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ReVA: the Approach

ReVA's Integrated Assessment Framework Helps Organize Research
Knowledge and Tools to Respond to Client Needs

« Data acquisition / preparation (existing data)
 Extrapolation /interpolation
« Model development / forecasting (many separate models)

 Synthesis (many methods to address data issues and assessment
guestions)

e Scenario Analysis
e Visualization/Communication/Access to Information

EDT

EDT = ReVA’'s web-based Environmental Decision Toolkit

Regional Vulnerability Assessment
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Best Quintile Counts

Integration of Spatial Data: the Method Used Matters!

Is the method robust given the data being synthesized?

Method Discontinuity Skewness Imbalance Interdependency

Quantiles

Simple Sum

AHP

PCA

State Space

Criticality

Overlay

Cluster

SOM

Is the method addressing the right question?

Stressor-Resource Overlay

STRESSORS, worst two quintlles
B sosewr

e Ranking Methods (Condition)
Quantiles, Sum of Ranks, AHP

10-14 15-
W sorassr

18.87-20.77
811

20772267

» Distance from Reference Point (Sustainability)
PCA, State Space, Criticality

22572458

RESOURCES, bestowa quinties

B zassaxas

B e

* Overlay of stressors/resources (Value,

vulnerability)
e Grouping of Like Units (Feasibility)

Cluster Analysis, Self-Organizing Maps




Time Scale of Ecosystem Response

Weeks Months Seasons Years Decades

Days
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Invasive
Species

Resource and Land Use

.
T

Climate Change ‘
i

Pollution

Extreme
Natural

Events

Local Regional National
Geographic Scale of Ecosystem Response

Despite compliance with environmental
regulations, biological populations are
declining.

Major drivers of change include:
Land use change
Resource extractions
Pollution and pollutants
Exotic invasive species

Climate change
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ReVA’s Environmental Decision Toolkit (EDT)

« Web-based, integration and visualization

o Statistical application (S-PLUS), with mapped output
 Linked to ArcServe version for finer-resolution analysis
 Results as relative rankings within larger region

« Addresses multiple assessment questions

 Integration of data in subgroups (e.g. water, air) or subregions
« Weighting to reflect different values, perspectives

« Scaleable (national to local)

« Data access, interoperable, webserviceable

RoVA

Regional Vilnerability Assessment
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ReVA Process

Descriptive Spatial Model
Spatial Data Output :
(Lpd _ (Npsp _ | Environmental
andscape metrics, estimates, air o« 5
census variables, ‘ deposition estimates, DECISIOH TOOI k|t
species counts, invasive species, ) )
etc.) etc.)  Integration into
Indices of Condition
and Vulnerability
Forecast Scenarios: * Visualization from
Drivers of Ecological Change (and use, exotic species, TRl [peirspeties
resource extraction, pollution and pollutants, climate change) * Enabling Multiple
Alternative Management Scenarios (trade-off analyses) Criteria Decision-

Making

l l e Individual variables

.. and Composite indices
Descriptive Spatial Model
Spatial Data ‘ Output

(EMEECERE Eities, (NPS estimates, air

m SLEPUEHIRL (e 10 deposition estimates,

graphic variables, . . .
etc.) invasive species, etc.)
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Where will valued resources be
subjected to additional stress?

StressorResource - Current StressorResource - Future

Region 3 used the
toolkit to prioritize the
use of resources

Wiatershed Summary
mMethod Comparison

B curentbetter —Watersheds in blue - candidates for

use of Region 3's discretionary funds
for water monitoring, continuing
existing projects, initiating new
projects, partnerships with local
communities for responsible
development.....

