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Introduction:

Alaska Center for Conservation Sciend€CS) in partnership with thehugach Regional Resources
Commission (CRRC) and the U.S. Fish & Wildlife Service (USFWS) presents an updated wetland and
deepwaterdigitalmap forAlutiiq triballands in the western Prince William Sound region of Southckentra
Alaska. We improved B89s-era wetland mapping through segmentation analysis informed by satellite
imagery, remotelysensed data, and grounkrification of habitat types Our methodology represents
one ofthe first semiautomated mapping effort to succsklilly predict the wetland status of lands in
Alaskaat a target mapping unit (TMU) of 0.5 acré&se finalgeodatabasavasdeveloped in accordance
with national wetland mapping standards, reviewed according to national mappmjnglity
assurance/quality aatrol protocols, and submitted to the USFWS National Wetldnasentory (NWI)
national dataset(FGDC 2009, 2013Wetland and deepwater polygons are further attributed by
hydrogeomorphic descriptors of landscape position, landform, water flow path, andriady type
(LLWW, Brinson 1993hese descriptors capture thgeomorphic setting of a wetland, its proximity to
other wetlands and waterbodies, and the dominant water source and flow,paltfichall influence the
functions a wetland can perform (Brinson 1993; Tiner 20143. highresolution and accurate wetland
and deepwater mawill enablelocal land owners and managers to betexaluate the wetland functions
andconserve and responsibly dewgltheir natural resources.

StudyArea:

Our updated wetland and deepwater ipging covers the Evans Islard_atouche Island watershed,
locatedin western Prince William Soutktween the communities of Seward and Whitt{@igure 1)In
addition to a penisular portion of the mainlandhe study area includes the Latouche, Elrington, Evans,
and Bainbridge Island$his pristine landscape is onerotky coastal headlande&emperaterainforests,
blanketing wetlandsand rugged alpine peakd he region is chacterized by a temperate climate with
maritime influenceresuting in high precipitation and mild temperatures with moderate seasonal @ang
Chenegaan Alutiq village of approximatel$5 residentslocated on Evans Islarns the onlypermanent
communitywithin the study aredUS Census Bureau 2023

Tablel Identifiers and metrics for thEvans Island Latouche Islanevatershed.

Hydrologic Unit Code Name Community  Year of Current NWI  Area (acres)
1902020303 Evans Island Latouche Island Chenega 1982 ‘ 131,049 ‘




Map of StudyArea:

Figurel Project aresshowing theEvans Island Latouche Island watersheéd the Chenega Region of Western Prince William Sound.
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ClassificationResults:

Theelevational gradienof the study areas broad,which supportsa diversity of typesincluding:ocean
waters, protected estuariesalt andfreshwater marshes, fens, boggpody wetlands, ripariaandalpine
floodplains, lakes, ponds, and streanmShallow bedrock which inhibits drainage,and abundant
precipitation combine to promote extensive wetland developmefitie resulting map delineate?3
wetland anddeepwater classe (ine wetland and14 deepwatel) with wetlands and fresh water bodies
occupying31 and1 percent of the terrestrial area respectively Figure2, Table 2 Whenestuarine and

marinedeepwaters arexcluded freshwater forested and shrub wetlands occupy the greatest percent of

the terrestrial aregTable 3.

Table2 Summary of wetland and deepwater generalized categdny area for the Chenega region; estuarine and marine
deepwaters ae excluded fronthe calculation oferrestrialarea.

Status Generalized Types Acres Percent of Terrestrial Area
Estuarine and Marine Wetland 2,282 3.48
Wetland Freshwater Forested/Shrub Wetland 14,462 22.05
Freshwater Emergent Wetland 3,678 5.61

Estuarine and Marine Deepwater 65,465 not applicable

Riverine 91 0.14
Deepwater | Freshwater Pond 329 0.50
Other (PRB1H) 7 0.01
Lake 193 0.29
Upland not applicable 44,543 67.92
Study Area 131,049 100.00

I Terrestrial area is defined as lands not permanently fembty marine or estuarine waters.
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Table3 Summary of wetland and deepwatelassedy area for the Chenega region; estuarine and marine deepwaters are excluded from the calculation of percent area.

Percent
Generalized Wetland Type, Code, and Description Acres Terrestrial Area
Estuarine andlarine Deepwater 65,465 not applicable
M1AB1L | Marine subtidal with algal aquatic bed 181 0.28
M1UBL | Marine subtidal with unconsolidated bottom 65,284 99.54
Estuarine and Marine Wetland 2,282 3.48
E2EM1P | Intertidal estuarine emergent, persistent vegetation with irregular flooding 29 0.04
M2AB1M| Lower intertidal marine algal aquatic bed with irregular exposure 1,531 2.33
M2AB1N | Upper intertidal marine aquatic bed with regular flooding 150 0.23
M2RS1N | Intertidal bedrock shore with regular flooding 229 0.35
M2USIN | Intertidal unconsolidated cobble or gravel shore with rediidading 343 0.52
Freshwater Emergent Wetland 3,678 5.61
PEM1C | Palustrine emergent wetland with seasonal flooding 109 0.17
PEM1D | Palustrine emergent wetland with continucseturation 1,767 2.69
PEM1E | Palustrine emergent wetland with seasonal flooding or saturation 1,803 2.75
Freshwater Forested/Shrub Wetland 14,462 22.05
PFO4B | Palustrine needleleaf forestedktland with seasonal saturation 9,564 14.58
PSS1C | Palustrine deciduous shrub wetland with seasonal flooding 53 0.08
PSS4B | Palustrine needleleaf shrub wetland with seasonal saturation 4,845 7.39
Freshwater Pond 329 0.50
PAB3H | Freshwater pond with aquatic vascular bed 86 0.13
PUB3H | Freshwater pond with unconsolidated mud bottom 240 0.37
PUS2C | Seasonally flooded, unconsolidated sand shore of freshwater pond 3 0.01
Lake 193 0.29
L1UB3H | Freshwater lake with unconsolidated mud bottom 193 0.29
L2RS1C | Seasonallflooded, rocky bedrock shore of freshwater lake 1 0.00
Other 7 0.01
| PRB1H | Freshwater pond with rock bottom | 7 0.01 |

Riverine 91 0.14
R1UB1V | Riverine, unconsolidated cobble or gravel bed, permanently flooded with fresh water yet experiences tidal i 19 0.03
R2UB1H | Riverine, lower perennial unconsolidated cobble or gravel bed, permanently flooded witivdtesh 56 0.09
R3UB1H | Riverine, upper perennial unconsolidated cobble or gravel bed, permanently flooded with fresh water 11 0.02
R4SB3J | Riverine, streambed of unconsolidated cobble or gravelmittently flooded with fresh water 4 0.01

Total Wetland and Deepwater Are 86,506 not applicable



Improving Wetland Conservation and Management through Updated

Wetland Mapping in theChenega Region, Alaska
ProjectID: RO7Y22P03

SourceSatellite Imagery:

The Alaska High Resolution Imagery 2020 (AHRI; © Maxar 2021) composite provided the basis for both image
segmentation and manual delineation of types. The AHRI 2020 composite hama&sblution and four

bands: blue, green, red, and neafrared. For manual delineation, the muliand raster was used in false

color mode to accentuate differences in the reflectance of vegetation and moisture of the ground surface.
All bands were useth segmentation after being resampled to a 1 m resolutidcquisition dates in the

project area wereeither September 2014, June 2018, or July 2020.

1. AHRI composite, 2020: ab&nd, 0.5meter image mosaic; image captured by MAXAR, product
licensed throughhe State of Alaska.

Collateral Data:

Collateral datavere used to represent temporal dynamism in the project area and to confirm or refute the
initial prediction of wetland or deepwater types. Incorporation of collateral data into the automated portion
of the workflow greatly improved model performance and compensated for differences in acquisition dates
in the AHRI 2020 compositésee methods).Unfortunately, we were not able to locate existing
georeferenced vegetation plot data from the project areatthauld inform the classificationnstead we
reliedon professional judgement aneegetation plot data collected in conjunction with our field effdrhe

types of data, date of production, source and notes on our use of the produatg/foll

1. Sentinell 2021: syntheticapertureradarproductwith 10-meter resolution,provided by the
Copernicus Data Space Ecosystére.compiled median pixels for VV (vertigattical) and VH
(verticathorizontal) polarizations along ascending paths collected from 20baigfr 2021 for the
months of JuneAugust (summer), Septemb@rctober (fall), and Januatarch (winter).Available
at: https://dataspace.copernicus.eu

2. Sentinel2, Level 2A Surfadeeflectanc&021: 13-band, D-/20-meter resolution multispectral
satellite imagery provided by the Copernicus Data Space Ecosysterompiled median pixels
for a subset of bands and derived metrics from 2019 through 2021 for the months of June, July,
August, and September (as seai@ monthly composites)vailable at
https://dataspace.copernicus.eu

3. IfSARderived slope 2014 5-meter hypsography provided by th8tate of AlaskaAvailable at:
https://elevation.alaska.gov/

4. IfSARderived topography, 2014:-teter topographic metrics derived from the State of Alaska
Digital Terrain Model (DTM; availabbg: https://elevation.alaska.goy. We included aspect,
elevation, heat load index, position, radiation index, roughness, slope, surface area, surface relief,
and surface relief. We additionally included distance to coast derived from a manually delineated
coadline.

5. National Hydrography DataséiNHD),202Q0 a vectorbased geodatabase provided by the US
Geological Survey. Available attps://apps.nationalmap.gov/
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6. NWI wetland map for the EvanrsLatouche Island HUE level watershed, 1982. a vectbased
geodatabase of manually delineated wetlands and deepwater for the study are@aded by the
USFW#h support ofthis project.

7. Georeferenced air and ground photographs collected dusimgmer 2022 field work

Inventory Method:

Historically, vetlandsand watersmapped according to th&lational Wetland fassification(FGDC 20Q9
2013 have been delineated manually. Despite increashagigilable remotely sensed data and access to
large amounts of computationalesources, automated approaches to mapping wetlands have been
ecologicallycoarse. One challenge to automating the mappingvefland and deepwaters in accordance
with the national standard ithat the classification integrates contextual informatipsuchas tidal regime,
water salinity, deepwater substrate characteristiasdvegetation persistencenformation that is often not
directly represented inor interpretable from point-in-time captures ofremotely sensed data. We have
implemented a semautomated strategy for wetland mapping that retains advantages of automation while
enabling a wetlanecologistto focus on providing the contextual information necessary to assigitend

and deepwaterclasses.

Classification:

For the assessment of wetland deepwater condition, w employed asemiautomated workflowthat
integrates theautomatedrecognitionand labelingpf segments with thenanual delineatiorof training and
ancillary data We used ArcGIS Pro version 3.1.0 for field planning, creation of training data, manual
delineation of wetland and deepwater types, and model assessmigatused the following software for
the automated portion of the workflow: spectral and textural dat@gessing in Google Earth Engine (GEE;
Gorelick et al. 2017}%patial processing using ArcGIS B@0with Python3.11.8 dataextractionusing R
4.3.2and RStudi@023.09.1 with fasterize 1.0.5¢mner 2018 raster 36-26 (Hijmans et al. 208, sf 1.6-

14 (Pebesma et al. 2@, andtidyverse2.0.0(Wickham et al. 2019 and predictive statistical modeling in
the Anaconda2023.09distribution of Pythor3.11 with Scikitlearn1.3.2(Pedregosa et al. 2011). All scripts
used to conduct the automated portion fo our workflow are publicly available on GitHub
(https:/github.com/accsuaal/chenegawetlands.

For theassignmenbf Landscape Position, Landform, Water Flow Path, Waterbody Type (Latddtes

to wetland and deepwater polygons, wellbwed an adaptation of a key developed for the western states
(Lemly et al. 2018Y.he final map is produced at a level of detail consistent with a 1:24,000 scale map product
or finer.Please see step Xelow and Appendix 9 for details.

Our work was performed in the following sequence:

1. Image segmentation?Ve resampled the AHRI 2020 composite to 1 m resolution, loaded the data into
GEE, and calculated a modified enhanced vegetation 2d&V42), normaized difference vegetation
index (NDVI), and normalized difference water index (NDWI). We calculated segments on the blue, red,
green, near infrared, modified E2)] NDVI, and NDWI bands using simple-iterative clustering
(Achanta and Susstrunk 2017) iagplemented in GEE. To create covariates for model training and
prediction, we calculated the per segment mean, standard deviation, and range of all original and
derived AHRI bands. To represent dynamic temporal characteristics of each segment, wéeddlceala
per segment mean of original and derived Sentih@lolarizations and Sentin2lbands for all seasonal
composites. Finally, we calculated the zonal mean of our topographic covariates to represent surface
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characteristics and the topographic capgdibr water accumulation. Appendix 1 provides the full set of
covariates summarized per segment.

Creation of training data: Image segmentation delineates clusters of pixels that have statistically similar
data signaturs. Importantly, the segmentation press does notpredict the type of wetland or
deepwater represented by that segmerihstead we manually delineated a subset of representative
wetland or deepwater polygons throughout the project area to serve as a training dafaseteate
training datawe first reviewed the imagery to develop a working set of wetland, deepwater, and upland
types that could be identified from remoteensed imagery. We then created polygons representative

of each type ancevenlydistributed throughout the project arealn its final form the training data
includedover 8,000 polygons and covered approximately 15% of the terregragéct area.While not
required by FGDC data standards for wetland mappiogyseupland types were characterized to
improve model performace.

Assignment of labels to segments:random forest classifier statistically associated labeled segments
from the training datasetvith the suite of textural, spectrahndtopographic covariatesummarized to

each segmentBecause the number of labeled samples depended on the rarity afléiss within the
project area we applied a class balance weighting equal to the inverse proportion of samples out of the
total. The trained classifier then predicted a label to eachrsegf. In this way, our model assigned all
segments to wetland, deepwater, or upland classes based on the statistical relationships between
training data and covariates following a schema developed by the wetland analyst.

