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Outline

« What’'s New(ish):
» Growing need for spatially explicit certified models to support
Planning (SMART Planning) and ecosystem restoration

monitoring
s Opysters, Salmon, Mussels, Turtles, Landscape, Fish Passage,

NRDA restoration

» Geospatial metrics for species/habitat modeling in support of
restoration planning and monitoring

» Apply spatial analysis techniques to answer questions (ex.
Where is the best place to restore oyster habitat?)

 Project Update:

» Charleston Harbor area wetlands mapping
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PI an n I n g M O d el S | v Plan restoration projects more
efficiently
1tl i : : v Better understand envi tal
» Critical species (T&E, invasives, penefs fiom restoration.
commercial) must be considered during : fq‘;‘;‘g‘g;':;‘;?fj;ﬁgggfgfc'e
the planning phase of a restoration prOjeCt v Assist with model certification

« This requires models to assist with decision making for
recommended plans (e.g., need to be able to determine
suitable habitats)

 For many species, multiple models are being used, which
complicates model application and certification

 Move towards systems approach, rather than single species
(e.g., evaluate different outcomes at the ecosystem level as a
result of project alternatives) ;
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Geospatial Metrics

» Geospatial metrics can help streamline approach and assist
planners present the recommended plan in a spatially explicit
manner to better communicate benefits of plan
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Oyster Restoration

Model Examples Suitability Index
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Model Examples

Develop a general standard planning model to assess proposed alternatives for
ecosystem restoration projects focused on Salmonids and associated species of

S0 AR

concern within the Pacific Northwest

_—

Landscape Units:
Tributary, Mainstem, Estuary

Lower Willamette ) Life Cycle Stage:
Skokomish Spawning/Egg Incubation, Fry,
Skagit —| General Standard Model — Juvenile/Smolt, Adults
Willamette Floodplain Parameters:
== Structure, Connectivity, Landscape,
2014 Workshop Refuge Cover, Predators, Substrate,

» Limiting Factor Analysis

» Ecosystem Drivers of Critical Parameters

» Development of Refined Conceptual
Model

2015 Evaluate Conceptual Model

» ldentify Potential Redundancies, Ability

to Efficiently Measure, Sensitivity to
Restoration

2016 Parameter Quantification
» Coming Interagency Workshop

+ Pool to riffle ratio

* Secondary side channel
+ Wall-based pond

+ Lacustrine wetlands

+ Pools, riffles, runs
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STRUCTURE CONNECTIVITY FOOD

+ Longitudinal/lateral

+ Benthic macroinverts
+ Plankton

« Complexity HYDROPERIOD
+ Sinuosity
+ Gradient
« Floodplain LANDSCAPE COVER
« Channel Shape ) EFRG
WATER PREDATORS
« DO, Temperature, pH
« Salinity
~ =R LANDSCAPE COVER
+ Nutrients
« Contaminants . o
+ Aquat itati
- clry SUBSTRATE . (ireiomne”
* Size « Woody debris
« Transport
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@] Meramec Draft Quantitative Function 15 April 2016.xlsx - = x
A B C D F G H ] K L M

1 |Instructions: (1) Enter the number of Breakpoint # Environmental Variable (X) Index Value (Y) Values Intercept Slope Equation

2 |breakpoints from graphical 1 [} 1 0-15 1 -0.02 ¥=1+(-0.02%X)

3 |representation of system. (2) Enter 2 15 0.7 15-20 2.8 -0.14 ¥=2.8 +(-0.147X)

4 |values for environmental variable and 3 20 0 20- 0 0 Y=0+(0%X)

5 |associated index value. (3) Highlight

6

7

2

9

Model Examples

2016 St. Louis Mussel Workshop

cells 15 through LS, and drag down until
each breakpoint is accounted for.

> Met with 3 different project teams l - sngj.gg' f:g:_\'}.fEE S‘#J
» ldentified environmental drivers and = _{;“%:_,;a _. ¥ o ‘(‘E:::w
developed conceptual models . _,:,‘:r:i? ISE! 'M?‘: wp;{lmn

> Worked through model curves using - R }‘*’jﬂ&f‘ﬁ (/f =
expert-derived equations F TS mn) 2 a0 | 368 : '7#

Fish Passage Restoration Prioritization

> Assess fish passage barriers, habitat quality, and
prioritize sites for restoration of fish passage at
barriers in the Hudson-Raritan Estuary consistent

with the National Ecosystem Restoration Plan Catchment properties
e.g., % wetland, % urban, %

