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“A priority when making decisions that
directly or indirectly influence wetlands is to
ensure that information about the full range
of benefits and values provided by different
wetland ecosystem services is considered.”

- Millennium Ecosystem Assessment 2005
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NISQUALLY NATIONAL WILDLIFE REFUGE, WASHINGTON STATE, USA

» The Nisqually River Delta is at the confluence of the freshwater river and the saltwater
Puget Sound connecting to the Pacific Ocean

» A tidally influenced coastal wetland, dominant habitats include tidal marshes, mudflats,
and marine waters

» It supports a rich diversity of resident and migratory birds, fish and many other species

» The land is protected and co-managed by the US Fish and Wildlife Service and the
Nisqually Indian Tribe
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ECOSYSTEM SERVICES FLOW DIAGRAM

Ecological Functions

Exogenous Factors

Restoration

Sea Level Rise

Development

For project information and publications, visit:
river?qt-science_center_objects=0#overview

Carbon storage/
sequestration

Nursery for juvenile
salmon

Wetland

- f
guantity
Flood and flow
control
Habitat and nursery
for plants and
animal species
Nutrient
Transformation
Soil Production

A

Ecosystem Services

Climate regulation

Commercial fishing
Tribal fishing

Recreational fishing

Tribal/cultural heritage

Flood mitigation

Wildlife watching
Hiking
Waterfowl hunting

Boating

Nutrient cycling

Sea level rise mitigation

https://www.usgs.gov/centers/western-geographic-science-center/science/ecosystem-services-assessment-nisqually-
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ECOSYSTEM SERVICES RESEARCH PROJECTS

» Marsh equilibrium modeling to assess

habitat change under Sea Level Rise
(https://doi.org/10.1007/s12237-022-01087-5)

> Carbon measurement and valuation of

carbon ecosystem service
(https://doi.org/10.1007/s12237-022-01087-5)

> Bioeconomic model of salmon under Sea
Level Rise (results unavailable)

» Hedonic analysis of restoration project
(https://www.mdpi.com/2073-445X/11/9/1432)

» Assessed habitat-birder preferences using
eBird (in prep)
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A PRE- AND POST- RESTORATION ANALYSIS

A =fles @ = 1h)

School
Proximity

Bedrooms Location

Environmental B us,

%
Drayton I
Passage

Property Value
Amenities

» Hedonics pricing method to consider pre- and
post-restoration environmental amenity value

» Findings:

> Average home value = $335,443 /
» Homes within 0.5 mile increased by $37,631
» Homes 0.5 to 1 mile increased by $10,489 D%
» Homes 1 to 1.5 miles increased by $31,186 <
R SN

\
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PREDICTING ECOSYSTEM SERVICES CHANGES

SLR: 50 cm

SLR: 100 cm

Habitat

I Subtidal M Brackish Marsh
B vudfiat Freshwater Marsh

I Low Marsh [ | Upland
[ High Marsh

Elevation (cm
—— US Interstate 5 ila t|;5eoto 864 level)
[ I NWR Boundaries
-25

]

>

Used eBird to
correlate
recreation
visitation
incidence and
habitat type

Allowed for
projecting
recreation under
different SLR
scenarios (as
habitat changes)
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Diverse watershed area with urban areas,
forests, and agriculture in inland and
coastal zones

Floodplain sediment and Physiographic Provinces

nutrient retention S

Non-tidal wadable streams in o s
JHucs

the Chesapeake and Delaware ESChuylkillwalershed
River watersheds Q Fiela stes

Floodplain flood attenuation
3-6th order streams in the Schuylkill River
watershed in Pennsylvania
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Spatial variability in the value of floodplain sediment and
nutrient retention™®

Floodplain Nitrogen Value [l $1.500,001 - 52,000,000 mn | Streambank Nitrogen Cosl -5989,959 - -5500.000 Met Nitrogen Value I 500,001 - $1,000,000
[ < $500,000 B s2.000001 - 53000000 55 | [N -52,707,015 - -52,000,000 5499 999 - 5250000 B -$37,000 - 50 NN $1,000,001 - $1,500,000
B $500,001 - $1,500,000 (Il $3.000,001 - $5.400,000E3=|_ NN -51.999.999 - -$1,000,000 [ -5249.999 - 0 | s1-5500,000 [ $1,500,001 - 52,740,000

