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Decision Making Occurs at Multiple Levels
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ultimately made locally but
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impacts on regional,
national, and global delivery
of ecosystem services
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Questions Posed by Decision-Makers

National Scale
What policies are needed to reduce the hypoxic zones in the Gulf of Mexico and Lake Erie?
How do we ensure adequate habitat for federally protected migratory species?

How do we evaluate areas to optimize the production of ecosystem services through programs such as the Dept of
Agriculture’s Conservation Reserve Program?

What restoration methods work where?
How can we quantify the success of environmental protection legislation?

Regional Scale

How do we target watersheds for improving water quality most efficiently? Which linkages among watersheds are
the most critical for reducing pollution downstream?

How can this region accommodate an increasing population and maintain good air quality?
Where are the areas most vulnerable to multiple stresses?

How effective are local conservation measures in protecting migratory bird stopovers?
How effective are local BMPs in protecting large water bodies?

Local Scale
What can | do to protect water quality on my property?
How can | attract more wildlife (e.g. songbirds)?
How can community zoning ensure adequate green space?
How many people can our available water resources supply?
How can we reduce traffic congestion in developing neighborhoods?
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A Multi-pronged Approach

Pollutant-Based Ecosystem Services Research

How does a regulated pollutant—nitrogen—affect, positively and
negatively, the bundle of ecosystem services at multiple scales?

Ecosystem-Based Ecosystem Services Research

How does the bundle of ecosystem services provided by selected
ecosystem types—wetlands and coral reefs—change under alternative
management options at multiple scales?

Place-Based Ecosystem Services Research

How does the bundle of ecosystem services for all ecosystems within
an “ecosystem service district” change under alternative management
options?
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Ecosystem Services Framework

Ecosystem
- derived
benefits

Ecological

Natural :
production
features | function

A

Service

Ecological
; demand
endpoints | function

Complementary
goods and
services
(Technological

production
function)

Social
values

Wainger and Boyd 2008
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Place-based Studies
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National Mapping Theme
Goals

 To collaborate with and to provide landscape science
support to place-based, wetlands, coral reefs, and
nitrogen ESRP studies

« To develop a publicly accessible and scalable National
Atlas of Ecosystem Services with the intent goal of
— Impacting decision-making
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Examples of National Mapping Effort: Water Supply as a Valued Service

Change in Total Fresh Water

Public Withdrawal (1990 -2000)

(Mgal / d) -
S 025 - 05 Source of water use data:
___-0.01-0.01 http://water.usgs.gov/watuse/data/2000/
I 0.01 - 1.76
.76

Megan Mehaffey



Examples of Ongoing Atlas Work

Terrestrial Habitat -- Green Infrastructure Approach (i.e., Hubs and Corridors)
Jim Wickham, Tim Wade, Landscape Ecology Branch, ESD

7 green infrastructure
classes mapped for
entire US based on
NLCD 30 m data

» Used NLCD forest and
wetland classes only

* |ldentifies potentially
important wildlife
habitat

* |dentifies areas for
restoration/protection

» Will soon be included
% on LandScope web

-! site

- Branch - Edge - Islet - Core - Bridge Ij] Loop |:l Perforation

L,

R |

Developed from: Vogt P, Riitters KH, lwanoski M, et al. 2007. Mapping landscape corridors. Ecol. Indic. 7:481-

488. http://forest.jrc.ec.europa.eu/biodiversity/GUIDOS/ 11



Direct runoff (Q), inches
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Examples of Ongoing Atlas Work
Flood Mitigation using Soil Conservation Service Curve Number Approach
Jim Wickham, Tim Wade, Landscape Ecology Branch, ESD

Curves on this sheet are for the
case |, = 0.28, so that

2
o (P-0.25) &)
P+0.8S 7/ 0

Rainfall (P), inches

Where S = 1000 _ 10
CN

Generalized Curve Numbers
Hydrologic Soil Group

LC Class
Imp. Surf
Cropland
Pasture
Forest
Pin-jun

Wetlands

A

98

64

39

30

B

98

75

61

9

41

C

98

85

74

70

61

D

98

89

80

77

71

0-100

Source: http://lwww.wsi.nrcs.usda.gov/products/w2g/H&H/docs/other/TR55 documentation.pdf
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Water Yield using SCS Curve Number Approach

South Carolina Land
Cover

Calculations of CN based
on NLCD land cover and
SSURGO soils data

Tim Wade

Discharge from 10 yr
storm event (2 in)
calculated for each 30 m
pixel

Discharge is routed from
~ each 30 m pixel to the
next until reaching HUC
outlet

Discharge summarized
for each 12 digit HUC for

10-yr storm event —
investigating routing from
one HUC to another to
maintain hydrological
network
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www.epa.gov/ord/erp BUILDING A SCIENTIFIC FOUNDATION FOR SOUND ENVIRONMENTAL DECISIONS