Cumulative Length of stream Quality of the Stream Contammat?d

Passage Rate Upstream of this dam | and watershed Reach properties

above this dam | (ftin NHD) upstream of this Dam e.g., % high elevation, % 303d
listed

Quality = Average of reach-scale and Total Qual ity
catchmentscale variables Eventually convert these
) 03 g — — attributes to a similar scale
(e.g., 0 to 1) to combine into m
\ / an overarching notion of
habitat quality ®
™ | BUILDING STRONG,
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Invasive Seagrass Habitat Model

Model Examples
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Metrics for Restoration

* Restoration Science is trending towards the concept of Universal
Metrics (Baggett et al 2014)
» Lack of monitoring data
» Unclear restoration goals/objectives

Pros:

o Systematic Assessment of Basic Restoration Performance
e Consistent

« Comparable

e Simplified, Reduces burden

OYSTER HABITAT RESTORATION

» Role of RS has increased for rapid and
remote ways to examine the effectiveness
of restoration strategies

Universal Metrics

1. Reef areal dimensions
2. Reef height
3. Oyster density

P 4. Qyster size-frequency distribution
s A D Lv,- & nemo Ry
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Monitoring Framework for Upland
Hardwood and Grassland Restoration

 Objective:
» To develop habitat-specific restoration monitoring frameworks that

provide universal metrics for evaluating restoration performance at
varying levels of precision

 General Approach:
» Compilation of Monitoring Metrics
» Tiered Precision (3 levels)
» Traditional Field Based vs. Remote Sensing

Project Questions:

1. What are common measures and/or metrics to monitor the
performance of upland hardwoods and grassland restoration projects?

2. What are the advantages/disadvantages (precision, level-of-effort,
etc.) between common monitoring metrics? (traditional vs remote

sensing)
®
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Metrics for Restoration

e Using the literature, the team is developing a tiered

framework with the following kinds of information:

Upland Hardwood Site

Tier One (Universal Metrics for all Hardwood Restoration)

Metric Type Calculated

Metrics

2.
Compositional
Metrics
3-Ecosystem
Service
Metrics

Field Collected
Data

Methodology (plot
size, distribution,
and number of
samples will be
determined by
consultation with
statistician)

Level of Effort
(estimates for
field personnel
hours and/or
data processing
hiours)

Eampling Guidelines

Frequency (estimated

Precision

{determined by confidence
required,/desired by
practiticner and restoration
objectives)

Product

e Spatial measurements can be used to quantitatively

assess restoration objectives in four main areas: 1) habitat
extent and landscape structure, 2) habitat degradation, 3)
biodiversity, and 4) threats/pressures

ot
m et .:; !
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Remote Sensing for Restoration Ecology: Application for Restoring Degraded Ecosystems
(authors Reif and Theel, accepted for publication in IEAM, Fall 2016)

Platform Sensort Type  Sensor Spectral Bands (NM) Spatial Resolution (M) Swath Width Revisit (Days) Operator Cost Applications/Metric
Medium Resolution |Optical - 1-7, 9 (435-2294), Pan 8 (50315, 30, 100 (Pan, MS, Broad-scale land cover or habitat
Spaceborne Multispectral |Landsat-8 676), 10-11 (1060-1251) TIR) 185 KM 16 days USGS Free type/pattern, general biodiversity/species
Indian Remote Sensing-P5 Indian Space richness, Rapid change detection or

Medium Resolution |Optical - (IRS-P8) also called 3 (520-860), 4 (520-1700), 70, 141 & 740 Research 1700-4500 loss/gain, seasonal/multi-year changes,
Spaceborne Multispectral |Resourcesat-1and 2 Pan (500-850) 5, 20, & 60 (Pan, MS)  |KM 5 days Organization EUR/scene Overall forest
Medium Resolution |Optical - Systeme Pour I’Observation Satish Dhawan Some archives |axtent/clearance/regeneration, Overall
Spaceborne Multispectral |de la Terre (SPOT-7) 4 (455-890), Pan (450-745) |1.5-2.5, 6-10 (Pan, MS) |60 KM 1-5 days Space Center free; $32/KM | degradation or disturbance from fire,
Medium Resolution |Optical - 10 (b2-4, 8a), 20 (b5- availabe Oct grazing, drought, etc, broad biophysical
Spac?borne i Mul_tispec‘tral sentinel-24 13 (400-2400) 8b, 11, 12), 60 (bl,3- |290KM 10 days ESA 2015/Free estimates (NDVI, NPP, LAl etc), landscape
Medium Resolution |Optical - 0.95-1.05 .