Intermediate assessment of accurad®yp evaluate the predictive accuracy of our model, we divided the
study area into a regular 10 km grid asplit our training data by those grids. We validated the model
through multiple cross validation iteration®uring eachcrossvalidation iteration, we retainedthe
labeled samplewithin asinglegrid as independent test data (i.edatanot used to train the classifier)

We predicted labels to the withheld test data using a model trained on the training data from all other
gridssuch that labeled saples from eaclyrid were predicted onceWe merged the predictions from

the independent test data merged across all iterations. The merged predictions enabled us to calculate
a confusion matrix withu s er * s a n daccyacywlilel aveiding eptimistiddias from spatial
autocorrelation To the extent possible, we targeted types with low accuracy and difficult to interpret
imagery in field sampling. Intermediaéecuracy assessmeallowed us to identify

a. analyst errorinconsistencyor omission- corrected by theevision or addition of training data

b. ecological ambiguityelated to the application of wetlandcategoies to continuous ecological
gradiens that vary in space (e.g., soil moisture, salinity) or time (e.g. seasonal ariddiuddtion)
—corrected by the incorporation of ancillary data such as the manual delineatimaximum extent
of mean hightidal water

c. model error— corrected through the enforcement of labeling rulesncorporation ofancillary
datasets, creation ofonformationaland correctional polygons

Thus, the intermediate accuracy assessment helped the wetland analyst identify the classes that
required the highest amount of corrective effort.

Fieldverification: Helicopterassisted field work was conducted frafaly 11 to 14, 2022 during which
we completed 65 air plots and 18 ground plodgpendices and 4, respective)yWithin the restrictions

of approved landing zones, we attempted to sample the full variation of wett#ewpwater andupland

types withineach 10km verification gridAir plots were completed opportunisticaltyy hovering over

the area of interest to document the type of wetland, deepwater, or upland habitat. For these plots we
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collected basic information on dominant plant species basetbprfoliar cover, took a pair of photos
capturing the ground cover and landscape positiBar wetland and deepwater habitatye assigned a
wetland code in accordance with the NWI classification (FGDC;20d8pland plots we assigned a land
cover clasdrom a set of types we developed for the study area (AppeddlixGround plots were
accessed by foot from approved helicopter landing zones. For each ground plot we collected data to
satisfy the minimum standards for field data collection at the vegetatlassification tier (VTWG 2022).

In addition to plot metadata such as geographic location, terrain slope and aspect, physiography,
geomorphology, topography and disturbance, we estimated absolute foliar cover for aitawan(cover

>1%) vascular speciaad highcover (cover >5%) nevascular species; covers were also estimated for
each stratum of vegetation and predefined classes of abiotic ground cover such as rock, soill, litter, and
downed wood(Appendices3, 5-7). For plots along the cogstre samplel the salinity of ocean waters,

we did not collect soils information at any ground plot. In addition to the plot data collected during a
field effort, first-handexperience of the system impaed a better understanding of the range of types

and their relaton to each other on the landscape. Using the combination of quantitative dataand
gualitative comprehension of the system, we revised the training polygons that we believed to be
incorrect and delineated additional training polygons.

Creation of addibnaltrainingand ancillary datarhe intertidal zone was defined in paly amanually
delineated coastlineorresponding to our interpretation of the average of high tidal water heights, also
referred to as mean high water. Manual delineation of a tioss was deemed necessabecause
coastlines available for ¢éhprojectarea lack the horizonal accuracy necessary to define the intertidal
range. The coastline was chiefly used testrict the occurrence of tidalynfluenced habitatsat
elevations abovéhis limit.

Model rerun: The prediction of wetland and deepwatertypes from remotely sensed dataas an
iterative processThe model was rerun with new training data and rule sets. See Sepsl 4.

Manual delineation of uncommon type$ecause the modetelied on training data to predict
occurrence, idid not perform well for wetland and deepwater types that have a geographically limited
expression within the project areaare of small or narrow extenir are defined bytraits not
interpretable from renotely sensed dataFor example,iverine types were hand delineated because
they are not common on the Chenega landscape and typically maagestrrow, linear features that
segmentation analysis fails to identifyim8arly, the satus of deepwater typs as marine or estuarine
was also determined manually because the salinity of water and expadwaeoastlineis not easily
guantified fromremotely-sensed dataWe manually delineated th#llowing types

E2EM1P Intertidal estuarine, persisteremergern vegetationwith irregular floodng

R1UB1V Riverine, unconsolidated cobble or gravel bed, permanently flooded with fresh water yet
experiences tidal influence

R2UB1H Riverine, lower perennialith unconsolidated cobble or gravel bed, permanently flooded
with freshwater

R3UB1H Riverine, upper perennial unconsolidated cobble or gravel bed, permanently flooded with
fresh water

R4SB3J Riverine, streambed of unconsolidated cobble or gravel, intermittently flooded with fresh
water

PRB1H Freshwater pond witlock bottom permanently flooded

PEM1C Palustrine emergenvetland with seasonal flooding

PSS1C  Palustrine deciduouscrubshrubwetland withseasonaflooding



9. Aggregation of polygondNe dissolved polygon boundaries by attribute to merge adjacent polygons
representing the same typ&o preservescologically meaningfalelineations of wetland and deepwater
habitat, weemployed a target mapping uniTMU)that was a smaller scale than the minimum mapping
unit (MMU) suggested by FGDC guidance. Specificalgnforced a MMU of 0.5 ac and a TMU of 1
ac for marine waters,raMMU of 0.125 ac and a TMU of 0.5 ac for terrestrial wetlands, ardMU of
0.125 ac and TMU of 0.5 ac for terrestrial wat&¥here our automated process predicted wetland types
smaller han the MMU, we removed the polygon and reassigned the omission based on geographic
distance to aggregated neighboring polygons with area greater than the MMU. The ditasee
reassignment generalized the new boundaries between adjacent aggregatecdpslyde separated
lakes from ponds based on area threshold of greater thiaaqual to20 aces. Finally, weremoved all
upland types from the dataset as these are not a required deliverable

10. Polygon smoothing/Ve applied smoothing algorithms at two poirissthe map generation procesBrst
as arasterbased smoothinglgorithm which adaed and subtraceéd pixels to create a more generalized
edge Secondas avectorbased smoothing algorithnwhich generalizg: polygon edges based onl@

m toleranceof edge length between vertices

11. Assignment of Landscape Positifietland Landform, Water Flow Path, Waterbody Type (LLWW)
wetland and deepwater polygons.LWW refers to the hydrogeomorphic descriptors of landscape
position, landform, water flow path, andaterbody type a classification system originally developed by
the USFWS (Tiner 201%Ye developed asemiautomated processfor the assignment of LLWW tgp
that builds onArcGISnodels builtfor the western United States (Lemly et al. 2048) modifiedfor use
in coastal environmentéGeistand Steer 2019)The basic structure of the LLWW code is two letters for
Landscape Position, two letters favetland Landformor Waterbody Type, and two letters for Water
Flow Path(Table4, Figure3). We elected toassigreither WetlandLandform(left panel)or Waterbody
Type(right panel) as the two fields are mutually exclusiData preparation and model steps for the
assignment othe LLWWattributes are outlined in Appendies8 and9, respectively
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Table4 Definitions of twdetter codes used to describe the landscape position, landform, flow path and waterbody type of wetland
and deepwater habitats.

Category of Code Code Name
PD | pond
LK | lake
Waterbody and ST | stream
Wetland Type ES | estuary
OB | ocean
TE | terrene
MA | marine
ES | estuarine
Landscape -
Position LE Ier?t|c
LO | lotic
TE | terrene
BT | bidirectionaitidal
OU | outflow
Flow Path TH | throughflow
VR | vertical flow
BA | basin
FL | flat
Landform FR | fringe
IL | island
SL | slope

11



Wetland Feature Example:

Example NWI CodeEM1C

System Class Subclass System Class Subclass
P EM 1 P AB 3
Palustrine| Emergent| Persistent Seasonally Palustrine Aquatic Rooted | Permanently
Bed Vascular

Example LLWW Code€OBATH

Waterbody Feature Example

Example NWI CodBAB3H

Example LLWW Code€OPDTH

Landscapg Wetland Flow Path Landscape Waterbody| Flow
Position | Landform Position Type Path
LO BA TH LO PD TH

Lotic Basin Through Lotic Pond Through
Flow Flow

Figure3. Example LIWW codesfor wetland (left panel)and waterbodyfeatures (right panel). Figure modified from Lemly et al. 2018

DataLimitations:

The map presented here uses ground and remotely sensed data to predict wetland and deepwater type.
Initial predictions are refined by reattribution of type or manual adjustment of extent in a GIS environment.
As such, not allypes and extents have been confirmed in the field. Further, the map does not include
terrestrial wetlands and waters that are less than 0.125 ac in area or less than 15 feet in width, which
excludes the delineation of small pools of water, upland inclusionvetland complexes, wetland inclusions

in upland complexes, and narrow streams.
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GeneralDescription of Project Area:

Climate:

The climate in Western Prince William Sound is temperate maritime with relatively low annual variation in

temperature and preipitation. Summers (June September) are warm and rainy, with an average
temperature of11.5°C 63°F) and average precipitation df3.2 cm $.2 in pe month. Winters (October
May) are mild and snowy, with an average temperatur&°6f @4°F) and precipitation ofL7 cm 6.6 in) per
month, with an average annudbtal of 1.6 m (5.3 ftof snow (NOAA 2023).

Geography:

TheChenegaegionis characterized bgteep, rugged mountains extendifigpm sea level taver 600 m.
Theouter coast is rocky rad exposed, with high energy shorelingsnctuated byprotected beaches and
estuaries Streams are shodndswift, with headwates originatingn alpine valleysPonds perch on shallow
bedrock and lakesay in icecarved basins. While glaciers are notriduwithin the study area, the higher
elevations ofthe Prince William Soundegion are capped by ice fields from hich valley and piedmont
glaciers drair{Gallant et al. 1995).

Geology:

The geology dPrince William Sounig principally structured by theubduction of the Pacific plateeneath
the North American plate along the Aleutian Trenthe Chenegaegionis located on thdeadingedge of
the North American Plate, which has been deformed by the varied forces att@econsumptive plate
margin. Capression has thrust the geologic backbonehaf regionapproximately 1,800 m skyward while
downwarping has produceth e r egi on’s characteristic sunken
deep fjords(Hamilton and Nelson 1989). Subductiouceddownwarpinghas dropped the landscape an
estimated 100 m since the Wisconsin glaciation (Wiles and Calkin 1990).

Tectonic releases along the Aleutian Trench produce earthquatk@®derate frequency andccasionally
high intensity (Haeusser and Plafker 399The 9.Znagnitude 1964 Good FridayEarthquakeraisedthe

Chenegaegionbetween 1.3 and 3.5 with displacement increasing from west to east across the study area

(Plafker 1969).The village of Chenega, formerly located on the southern end of Chersdgadl was
destroyed by arearthquakeinducedtsunami that hit minutes after th&sood Fridayquakewith a 22 m
runup height The tsunami kille®3 of 75 residentsresulting inthe highest relative loss of life of any
community affected by the earthquak@rothers et al. 2016)Postseismic tectonic uplifhasraised the
coast between 20 and 40 cm between 1964 and 1995 (Cohen and Freymueller@®iate of tectonic
uplift far out pacegylobal sedevel rise ¢ustatic rate of rise: 1.8 mm/yPendelton ¢ al. 2006) and results
in a netpositiverate of rise for the region.

GlacialHistory:

Prince William Sounds a landscape sculpted by icEhe region was extensively glaciated during the
Pleistocene epoch anexperienced three major intervals of glacedpansion in the late Holocengith
advances occuing 3600 ybp, in 600 A.Dand during the Little Ice Age from 1300 to 1850 A=Batures

typical of glaciated terrain, such as aretes, horns, cirqueshdped valleys, and morainal deposits in valleys

and on lower hillslopes, are abundaf@Gallant et al. 1995).

Vegetation
Goniferous forestscodominated by Sitka spru¢Bicea sitchensisnd hemlocKTsugasp.) are the dominant
vegetation type withirthe project areaSitkaspruce tendto occupythe coastal rim and riparian corridors,
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with the abundance ohemlockincreasing with elevation and distance from theean Within the project
area, spruce show moderate levels of mortality from infestation by the native spruce bBetieroctonus
rufipennis While mountain hemlocKTsuga mertensiarjds themost common hemlockpecies, a stand of
western hemlocKTsuga heterophyllavas observed on the outaroast of Latouche Islaneve believe this
may represent the western limit of this specieange Upland forest understories are typically shrub rich
with copperbush (Eliottia pyroliflora), rusty menziesia Menzisia ferruginep devilsclub Qplopanax
horridug, and ovalleaf blueberry Yaccinium ovalifoliumm Small wetland pockets within continuous
coniferous forest are characterized bdmerican skunkcabbag@.ysichiton americandisand a greater
contribution of feather(e.g.,Pleurozium schreberi, Rhytidiadelphus lojearsd sphagnum mossés the
understory

Many mountain sideslopes within the projesrea experience active mass wasting and are too unstable to
support vegetation. Those that have stabilizatg characterized bgxtensive thickets oitka aldei(Alnus
viridisssp.sinuatg andsalmonberry(Rubus spectabilishrubs.Treeline communiés are largely krummholz
mountainhemlock and Sitka alder interspersed with herbaceous meadows.

Above elevationalreeline, alpine tundra characterized by variable contributions of dwarf shridhens,

graminoids ferns, andforbs. The abundance of dwarf shrabd lichenstends to increase with exposure
while the abundance ofyrasses, sedges, ferns and fotbads to increasevith protection and moisture

Thus, dwarf shrub communities are more common on alpine ridges and otivevex landforms, while
herbaceous meadows are more commanopographic depressionareas of latdying snowand along the
shores of lakes, ponds, and streams.