Same

Future better

Difference Map
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-~
Regional Growth Decision Tool sustainable Environment for Quality of
gi isi | _
Life (SEQL) study: 15-county area
Aboutthe RGDT  How can I use the RGDT? Use the RGDT What is SEQL? What is ReVA? surroundin g Charlotte, NC. Two
Home Page = Levels of Detail » Executive Summary = SEQL Overview Map altern atlve futu res p rOJ eCted tO 2030
View Scenario Maps
Landscape Quality Index for Watersheds
Medium Density Cormpact Centers
I << Back ] I Redraw Map ]
Landscape Quality Index for Watersheds
Variables
« Percent any agricultural land
« Total agriculture land on steep slopes (9% slope)
« Percent barren landcover - natural
« Percent forest landcover
« Percent natural grass land cover
« Percentage of land that is edge forest class
» Road density Scenario Change
s Crop land cover along streams - 60 meters
. Fongst land cover alogng streams - 60 meters B s bette
« [atural grass land cover along streams - 60 meters O
+ Percent shrub land cover
e Stream density [ Same
« Percent urban landcover |
« Percent wetlands land cover
B tdap 2 hett
Trade-offs: Medium Density better for Difference Mao
individual watershed; Compact
Print File Centers better for region
If you would like more detailed data, please go to the Management Summary page.
: ; I ! I AGDT Home 1§ B
Q SEQL | CCOG | CRCOG | UNC Charlotte Urban Institute | RWA

Dorie €D Internet H100% T
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SE Region — Air Toxics Policy Tool

Select Grogrophic Ares: Tl U] bl | Heporiing Unit: LRI "n

WelcumetnRegiondEDTdevelopedbyRe\m ReSIduaI RiSk Assessment

Hedembaducton leal
Walcoms 1o th Southeasterm Envronmantal Decision Toolkit (EDT)i Her you can explors spatial data doscribing -mmmm.il conditions across EPA's Region 4, iew assessment resulls

9 on overall conditions s wilnerabilitios for the region, croats indices 1o represent cenain perspactives of Kientify spacilie aress fof management actions, and COMpare Meas to & rolesnce. . . .
mn::ﬂ;‘mummhnululmum!u:mmlomumﬂullwltmhenwunlmmmlmnnlnplmdlmlngkmllimmhllliow(aMumﬂlldl:ml:ilg;n‘ EPA requ"-ed to assess the res'dual I’ISk after
AT kit Lk i oo, iy W e o o e g the maximum achievable clean-up of
+ Oworall curront conditions an el using 3 intogration mathosks and all available variablos . .
S el e e ey bt S s o S o o o emissions under current technology (MACT)
e o e S R - for air toxics. If risk to T&E speci i
.?L:;WMF“W“‘- s whould solect HUGs as a roporting unit in the Reporting Unit seloction manu at the top of the page. Users iterested in Human Hoalth data should Or alr tOXICS- rls to SpeCIeS, mlgratory
Seattered throughout the EDT are intemation and metadata icons which am dencted by either an @ or an ©. mmmmul&!ummmuwumlﬂmdzl bird SpeCieS’ or human Welfa‘re iS “high”l EPA
Metadata icons g information on LOT vanables or methodology and at times link fo I GOC (I ederal Geographical Data Commities) a. ¥ . . .
Administrator has authority to regulate.

RevA

[ . ... TR

Isightu
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National Environmental Assessment

Toolkit (NEAT)

Welcome > Deposition of NOXSOx > Ambient Conditions

HAPSs Local Scale
T & E Species
Proximity Analysis

Map with Ambient Conditions for Nation

HAPs Regional Scale CMAQ Variable: @ ©
| Average depostion of ozone (CMAQ) ~|
Special Area of Concern: @ @

| Square km of Federal Natural Areas from PAD database |
Make Map:

| Staticmap | @

Assess Vulnerability

Sediment Concentrations

Tissue Concentrations
Deposition of NOx/SOx

Dynamic Ma
Ambient Conditions [ i @

Changes since the Clean Air
Act Average depostion of ozone (CMADY) (kgfha)

Examine Trends

Variable Information =14.77
Data Download 14.77 - 26.13
Logout
26.13- 37.48
i More information
% See Metadata M iSacdaie
B 1s85-60.21
B eso21-71.57
W 7157

Unavailable

Data Distribution

*ol =
N=2103 0 20 40 60 80 100
TDO314
Average depostion of ozone (CMAQ)
Average depostion of ozone (CMAQ)
Bottom 25% 25%-50% 50%-75% Top 25%

.Ranges (kg/ha) 3. 4088-39 1707 |39 1707-47 8046 47 8046-58 7317 58 7317-82.934 |
Area (km?2) |410565.365 1410806.025 1724556.016 1129895.331

o>

The colored areas on the map correspond to the entire watershed. not the special area. The special area will be some subset of the entire watershed_

ReVA
Air Quality Policy Support:
National Ambient Air Quality Standards
Assessment (NAAQS) — what are impacts to
protected areas?