*Preliminary findings subject to revision
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Floodplains provide substantial benefits by trapping sediments
and nutrients*

Délaware
$38 m|II|on USDlyr

Net Nitrogen Retention = $125 million USD per year
Chesapeake and Delaware

*Preliminary findings subject to revision
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FLOODPLAIN ECOSYSTEM SERVICES MAPPER

cts/floodplains/

<« G &) https//www2.usgs.g

ZUSGS

science for a changing world

Floodplain Ecosystem Service Mapper

Q Geosearch ? User Guide O About ¥ Data Download

Hamillon st A
+ o Catharinss 2 greare
o o4 Syracuse Utica
.!Anc\mw Brantford — yiagars o H . hoirisn
P Falls™) Bufialo NEW Y ORK National
]
L TS Boston
Erie arcester
o o Springfisld
. ! s f Flymouth
Hartford 2
o Barnstable
Allsgheny o
Claveland uZ -.11':\1 faterbury
Cleveland fatend o Falmouth
o CHNE
Gridasport
Youngstown 15
State
. College NE Y ORF
ONew York
Altoona
Fittsburgh o
3 FENNSYLUAN
Harrisburg @ ton
. .. Toms River
-

Baltimore
% - MARYLAND: | &
* Annapolis
5 o
* shington
nburg DEL RE
Monongahgla
Mabanal &

Feeat 3 Staunton

Gearge VIRGINIA
Wasting ton VIRGIN|A
Mation al
Forest

'I;','nt.hl)uru ichmond

Roanoke

Explanation

< Introduction

Floodplain Ecosystem Service Mapper

Healthy floodplains and wetlands provide critical
ecosystem services to local and downstream
communities by retaining sediments, nutrients, and
floodwaters. Land conversion and degradation diminish

floadplain functionality and services.

Tmscsme iminary 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. Please stay tuned for future
updates.

Click the Select Area of Interest tab below to toggle
between the Delaware River watershed or the
Chesapeake Bay watershed. Click the Select Layers tab to
toggle layers on the map. Click the User Guide button
above for additional instructions.

™ Select Area of Interest

v

Select Map Layers

Vv About the Data

™ Select Basemap

Iitter srin 1T (1 =
DOI Privacy Policy | Legal | Accessil | Site Map | Contact USG:
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FLOODPLAIN ECOSYSTEM SERVICES MAPPER

< O (3] httpsy//www2.usgs.gov/

/southatlantic/projects/floodplains/

science for a changing world
Floodplain Ecosystem Service Mapper Q Geosearch  ? User Guide @ About W Data Download
¥ ’ Sa
* Field Site Data Rl § ; &

West Branch Brandywine Creek near Honey Brook, PA — _— = Explanation < Introduction

Streambed Particle Size D50 16 mm

rilia Streambed

Cwen Sound

Floodplain Ecosystem Service Mapper

Barrig Mean Floodplain retion Rate 039 cm yr! ke WHi

Peterbor Mantpsliar MOUNTAINS Augusta
Mean Streambank Lateral Erosion Rate il Healthy floodplains and wetlands provide critical
e Rt ERlOLT ecosystem services to local and downstream
- Warkham _Oshawa || van Communities by retaining sediments, nutrients, and
Goderich Vaughan s 3 Floodplain Sediment Flux Rate o floodwaters. Land conversion and degradation diminish
> 2 Toronto s 5 Fortland floodplain functionality and services.
Arampork . Net Balance Sediment Flux Rate R ) P i e i
Kitchener 2 Mississauga ; " . o .
o Dakvill 7 —r Thuscsme minary web mapping application displays
Hamilton 5t - o e floodplain extent, stream channel metrics, and field <
o . Uy plain Sediment N Flux Rate g o data. Data and the FACET software tool are available via
and TBranford e = T F he Please s ined f tur
Lenden raniford  pyiagary NG A orec et by Flu s Hinian Lm—_Data Download button. Please stay tuned for future
Falls™y Bufralo Forest updates.
Streambank Sediment P Flux Rate yr
i R ; Eny Click the Select Area of Interest tab below to toggle
‘ ondpldm S ent B e v between the Delaware River watershed or the
L Net Balance Sediment P Flux Rate 0.0165 kg-Pm T yr? JSETTS o Boston Chesapeake Bay watershed. Click the Select Layers tab to
° 6 toggle layers on the map. Click the User Guide button
- e _springfield above for additional instructions.
o Plymouth
LAR
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FLOOD ATTENUATION ANALYSIS