Water Quality -- Nutrient Attenuation/Removal by Riparian Buffers

Goshen Swamp Tributary of NE Cape Fear
| River

[ Jutan
o Y I ~gncuture
N [ crassiand

I Forest
. Buffered
[ ] shmun

B vctian - No Buffer
[ water

67 % of Ag buffered
33 % not buffered

- U.S. Environmental Protection Agency
Office of Research and Development .
Jay Christensen
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Status of U.S. Wetland
Ecosystem Services

= S v IR
[ ] Support fisheries 1 ‘ ‘ ‘ ‘

-
I Protect shorelines NE SE& Inland West Great
[ ] Store flood water Gulf Lakes



Alternative 1 Alternative 2 Alternative 3

Water

Decision
Support

Water

 Performance of
three management
alternatives on five
policy objectives
and overall
performance of

alternatives.

Climate

Socio-
economic

Poor Fair Good

Performance

Total

Goosen, et al, 2007
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Regional-scale Ecosystem Services Research: The Future
Midwestern Landscapes (FML) Place-based Study

National Policy Issues:
* Energy Security
» Conservation Policy

» Water Quality (e.g.
nutrient loading to
Gulf of Mexico)

Regional Policy Issues:

* permitting of
facilities under Clean
Water Act/Clean Air
Act

 Sustainability of

regional services

*
o T Voo 3 +
Ll
B3R € Y7 :
et o ¥ e g 725
i_oo"o"; >t : .‘....
- o, 38 'y
* . +

@  Biofuel Plants
[ mLstucy area

& Source: Rengwable Fuels Association
Mote: Several locstions have multiple plants P

Study area showing ethanol biorefineries
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FML Problem Statement (decision
maker's perspective)

 How do the landscapes of the Midwest —
Including working lands, conserved areas,
wetlands, lakes, and streams — contribute to
societal well-being?

 How will today's land use decisions affect
current and future trade-offs of ecosystem
services?

« What policies or market options would help
sustain a broad spectrum of the ecosystem
services that society values?
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FML Problem Statement (researcher’s
perspective)

« How do structures, functions and processes of
Midwestern ecosystems produce services to society?

« How can we quantify these services?

« What landscape configurations (land uses and
management) afford the best combinations of ecosystem
services?

 What indicators of ecosystem service changes are most
useful to decision-makers?

« How can we facilitate conservation and restoration of
B3 ecosystem services through existing or future market
structures or policies?
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Overview of alternative-futures
research approach

Baseyear
Economic Adapt/apply

projection models
Biofuel
Landscape Evaluate
Multiple development services
Services

Online
“Environmental
Decision Toolkit”

Testing with
user groups
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Biofuel Targets Scenario (2022)

Market Allocation (MARKAL)
econometric model (EPA)
B Cellulosic biofuel

« Energy supply and demand o doeel
Sets conditions for: O Additional advanced biofuel
2 25

Food and Agricultural Policy B Additional renewable biofuel
Research Institute (FAPRI)
econometric model
(ISU/CARD)

 Prices and regional acreages

» Disaggregated using soils, tillage
practices, etc.
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Multiple Services Scenario (2022)

NG

Multiple
Baseyear Services
Landscape Landscape
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Scenario Models Ecosystem Services
AnaIyS|S Air emissions
:

Atmospheric
concentration

Baseyear

Landscape & deposition
A
Watershed
processes
Biofuel Targets i
Yo

Landscape

River floodplain
processes

Multiple
Services
Landscape

Terrestrial

wildlife habitat

. }
Recreation
Cultural value

N Existence value

__,JAquatic community | S
| processes AN

—_———m e e e e e e e e e e s = =)
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The Future Midwestern Landscapes
Environmental Decision Toolkit (FML-EDT)

& ¢ _ieporiog s B
| Decision Toolkit

» User-friendly tool for

ROVA i
! decision-makers

e Structured around ES
themes to promote
problem solving

pancpason

 Reduce complex
information into useable
performance metrics

B  Promote understanding of
cause/effects resulting
from policy choices

Moru information

 See Metadatn

http://www.waratah.com/fmledt revaguest/anonymous




Future capability: Build an ecosystem service index (ESI)
combining user-weighted values

001 2 3 4 5 6 7 8 910
O000®00000

Compare Individual
Variables

O

Create an index
Compare Created Indices
ReVA Indices
Air Quality Index
Water Quality Index
Land Quality Index
Landscape Diversity

Human Use Index

e o o & o @
e e O e e @
e o o & o @
e o o o o O
e o o & o @

Vulnerability to Toxics

Graph Data

e @ @ O e @
e O e ¢ e e e o

Create Reference Area
from Existing HUC

Create ldeal Reference
Area

© O 0000

FaNEF VNN WY YNV WY WY W %

Streszor Resource
Overlay Analysis

Weighted Ecosystem Services Map for FML Region

Future Scenarios High ESI

e @ O e e e 6 e e e o o

a e _a s 6 6 ¢ e & O e

e 6 & 6 6 6 ¢ & & & o

Conversion to Corn
Scenarios

Metadata and Data Download

mabne [vidp
dEnE).