Done

€ Internet

L 100%
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NEAT: Performance Measures

e
Welcome > Changes since the Clean Air Act > Examine Trends
Select Geographic Area: [8]
Hateire e Display Pre/Post Maps CASTNet Variables for Nation
SR ) ke The variables on this page display the difference between a pre - CAA average of 3 years (89-91) and a post-CAA average of 3 years (2004-2006). The colored areas on the map corespond to the entire watershed. not the special
HAPS Regional Scale area_ The special area will be some subset of the entire watershed.
Assess Vulnerability IVatiah!e for first map: @ @
meaaEn | Sultate Difierences in Deposition - Pre and Post CAA (CASTNet) ~|
Tissue Concentrations Special Area of Concern: L]
| <None> ~|
Deposition of NOx/SOx
-, Make Map:
Ambient Conditions [ Static Map J [ Dynamic Map J @
Changes since the Clean Air
Act
Sulfate Differences in Deposition -
Eramie Tivets Pre and Post CAA (CASTMet) (kg/ha)
Variable Information
Data Download S
Logout -13.68--10.87
i More information 10.87--8.07 .
" Secmende W aser How effective has the
B 5237--z47
. .
B 2a47-034 C I t b
! gost ean Air Act been in
Unavailable .
protecting valued
[ ecosystems (eg protected
o -20 -10 -5 0 5
REZH08 so4.d.difave )f)
areas):
Sulfate Differences in Deposition - Pre and Post CAA (CASTNet)
Post Better o Pre Better
[Tribal Land Pre/Post Ranges (kg/ha) |-9.7824-0.7348 |-0.7348-0.0118 [0 (0.0151-0 3554 035541 7037
Tribal Land Area (km?2) [114763.442 [111131.628 [0 |4870.297 |2812.72
Natural Land (State) Pre/Post Ranges (kg/ha)  |-16 4794--3 5219 |-3 5219--0 0015 |0 [0 0062-0 3509 |0 3509-3 1383
Matural Land (State) Area (km?) 54002.585 |36514.141 |4119.832
MNatural Land (Private) Pre/Post Ranges (kg/ha) |-13.4804—0.9719 |-0.9719-0.0015 [0 [0.0075-0.306 |0.306-3.1383
Natural Land (Private) Area (km?2) 209799.646 |s98415.1a8 [0 [73425 088 81156.404
Industrial Land (Private} Pre/Post Ranges (kg/ha) [-8.3746-1.3528 |-1.3528--0.1006 |0 [0.0181-0.094 [0.094-0.1699
[iIndustrial Land (Private} Area (km?) |30545 488 [1462 308 |0 [26.827 [82.408
|[Forest Land (Private) Pre/Post Ranges (kg/ha)  |-7.9049-5.1056 |-5.1056-4_0761 |0 [MA-NA NA-NA
Forest Land (Private) Area (km2) |4170.785 110006.169 oo lo
Geological Area Pre/Post Ranges (kg/ha) |-9.4267—1 2317 [-1.2317--0 1042 |0 |0 2682-0 2682 |0 2682-0 2682
Geological Area Area (km?) 119.972 [127.086 o l0.065
MNatural Land (Federal) Pre/Post Ranges (kg/ha) |-16.4794-1.9859 |-1.9859-0.0015 [0 [0.0062-0.315 [0.315-3.1383
I 4 LWL Iz 0 An4 Inl By La 4 b

Done € Internet L 100%
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ESRP Major Research Questions

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?