| 0Oe

4-3-2-1012345678 9101112131415
Water depth (ft)

77°17'30"W

77°17°30"W

Explanation

100-year Baseline
Depth (m)
pe High : 6.14

Low : 0.04

e  Structures

38°57'30"N
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FLOOD ATTENUATION RESULTS

Results suggest an annual value of
$73,412 for flood mitigation in Difficult Run
(damages in baseline: $115,596
damages in counterfactual: $42,184)

https://doi.org/10.1016/j.jenvman.2018.10.023

Similar methods being applied in Delaware River
Watershed, USA


https://doi.org/10.1016/j.jenvman.2018.10.023
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GREAT DISMAL SWAMP NATIONAL
WILDLIFE REFUGE, USA

>

A forested peatland in southeastern Virginia and
northeastern North Carolina, USA

Estimate local-scale carbon storage and flux
Hydrologic research

Remote sensing: aboveground biomass (field
verification), properties such as soil moisture and peat
depth, and wildfire burn severity

Assess ecosystem services in relation to
selected management actions

See https://doi.org/10.1016/j.ecolecon.2018.08.002 for
details on carbon sequestration analysis

Cypress Gum
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Predicting carbon sequestration under management
scenarios
STATE TRANSITION STATE

Atlantic White
Cedar

Atlantic White
Cedar

Drainage

Pine Pocosin Pine Pocosin

Re-wetting

Herbicide

Re-planting

Prescribed
Fire
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SCENARIO 1: REFERENCE CONDITIONS

| 50 YEARS |

o

5 Miles

I Atlantic White Cedar
[ Pine Pocosin

[ ] Cypress Gum

D Maple Gum

I Water

[ upland Pine

[ Agriculture

N

ﬁcsmmo ASSUMPTIONS: "\

CURRENT VEGETATION AND
CARBON BIOMASS

SOIL MOISTURE:
- ~65% DRIER; ~35% WETTER
(RELATIVE)

NATURAL DISTURBANCE:

+ WIND/STRESS

* FIRE (Probability of 1 Extreme
Fire Event within 100 YRS)

+ INVASION OF UNDESIRED
SPECIES (MAPLE GUM)

O MANAGEMENT
* NOFIRE SUPPRESSION

(PRESCRIBED FIRES OR
THINNING)

+ NOREWETTING

» NOFOREST RESTORATION
(THINNING, REPLANTING,
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SCENARIO 2: EXTREME FIRE

2015 < [ 50 YEARS |

d
ﬁCENARIO ASSUMPTIONS:\

CURRENT VEGETATION AND
CARBON BIOMASS

SOIL MOISTURE:
- ~65% DRIER; ~35% WETTER
(RELATIVE)

1~ NATURAL DISTURBANCE:
» WIND/STRESS

* FIRE -2 LARGE FIRES

OCCUR ON SAME PATCH
WITHIN 5 YRS
SPECIES (MAPLE GUM)
I Atiantic White Cedar
I Pine Pocosin
[ Cypress Gum NO MANAGEMENT
g Em"'e”"‘ * NOFIRE SUPPRESSION .
0 25  5MileS [ upiand pine (PRESCRIBED FIRES OR 0 25  5Miles
 I— | [ Agriculture THINNING) 1

* NOREWETTING
+ NO FOREST RESTORATION

(THINNING, REPLANTING,
HERBICIDE)
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RESULTS: TOTAL CO2 SEQUESTERED

¥ Scenario 4-
Increased
Scenario 3- Management
20
Current
S Scenario 2-  Management
8 10 No Managment
o Scenario 1- with .
S No Management Catastrophic
2 Fires
5 0
(&)
[T
(o]
e
lg -10 -
[T
<)
v
c
g 20 -
=
30 |
-40

Range and Mean
Total Carbon
Sequestered
(positive) or Emitted
(negative) from 2013-
2062.