) i i metrics (landscape and class level), such as
Spac?borne i Mul_tlspec‘tral RapidEye 5 (400-850) 6.5 77 KM 1 day Blackbridge EUR/KM o TERTT
Medium Resolution |Optical - 15 (VNIR), 30 (SWIR),
Spaceborne Multispectral |TERRA ASTER 14 (520-2430) 90 (TIR) 60 KM 16 days MASA RSE
High Resolution Optical - 8 MS (400-1040), B SWIR Fine-scale land cover, habitat
Spaceborne Multispectral |Worldview-3 (1195-2365), Pan (450-800) |0.31, 1.24 (Pan, MS) 13.1 KM 1-4 days DigitalGlobe S18-40/KM type/pattern, some species mapping
High Resolution Optical - (homogenous areas),
Spaceborne Multispectral |Worldview-2 8 (400-1040), Pan (450-800) |0.31, 1.84 (Pan, MS) 16.4 KM 2-8 days DigitalGlobe $18-40/KM composition/abundance/distribution
High Resolution Optical - (homogenous areas), indicators of
Spaceborne Multispectral |GeoEye-1 4 (450-920), Pan (450-900) (0.41, 1.64 (Pan, MS) 15.2 KM 2-11 days DigitalGlobe $14-28/KM biodiversity/species richness
High Resolution Optical - (homogenous areas), detailed degradation
Spaceborne Multispectral |OrbView-3 4 (450-900), Pan (450-900) |1, 4 (Pan, M5) 8 KM 2-11 days DigitalGlobe or disturbance (some invasive species,
High Resolution Optical - pest attacks, fire, grazing, etc), individual
Spaceborne Multispectral |IKONOS-2 4(450-860), Pan (450-900) |1, 4 (Pan, M5} 11.3 KM 2-11 days DigitalGlobe S10/KM feature delineation (e.g. tree crowns),
High Resolution Optical - more detailed biophysical estimates
Spaceborne Multispectral |Quickbird-2 4(450-500), Pan (450-900)  |0.6, 2.4 (Pan, MS) 16.5 KM 2-12 days DigitalGlobe $14-28/KM (NDVI, NPP, LAI, etc) such as with Wv-2
High Resolution Optical - varies with and-3 (higher spectral resolution), and
Airborne Multispectral |Special Project Contract 3- or 4-bands ~0.5 or as specified altitude Once Vendor specific landscape metrics (landscape, class, and
High Resolution Optical - varies with  [depends on patch level)
Airborne Multispectral |Programmatic (NAIP, NCMP] [Varies (3-and 4-bands) Varies (*0.3-1) altitude program Program specific |Free
High Resolution Optical - Detailed vegetation species discrimination
Spaceborne Hyperspectral |Hyperion 220 (400 - 2500) 30 7.5 KM 30 days NASA (spectrally similar), detailed biophysical
High Resolution Optical - estimates and stress based on chemical
Spaceborne Hyperspectral |CHRIS 63 (400-1050) 36 13 KM ? ESA compuosition, nutrient deficiency, etc,
High Resolution Optical - Programmable, up to 288 |Varies with altitude  |varies with spectral heterogeneity related to species
Airborne Hyperspectral |CASI-1500 bands (380-1050) (~0.2-2) altitude Once ITRES richness/diversity, detailed disturbance
High Resolution Optical - varies with and degradation (invasive species, changes
Airbaorne Hyperspectral |HyMap 450-2480) 3.5-10 altitude Once HyVista in foliage, biomass etc)
High Resolution varies (20- Detailed vegetation structure, biomass,
Spaceborne Active - Radar |RADARSAT-2 [SAR) C-band 3-100 500 KM) 3 days MDA (Kanada) and height characteristics, combined with
High Resolution varies (10 - imagery for improved species
Spaceborne Active - Radar |TerraSAR-X/TanDEM X-band 1-16 100 KM) <3 days EADS Astrium, DLR identification, assist with biophysical
High Resolution 1064 or 532 (terrestrial or varies with estimates, detailed 3-D, height, LAI,
Airborne Active - Lidar  |Vendor specific bathymetric spot spacing varies altitude Once Vendor specific biomass, age, succession, and composition
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Survey Site

e Crab Orchard NWR, IL

» 43,890 ac

> 4 primary purposes: Wildlife
Conservation, Agriculture, Industry,
and Recreation

- For each habitat type, 4 sites
for each ‘treatment’:

> Primary Restoration (NRDA
contaminated sites)

» Compensatory Restoration (ag prior
land use)

> Reference

- Use similar size sites (~ avg
site size +/- 1 SD)

- At least 5 plots per site, plus
RS ground truth

- Execute each tier (1-3) at

Crah Orchard

wal Wildlife Refuge

-

t Ramp
Marina 3
Campground §
Wikdite Viewing Illinois
Airpart 1

.