At lower elevations, extensive wetland complexes of setigfefens and sphagnuimich bog blanketareas
of gentle topographywhere shallow bedroclor other densic layerretard the infiltration of surface and
ground water In the nearshore environment, vegetation transitions fremastalmeadows comprised of
salttolerant species such as bdagye grasslieymus mollisand large umbels such as Scottish licoramat
(Ligusticum scoticunsea coast angeli¢Angelica lucida and commorcowparship Heracleum maximuin
to beach communitiecomprised of halophytic species suchlaach pea l(athyrus japonicu3, seaside
sandplant Horckenya peploidds and seaside ragwort §enecio psuedoarnicaCoastal herbaceous
communitiestransition to algal beds, comprised afckweed Fucu3 species and mixed remiacroalgaén
the intertidal zone.n the subtidal, elgrass Zostera marinais common in protected estuarigbull kelp
(Nerocystis luetkeandeds are common where wave energy is high.

Soils

Dueto recent deglaciation and steep topography, soils within the project area are yamagformover
gravelly till and colluvium underlain by bedrock. The mineral soils develfioimgthese parent materials
are typically silt loams with moderate to excessive drainggeticularlywhere sediments are deep and the
terrain is sloped. Hydric soils formhere shallow, cohesive bedrock retards the infiltration of precipitation.
Here, organic matter accumulates as peat and wetland conditions develop.

Land Use:

Permanent settlements are rare in this ecoregioocurringexclusively at loweelevationsalong the coast
Following the Good Friday Earthquakiee villageof Chenegavasrelocatedto Evans Islanth 1984.The
community is comprised of 500 residents and is accessilolely by air or waterln 1989, theExxon Valdez
tankerran aground on BllgReefin Eastern Prince William Sound dischargitigjons of gallons of oil tthe
water. The environmental damage that ensued destroyed the subsistence resamedschnative peoples
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rely for decades to come.

Natural History, Important Features:

Western Prince William Sound has been used by the Chugach and Eyak [stogeegrehistory. Moose,
mountain goat, and smaller mammals are hunted in the mountains. Streams yield salmon and freshwater
fish. Coastal areas provide marine resources as wetlasta birds and their eggs. Edible greens, roots, and
berries are alstarvested In addition to subsistence and recreationak the region has been mined for its
mineral resourcesThe Beatson Mine, located on Latouche Island produced copper fromISEI¥ and at

its peak supported 4,000 residents. The ongoing remediation of the site now supports an unspecified
number of seasonal workers (State of Alaska 2023).

Description of Wetland Habitats:

ClassificationStandard

TheNational Wetland Classificati®@tandardprovidesa nationalsystemfor the description and mapping of
wetland and deepwater habitat in the United States (FGDC 2013). The sgdimrarchical wetlandand
deepwater habitats are separated into five majgystems (marine, estuarine, riverine, lacustrine, and
palustrine) represented by similar hydrological, geomorphological, chemical, and biological influences
These systems are further divided into firsmrale subsystems and classes related to frequenityatiation

and substrate and vegetation characterist{€sgure3). Water regimesre appended talescribe the type,
frequency, and duration of flooding or saturatiffGDC 2013).

1 Themarine system consists of the open ocean overlying the continentalf sl its associated
coastline.

1 Theestuarine system consists of deepwater tidal habitats and adjacent tidal wetlands that are
usually semenclosed by land with some access to the open ocean, and in which ocean water is at
least occasionally diluted byeshwater runoff from the land.

1 Theriverine system includes all wetlands and deepwater habitats contained within a channel.

1 Thelacustrine system includes wetland and deepwater habitats that are situated in a topographic
depression or a dammed river chaal, lacking trees, shrubs, persistent emergents, emergent
mosses or lichens with 30 percent or greater areal coverage; and total area of & leag0 aJg.

1 Thepalustrine system includes all netidal deepwater habitats with total area less th&nha (20
ac) acres and nottidal wetlands dominated by trees, shrubs, persistent emergents, emergent
mosses or lichenand waterbodies
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M - Marine

System
Subsystem 1 - Subtidal 2 - Intertidal
| |
I I T 1 I I I I
Class RE — Rock Bottom UB = Unconsolidated AB = Aguatic Bed RF - Reef AB - Aguatic Bed RF - Reef RS - Rocky Shore  US - Unconsolidated
Bottom Shore
Subclass 4 pagock 1 Cobble-Gravel 1 Algal 1 Goral 1 Aigal 1 Coral 1 Bedrock 1 Cobble-Gravel
2 Rubble 2 Sand 3 Rooted Vascular 3 Worm 3 Rooted Vascular 3 Worm 2 Rubble 2 Sand
3 Mud 3 Mud
4 Organic
System E - Estuarine
|
I I
Subsystem 1 - Subtidal 2 - Intertidal
Class RB = Rock UB = Unconsclidated AB = Aquatic Bed RF=Reef AB = Aquatic Bed RF = Reef SB=Streambed RS = Rocky US = Unconsolidated EM = Emergent 5SS = Scrub- FO = Forested
Bottom Bottom Shore Shore Shrub
Subclass 1 Bedrock 1 Cobble-Gravel 1 Algal 2 Mollusk 1 Algal 2 Mollusk 1 Beds 1 Bedrock 1 Cobble-Gravel 1 Persistent 1 Broad-Leaved 1 Broad-Leaved
2 Rubble 2 Sand 3 Rooted Vascular 3 Worm 3 Rooted Vascular 3 Worm 2 Rubble 2 Rubble 2 Sand 2 Non-persistent Deciduous Deciduous
3 Mud 4 Floating Vascular 4 Floating Vascular 3 Cobble-Gravel 3 Mud 5 Phragmites 2 Needle-Leaved 2 Needle-Leaved
4 Organic 4 Sand 4 Organic ‘australis Deciduous Deciduous
5 Mud 3 Broad-Leaved 3 Broad-Leaved
& Organic Evergreen Evergreen
4 Needle-Leaved 4 Needle-Leaved
Evergreen Evergresn
5 Dead 5 Dead
6 Deciduous 6 Deciduous
7 Evergreen 7 Evergreen
System R - Riverine i "
T T L T 1
Subsystem 1 - Tidal 2 - Lower Perennial 3 — Upper Perennial 4* - Intermittent
Class UB - Unconsolidated SB*** - Streambed RS - Rocky Shore  US - Unconsolidated  EM - Emergent
: ottom Shore
i
Subclass ! 1 Bedrock 1 Cobble-Gravel 1 Algal 1 Bedrock 1 Bedrock 1 Gobble-Gravel 2 Nonpersistent
! 2 Rubble 2 Sand g :‘ﬂﬂ \’;‘““I 2 Rubble 2 Rubble 2 Sand
: 3 Mud poted wascular 3 Cobble-Gravel 3Mud
: 4 Organic 4 Floating Vascular 4 g.ng 4 Orgaric
: 5 Mud 5 Vegetated
: 6 Orgaric
: 7 Vegetated
1 *  Intermittent is limited to the Streambed Class
| ** Rock Bottom is not permitted for the Lower Perennial Subsystem
L7 Streambed is limited o Tidal and Intermittent SUbsystems. ...
System L - Lacustrine
[ 1
Subsystem 1 - Limnetic 2 - Littoral
| |
[ | 1 [ I I T T |
Class RB=Rock UB=Unconsolidated AB - Aquatic Bed RB=-Rock UB=-Unconsolidated AB-AquaticBed RS=-Rocky US=-Unconsolidated EM - Emergent
Bottom Bottom Bottom Bottom Shore Shore
Subclass 1 Bedrock 1 Cobble-Gravel 1 Algal 1 Bedrock 1 Cobble-Gravel 1 Algal 1Bedrock 1 Cobble-Gravel 2 Nonpersistent
2 Rubble 2 Sand 2 Aquatic Moss 2 Rubble 2 Sand 2 Aquatic Moss 2 Rubble 2 Sand
3 Mud 3 Rooted Vascular 3 Mud 3 Rooted Vascular 3 Mud
4 Organic 4 Floating Vascular 4 Organic 4 Floating Vascular 4 Organic
5 Vegetated
System P - Palustrine
|
[ | I | | I I |
Class RB - Rock UB = Unconsolidated ~ AB - Aquatic Bed US = Unconsolidated ML - Moss-Lichen EM — Emergent S8 - Scrub-Shrub FO - Forested
Bottom Bottom Shore
Subclass 1 Bedrock 1 Cobble-Gravel 1 Algal 1 Cobble-Gravel 1 Moss 1 Persistent 1 Broad-Leaved Deciduous 1 Broad-Leaved Deciduous
2 Rubble 2 Sand 2 Aquatic Moss 2 Sand 2 Lichen 2 Nonpersistent 2 Needle-Leaved Deciduous 2 Needle-Leaved Deciduous
3 Mud 3 Rooted Vascular 3 Mud 5 Phragmites australis 3 Broad-Leaved Evergreen 3 Broad-Leaved Evergreen
4 Organic 4 Floating Vascular 4 Organic 4 Needle-Leaved Evergreen 4 Needle-Leaved Evergreen
5 Vegetated 5 Dead 5 Dead
6 Deciduous 6 Deciduous
7 Evergreen 7 Evergreen
MODIFIERS
In order to more adequately describe the wetland and deepwater habitats, one each of the water regime, water chemistry, soil, or
special modifiers may be applied at the class or lower level in the hierarchy.
Water Regime Special Modifiers Water Chemistry Soil
Nontidal Saltwater Tidal Freshwater Tidal Halinity/Salinity pH Modifiers for
b Beaver Frosh Mot g Organic
|A Temporarily Flooded L Subtidal Q Regularly Flooded-Fresh Tidal 1 Hyperhaline / Hypersaline a Acid
B Flooded-Fresh Tidal d Partly Drained/Ditched |2 Euhaline / Eusaline tCircumneutral | N Mineral
(C Seasonally Flooded N Regularly Flooded S Temporarily Flooded- Fresh Tidal f Farmed 3 Mixohaline / M ixosaline (Brackish) i Alkaline
D Conti P Imegularly Flooded T Semi looded-Fresh Tidal | m Managed 4 Polyhaline
E Seasonally Flooded / V Permanently Flooded-Fresh Tidal h Di 5 i
Saturated r Artificial Substrate 6 Oligohaline
F Semipermanently Flooded s Spoil 0 Fresh
G Intermittently Exposed x Excavated
H Permanently Flooded
N Intermittently Flooded
K Artificially Flooded
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Figure4. Classification hierarchy of wetlands and deepwater habaathe United State§~GDC 2013).

Wetland codescan be collapsed into generalized wetland categories to both provide a -ttasd
representation of typesind to give greater resolution to the palustrine system, which is the most common

type in Alaska. Using the generalizedegories, all subclasses of palustrine emergent wetlands (PEN)

are collectively referred to as ‘Freshwater Emer
forested wetlands (PFO) or shrub (BBES8H/ ®hBt bUbhniWenl
Palustrine wetlands with unconsolidated bottoms, (PUiBpres (PUS) or algal beds (PAB) are collectively

referred t o asPausirmevetianda witkock béttonmsdPRBYIr e cat egor,i zed a
External to the palusti ne syst em, al | l acustrine (L) and rive
‘“Riverine’ respectivel y. Al l classes of intertida
collectively referred to a sasadld@asssesohsubtidalestuamme (EMand i n e
subtidal marine (M1l) are referr e dvetltarl, tearestridl Hakitatas ar i n e
are collectively referred to as ‘Upland’

Wetland ClassificationCodes:
The following list presents ghunique weland and deepwater codes identified for the Evarisatouche
Island study arealonga hypothetical gradient from ocean to alpine:

M1UBL Marine subtidal with unconsolidated bottom

M1AB1L Marine subtidal with algal aquatic bed

M2AB1M Lower intertidal marine algal aquatic bed with irregular exposure

M2AB1N Upper intertidal marine aquatic bed with regular flooding

M2RS1N Intertidal bedrock shore with regular flooding

M2US1N Intertidal unconsolidated cobble or gravel shore with regdil@oding

E2EM1P Intertidal estuarine emergent, persistent vegetation with irregular flooding

PEM1C Palustrine emergent wetland with seasonal flooding

PEM1D Palustrine emergent wetland with continuous saturation

PEM1E Palustrine emergent wetland witteasonal flooding or saturation

PFO4B Palustrine needleleaf forested wetland with seasonal saturation

PSS1C Palustrine deciduous shrub wetland with seasonal flooding

PSS4B Palustrine needleleaf shrub wetland with seasonal saturation

L1UB3H Freshwater l&e with unconsolidated mud bottom

L2RS1C Seasonally flooded, rocky bedrock shore of freshwater lake

PAB3H Freshwater pond with aquatic vascular bed

PUB3H Freshwater pond with unconsolidated mud bottom

PUS2C Seasonally flooded, unconsolidated sandrehaf freshwater pond

PRB1H Freshwater pond with rock bottom

R1UB1V Riverine, unconsolidated cobble or gravel bed, permanently flooded with fresh water yet
experiences tidal influence

R2UB1H Riverine, lower perennial unconsolidated cobble or gravel pednanently flooded with fresh
water

R3UB1H Riverine, upper perennial unconsolidated cobble or gravel bed, permanently flooded with fresh
water

R4SB3J Riverine, streambed of unconsolidated cobble or gravel, intermittently flooded with fresh water
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Descriptions of Deepwater and Wetland Types

M1UBL- Marine subtidal with unconsolidated bottom

Marine deepwatethabitatincludes all land that is permanently flooded by salt water. This deepwater type
isexposed to the waves and currents of the open oceansatidities exceed 30 ppt, with little or no dilution
except outside the mouths of estuariéd/e used the marine subtidal with unconsolidated bottom (M1UBL)
as the default assignment for ocean watdfSgure 5). Training data was placed to capture all surface
conditions of the open ocean including, walweken, winddisturbed, calm, and fog shrouded (Figure 6). As
a result, marine subtidal habitat was well predicted by the model and did not requir@@haevision.