[ Dynamic Map lﬂ E‘
e )0

Glossary
Additional Resources
User Feedback

Logout B | oweEs
i More information

M See Metadata -

room for improvement

relatively good provision of services




Water Quality -- Nutrient Attenuation/Removal by
Riparian Buffer

Riparian metrics being tested

* Average Flow Path Buffer Width
from Ag Cells (m)

Based on Baker et al 2006
* % Ag draining to stream without

passing through naturally
vegetated buffer

» Sum of Ag/Buffer Ratio / total <
buffer length

(ag/buffer)/total buffers
I 0.00- 0565
I 066 -1.89
1 1.80-4.10
P 411-818 - gl
-2 N -
15 Jay Christensen
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Watershed-scale
Ecosystem Services
Research:

The Willamette

Willamette
River Basin

~30K km?
13t largest river in U.S.

Agriculture
I:] Mixed Forest
I Evergreen Forest
I Deciduous Forest
B Vetlands

:| Developed

—— Willamette River

0 375 750

Kilometers




Ecosystem Service Mapping, Willamette Basin

Water Quality Potential Soil Storm Peak Carbon_ Biodiversity = Market Value
Conservation Management Sequestration
1/ Redative Ann, 1/ Relative Avg, Ann,
Discharge of Dissolved  Rate of Soil Erosion in Metric Tons 2050 RMBY Constant Year 2000
Phasphorus per Hex.  Metric Tons per Hex, Unitless per Hex. per Hex. Daollars per Hex.

Plan Trend

Development

Conservation




Desired Outcomes: Forcing Variables:

* Clean rivers *Predicted climate change
* Fish & Wildlife * Air pollution

* Flood control * Land use management

» Timber & Crops = * Population growth

» Wetlands

Research Targeted to Develop Ecological Response Functions (ERF), Ecological
Production Functions (EPF) and Ecological Trade-off Functions (ETF)

Mapped Fut
: Ecosystem uture
Ecosystem C-Sequestratlon y PI’OjeCtionS

Services
Natural & Structure & 3

pogenic Functioning Critical habitat b9y
Stressors '
* Production # Water provisioning #

Plrpe?;ht Pools 5 Water Quality
Fuf:”e Eli(;\?smposmon Riparian wetland ES
Ag-/De-gradation
Land-Water
Interactions

W-ESP Decision Support System

*Cost

*Optimization

Societal Response *Market Forces
& *Valuation
EPA Policy Actions Futures & Trading Analyses




Conservation

Trajectories of Landscape
Change in the
Willamette Basin

Plan Trend

Pre-EuroAmerican

Settlement Circa 1990

: : . A . R . Development
Translating services into quantifiable spatial metricsE=" - 20;]
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Some Agricultural ERFs & ETFs

» Read vertically to compare responses (ERFs) of a given service to 3 different stressors
* Read horizontally to assess trade-offs (ETFs) among 3 services at any given stressor level

Food Water Carbon
Production Quality Sequestration
© g 5 /\
Kz = 2
Fertilization > - P / 8
o @ =
5 g 3
N Fertilization N Fertilization N Fertilization
L) T o S ~_
Tillage > 2 / :
o 18] =
O £ &
(2]
Tillage Tillage Tillage
L) % S
B Climate g : =
e,b) wn

Drought Index Drought Index Drought Index
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ERFs, ETFs Have Many Dimensions

Example 1: soil particle size modifies the effects of the 3 stressors

Fertilization
Tillage
Climate

!

Food
Production

Low Sand%

High Sand%

Crop Yield

Stream Nitrate

N Fertilization

Low Sand%o

PR

High Sand%

Crop Yield

Tillage

WA)
?
High Sand%o

Drought Index

Crop Yield

Stream Nitrate

Stream Nitrate

High Sand%

\,

Soil Carbon

Low Sand%

N Fertilization

igh Sand%

Low Sand%o

N

Soil Carbon

Tillage

High Sand%

f

Soil Carbon

Low Sand%

/,

Drought Index

Carbon

Sequestration

Low Sand%o

?
* High Sand%

N Fertilization

I?

