500,001 - $2,000,000 rt Streambank Nitrogen Cost -$999,999 - -$500,000 Net Nitrogen Value [l $500,001 - $1,000,000
< $500,000 I 52,000,001 - $3,000,000 ,5 | [N -52.707,015 - -$2,000,000 -$499,999 - -$250,000 [71-537,000 - S0 WM $1,000,001 - 1,500,000
$500,001 - $1,500,000 Il $3,000,001 - 85,400,000 k| [T 61,999,999 - -$1,000.000 [ -$249,999 - 0 | [ $1 - $500,000 NI $1,500,001 - $2,740,000
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Coastal Plain Floodplains Provided the Highest
Nutrient Trapping Benefits
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Headwater Streams Net Source of Sediment, but a

Net Sink for Nitrogen

Nitrogen Value (USD yr-1 km™)
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Nitrogen Value (millions USD yr1)
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More nitrogen is deposited in
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Higher Order Streams Provide the Most Nitrogen
Trapping per Length of Stream

}APPALACHIAN PLATEAUS
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Floodplain Ecosystem Services Mapper
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Floodplain Ecosystem Service Mapper Q Geosearch ~ ?User Guide ~ @About ¥ Data Download
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= Evplandtion Floodplain Ecosystem Service Mapper

Healthy floodplains and wetlands provide critical ecosystem services to local
HUCA2Watacshac and downstream communities by retaining sediments, nutrients, an:
enload (kg N/iy) B floodwaters. Land conversion and degradation diminish floodplain functionality

HUC 12 Watershed O and services.
020600031101 Brice Run- O )
O This web mapping application displays floodplain extent, stream channel
metrics, and field site data. Data and the FACET software tool are available via
]
] the Data Download button.
] Click the User Guide button above for additional instructions. Click About for
= nformation about the project and the data.
[ ]
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[ ] Field Site Resolution
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Floodplain Societal Benefit

O Floodplain nitrogen retention value ($/yr)

O Streambank nitrogen retention cost ($/yr)

O Net stream nitrogen retention value ($/yr)
Sediment and Nutrient Trapping

O Floodplain sediment load (Mg-sed/yr)

@ Floodplain sediment-bound nitrogen load (kg-N/yr)

Floodplain sediment-bound phosphorus load (kg-P/yr)
O Streambank sediment load (Mg-sed/yr)
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O Streambank sediment-bound phosphorus load (kg-P/yr)
Stream Characteristics

O Streambed fine sediment cover (%)
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o
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Summary

Floodplains provide substantial benefits by trapping nutrients and sediment,
upwards of $220 million per year in the Chesapeake Bay watershed.

Landscape position and land use control the services and benefits
that floodplains provide to people

.. Streambank

erosion hotspot Floodplain

trapping hotspot

Coastal plain

Krissy Hopkins
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s USGS khopkins@usgs.gov Hopkins et al. 2023
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