Figureb5 Representative photograph of marine subtidal with  Figure6 Maxar imagery showing different surface conditions of

unconsolidated bottom (M1UBLUktua Bay, Evans Island (imagenarine subtidal with unconsolidated bottom (M1UB&ing in

from Shorezone). part to differentcapturedatesfor theimagemosaic east shore
of Bainbridge Island, 1:1,600 scale.
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M1AB1lz Marine subtidal with algal aquatic bed
Marine deepwater habitat supporting algal beds with at least 30% cover were assigned the marine subtidal

with algal aquatic bed (M1AB1L) class (Figure 7). In the study area, this type is comprised of bull kelp
(Nereocwtis luetkeana and typically forms along exposed coastlines with strong currents and bedrock
substrate (Lindberg and Lindstrom 2010k imagery, these kelp beds appear as blaakwvn patches in
coastal waters punctuated by areas of lighter color, whiehthe kelp blades floating on the surface (Figure

8). Kelp beds are distinguished from a walgturbed surface by their spatial concentration, which is
different than the regular frequency and even distributions of waves. Training data captured most
ocaurrences of bull kelp beds in the study area. As a result, the type was well predicted by the model and
did not require manual revision.

Figure7 Representative photograph of marine subtidal with  Figure8 Maxar imagery showing training polygordelineating
algal aquaticbed habitat (M1ABL1L); air plot 24, Elrington Islantharine subtidal with algal aquatic bed habit@! LAB1L)west
shore ofEvandsland, 1:1,600 scale.
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M2AB1Mz Lower intertidal marine algal aquatic bed with irregular exposure

Intertidal marine wetlands are exposed at least once daily during the cycle of oceanic tides and supporting
at least 30% cover of aquatic algal vegetatiogre assigned the marine lower intertidal with aquatic bed
class (M2AB1M). These lower intertidal types transition seaward to subtidal ocean waters and inland to
upper intertidal habitats where the substrate is regularly exposed by the ebb of tidal wateise project

area, lower intertidal marine algal aquatic beddevelop adinear coastaltypes alongrubble beaches and
bedrock where brown kelps are the dominant species (FigureoQJer intertidal algal beds argypically
underwater in imageryappeaing as a yellovwgreen band upgradient from darker, subtidal waters (Figure
10). This type was moderately well predicted by the model and required limited manual revision.

Figure9 Representative photograph showing the transition frofigure10 Maxar imagery showing training polygon

lower intertidal marine algal aquatic bed with irregular delineating bwer intertidal marine algal aquatic bed with
exposurgbrown kelps M2AB1M) to upper intertidal marine  irregular exposuréM2AB1M) westshore ofBainbridye Island,
algal aquatic bed with regular exposugo(denbrown 1:1,600 scale.

rockweed M2AB1N)photo taken atiow tide on Elrington
Island (image from ShoreZone).
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M2AB1Nz Upper intertidal marine aquatic bed with regular flooding

The upper intertidal marine algal aquatic bed (M2AB1M) is a coastal linear type developing on rubble
beaches and bedrock whereckweed Fucus distichyss the dominant specie@-igures 9, 11). Rockweed

has high tolerance for fresh water and freezing temperatures and defines the reach of regular tidal
inundation (Lindberg and Lindstrom 2010). On gravedible substrate,rockweed bedsypically form above

the brown kelp lower intertidal zon@-igure 9) Where these gravedobble beaches transition tbedrock
cliffs,a band of black marine licheWérrucaria maurgindicaingthe wave break zonenay form above the
rockweedbeds(Figurell). In the study area, the upper intertidal typetigically above water in imagery

and appears as beach habitat with hint of darker vegetation (Figure 12). The inland extent of upper intertidal
marine aquatic bed wamestricted, in part, by the elevatin of mean high tidal water, which we manually
delineated. This type was moderately well predicted by the model and required limited manual revision.

Figurell Representative photo showing bands (listed in order Figurel2Maxar imagery showing training polygon

from upland to subtidal) of upland Sitka spruce and coastal delineating uppemtertidal marine algal aquatic bed with
herbaceous meadow, intertidal rocky bedrock shore (M2RS1Njegular flooding (M2AB1Njvestshore d& Bainbridgelsland,
upper intertidal marine algal bed, which includes bibté 1:1,600 scale.

black marine lichen belt and rockweed beatsd below water,

the lower intetidal brown kelp beds (M2AB1M); Sawmill Bay,

Evans Island (image frofnoreZone).
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M2RS1N Intertidal, rocky shore bedrockvith regular flooding

Theupperintertidal marinerocky shorgM2RS1Nis a coastal linear type developing foactured bedrock
or rubble associated with rocky promontories, headlands, and ¢hftgires 13). Rocky shores are common
in the project area and typically occur above tiands ofockweed Fucus distichysnd black marine lichen
(Verrucaria maurp THs upper intertidal type isypically above water in imagegnd appears as bright,
unvegetated rock (Figure 14). The inland extent of upper intertidal marine rocky shoreesigsted in
part, by the elevation of mean high tidal water, which we manuaddéliyneated. This type was moderately
well predicted by the model and required limited manual revision.

Figurel3 Representative photograph of intertidackyshore Figurel4 Maxar imagery showing training polygon
bedrockwith regular flooding (MBRS1N) Notethe rockweed delineatingintertidal rocky shore bdrockwith regular flooding
band is not included in this typsguth shore of Dangeésland (M2R4.N), southshore ofDangerisland, 1:1,600 scale.
showing the same promontory as Figure(idage from

ShoreZone)
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M2USIN Intertidal unconsolidated cobblegravel shore with regularflooding

The ntertidal unconsolidated cobbigravel shor§gM2US1N is beach hbitat occupying the zone of daily

tidal influence. The barren to sparselggetated condition of these beaches relates to both the uplift
experienced by the region during the 1964 Good Friday Earthquake, which raised unvegetated substrates
out of the ocea, as well as the generally high exposure and energy of the coastline, preiclndes the
retention of finer sedimenthat facilitates the establishment of vascular plants anchemarine alggFigure

15). In the study area, this type tgpically above ater in imageryand appears as a highly reflective, white
substrate (Figurd6). This type was well predicted by the model and requivedylimited manual revision.

Figurel5Representative photographs iotertidal Figurel6 Maxar imagery showing training polygo
unconsolidated cobblgravel shore with regular flooding delineatingintertidal unconsolidated cobbigravel shore with
(M2US1N)Ground Plot 3, west shore Latouche Island (left) amégular flooding (M2US1Ngastshore ofLatouchesland,

Air Plot 20, east shore Bainbridge Island (right). 1:1,600 scale.
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E2EM1P Intertidal estuarine emergent, persistentegetation with irregular flooding

Estuame environments develop along seipiotected coastlines where oceavater is occasionally diluted

by freshwater runoff from the landn the project area, estuarineetlands typically develop on the fine
sediments of protected beaches in the supratidalgowhich areonly inundated once daily or during the
highest of tidegFigure 17)Vegetation is dominated by (listed in decreasing order of salt tolerénore
ocean to landt Puccinellia nootkatensiand Honckenya peploidewith Glaux maritimaand Plantago
maritimamaking minor contributiondn imagery, this type appears as a deep green color that is contextually
identified by its occurrence upgradient from grey sand or mud flats, yet down gradient from mint green
coastal herbaceous meadows (FigliB). Because estuarine wetlands are uncommmianifest as narrow

type, and are in part defined by salinity (a traiit interpretable from remotely sensed dgtave manually
digitized all occurrences of E2ZEM1P.

Figurel7 Representative photograph of intertidal estuarine  Figurel8 Maxar imagery showing a polygon delineating

emergent, persistent vegetation with irregular flooding intertidal estuarine emergent, persistent vegetation with
(E2EM1R)Chenega ground plot 1@ainland, west side of irregular flooding (E2EM1P); west shord.afouchdsland,
Bainbridge Passage. 1:1,600 scale.
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R1UB1\Z Riverine, unconsolidated cobble or graveldgermanently flooded with fresh water yet
experiences tidal influence

Riverine habitaincludes all wetlands and deepwater habitats contained within a chaidkére rivers and
streams meet the ocean, a portion of the reach can be affected by the thkeshe Chenega region is
characterized by steep terrain, tidaligfluenced riparian habitais uncommonWhere tidal rivers do occur,
the gradient is low and water level fluctuates under tidal influefiegure 19) We found that thebank
transition frombeach rye grasd. €ymus molljsto blue joint reedgrasOalamagrostis canadenisr Sitka
spruce Picea sitchensisgerved as a reliable proxy for the upstream extent of tidal influgrtgure20,21).
Dueto the limited extentof tidally-influenced riversn the project area, we manually digitized all occurrences
of R1IUB1V

Figurel9 Representative photograph dferine, unconsolidated Figure20 Maxar imagery showing polygon delineating

cobble or gravel bed, permanently flooded witkssh water riverine, unconsolidated cobble or gravel bed, permanently

experiencing tidal influence (R1UB1®henegair plot 63, flooded with fresh water experiemg tidal influence(R1UB1Y,

mainland west of Point Countess Chenega air plot 63, mainland, west of Point Count&ss600
scale.

Figure21 Photograph showing transition from salt tolerant
Leymus mollis (gragreen grass dowstream on far bank) to
saltintolerant Calamagrostis canadensis (green grass upstream
on far bank) Shelter Bay, Evans Island.
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R2UB1H Riverine, lower perennial unconsolidated cobble or gravel bed, permanditdtyded with fresh
water

In the project area,dwer perennialrivers andstreamsoccupy the reach between tidalipfluenced and
upper perennial habitaalong whichthe gradient is low anflow isrelatively slowandwithout obviousriffles
(Figure 22)Although lower perennial rivers represesbme ofthe slowest flowing waters in the project
area,gradientspreclude extensive floodplain developmeBtueto the limited extent and narrow widtlof
lower perennial riverine habitatve manually digitized adiccurrences of R2UBMth an average widtrof
4.5 m (15ft)or greater between confluencd§&igure 23) The course of a rivar streamwas inferred from
topographywhere overhangingsegetation obscured the water surface in imagery.

Figure 22 Representative photograph dferine lower Figure23 Maxar imagery showing a polygon delineating
perennialunconsolidated cobble or gravel bed, permanently riverine, lower perennial unconsolidated cobble or gravel bed,
flooded with fresh wate(RRUB1H; Chenega air plot 02, permanently flooded with fresh water (R2UB1ERenega air
Latouchdsland. plot 02, Latouche Island.:1,600 scale.
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R3UB1H Riverine, upper perennial unconsolidated cobble or gravel bed, permanently flooded with
fresh water

In the project areappper perennial streams occupy the reach ben lowerperennialand intermittent
streamhabitat along whictthe gradient is lgh andflow isfast withobvious rifflesFloodplains can develop
in alpine basinsvhere the slope is low and mailriven flows can be seasonally hidfigure 24)Dueto the
limited extent and narrow widthof upper perennial riverine habitaih the project area, we manually
digitized all occurrences ofSRB1H with an average width 4f5 m (15ft)or greater between confluences
(Figure 25) As upper perennial streams typically occur leigin the watershed, at or beyond treeline, their
course is rarely adrured by overhanging vegetation.

Figure24 Representative photograph dfering upper Figure25 Maxar imagery showing a polygon delineating
perennialunconsolidated cobble or gravel bed, permanently riverine,upper perennialinconsolidated cobble or gravel bed,
flooded with fresh wate(R3UB1H; Chenega ground plot 15, permanently flooded with fresh water §8B1H); Chenega
Bainbridge Island ground plot 15Bainbridge Islandl:1,80 scale.
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R4SB3Z Riverinestreambed of unconsolidated cobble or gravel, intermittently flooded with fresh water
In the project areaintermittent streams occupy thlighest elevation andteepestgradient reaches of the
watershed(Figure 26)Water flows only part of the year and is sourced frenow melt seeps or direct
precipitation The downgradientransition from intermittent streambedto upper perennial streams
typically marked by aimflection in terrain slopgefor exampleat thetransition from alpine headwall to basin
Owing to their limited extent and narrow widtlve manually digitized all occurrences aéf3B3JFigure 27)
As intermittent streanbeds exclusivelyoccur at or beyond treeline, their course rigrely obscured by
overhanging vegetatio and easily interpreted from topography.

Figure26 Representative photograpdn intermittently flooded ~Figure27 Maxar imagery showing a polygon delineatiag
riverine streambe@R4SB3, Chenegaair plot 13, Bainbridge intermittently floodedriverinestrearmbed, (RASB3)] Bainbridge
Iskand. Island, 1:1,600 scale.
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LUBS3Hz Freshwater lake with unconsolidatetchud bottom

Lacustrine habitattype includes wetlands and deepwater habitdtsat are stuated in a topographic
depressionlackvegetation andhaveatotal area of at least 8 ha (20 a®nly five lakes occur in the project
areg four are natural and one is a reseiv above the Village of Chenega on Evans Isl&fidare
permanentlyflooded with freshwater(Figure 28)Lake habitat was wefiredicted by the modelminimal
manual revision warequired alondake shoreghat wereobscured by trees or tree shaddiwigure 29)

Figure28 Representative photograptf a freshwater lake with  Figure29 Maxar imagery showing a traing polygon
unconsolidated bottom (LUBJHChenegaair plot 55, Evans delineating a freshwater lake with unconsolidated bottom
Island (LUB3H)Chenega air plot 55, Evans Islafhi8,000 scale.
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PAB3H- Freshwater pond with aquaticvascularbed

Palustrine habitaincludes in part,small, shallow, permanent, freshwater bodiescupyingess than 8 ha

(20 ac) Whereaquatic vegetation comprises at least 30% cothés, habitat is classified deshwater pond

with aquatic bedIn the project areathe mostcommonaquatic rooted vasdar species are pond liffNuphar
lutea), and buckbeariMenyanthes trifoliatd (Figure 30) This type was well predicted by the mogwlinimal
manual revision was required along pond shores that were obscured by trees or tree shadow (Figure 31).
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Figure30 Representative photograptf a freshwater pond with Figure31 Maxar imagery showing a training polygon
aquatic vascular bed (PAB3H); buckbean with white flowers imlelineating the aquatic vascular bed of a freshwater pond
foreground, pond lily in cente€henegagroundplot 07, (PAB3H)Chenega ground plot 07, Latouche Island, 1:1,600
Latouchdsland scale.
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PUB3H- Freshwater pond with unconsoli@ated mud bottom

Palustrine habitat includesn part,small, shallow, permanent, freshwater bodiescupyindess than 8 ha
(20 ac). Where aquatic vegetati@ontributes less tha30% cover this habitat is classifieith respect to

its substrate. Mostreshwater pong n the project areare characterized by an unconsolidated mud bottom
(Figure 32)This type was well predicted by the mogedinimal manual revision was required along pond
shores that were obscured by trees or tree shadow (Figure 33).