Place-based projects include...

e Coastal Carolinas
Development, Sea Level Rise, agriculture,
coastal storms, water quality, air quality

o Willamette Valley
Development, water quality, habitat, timber,
agriculture, carbon

» Tampa Bay region
Population growth, development, water supply,
habitat, climate change, sea level rise

» Future Midwestern Landscapes
Biofuels, agriculture, water quality, water
supply, soil loss, habitat, carbon




ECOSYSTEM SERVICES RESEARCH PROGRAM

Change drivers of interest for Midwestern
place-based study

Biofuels

— Potential for rapid, large-scale
changes in land use or land
management

— Implicit trade-offs among
ecosystem services

Agricultural conservation practices

— Existing area of large investment,
uncertain benefit

— Increasing interest in ecosystem
service-based incentives and

markets

everal locations have mul

Locations of ethanol biorefineries and FML boundary

Conservation program participation (dollars/acre)

=102

87.76-102
T4.02- BT 76
B en2s-7402
B sEs54-6028
B 325-4654
W -

Unavailable

Data Distribution

N=570 0 20 4060 80 120
CONSERVATI
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Problem statement

How do structures, functions and processes of Midwestern
ecosystems contribute to societal well-being?

How can we guantify the ecological, technological, and service
demand functions of the Midwest landscapes®?

How will today's land use decisions affect trade-offs of future
ecosystem services? What land-use/land cover configurations
afford the best combinations of ES based on society's values?

What indicators of ecosystem service changes communicate the
vulnerabilities and opportunities to decision-makers?

How can we facilitate conservation and restoration of ecosystem
services through existing or future market structures or policies?
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Services of interest in FML Study
(examples)

e Carbon storage
o Water supply
 Flood moderation
 Water quality
e Biodiversity
e Air quality
 Food production
» Biofuel feedstock production
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Ecosystem Services Framework

Ecosystem
- derived
benefits

Service

Ecological
; demand
endpoints | function

Ecological

Natural :
production
features | function

A

Complementary
goods and
services
(Technological
production
function)

Social
values

Wainger and Boyd
Quantifying production functions is long-term research
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Short-term analysis of ecosystem
service endpoints

Supply and Demand Metrics

° I :
Qua tY Interim Products:

’ Quantlty « Acquire regionally

. Vu|nerabi|ity consistent, available data
— Exposure  Clients (case studies) will

: - help identify meaningful
— Ecological Resilience  ingicators through use of

— Social Resilience spatial data exploration
tool (FML-EDT)
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Overview of alternative-futures
research approach

Adapt/apply
projection models
Biofuel
Landscape Evaluate
Multiple development services
Services

Online
“Environmental
Decision Toolkit”

Testing with
user groups
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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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Biofuel Targets Scenario (2022)

Market Allocation (MARKAL)
econometric model (NRMRL)

« Energy supply and demand m el o o

Sets conditions for: . | O Additional advanced biofuel

Food and Agricu|tura| Po“cy B Additional renewable biofuel
Research Institute (FAPRI)
econometric model
(ISU/CARD)

 Net returns (profits — costs)
drivers

eeeeeeeeeeeeeeeeeeeee , Energy Independence and Security Act of 2007

 Number of acres / region

Results disaggregated using soils data, tillage practices, etc.
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Multiple Services Scenario (2022)

NS

Multiple
Baseyear Services
Landscape Landscape



Capturing Energy and Agriculture Market Dynamics through
EPA and lowa State/CARD Interaction

Assumptions per model:
* general economy

* ag policies

» weather, climate

* tech. change

Common assumptions

aligned for iterations:

» ethanol conversion facilities
o capital costs, O&M costs
» conversion efficiencies

* population

* price deflators

Assumptions per model:
* population & GDP

* energy demand

* emission constraints

* tech. change

* Oil and gas prices/marginal costs
» Ethanol cost of production

* Prices and quantity of
commodity crops produced

Compare the volumes, and
continue iterations until
volumes are converged to
equilibrium.

MARKAL
Energy
System
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Base Year Scenario

NLCD 2001/2002 NASS Cropland Data
Layers
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Enhanced Land Cover Data
for FML— Combines the best
of NLCD, NASS Crop Data
Layer, and LANDFIRE using
a set of rules

Includes crop type as well as
rotation

Implications for better
estimation of nutrients and
pesticides loads/export

Better assessment of crop
yields

Megan Mehaffey
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W Row crops

Corn monoculture Pasture

Alfalfa/Hay

Soybean in rotation

Corn in rotation Megan Mehaffey
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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
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Assessing Existing & Baseline Future Conditions

Nutrients / GOM / Great Lakes

Which watersheds are generating the most N and P
to GOM?