Incustrial San MAP

LOCATION

Total # CONWR Sites

Restoration Implementation Completed
# Primary Restoration

# Compensatory Restoration

Mean Area (Confirmed Planted)

each plot to characterlze site

Min. Area
Max. Area
Standard Deviation

Forest Grassland

204
102
17
85
9.6
0.6
54.5
10.5

18
15
4
11
29.4
2.5
112.1
27.9
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Wetland Habitat Mapping  (ewind to 2014 workshop)

e Charleston Harbor Post 45 feasibility study analyzed and

evaluated improvements to the harbor/channel

» Assess potential project impacts to surrounding wetlands as a result of
deepening

» Impact assessment required updated wetland characterlzatlon near the harbor
as a baseline - -

» Wetland maps were used with the
Environmental Fluid Dynamics Code (EFDC)
hydrodynamic model to quantify potential
wetland impacts as a result of project
alternatives

» Salinity is the primary variable affecting
conversion

» Use existing WorldView-2 imagery

Joint Airborne Lidar Bat etry Technlcal Center of Expertlse
LI ""'. 5, ‘
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Field Work and Image Classification

« Two field surveys conducted in
December 2012 and June 2013

» Collected for training and

validation

Q lat/long (Trimble GeoXH 6000)

0 dominant wetland plant species
determined by local plant specialist

O spectral reflectance of the
dominant plant species (ASD
FieldSpec HH2), and

O GPS tagged photographs (Ricoh
500se camera)

FYI — don’t drop
this in the water...

Maximum Likelihood classifier;
calculates the probability that a given
pixel belongs to a class

* Multi-temporal scenes used to assist
with discriminating veg types
« Sometimes multiple classes identified

to represent one wetland type due to
within-class spectral variability

Example ROls, December 2010
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Results

1.14%

18.00%

12.99%

ITEM Freshwater Mix

ITEM Freshwater Mix w/Big
Cordgrass and/or Cattail

B Floating Leaf Vegetation

Submerged Aquatic
Vegetation

m ITEM Big Cordgrass Dominant

m ITEM Big Cordgrass Mix

m ITEM Black Needlerush
Dominant

W ITEM Black Needlerush Mix

M ITEM Cattail Dominant

M ITEM Smooth Cordgrass

Dominant
™ ITEM Smooth Cordgrass Mix

Area distribution of wetland classes, excluding

Woody Mix

Overall accuracy 81.25%
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Wetland Classification: Cooper River, South Carolina

May 25, 2011 and December 9, 2010
L.

Lake
Marion

Class Type
() Woody Mix

@ ITEM Freshwater Mix

ITEM Freshwater Mix with
Big Cordgrass and/or Cattail

- Floating Leaf Vegetation
D Submerged Aquatic Vegetation
@ 7 Big Cordgrass Dominant
@ i7eM Big Cordgrass Mix

() 1TEM Black Needlerush Mix
(@ 1TEM Cattail Dominant

() ITEM Smooth Cordgrass Mix
() urbanfField/Bare Soil

2 1 0 2
Miles

N

A

@ 7EM Black Needlerush Dominant

@ 7EM Smooth Cordgrass Dominant

@ COF Vegetation/Common Reed
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Wetland Impact Assessment

* Depict transition zones
between freshwater, brackish
and saltwater marshes:

» 2,000-ft blocks delineated
for area of interest

> |In each block, the % area
of each class type was
calculated

e Transect analysis helps
establish break points
between assessment reaches
(red dashed line)

 Data used to determine %
freshwater vs. saltwater
vegetation within assessment
reaches

]
X

m

hnlcal Center of Expertise

Joint Alrborne Lidar Bat

L

Class Type
() woody Mix
() ITEM Freshwater Mix

ITEM Fmshwat Mix with
Big Cordgras: d.f Cattail

- Floating Leaf Vegelanon

D bmerged Aquatic Veg

- ITEM Big Cordgrass Dominant
@ 1TEM Big Cordgrass Mix

@ 17EM Black Needlerush Dominant
G ITEM Black Needlerush Mix

() 1TEM cattail Dominant

- ITEM Smooth Cordgrass Dominant
D ITEM Smooth Cordgrass Mix
[:] Urban/Field/Bare Soil