Figure32 Representative photograptf a freshwater pond with Figure33 Maxar imagery showing two training polygons
unconsolidated mud bottom (PUB3HIeGegaair plot 51, delineating freshwater ponds with unconsolidated mud bottoms
Evandsland (PUB3H)Chenega air plot 51, Evans Island, 1:1,600 scale.
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PRBLH z Freshwater pond with rock bottom

Palustrine habitat includesn part,small, shallow, permanent, freshwater bodiescupyingess than 8 ha

(20 ac). Where aquatic vegetati@ontributes less tha30% cover this habitat is classifieith respect to

its substrate. A portion oféshwaterponds n thealpine sections of thproject areaare perched on bedrock
(Figure 34)As feshwater ponds with rock bottoms are uncommon in the project area, all occurrences of
PRB1H were manually digitizéeigure 35)

Figure34 Representative photograpdf a freshwater pond with Figure35Maxar imagery showing a polygon delineating a
rock bottom (PRB1H)h€negaair plot 62, mainland, south of ~ freshwater pond with rock bottom (PRB1Bpenega air plot 62,
Sober Point. mainland, south of Sober Point, 1:1,600 scale.
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PEM1( Palustrine emergentvetlands withseasonal flooding

Palustrine hahat includes in part,all freshwater wetlands dominatedy persistentemergent plantsin

the project area, seasonally flooded palustrine emergent wetlatelelopalong shorelines of lakes, ponds
and streams owithin alpine floodplainsvhere floodinglikely occurdue to snowmelt(spring) and direct
precipitation (fall) (Figure 36) Vegetation appears to belargely herbaceous and forb ricl§ecies
documented early in the growing season includiegrcabbageNephrophyllidium cristgalli), white marsh
marigold Caltha leptosepalg marsh violet Yiola epipsil® tufted bulrush Trichophorum caespitosym
longawn sedge Carex macrochaeja Sphagnummosses, and dwarf fireweedChanmanerion latifolium
(Figure 37)A more extensive study of eighteen alpswales conducted in the mountains above Anchorage,
Alaska found the following species, listed in decreasing order of dominance, to be associated with wetland
habitat in the alpine: mountain heatheHarrimanella stellerianpand partridge footl(eutkea peiinata),
longawn sedgeQarex microchaejaalpine clubmos$iphasiastrum alpinui Altai fescueRestuca altaich
small flowered woodrush_{uzula parviflorg and Canadian burneBénguisorba canadenyi@ohnson et al.
2022).Asboth wetland andalpinevegetationtends to be azonal, we expect these spetigse characteristic

of similar habitat inthe Chenega regiorin imagery, PEM1C appears greengrey graminoid meadow
(Figure 3). As this typédsdefined by proximity to waterbodies experiencisgasonal floodinga temporai
spatial characteristic that is difficult to interpret from poimtime remote imagery, its occurrence was
poorly predicted by the model and required extensive manual revision.

Figure36 Representative photograptf a palustrine emergent Figure37 Maxar imagey showing polygons delineating

wetland with seasonal floodinPEM1C) developing in an alpin@alustrine emergent wetlands with seasonal flooding (PEM1C)

floodplain; ®@enegagroundplot 15, central Bainbridge Island. developing in an alpine floodplain; Chenega ground plot 15,
central Bainbridge Island, 1:1,600 scale
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PEM1D- Palustrine emergentvetland with continuous saturaton

Palustrine habitat includesn part,freshwater wetlands dominated by persistent, emergent plants. In the
project area,continually saturatecpalustrine emergent wetlands develam flat to gently sloping terrain
where shallow bedrock and abundant pigitation maintain saturation throughout the growing seas®his
is a widespread typedominated by deercabbage Nephrophyllidium cristgall) and tufted bulrush
(Trichophorum caespitosuymwith minor contributions of longwned sedge Garex macrochaejaand
SphagnurrspeciesDrier microsites support dwarf shrubs such as crowbdemgetrum nigrujywhereas
wetter micrositesincludethe emergent sedge tall cottongradsriophorum angustifoliupnand carnivorous
species such as roundleaf sundd®vdsera rotmdifolia) and common butterwortRinguicula vulgar)sSmall
upland inclusions of mountain hemlocksuga mertensianaskirted by low shrubsv/@accinium ovalifolium,
Menziesia ferruginea, Sorbus sitchepgsiee commonln imagery, this type appears asenly textured,
bluish-purple meadows with minimagxpression ofurface wate(Figure 39). This type was welpredicted
by the model and required very limited manual revision.

Figure38 Representative photograph of a palustrine emergentFigure39 Maxar imagery showing polygsidelineating

wetland with continuous saturation (PEM1D); Chenega grounpalustrineemergent wetland with continuous saturation

plot 01,south Latouchésland. (PEMD); Chenega ground pléxl, south Latouchésland
1:1,600 scale
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PEM1E Palustrine emergentvetland with seasonal floothg or saturation

Palustrine habitat includesn part,freshwater wetlands dominated by persistent, emergent plants. In the
project areaseasonally flooded or saturatgailustrine emergent wetlands develam flat to gently sloping
terrain where shallow bedrock and abundant precipitation cause seasonalripaod saturation. This is a
widespread type that similar to PEM1D, is dominatedégrcabbageNephrophyllidium cristgalli), tufted
bulrush {richophorum caespitosmand tall cottongrass Hriophorum angustifoliujn with minor
contributions of longawned sedge Carex macrochaejaSphagnunspeciesand carnivorous species such
as roundleaf sundewDfosera rotundifolia and common butterwort Ringuicula vulgar)s(Figure 40). In
imagery, this type appears as evenly textured, purgtikle meadows with m@ than 30% cover urface
water (Figure 41)PEM1E and PEM1D are often mosaick€his type was wefiredicted by the model and
required very limited manual revision.
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Figure40 Representative photograph of a palustrine emergentFigure41 Maxar imagery showing polygsidelineating

wetland with seasonal flooding or saturation (PEM1E); Chenegalustrine emergent wetlargwith seasonal flooding or

ground plot 01, south Latouche Island. saturation(PEMEB); Chenega ground plétl, south Latouche
Island 1:1,600 scale
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PSS1GPalustrine deciduous shrub wetland with seasoril@loding

Palustrine habitat includes, in pafteshwater wetlands where woody plants less than 6 m (20 ft) tall are
the dominant | ife form. The *shrub’ | ife form incl
not yet reached 6 m in height, and waypplants (including tree species) that are stunted because of adverse
growing conditions.In the project area, palustrine deciduous shrub develops along the margins of lakes,
ponds, rivers, and streams experiencing seasonal flooding due to snoyspritig) and direct precipitation

(fall) (Figure 42)Thickets are dominated lwillows Salix sitchensendSalix barclayiwith a rich understory

of salmonberry Rubus spectabiliscow parsnipHeracleum maximuimfield horsetail Equisetum arvensg)
woolly geranium Geranium erianthury) Sitka valerianMaleriana sitchensjs twisted stalk $treptopus
amplexifoliuy, marsh violet Yiola epipsily and lady fern Athyrium filixfeming. In imagery, this type
appears asa roughtextured, greygreen thiclet (Figure 43)As the extent ofthis type isgeographically
limited and of limited areaall occurrences of PSS1C weranually digitizd.

Figure42 Representative photograph of a palustrideciduous  Figure43 Maxar imagery showingvo polygors delineating
shrubwetland with seasonal flooding 830); Chenega air plot  palustrine deciduous shrub wetlaswith seasonal flooding
56, west central Evanisland (PSS1C); Chenega air plot 56, west central Evans Island.
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PSS4B Palustrine needleleashrub wetlandwith seasonal saturation

Palustrine habitat includes, in part, freshwater wetlands where woody plants less than 6 m (20 ft) tall are
the dominant | ife form. The *shrub’ | ife form incl
not yet reached 6 m in height, and woody plants (including tree species) that are stunted because of adverse
growingconditions. In the project area, palustrimeedleleafshrubwetlandsdevelopat the transition from
saturated, herbaceous wetlands to upland forest, as drier inclusions in herbaceous wetlands, or as wetter
inclusions in upland foresiNeedleleaf shrub wigands can occur on surprisingly steep slopes (up t 30
Boggs et al. 2008). Despite the drainage afforded by terrain, saturation is maintained by abundant
precipitation and shallow bedrock, which retards infiltratiofhe needleleaf shrub component ofeh
vegetation community is predominantlgwarf mountain hemlock Tsuga mertensianawith minor
contributions of Sitka sprucd®{cea sitchensjslow shrubssuch as copperbustilliottia pyroliflorg, rusty
menziesiallenziesia ferrugingaandovaltleafed Bueberry(Vaccinium ovalifoliuyskirt the stands of trees.
Herbaceous patches, codominated by deercabbagepbrophyllidium cristgalli) and tufted bulrush
(Trichophorum caespitosymay beinterspersedFigure 44)In imagerythis coniferous woodlandppears

as dark, conical trees separatbyl lighter green shrub covéFigure %). This type was welpredicted by the

model and required very limited manual revision.

Figure44 Representative photograph of a palustrine needleleafFigure45 Maxar imagery showingolygors delineating
shrub wetland with seasonal saturation (PSS4B); Chenega  paludrine needleleashrub wetlandwith seasonasaturation
ground plot 05, central Latouche Island (PS8B); Chenegaroundplot 05, centralLatouchdsland.
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PFO4B Palustrine needleleaf foresd wetland with seasonal saturation

Palustrine habitat includes, in part, fragater wetlands where woody plantgeaterthan 6 m (20 ft) tall are

the dominantlifeformT he ‘tree’ | i f e f o rmmoreihan 6die Height.latde peoject wo o dy
area, palustrine needleleaf forested wetlands develop at the transition from shrub or herbaceous wetlands
to upland forest, as drier inclusions in shrub wetlands, or as wetter inclusions in upland fevesstted
stands range from open tolosed and are dominated by mature mountain hemlot&uga mertensiana

Open stands are common and similar in species composition to PSS4B. Open stands occur on a variety of
landforms, includinglopes up to 30(Boggs et al. 2008)vhereabundant precigation and shallow bedrock
maintain saturatior(Figure 46)Closed standare uncommondeveloping only on the mostable lowlands

While tree and shrub compositioim the closed stands argmilar toPSS4Bi.e., a canopy dominated by
Tsuga mertensianand shrub understorycodominated byaccinium ovalifoliunand Elliottia pyroliflorg,

lower strataare dominated by ferns and nerascular speciesp8ading woodfern Dryopteris expanga
northern oakfern Gymnocarpium dryoptefs fiveleafed bramble Rubus pedatys and bunchberry
dogwood (Cornus canadengisare commonin the lowest herbaceous straturwith the feathermosses
Hylocomium splenderandRhytidiadelphus loreythe leafy mosdRhizomniunglabrescensandSphagnum
speciescarpeting the groud. American skunkcabbagkysichiton americandisccurs in pockets of standing
water. In imagery,forested wetlandsappearas dark, conical tree®ften casting shadows due to their
greater height)separated byalighter greencoverof shruts. In more open stands, bluigburple patches of
deercabbage Nephrophyllidium cristgall) and tufted bulrush Trichophorum caespitosymmay be
interspersed(Figure Z). This type was wefiredicted by the model and required very limited manual
revision

Figure46 Representative photograph of a palustrine needleleafigure47 Maxar imagery showingolygors delineating
forested wetland with seasonal saturation (PFO4B); Chenegapailustrineneedleleaforestedwetlands with seasonal
plot 12, west Bainbridge Island. saturation(PFO4B; Chenegair plot 12, west Bainbridgedsland.
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SpecialMapping Conventionsand/or Unique Wetland Codes

No unique wetland codes were used for this project. Special mapping conventions were employed to the
least extent possible. Situations bearing mention include our separation of marine and estuarine deepwater
habitat, delineation of streams obscured by veg®n, and our treatment oBubalpine swales analpine
floodplains.

Salinity data ranged from 25 ppta 1.85 pptat the four ground sites that were testead the project area

We suspect that salinity measurements were low owing to the high input shfweater from tidal glaciers
within Prince William Sound and because our sampling was restricted to the shoreline. Despite salinity
readings of less than 0.5 ppt, we elected to classify ocean waters exclusively as deagpmeterdue to

the unprotectednature of most coastlines.

Rivers and streams were mapped to capture both their surface expression in satellite imagery as well as their
hydrologic connectivity. Hydrologic connectivity was important for assignment of the lotic landscape
position attributeto lakes and ponds that were intersected by riverine polygons. Occasionally we were
forced to infer the course of a river or stream from topography where the reach was obscured by
overhanging vegetation or terrain shadow. In these casesy@re unable toconfirm an average width of

the watercourse between confluences and as a result may have mapped features legsghanl5 ft)

wide.