Which watersheds are generating the most N and P
to Great Lakes?

Which stream reaches have ecological components
vulnerable to nutrient pollution?

Where are the biggest changes in stream chemistry
likely to occur if biofuel production increases?

Water Quality for Drinking

Where are people exposed to health risks from
nitrates in groundwater?

Where are municipal surface water intakes (SWI) at
risk for increased treatment requirements? (from
development, nitrogen pollution, etc.)

Recreational hunting

Where are recreational hunting options the most
scarce?

Existence Values - Terrestrial habitats

Which habitats are vulnerable?

Where are rare habitats experiencing the greatest
stress?

Evaluating Opportunities for Action

Which watersheds are generating the most
controllable N and P to GOM?

Which watersheds are generating the most
controllable N and P to Great Lakes?

How can conservation practices be targeted to cost-
effectively reduce N, P exports to major
waterbodies?

How can conservation practices be targeted to cost-
effectively reduce N, P exports to vulnerable
streams?

What level of nutrient export might be generated
with alternative management aimed at fulfilling
multiple services?

Where can practices be implemented to increase
the safety of the groundwater supply?

Where could practices be targeted to protect SWIis?

Where are opportunities to cost-effectively increase
recreational hunting opportunities?

Which habitat patches are the most critical to

preserve?

Which areas are the most critical to restore to
protect scarce habitat?

Analysis Components

Establish model based on farm & landscape characteristics (e.g., areas
with high fertilizer inputs, leaky soils/ geology, minimal conservation
practices implemented)

Establish model based on farm or urban & landscape characteristics

Identify leakiness factors by watershed or sub-watershed location ,
loadings, attenuation characteristics, existing BMPs

Identify where functions have high likelihood of being restorable. (ie,
moderately impacted with high opportunities for cost-effective BMPs)

Scenario Analysis - nutrient export indices

Population exposed, % marginal farmland, restorable wetlands

% natural veg in surface water protection watershed (identify watersheds
near thresholds?) vs. land conversion pressure

e.g., Green ratio vs. population

Documented, likely, and potential occurrences of rare species and
natural communities combined with opportunities for green corridors,
reduced fragmentation, etc. (e.g., something like FNAI)

Land conversion potential; cumulative impacts of land conversion; x
FNAI-like layer
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The Coastal Carolinas Project

NLCD C-CAP
W cpen Water High Intensity Developed
Developed, Open Space [ Wedium Intensity Developed
! i
[ Deveioped. Low intensity I Low Intensity Developed

I 0<veloped, Medium Intensity — P
I O-veloped, High Intensity FahsP

Studyv Area
B cle Ridge

I cuttivated
i i i Banen Land
Middle Atlantic Coastal Plain -
I Oeciducus Forest - Pasiure/Hay
- Piedmont B & vergreen Forest | Grassiand
i [ Mixed Forest [ Deciduous Forest
- Ridge and Valley | Scrub/Shrub I Evergreen Forest
Southeastern Plains GrasslandiHerbacsous I Wixed Forest
” | PastureiHay Scrub/Shrub
| i
Southern Coastal Plain [ cuitvated Crops Il Falustrine Forested Wetland
T
B Voot Winiancta I Falustrine Scrub/Shrub Wetland

I Emergent Herbaceous Wetlands
o i I Falustrine Emergent Wetland

I stuarine Forested Wetland
I Estuarine ScrubiShrub Wetland
- Estuarine Emergent Wetland
3 1 [ unconsolidated Shore

|7 | Bare Land

I vater

Il alustrine Aquatic Bed
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Coastal Carolinas Alternative Futures

Sea Level Rise:
Slow (current rate) Medium (1 m by 2100) Fast (3 m by 2100)

Development Business V V V

Response: as Usual

Adaptation
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Models of Climate Change Effects:
SLOSH?
SLAMM?

Charleston
Harbor

Mount Pleasant

Folly Beach Physical process models -
National Weather Service’s
Sea, Lake, and Overland
Surge from Hurricanes
(SLOSH) model

Isle of Palms

Hurricane SLOSH Model

Water
Category 1
Category II
Category IlI
Category 1V
Category V



Questions?