- CDF Vegetation/Common Reed

P

C:S Cooper River Area of Interest

Brackish
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Wetland Impact

1. Determine length of river and
wetlands per river foot in
assessment reaches

2. Determine habitat coverage
associated with assessment
reaches

3. Determine salinity isopleths
» Focused on the movement of the 0.5
ppt contour

» Project-induced salinity movement
varied based on sea level scenarios

Joint Airborne Li
s o

Salinity Isopleths Cooper River

s 2012 _EXIST
50-48 N
5048 0 02505 1 W
Miles s

rrrrrr
festo

Mpryincie. B
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Continued

4. Measure isopleth shift distance
In feet between FWOP and
each with project condition

5. Calculate wetland acres
affected by alternatives

» River-feet of isopleth movement X
wetlands/river-foot

» Evaluated varying sea level rise
scenarios and averaged results

Average Wetland Impacts [All Four Scenarios)

Wetland Impacts 50/48 52fas
Ashley River forested wetlands 3.52 acres 436 acres
Ashley River marsh wetlands 10.86 acres 13.16 acres

Cooper River forested wetlands

B5.65 acres

126.37 acres

ﬁ 45 N f_.—n ““““ -8 v
A2 A O .

Joint Airborne Lidar Bathymetry Technical Center of Expertise
LIRS - s, '_ " : = ¥ Sl

St o

Cooper River marsh wetlands

Total

127 57 acres

231.60 acres

175 83 acres

323.72 acres
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Mitigation and Future Work

Project-induced salinity movement upriver

Salinity impacts to ~324 acres of freshwater wetland habitat; about 20%
Increase in saltwater vegetation in upper reaches

Used to determine mitigation (preservation of 665 acres of wetlands)

As part of its monitoring and adaptive management plan, the Corps will
use the same remote sensing approach and new imagery to re-evaluate
the area prior to construction and at post-construction (+1, +3, and +5)
years to monitor potential project impacts
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FY16-17

o Early summer & winter 2016 field work corresponding with WV-3
Image requests to update maps prior to construction in FY17-18

 Map updates will be used to evaluate inter-annual variability and
potential changes in wetland habitats as a function of salinity

changes

es this put me on the short Ilst for
Lights and Mirrors award?

|
@ Woody Mix

June 2016 55 new fleld S|tes

€ C | [J rsc-agisu.usace.army.mil/s1portal/apps/SimpleViewer x.html?appid=1d31c6732fc04ff0b0e56aa71fc012 & =

Legend

Comments Charleston
Wetlands 2016 QAQC

June 2016 Sites

QO ITEM Freshwater Mix

ITEM Freshwater Mix with
@ Big Cordgrass and/or
Cattail

@ Floating Leaf Vegetation

o Submerged Aquatic
Vegetation

® ITEM Big Cordgrass
Dominant

@ I|TEM Big Cordgrass Mix

® ITEM Black Needlerush
Dominant

ITEM Black Needlerush
o Mix

@ |TEM Cattail Dominant

® ITEM Smooth Cordgrass
Dominant

ITEM Smooth Cordgrass
o Mix

@ Urban/Field/Bare Soil

) CDF Vegetation/Common
Reed

@ Other

Wetland Trimble June 2016
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ArcGIS Collector App \

» Use smartphone to collect field

data

1. Create and publish/share a map
using ArcGIS Online or Portal for
ArcGIS (requires ArcGIS
organizational account)

2. Create an editable feature layer
(e.q., point file to add sites to) and
configure attributes (e.g., preset
drop-down list)

3. Download and sign in to App on
your phone to see and collect data
(e.g., add points, attach photos)

4. Work offline by downloading the
map to your device; sync later once
reconnected

Adjust GPS accuracy in settings
Use USB battery pack

/7
0’0

/7
0’0

““““““
_____

" 2 BT e i &
Joint Airborne Lidar Bathymetry Technical Center of Expertise
L NG Rl -


http://upload.wikimedia.org/wikipedia/commons/0/08/USGS_logo.png
http://upload.wikimedia.org/wikipedia/commons/0/08/USGS_logo.png



http://upload.wikimedia.org/wikipedia/commons/0/08/USGS_logo.png
http://upload.wikimedia.org/wikipedia/commons/0/08/USGS_logo.png

	Exploitation of Geospatial Metrics for Environmental Applications
	Outline
	Planning Models
	Geospatial Metrics
	Model Examples 
	Model Examples 
	Model Examples 
	Model Examples
	Metrics for Restoration
	Monitoring Framework for Upland Hardwood and Grassland Restoration �
	Metrics for Restoration
	Slide Number 12
	Survey Site
	Wetland Habitat Mapping
	Field Work and Image Classification
	Results
	Slide Number 18
	Wetland Impact
	Continued
	Slide Number 21
	Slide Number 22
	ArcGIS Collector App
	Questions?