Qubalpineswalesare asmall patch and rargype restricted toexposed bedrock knobs and slofgreeline
Vegetationis @mposed of mountain hemlocR §uga mertensianadwarf shrubs such as Alaska bellheather
(Harrimanella stellerianaand partridgefoot Luetkeapectinata), and lichens in theCladoniagenus C.
stellaris, arbuscula, rangiferinaOwing to exposure, treeadopt a krummholz form and lower vegetation
establishes in protected microsites. While protected swales may represent pockets of wetland habitat, their
spatial extent rarelyapproacheghe target mapping unit of @25 ac

Alpine floodplains were captureas the PEM1C type. Because our fieldwork occurred early in the growing
season and did not accommodate a second \vtsitas difficult to determine if hydrophytic vegetation was
indeed dominant and flooding wasdeedseasonéin the few alpine basins wasited Further, our model

did notpredict PEM1C habitat well, which resulted in considerable manual delineation. As a result, there is
uncertainty associated with the extent of alpine floodplains in the project area.

While not a special mapping considgom per se the occurrence of the followingpeciesserved as useful
indicators of upland and wetland habitat

. Sitka spruceRicea sitchengiccurs exclusively in uplandi®ng the coastal rirandin
early successional sites due to tolerance to spiay and unstable mineral soils.

. Sitka alderAlnus viridissp.sinuatd occurs exclusively in uplands

. Cladonidichens indicate uplands when present at approximately more than 20%
cover

. American dunegras$ ¢ymus mollisindicates supratidal uplands

. Seasandwort Honckenya peploidg¢#ndicates intertidal wetlands

. RockweedFRucus distichysndicates the intertidal range

. Bull kelp Nereocystis luetkeanandicates subtidalaters

39



Wetland Plant List:
See AppendiL. for a list of plantaxa and wetland idicator status documented in the Cheneggjion,
Prince William Sound Alaska.

Discussion

Weimplemented a serrautomatedapproachfor wetland mapping that retains advantages of automation
while enabling a wetland ecologist to focus on providing the contextual information necessary to assign
wetland and deepwater classef\dvantages of automation includeonsistency over large extest
repeatability to integrate updates and alterationandintegration of multiparameter attributessuch as
indicesof vegetation, moisturetopography, and hydrologyAlthough a formal assessment accuracy is not

a standard requirement of NWI mappingy automated approaclprovidesanopportunity for a statistically
robust accuracy assessmeifturther,once the model is builtthe automated approacltan provide cost
efficiency for large regions

Perhaps the chief disadvantagéa semiautomated approacthis the time required to develop &aining
dataset. Taining data should represent all habitat types and coverl®® of the total project area.
Depending on the topographic complexity of the project area and the diversity of habitats represented, the
time required for the wetland ecologist to build a training dataset can be significant. Simalaignificant
amount of time is required for the manual digitizatiari habitats and/or boundariesthat are either
geographically uncommomf small extentparrow, or defined by characteristics that are not interpretable
from remotely sensed data. Specific to our project area, the lack of an accurate, -tiefeltgnced
coastline, required us to manually digitize the extent of mean high tide

Common to automatedand manual approaches is theeliance on imperfect datasetdor example,
phenologial and snow covevariation among image tiles, distortion of imagery due to parallax, areas of
no data due to terrain and cloud shadpull of whichcan result in modebr digitizingerror.
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Appendices

Appendixl Textural, spectral, and topographic covariates used in modeling workblothie
prediction of wetland and deepwater condition in tGeenegaegion, Prince William Sound
Alaska.

The following table lists mapping covariates used in the automated portion of the workflow. Remote sensing
indicators are listed by number as follows:

1. Image segmentation
2. Wetland and deepwater types

The followingconventions are used to denote additional clarifying characteristics pertaining to one or

more datasets:

Growing season median composite 202621

¥ ldy median composites representing ndidne, late July, midugust, and migseptember 2019

2022

§ Deived from USGS 3DEP IFSAR Digital Terrain Model
9 Derived from manual delineation

Type Dataset (name abbreviation) g;lgcilnuatlion Use
Segment Mean Sentinell SAR Verticalertical polarization (s1_vv) 10x10m 2
Segment Mean Sentinell SAR/erticatHorizontal polarization (s1_vh) 10x10m 2
Segment Mean Sentinel2 Band 2: Blue (s2_mm_02_blfie) 10x10m 2
Segment Mean Sentinel2 Band 3: Green (s2_mm_03_green) 10x10m 2
Segment Mean Sentinei2 Band 4: Red (s2_mm_04_r&d) 10x10m 2
Segment Mean Sentinei2 Band 5: Red Edge 1 (s2_mm_05_rededgel) 20x 20 m 2
Segment Mean Sentinei2 Band 6: Red Edge 2 (s2_mm_06_rededge?2) 20x20m 2
Segment Mean Sentinel2 Band 7: Red Edge 3 (s2_mm_07_rededge3) 20x20m 2
Segment Mean Sentinel2 Band 8: Near Infrared (s2_mm_08_nedrir) 10x10m 2
Segment Mean Sentinel2 Band 8a: Red Edge 4 (s2_mm_08a_rededge4) 20 x20m 2
Segment Mean (Ssezrltrlrr]lr;eﬁllsleir:rj] Olii:r%hortwave Infrared 1 20 x 20 m 5
Segment Mean (Sse;rltrirrﬁfllzzir;?]olsfgortwave Infrared 2 20x20m 2
Segment Mean (Ssc-;rltmriiel\\/llgiﬁed Enhanced Vegetation Ind2x 10 x 10 m 5
Segment Mean Sentinel2 Normalized Burn Index (s2_mm_ribr) 20x20m 2
Segment Mean (Ssezrl'tgiinl\é(r);?alizedi)iﬁerence Moisture Index 20 x 20 m 5
Segment Mean Sentinel2 Normalized Difference Snow Index (s2_mm_ridsi 20 x 20 m 2
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Original

. Use
Resolution

Type Dataset (name abbreviation)

Sentinel2 Normalized Difference Vegetation Index

(s2_mm_ndvi) 10x10m 2

Segment Mean

Segment Mean Sentinel2 Normdized Difference Water Index (s2_mm_ndwi 10 x 10 m 2
Gridded AHRI 2020 Composite Blue 1x1m 1
Segment Mean AHRI 2020 Composite Blue (ahri_01_blue) Ix1m 2
Segment Std. Dev.  AHRI 2020 Composite Blue (ahri_01_blue_std) 1x1m 2
Segment Range AHRPR020 Composite Blue (ahri_01_blue_rng) 1x1m 2
Gridded AHRI 2020 Composite Green 1x1m 1
Segment Mean AHRI 2020 Composite Green (ahri_02_green) 1x1m 2
Segment Std. Dev.  AHRI 2020 Composite Green (ahri_02_green_std) I1x1m 2
Segment Range AHRR020 Composite Green (ahri_01_green_rng) I1x1m 2
Gridded AHRI 2020 Composite Red I1x1m 1
Segment Mean AHRI 2020 Composite Red (ahri_03_red) 1x1m 2
Segment Std. Dev.  AHRI 2020 Composite Red (ahri_03_red_std) 1x1m 2
Segment Range AHRI 202@omposite Red (ahri_01_red_rng) 1x1m 2
Gridded AHRI 2020 Composite Near Infrared 1x1m 1
Segment Mean AHRI 2020 Composite Near Infrared (ahri_04_nir) I1x1m 2
Segment Std. Dev.  AHRI 2020 Composite Near Infrared (ahri_04_nir_std) I1x1m 2
SegmenRange AHRI 2020 Composite Near Infrared (ahri_01_nir_rng) Ix1m 2
Gridded AHRI 2020 Composite Modified Enhanced Vegetation Hdde 1 x 1 m 1
Segment Mean gl:]lr?ll_s\(l)é()) Composite Modified Enhanced Vegetation l2de 1x1m 5
Segment Std. Dev. gilr'\i’l_:\(l)égs(fg)mposite Modified Enhanced Vegetation Hde 1x1m 5
Segment Range gilr'\i’l_gf_zgv(ilzir;%c;site Modified Enhanced Vegetation H2de 1x1m 5
Gridded AHRI 2020 Composite Normalized Difference Vegetation Ir 1 x1 m 1
Segment Mean gﬂl:l_ﬁg\i()) Composite Normalized Difference Vegetation Ir 1x1m 5
Segment Std. Dev. gﬂl;’l_ﬁg\i?s(tlg)mposite Normalized Difference Vegetation Ir 1x1m 5
Segment Range gﬂﬁl_gfi?dsicir;;%(;site Normalized &#hce Vegetation Index 1x1m 5
Gridded AHRI 2020 Composite Normalized Difference Water Index 1 x1m 1
Segment Mean AHRI 2020 Composite Normalized Difference Water Index 1x1m 2

45



Original

Type Dataset (name abbreviation) Resolution Use
(ahri_ndwi)
Segment Std. Dev. gl:lrki’l_ﬁé)vzv?_gtszosiMormalized Difference Water Index 1x1m 5
Segment Range AHRI ZOZQ Composite Normalized Difference Water Index 1x1m 5
(ahri_ndwi_rng)
Segment Mean Topography- Aspect (top_aspedi) 5x5m 3
Segment Mean Topography- Elevation(top_elevation§ 5x5m 3
Segment Mean Topography- Exposure (top_exposure) 5x5m 3
Segment Mean Topography-Heat Load Index (top_heat_lod&d) 5x5m 3
Segment Mean Topography- Position (top_positiorf) 5x5m 3
Segment Mean Topography- Radiation (top_radiatior) 5x5m 3
Segment Mean Topography- Roughness (top_roughnes) 5x5m 3
Segment Mean Topography-Slope (top_slopé) 5x5m 3
Segment Mean Topography-Surface Area (top_surface_aréa) 5x5m 3
Segment Mean Topography- Surface Relief (top_surface_relfef) 5x5m 3
Segment Mean Topography-Wetness Index (top_wetness) 5x5m 3
Segment Mean Hydrography- Distance from Coast or Estuary 1x1m 1.2

(hyd_estuary_disf)
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Appendix2 List ofplant taxa and wetland indicator status documented in the Chemegé#n,

Prince William Sound Alaska.

