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Motivations

e Sustaining Environmental Capital
Initiative (SECI
* Floodplain ecosystem services
* Water and habitat quality
* Freshwater mussels

* Improve natural resource
Mmanagement
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* Regulate extreme flow events.
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Linking Flood Attenuation Service to Values

Link water storage Link flood attenuation
to flood attenuation to avoided damages

Photos courtesy of Chesapeake Bay Program
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Flood Attenuation in Practice
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Difficult Run Watershed

* Chesapeake Bay Watershed

 Fairfax County, VA

e Population: 1.13 million (2016)
* High property values

e Suburbs, Deciduous Forest, Woody
Wetlands

* Extensive floodplains (>6% total
land area)

* Previous biophysical and ES studies
(e.g. Noe and Hupp, 2009; Gellis et
al., 2017; Hopkins et al., 2018)
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Counterfactual Scenario of No Floodplains

* Simulates reduced storage during
flood events and higher peak S—

discharge
Counterfactual

e Raised elevation of Digital Elevation
Model (DEM) within floodplain

e Leave channel, non-floodplain land
surface the same

f 5 .w S
100 200 - A
Horizontal distance (m) e y
ANy Elevation (m)
o, High : 158

Baseline | == Low: 19

@» Cross Section

e Estimate floods with baseline and

counterfactual DEMs
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Stream Channel and Floodplain Metric

Toolbox

* USGS toolbox developed by Hopkins ‘ T e
et al., 2018 _ .\ WX

e Uses cross sections to analyze DEM
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e Determines streambank edge,
floodplain boundary

e Derives floodplain:

® W|dth _ Jo- 2 Streambank Edge
* Max/Min elevation - e 7' i:l:mﬁ::::f:s
* Elevation mean and standard deviation R TR : - —_ S
. = ' - Floodplain
* 3 m resolution DEM for model : — == — -
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Hopkins et al., 2016
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Developing a Counterfactual DEM

Baseline DEM Counterfactual DEM

2. Interpolated surface
using cross sections as
elevation cross
sections
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1. Assigned maximum
floodplain elevation as
cross section value

3. Created mosaic

;J8 from counterfactual in
ys- 3 floodplain and
baseline DEM in
stream and outside
floodplain
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Modeling Flood Inundation with the GIS Flood Tool
(Verdin et al., 2016)

e Based on Manning’s equation
* Requires DEM, known flood stages

e Fast estimation of flood inundation

with and without detailed data e 0 4
* Good agreement with 1-D hydraulic ' |
modeling in test cases e ey

e Run with 1-meter DEM in this study

Verdin et al., 2016
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Streamgage Record for Difficult Run

* USGS streamgage station
01646000, Difficult Run near
Great Falls, VA

 Annual Peak streamflows from
1935 - 2015

e Rating curve data to relate annual
peak flows and flood stage
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e Return intervals calculated from
linear model fit of exceedance IEEEEEEEEE
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* Flood extent ranged from bankfull (2-year event)
to fully inundated floodplain (100- and 200-year
events)

38°57'45"N

* Higher magnitude floods mostly resulted in
higher flood heights, not flooded area
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e Most structures outside of floodplain and
inundated area

e Counterfactual scenario resulted in more
inundated properties for all recurrence intervals
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Valuation of Flood Attenuation Ecosystem
Service

* Damage costs avoided method (de Groot et al., 2002)

AAL = Z (Damage, - Probability,)
r=2,5,10,20,50,100,200

ESvalue — AALcounterfactual i AALbaseline
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Estimating Damages

e Parcel-level property data
* Improvement on census-block level analysis in HAZUS
 More granular results

 FEMA depth-damage curves for 2-story houses
without basements

Damagepgseiine = 0.35 X $924,070
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Results: Damages for 100-year Event
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Results: Valuation

e At least one property inundated in counterfactual scenario for 5-, 10-, 20-,
50-, 100-, and 200-year flood events

e At least one property inundated in baseline scenario for 20-, 50-, 100-, and
200-year flood events

e Total annualized damages:

Counterfactual damages $115,596
Baseline damages S42,184

Ecosystem service value S73,412

« S77 per hectare per year for 958 hectares of floodplains in Difficult Run
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Conclusions

* Flood attenuation is a valuable ecosystem service in Difficult Run, but
is location dependent.

* Open source models and available data can provide a high-quality
framework for ecosystem service valuation.

* Developing scenarios requires some creativity (and subjectivity).

* Floodplain ES valuation can demonstrate the value of floodplains
(especially of high value) and support tradeoff analyses.
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