The range of total
CO2 emissions for
the entire simulation
period is shown in
orange with the
mean represented in
blue
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RESULTS: ANNUAL VALUE OF CO2 SEQUESTERED

S50
— $0 1 | // 1 | F|
r.-." 2013 2018 2023 2028 20 2038 43 048 2053 2058
8
a -550
172
-]
[T
<)
25100 —No Management :
o
= —— Catastrophic Fire
2_5150 ——Current Management
—Increased Management
-$200

Annual Value of Carbon Sequestration for Four Scenarios in GDS (at the 3% discount rate);
note that values differ in the first year due to the incorporation of uncertainty in the model




GENT OF
N
S G 7,
& 2
2
w =]
= 3
4 4
ARCH 3, 1

U.S. DEPARTMENT
OF THE INTERIOR

INTERNATIONAL TECHNICAL
ASSISTANCE PROGRAM

ACKNOWLEDGEMENTS

This work represents multi-disciplinary, multi-agency partnerships. The
following individuals provide substantial contributions to the projects and
materials herein:

Nisqually: Anthony Good, Kristin Byrd, Isa Woo, Glynnis Nakai, Monica Moritsch, Travis
Poitras, Melanie Davis, Susan De La Cruz, Lisamarie Windham-Myers, James Morris, Ken
Krauss, Judith Drexler, Eric Grossman, Dan Nowacki, James Losee

Chesapeake and Delaware: Kristina Hopkins, Jacqueline Welles, Gregory Noe, Peter Claggett,
Labeeb Ahmed, Marina Metes, Fabiano Franco, Collin Lawrence, Dianna Hogan

Great Dismal Swamp: Dianna Hogan, Zhiliang Zhu, Brad Reed, John Schmerfeld, Sara Ward,
Chris Lowie, Fred Wurster, Christine Pickens, Chuck Peoples, Brian van Eerden, Ken Krauss,
Nicole Cormier, Rebecca Moss, Courtney Lee, Jamie Duberstein, Josh Salter, Laurel
Gutenberg, Chris Wright, Judy Drexler, Gary Speiran, Todd Hawbaker, Zhong Lu, John Qu,
Laurel Gutenberg, Bryan Parthum, Rachel Sleeter, Kim Angeli, and Gary Fisher



U.S. DEPARTMENT
OF THE INTERIOR

INTERNATIONAL TECHNICAL
ASSISTANCE PROGRAM

GENT O,
A,

e &
" ¥
; z
g

g o5

ACH 3.3

CONTACT INFORMATION

Dr. Emily Pindilli, US DOI ITAP, US Geological Survey Science and
Decisions Center Director, US Geological Survey Chief Economist

Webpage: https://www.usgs.gov/staff-profiles/emily-j-pindilli
Email: epdindilli@usgs.gov

Disclaimer: The views expressed on this document are those of the author/s and do not necessarily reflect the views and policies
of the Asian Development Bank (ADB) or its Board of Governors or the governments they represent. ADB does not guarantee the
accuracy of the data included in this publication and accepts no responsibility for any consequence of their use. By making any
designation of or reference to a particular territory or geographic area, or by using the term “country” in this document, ADB
does not intend to make any judgments as to the legal or other status of any territory or area.
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Disclaimer: The views expressed  on this document are those of the author/s and do not necessarily reflect the views and policies of the Asian Development Bank (ADB) or its Board of Governors or the governments they represent. ADB does not guarantee the accuracy of the data included in this publication and accepts no responsibility for any consequence of their use. By making any designation of or reference to a particular territory or geographic area, or by using the term “country” in this document, ADB does not intend to make any judgments as to the legal or other status of any territory or area.
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