Species Wetland Indicator
Habit Scientific Name Common Name Code Status
o Picea sitchensis Sitka spruce PISI FAC
= | Tsuga mertensiana mountainhemlock TSME FAC
Alnus viridissp.sinuata Sitka alder ALVIS FAC
Andromeda polifolia bog rosemary ANPO FACW
Elliottia pyroliflora copperbush ELPY FAC
Empetrum nigrum black crowberry EMNI FAC
Harrimanella stellariana Alaska bellheather HAST3 FACU
Menzisia ferruginea rusty menziesia MEFE FACU
Oplopanax horridus devilsclub OPHO FAC
o Rubus spectabilis salmonberry RUSP FAC
= | Salix barclayi Barclay's willow SABA3 FAC
? | salix sitchensis Sitka willow SASI2 FAC
Sambucus racemosa red elderberry SARA?2 FACU
Sorbus sitchensis western mountain ash SOSI2 FAC
Vaccinium cespitosum dwarf bilberry VACE FAC
Vaccinium ovalifolium ovaHeaf blueberry VAOV FAC
Vaccinium oxycoccos small cranberry VAOX OBL
Vaccinium uliginosum bogblueberry VAUL FAC
Vaccinium vitisdaea lingonberry VAVI FAC
Achillea millefoliunvar. borealis | boreal yarrow ACMIB FACU
Anemone richardsonii yellow thimbleweed ANRI FAC
Angelica lucida seacoast angelica ANLU FAC
Aquilegia formosa western columbine AQFO FACU
Argentina anserina silverweed cinquefoil ARAN7 FAC
Aruncus dioicus bride's feathers ARDI8 FACU
Boschniakia rossica northern groundcone BORO FACU
Caltha leptosepela white marsh marigold CALE4 OBL
Chameriorangustifolium tall fireweed CHAN9 FACU
Chamerion latifolium dwarf fireweed CHLA13 FAC
g small enchanter's
| Circea alpina nightshade CIAL FAC
Claytonia sibirica Siberian springbeauty CLSI2 FAC
Cochlearia groenlandica Danish scurvygrass COGR6 FACW
Conioselinum chinense hemlockparsley COGM FACW
Coptis asplenifolia fernleaf goldthread COAS FAC
Cornus canadensis bunchberry dogwood COCA13 FAC
Cornus suecica Lapland cornel COoSsu4 FAC
Dodecatheon jeffreyii Sierra shootingstar DOJE FACW
Droserarotundifolia roundleaf sundew DRRO OBL
Erigeron peregrinus subalpine fleabane ERPE3 FACW
Frittilaria camschatcensis Kamchatka fritillary FRCAS FAC
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Species Wetland Indicator
Habit Scientific Name Common Name Code Status
Galium aparine stickywilly GAAP2 FACU
Geranium erianthum woolly geranium GEER2 FACU
Geumcalthifolium calthaleaf avens GECAG6 FACW
Heracleum maximum common cowparsnip HEMAS80 FAC
Honckenya peploides seaside sandplant HOPE FACU
Iris setosa beachhead iris IRSE FAC
Lathyrus japonicus beach pea LAJA FAC
Ligusticum scoticum Scottishlicoriceroot LISC3 FAC
Loiseleuria procumbens alpine azalea LOPR FACU
Lupinus nootkatensis Nootka lupine LUNO FACU
Lysichiton americanus American skunkcabbage LYAM3 OBL
Maianthemum dilatatum false lily of the valley MADI FAC
Menyanthedrifoliata buckbean METR3 OBL
Microseris borealis northern microseris MIBO OBL
Mimulus guttatus seep monkeyflower MIGU OBL
Mitella pitandra fivestamen miterwort MIPE FACW
Neprophyllidium cristayalli deercabbage NECR2 OBL
Nuphar lutea RockyMountain pondlily NULUP OBL
Pedicularis parviflora smallflower lousewort PEPA4 FACW
Petasites frigidus arctic sweet coltsfoot PEFR5 FAC
Pinguicula vulgaris common butterwort PIVU OBL
Platanthera stricta slender bog orchid PLST4 FACW
Polemoniunacutiflorum tall Jacob'dadder POAC FAC
Potamogetorsp. pondweed POTAM OBL
Prenanthes alata western rattlesnakeroot PRAL na
Pyrola asarifolia liverleaf wintergreen PYAS FAC
Rubus chamaemorus cloudberry RUCH FACW
Rubus pedatus strawberryleafraspberry RUPE FAC
Rumex salicifolius willow dock RUSAT4 FACW
Sanguisorba canadensis Canadian burnet SACA14 FACW
Sanguisorba sitchensis Sitka willow SASI2 FAC
Saxifraga nelsoniana heartleaf saxifrage SANE3 FAC
Saxifraga nudicaulis nutty sawwort SANU FAC
Senecio psuedoarnica seaside ragwort SEPS FACU
Senecio triangularis arrowleaf ragwort SETR FACW
Spergularia canadensis Canadian sandspurry SPCA3 FACW
Spiranthes romanzoffiana hooded lady's tresses SPRO FACW
Stellaria calycantha northern starwort STCA FACW
Streptopus amplexifolius claspleaf twistedstalk STAM?2 FAC
Tiarella trifoliata threeleaf foamflower TITR FAC
Triantha glutinosa sticky tofieldia TRGL5 FACW
Trientalis europaea arctic starflower TREU FAC
Valerianasitchensis Sitka valerian VASI FAC
Veratrum viride green false hellebore VEVI FAC
Viola epipsila dwarf marsh violet VIEP na
Viola langsdorfii Aleutian violet VILAG FACW
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Species Wetland Indicator
Habit Scientific Name Common Name Code Status
Calamagrostis nutkaensis Pacific reedgrass CANU FACW
Carex limosa mud sedge CALI7 OBL
Carex lyngbyei Lyngbye's sedge CALY3 OBL
- Carex macrochaeta longawn sedge CAMAL1l FACW
'g Deschampsia cespitosa tufted hairgrass DECE FAC
c Eriophorum angustifolium tall cottongrass ERANG6 OBL
g Festuca rubra red fescue FERU2 FAC
Hordeum brachyantherum meadow barley HOBR2 FAC
Leymus mollis American dunegrass LEMOS8 FAC
Puccinellia nutkaensis Nootka alkaligrass PUNU FACW
Trichophorum cespitosum tufted bulrush TRCES3 OBL
@ Equisetum arvense field horsetalil EQAR FAC
= Lycopodium annotinum stiff clubmoss LYAN2 FACU
° Selaginella selaginoides club spikemoss SESE FACU
g Athyrium felixfemina common ladyfern ATFI FAC
o Blechnum spicant deer fern BLSP FAC
- Gymnocarpium dryopteris western oakfern GYDR FAC
Bryum pseudotriquetrum common green bryum moss| BRPS70 na
Dicranumsp. dicranum moss DICRAS8 na
Hylocomium splendens splendid feather moss HYSP70 na
o Schreber's big red stem
E, Pleurozium schreberi moss PLSC70 na
g | Racomitrium lanuginosum racomitrium moss RALA70 na
g‘ Rhizomnium glabrescens rhizomnium moss RHGL70 na
Rhytidiadelphus loreus goose neck moss RHLO70 na
Sphagnunspp. sphagnum SPHAG?2 na
Sphagnum squarrosum sphagnum SPSQ70 na
Tomentypnum nitens tomentypnum moss TONI70 na
é Cladinaarbuscula reindeer lichen CLARG60 na
2 Siphula ceratites whitefingers lichen SICE60 na
g
E Fucus distichus rockweed FUDI na
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Appendix3 Metadata collected for ground plots in the Cheneggion of Prince WilliarBound, Alaska.

Survey Date Latitude Longitude Elevation Slope  Aspect Wetland
Plot (MM/DD/YYYY) (DD.dddddd) (DD.dddddd) (m) (%) (degrees) Land Cover Type (Detailed) Code
Palustrine emergengontinuously
CHE_GRN_00 7/11/2022 59.943430| -148.037718 13 7 322 | saturated PEM1D
CHE_GRN_00 7/11/2022 59.944714| -148.037495 19 4 290 | HemlockSitka spruce forest UPL
CHE_GRN_00 7/11/2022 59.978651| -148.016815 2 1 275 | Coastal herbaceous UPL
Estuarineintertidal algal aquatic bed,
CHE_GRN_00 7/12/2022 60.050618| -147.909651 0 18 272 | regularly flooded E2AB1IN
Palustrine needleleaf forest/emergent,
CHE_GRN_00 7/12/2022 60.042920| -147.907633 33 12 232 | seasonally saturated PSS4/EM1E
Palustrine emergengontinuously
CHE_GRN_00 7/12/2022 60.039424| -147.903419 72 9 134 | saturated PEM1D
Lacustrine limnetic, unconsolidated
CHE_GRN_00 7/12/2022 60.038399| -147.902589 76 0 na bottom, permanently flooded L1UB4H
Palustrine emergent, continuously
CHE_GRN_00 7/12/2022 60.039964| -147.904057 70 8 230 | saturated PEM1D
CHE_GRN_00 7/13/2022 60.041541| -147.906353 60 25 315 | HemlockSitka spruce forest UPL
Estuarine intertidal algal aquatic bed,
CHE_GRN_01 7/13/2022 60.145669| -148.168694 0 2 120 | regularly flooded E2AB1IN
HemlocksSitka spruce forest/Sitka Alder
CHE_GRN_01] 7/13/2022 60.145736| -148.168807 10 10 140 | Salmonberry sideslope shrubland UPL
Riverine lower perennial unconsolidated
cobblegravel bottom, permanently
CHE_GRN_01] 7/13/2022 60.112671| -148.155311 116 4 150 | flooded R2UB1H
CHE_GRN_01 7/13/2022 60.113522| -148.155335 111 0 na Subalpine herbaceous meadow UPL
CHE_GRN_01] 7/13/2022 60.113376| -148.154222 109 0 na Willow riparian shrub UPL
CHE_GRN_01 7/13/2022 60.105316| -148.145981 284 4 290 | Palustrine emergent, temporarily flooded PEM1A
Palustrine emergent, continuously
CHE_GRN_01] 7/13/2022 59.991858| -148.137741 194 8 270 | saturated PEM1D
Palustrine needleleaf forest/emergent,
CHE_GRN_01 7/14/2022 59.992440| -148.137613 189 8 270 | seasonally saturated PSS4/EM1E
Estuarine intertidal emergent, irregularly
CHE_GRN_01 7/14/2022 60.125148| -148.123604 3 2 150 | flooded E2EM1P
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Appendix4 Metadata collected for air plots in the Cheneggion of Prince William Sound, Alaska.

Survey Date Latitude Longitude Wetland
Plot (MM/DD/YYYY) (DD.dddddd) (DD.dddddd) Land Cover Type (Coarse) Code
CHE_AIR_00 7/11/2022 60.013720| -147.956687| scrubshrub wetland PSS4/EM1H
CHE_AIR_00 7/11/2022 59.979996| -148.011394| graminoid meadow PEM1C
CHE_AIR_00 7/11/2022 59.951159| -148.032770| freshwater PAB3H
CHE_AIR_00| 7/11/2022 59.997343| -147.981413| estuarine intertidal E2EM1P
CHE_AIR_00 7/13/2022 60.082142| -148.068026| estuarine intertidal E2AB1IN
CHE_AIR_00 7/13/2022 60.099240| -148.044328| scrubshrubwetland PSS4/EM1H
CHE_AIR_00 7/13/2022 60.120625| -148.035257| estuarine intertidal E2RS1N
CHE_AIR_00 7/13/2022 60.184901| -148.121877| estuarine intertidal E2AB1IN
CHE_AIR_00 7/13/2022 60.187957| -148.133355| estuarine intertidal E2AB1M
CHE_AIR_01 7/13/2022 60.185024| -148.154823| freshwater PRB1H
CHE_AIR_01 7/13/2022 60.165246| -148.135014| coniferous forest PFO4/SS1H
CHE_AIR_01 7/13/2022 60.141060| -148.155962| coniferous forest PFO4/SS1H
CHE_AIR_01 7/13/2022 60.114819| -148.158338| subalpine shrub UPL
CHE_AIR_01| 7/13/2022 60.109125| -148.160205| forb meadow PEM1A
CHE_AIR_01 7/13/2022 60.106700| -148.143375| alpine herbaceous PEM1A
CHE_AIR_01 7/13/2022 60.131971| -148.098558| scrubshrub wetland PSS4/EM1H
CHE_AIR_01 7/13/2022 60.158181| -148.086564| coniferous forest UPL
CHE_AIR_01 7/13/2022 60.178183| -148.078550| coniferous woodland UPL
CHE_AIR_01 7/13/2022 60.197580| -148.059360| coniferous forest UPL
coniferous forest/coastal
CHE_AIR_02 7/13/2022 60.149290| -148.063235| herbaceous nosidal UPL
CHE_AIR_02 7/13/2022 60.119255| -148.097941| coniferous woodland UPL
CHE_AIR_02 7/13/2022 60.049387| -148.116138| scrubshrub wetland PSS4/EM1H
CHE_AIR_02 7/14/2022 59.978984| -148.194687| scrubshrub wetland PSS4/EM1H
CHE_AIR_02| 7/14/2022 59.980663| -148.203376| estuarine subtidal E1AB1L
coniferous forest/subalpine
CHE_AIR_02 7/14/2022 59.951454| -148.202018| shrub UPL
CHE_AIR_02 7/14/2022 59.938359| -148.190950| freshwater PAB3H
CHE_AIR_02 7/14/2022 59.931051| -148.197742| estuarine subtidal E1AB1L
coniferous forest/subalpine
CHE_AIR_02 7/14/2022 59.949104| -148.116129| shrub UPL
CHE_AIR_02 7/14/2022 59.986335| -148.046730| freshwater PAB3H
coniferous woodland/coastal
CHE_AIR_03 7/14/2022 59.990475| -148.035387| herbaceous nosidal UPL
CHE_AIR_03 7/14/2022 60.026327| -148.025408| scrubshrub wetland PSS4/EM1H
CHE_AIR_03 7/14/2022 59.971789| -148.105649| sedge peatland PEM1E
CHE_AIR_03 7/14/2022 59.968150| -148.112511| coastal barren E2US1IN
CHE_AIR_03| 7/14/2022 59.967791| -148.082758| scrubshrubwetland PSS4/EM1H
CHE_AIR_03 7/14/2022 59.961591| -148.000199| alpine herbaceous PEM1A
CHE_AIR_03 7/14/2022 59.960551| -147.996837| alpine herbaceous UPL
CHE_AIR_03 7/14/2022 60.018806| -147.940324| freshwater R1RB2V
CHE_AIR_03 7/14/2022 60.117064| -147.897647| freshwater PEM1C
CHE_AIR_03 7/14/2022 60.061462| -147.818177| estuarine intertidal E2ABIM
CHE_AIR_04 7/14/2022 60.031202| -147.844321| coniferous forest PFO4B
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Survey Date Latitude Longitude Wetland

Plot (MM/DD/YYYY) (DD.dddddd) (DD.dddddd) Land Cover Type (Coarse) Code
CHE_AIR_04 7/14/2022 60.012486| -147.862932| coniferous forest UPL
CHE_AIR_04 7/14/2022 59.995659| -147.876442| scrubshrub wetland PSS4B
CHE_AIR_04 7/14/2022 59.998069| -147.887175| subalpine shrub UPL
CHE_AIR_04 7/14/2022 59.973553| -147.907977| sparse UPL
CHE_AIR_04 7/14/2022 59.994306| -147.872188| coniferous forest UPL
CHE_AIR_04 7/14/2022 60.043647| -147.840313| freshwater PUB3H
CHE_AIR_04 7/14/2022 60.123250| -147.907190| coniferous forest UPL
CHE_AIR_04 7/14/2022 60.124008| -147.923981| estuarine intertidal E2AB1N
CHE_AIR_04 7/14/2022 60.111661| -147.926530| forb meadow PEM1C
CHE_AIR_05 7/14/2022 60.115209| -147.929678| coniferous forest UPL
CHE_AIR_05 7/14/2022 60.146563| -147.970626| scrubshrub wetland PEM1/SS4H
CHE_AIR_05 7/14/2022 60.107676| -147.997838| sedge peatland PEM1D
CHE_AIR_05 7/14/2022 60.085991| -148.024113| alpine herbaceous PEM1A
CHE_AIR_05| 7/14/2022 60.082778| -148.016669| alpine herbaceous PEM1A
CHE_AIR_05 7/14/2022 60.089574| -148.044220| freshwater L1UB3H
CHE_AIR_05 7/14/2022 60.087615| -148.038649| scrubshrub wetland PSSi1C
CHE_AIR_05 7/14/2022 60.107289| -148.091711| sedge peatland PEM1D
CHE_AIR_05 7/14/2022 60.195403| -148.043758| estuarine subtidal E1UB1L
CHE_AIR_05 7/14/2022 60.195930| -148.057101| coniferous forest UPL
CHE_AIR_06 7/14/2022 60.136446| -148.105697| scrubshrub wetland PSS4/EM1H
CHE_AIR_06 7/15/2022 60.209706| -148.127024| alpine herbaceous UPL
CHE_AIR_06 7/14/2022 60.215176| -148.133335| freshwater PRB1H
CHE_AIR_06 7/14/2022 60.217670| -148.119424| freshwater R1RB2V
CHE_AIR_06| 7/14/2022 60.218162| -148.121212| forb meadow PEM1C
CHE_AIR_06 7/14/2022 60.219866| -148.085897| estuarine subtidal E1UBL
CHE_AIR_06 8/25/2022 59.997617| -147.982163| riverine intertidal R1AB3M
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Appendixs Percent top cover by categories of ground cover for ground plots in the Cheggga
of Prince William Sound, Alaska