Wd%

Tillage

\Lw

?

igh Sand%

Drought Index
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ERFs, ETFs Have Many Dimensions

Example 2: the 3 stressors at left have interactive effects

Fertilization

Tillage

Climate

Food
Production

Low Tillage

High Tillage

Crop Yield
\\ﬁ

Stream Nitrate

N Fertilization

Low Drought Index

High Droughtndex

Crop Yield

Tillage

High N Fert

Low N Fert

Crop Yield
jj

Stream Nitrate

Drought Index

Stream Nitrate

High Tillage

\,

Soil Carbon

Low Tillage

N Fertilization

Low Drought Index

High Drought Index

N

Tillage

High N Fert

Y

Soil Carbon

Low N Fert

Drought Index

Carbon
Sequestration

Low Tillage

?
* High Tillage

N Fertilization

WOught Index

?
Wght Index

Tillage

High N Fert
N
m

Drought Index

Soil Carbon




Scenario Development
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Willamette Basin Alternative Futures
Scenario Evaluations

100

“184%

— MNatural Resource Indicators

I Conifer =80 years (acres)
80— 1 9% Woody Riparian Buffer — Lowlands ||
I Mative Terrestrial Wildlife Habitat
[ Terrestrial Wildlife Abundance
Bl Cutthroat Trout HSI

60+ [ Fish IBl — Lowlands w
|— [] EPT Richness — Lowlands

[ Main River Habitat (acres)
B Stream Habitat Volume — Lowlands

40—

20 —I

Percent Change Relative to 1990

-20

.40

-60

T T T T
Historical Conservation Plan Trend Development

Scenario



Adaptive Management

Decisions
Policys RECUIELEIAA
Economic, Stakeholders::

A Ecosystem
Processes

EPFs?
ETFs3

A Ecosystem
Services

EVFs*

A Value

A Human
Well-being

Willamette Conceptual Model

Forest Agricultural Riparian Urban Water Quality GCC Fish & Energy & Recreation
Land Use Land Use Land Use Land Use & Quantity Mitigation Wildlife Minerals & Tourism
|
— | Anthropogenic Stressors / Drivers |
|
| ;
[ I | I | | | | |
Global Fire Pests & Land Land Water [|chemicals| | Hunting & Other
Change invasives Use Cover Use Land, Air, Water | | Fishing Extractive
| | | | | | | | | |
Terrestrial Ecosystem Aquatic Ecosystem
STRUCTURE FUNCTION - STRUCTURE FUNCTION

Carbon, Nutrient & Water Cycling;
Soil Formation & Degradation,
Competition, Reproduction, Mortality, etc

Species, Food Webs,
Spatial Organization, Soils

Species, Food Webs,
Spatial Organization, Benthic &
Water Column

Carbon, Nutrient & Water Cycling;
[Sediment Dynamics, Groundwater Interactions
Competition, Reproduction, Mortality, etc

'

Ag & Forest
Products

Carbon GHG

Sequestration

Regulation

Water
Quantity

Water
Quality

Fire
Regulation

Fish

& Wildlife Recreation

Biodiversity

Air Quality

Sense of
Place

Extractive
Energy, Minerals, Rx

Sediment
Regulation

> Notes:

1 Ecological Response Functions (ERFs) quantify biophysical changes in ecosystem structure and function in response to a particular stressor or set of
stressors, e.g., changes in Mg ha-1 of soil carbon, or mm y-1 of water discharged to streams in response to forest harvest, global climate change, etc.

2Ecological Production Functions (EPFs) quantify biophysical changes in ecosystem services in response to a particular stressor or set of stressors. Whereas
ERFs characterize underlying processes (C, N, H20 cycles, etc.) that support ecosystem services, EPFs provide service-level information that can be

y, communicated to economists — e.g., metric tons of corn produced per year, millions of gallons of potable water provided per year, etc.

3Two or more EPFs can be combined to establish Ecological Tradeoff Functions (ETFs) that quantify tradeoffs among bundles of ecosystem services in

response to a common stressor or set of stressors.

4 Economic Valuation Functions (EVFs) translate biophysically-based EPFs into monetary or other tradable units.
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s Stressors

= Land Use
* Forest
o Agriculture
 Riparian
e Urban

= Global Change
e Climate
* CO,
* N deposition

= Chemicals

» Fertilizers

e Pesticides

] Models
Wildlife Populations

Tl

Plant Communities

Tl

Biogeochemistry

Tl

Hydrology

Multi-Model Approach

KI’ errestrial Services
= Ag products

Forest products

C sequestration

Nutrient regulation

GHG regulation

Habitat quality

= Wildlife populations

Aguatic Services

= Water quality
= Water quantity

= Fish & waterfowl
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Grass
Native Headwater Riparian Riparian RipRap Row Seed Biofuel
Forest Grassland Wetland forest grassland  slope crop crop crop

Ecosystem Services
B Nutrient removal

Relative value*
o

@ Temperature regulation
O Carbon Sequestration
B Habitat

M Flood protection

O Food & Goods

*Relative value could be a rate, say kg/halyr, or represent economic or social value.
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