Dead and
Standing Downed

Plot Dead Water Wood Litter Bedrock Biotic Gravel Stone Cobble Boulder
CHE_GRN_00 1 2 0 0 0 97 0 0 0 0
CHE_GRN_00 0 0 15 0 0 85 0 0 0 0
CHE_GRN_00 0 0 5 2 0 83 0 7 3 0
CHE_GRN_00 0 0 0 0 50 50 0 0 0 0
CHE_GRN_00 2 0 2 0 0 96 0 0 0 0
CHE_GRN_00 0 0 0 0 0 100 0 0 0 0
CHE_GRN_00 0 86 0 0 0 14 0 0 0 0
CHE_GRN_00 0 0 0 0 0 100 0 0 0 0
CHE_GRN_00 3 0 0 0 0 97 0 0 0 0
CHE_GRN_01 0 0 2 0 0 30 3 30 30 5
CHE_GRN_01 0 0 0 0 0 98 0 0 2 0
CHE_GRN_01 0 0 2 4 0 54 5 15 20 0
CHE_GRN_01 0 0 0 0 0 100 0 0 0 0
CHE_GRN_01 0 0 4 12 0 84 0 0 0 0
CHE_GRN_01 0 15 0 0 0 80 5 0 0 0
CHE_GRN_01 0 4 0 2 0 94 0 0 0 0
CHE_GRN_01 5 0 0 0 0 95 0 0 0 0
CHE_GRN_01 0 0 0 2 0 96 0 0 0 2
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Appendix6 Percent foliar cover by categories of vegetation for ground plots in the Chesgiga

of Prince William Sound, Alaske/erage height in meters of woody species provided

parenthetically.
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Appendix7 Percent foliar cover of taxa recorded on ground plots in the Chaweggan ofPrince William Sound, Alaska; average height in meters of

woody species provided parenthetically.
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Appendix8 Background Data Preparation for assignment of LLWW codssttand and
deepwaterpolygons Chenega region, Prince William Sound, Alaska.

Elevation Data- Slope

1.

Extract Smeter digital elevation model dataset (DEM) from US®Iational Elevation Dataset
(NED), which is available for download from a number of websites including the National Map
program:https://www.usgs.gov/coresciencesystems/nationageospatialprogram/nationalmap
Aggregate Bnmeter raster resolution to 1@neter resolution

a. Save &meter DEM as a heter raster file
Calculate slope in percent

a. UseSIhJS G222t Ay ! NODL{ZX &St SO0 2dziLizi & e LIS
Convertpercentsope dataset tdnteger values
Apply slope percent value to each wetland polygon

a. Use Zonal Statistics as Table tool in ArcGIS
Input feature zone dataset is wetlands polygon layer
ZoneField is ObjectlDvhich provides anique identifier for each polygon
Input value raster islope dataset
Output table is LLWWlope, usetatistics type = MEAN
Join LLWW¥lope table to LLWW wetlands feature attribute table using OBJECTID as join
field

~0ooo0CT

Elevation Dataz Geomorphid_andforms

1.

UseGeomorphon Landformgools for ArGIS Prdo calculate 10andform typesflat, peak, ridge,
shoulder, spur, slope, hollow, footslope, valley, and pit (Jasiewicz and Stepiski, 2012)
https://pro.arcgis.com/en/preapp/latest/tool-reference/spatialanalyst/geomorphon
landforms.htm

Generate d_andformgdataset at a neighborhoodhdius appropriate for the landscapéfe chose
a 50meter distance so that each cell is comparedtte tenneighboringcellsin each direction
within that radius, this captured large features such as deeply incik@de ridges andalleys
while ignoringsmaller features

3. Convert the raster landforms dataset vectorbasedpolygon dataset
4. Use the Eliminate tool in ArcGIS Pro to dissolve polygons smaller than 100 sepiars
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AppendiXd Assignment of LLWW codeswetlandand deepwatepolygons Chenega region,
Prince William Sound, Alaska.

Coding forWaterbodies:
Waterbodyand WetlandType Codes:
Pond (PD), Lake (L&jream(ST), Estuary (ES), Ocean (OB), Terrene (TE)
Ocean
1) Waterbody is permanently flooded, saline, anghégraphically unprotected.
a {StSOG o6& IGGNROGdziS FTNRBY (GUKS b2L MaBreldds2NB Of
b. / £ OdzA S 2 G4SNb2Re& ¢@L)S a WYh.Q F2N hOSly

Estuar
1) yWaterbodyis permanently flooded, intermediate between fresh and saline, tombgraphically
protected.
a. Select by attribute from the NWI feature class WaTERIBUTE S 3 A y &4 Estuarinek W9 Q
b. Calculate Waterbody Type #Sior Estuary

Pond
1) Waterbody is permanently floodestanding watemwith a surface area of <20 acres
a. Select byttribute from the NWI feature classwhete9 ¢ [ ! b5¢¢ , t 9 I WCNB &K
2N YhiKSNR®
b. Calculate Waterbody Type 85t for®@ond

Lake
1) Waterbody is permanently flooded standing wateith a surface area af20 acres
a. Select by attribute from the NWI featiclasswherg 9 ¢ [ ! b5¢¢ ., t 9 I W[ I 1S8Q
b. Calculate Waterbody Type &% for Lake

Stream
1) Waterbody hadlowing water with an average width greater than 15 feldbte we considered all

flowing waterbodies to be streams within the project area.
a. Select byttribute from the NWI feature clasghere2 9 ¢ [ ! b5¢¢ ., t 9 T WwA GSNR
b. / £ OdzZA 4GS 2 iSNb2R& ¢@L)S FASEIR a WwW{¢Q F2NJ

Terrene
1) Wetlands that are not waterbodies (i.e., lakes, porsisggams estuaries or ocean) and not directly
connected (adjacent) to argf those wetland types are considered Terrene
a. Select by attribute from the LLWW feature class where Waterbggdgis NULL
b. Calculate Waterbody Type field @&Jor Terrene

Landscape Position Codes:
Marine (MA), Estuarine (ES), Lentic (LE), lddi;and Terrene (TE)

Marine
1) All Marine waterbodiesre assigned Marine landscape position
a. Selecby attributefrom the NWI featureclass K SNBE ! ¢ ¢ L. ! ¢9 0SIAYyAEA GAl
b. Calculate Landscape PositiasW a fofMarine
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Estuarine
1) All Estuaryvaterbodiesare assgnedan Estuarine landscape position

a. Selecby attributefrom the NWI feature classhere! ¢ ¢ L. ! ¢9 o6S3IAYya SAGK U
b. GalculateLandscape Positices BESIor Estuarine

Lentic
Note: no ponds met the following criteria as there were no large lakes (>508)dnréhe study area

1) Ponds that are located in a basin formed and influenced by a largatelassigned hentic
landscape position

a. Selechy attributefrom the NWI feature class whelake area > 2.02 square kilometers
(>500 acre}

b. Select by attributédrom theLLWWfeature class wher&/aterbodyType = PD and
Landscape Position = NULL

c. Select by locatiofrom the selection made in step gmndpolygors within 1 mile of the
selecton made in step a

d. From this final selection of pondsthin 1 mile of largdakes calculate Landscape Position
as¥KEior Lentic

Lotic
1) Allstreamsare assigned Loticlandscape position

a. Selecby attributefrom the LLWW feature clasghereWaterbodyTypel' W{ ¢ Q
b. Calculate LandcapePositon as®Qior Lotic
2) Lakes and pondthat areinterseced byflowing watersare assigned hotic landscape position
a. Selecthy attributefrom the LLWW feature clagghereWaterbodyType 2ELKbr P
b. From the selectiomade in step aselecty location thdake and pond polygorthat
intersect riverine polygons in the NWI feature class
c. Forthisfinal selectiongalculate LansicapePositon as®Qfor Lotic
Selecbe& GUNROdzGS FTNRY (KS [[22 TFL&brPENS Of I aa
e. Select by attributes from the NHD Flowline featuke&ld ¢ KSNB Ccdie Ll I WwW{ (N
WINGAFAOALE tFOKQ
f. Selectby Location LLWW features that Intersect Selecting Features NHD Flpwline
{StSOGA2y ¢eL)S WwW{StSOl &adzowaSi FTNRBY (GKS OdzNN.
g 'aairdy aStSOlAz2y I [FTYRaOILIS t2aiidizy 27F a]

Q

3) Waterbodieghat are adjacent to Lotic wetlandse assignea Lotic landscape position
a. Selecby attributefrom the LLWW feature clagsghere Landscape PositicciNULL
b. Usinga second iteratiorof the LLWWdataset,selectby attributeswhere Landscape
Postion has already been assignd{X)
c. Select byocation from theselection made in step a, wetland polygdinat are adjacent to
the lotic polygons selected in step b
d. For this final selectiommalculate LansicapePositon as¥Qfor Lotic

Terrene
1) Waterbadies that are neitheMarine, Estuarine, Lentiaor Loticare assigne@d Terrene(TE)

landscapeposition
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a. Selecty attributefrom the LLWW feature clagghereLandscape Position is NULL
b. For this selectionatculateLandscape Position &#EKJfor Terrene

Flow Path Codes:
Bidirectionaidtidal (BT), OutflowOU), Throughflow (TH), and Vertical Flow (WR&)e: artificial flow codes
including Bidirectional Notidal, were not considered for the largely pristine study arkdlow, where
water enters a waterbdy but does not exit, is not a flow type present in the study area.
Bidirectional Tidal
1) Estuarineand Marine waterbodieare assigned Bidirectional Tidal (BTlpow path
a. Selechy attributefrom the LLWW feature clasghereWaterbodyType='E&R Y2hNJ Q
b. For the selectiorzalculateFlowPathasWTCor Bidirectional Tidal

Through Flow
1) All streamsare assigned ahroughHow (TH)flow path

a. Selectby attribute from the LLWW feature clasbereWaterbodyType=W{ ¢ Q
b. For the selectiomgalculateFlowPathas WHIor Through Flow
2) Lakesponds and wetlands that are connected to flowing watéms. (streamg are assigned
Through Flow (THow path
a. Selecty attributefrom the LLWW feature clagghereFlowPath is NULL,
b. From the selectionrmade in step gselect bylocationthe lake, pond and wetlangolygons
that intersectriverine polygons in the NWI feature class
c. For the final selectioralculateFlowPathasW ¢ for(Through Flow
3) Lakesponds andvetlands that are adjacent to wetlandisat were previouslyassigned & hrough
Flow arealso considered texperienceThrough Flow based on their presumed direct surface or
subsurfacenydrologic connectiomo that system
a. Select by attributérom the LLWW feature clagghereFlow Path 2NULIQ
b. Select byttribute in asecond instance of the LLW@ature classvhere FlowPathI'  W¢ | Q
c. Select by location from theelectionrmade in step apolygonsthat are within a distance of
2m of the selection made in step b
d. From this final selection, calculafowPathas WHIor Through Flow

Out Flow
1) Lakespondsandwetlandsare assigne@n Out Flow (OU) flow paihthey arelocatedat the top

of a drainage systemwith no observable inflow
a. Candidatepolygons were manuallgttributed &  Wding €©eNWI featureclasscoupled
with high resolutiorelevation andemotely sensed imagery

Vertical Flow
Note: no wetland polygons in the project area met the following criteria, thus none were assigned a

vertical flow regime.

1) Waterbodies and wetlandacking a dominant surface water connection with a strehat are
not otherwisecategorized as tidal, through flow, or out flawe assigned aertical flow (VRpath.
a. Selectby attributefrom the LLWW feature clagghere Flow Patis NULL
b. CalculateFlov PathasW + farWertical Flow
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Landform Codes:
Basin (BA), Flat (FL), Fringe (FR), SlopéN&e) floodplainand island landformdo not occurwithin the

project areaPeatlands, defined as a wetland formed by an accumulation of peat, is a concejst tioa
mutually exclusive with basin, flat, or slope landforms, and for this reason was not employed in our
classification of LLWW. Similarly, pond and lake are concepts that are not mutually exclusive of the basin
landform and for this reason, the poraohd lake landforms were not used in our classification of LLWW.
Fringe
Wetland occurs within the banks of a stream or along the shoreline of a pond, lake, estuarine or marine
waterbody
1) Lotic, Lentic, anderrenewaterbodies andvetlands intersected bflowing watersare assigned a
Fringe (FR) landform
a. Select by attributérom the LLWW feature clasghereLandscape PositichW [ h Q UY4¢[ 99X 2 N.
b. Select by location polygons that intersstteampolygons delineated in the NWI feature

class

c. For the final skection, calculate Landforms W Cfor §2inge

2) Lotic, Lentic, anderrenewaterbodies andvetlands adjacent to open water are assigned a Fringe
(FR) landform

a. Select by attribute fromth&h [ R2 2 FSF GdzNB Of aa PHKSESNB[ 9Q SN
Ye¢eoQ

b. Select by attributédrom a second instance of the LLWW feature cldssreWaterbody
Type 2P} I { Q 2 NJ Wh. Q

c. Selecty locationfrom the selection made in steplatic, lentic or errene polygonghat
are adjacent tahe waterbodieselected in step

d. For the final selectigrcalculate Landforras \PRIor Fringe

Flat
Note: no wetland polygons in the project area met the following criteria, thus none were assigned a flat
landform code.
Wetland occurs in a relatively level araad is fedprimarily by precipitation
1) Terrene wetlands that have an average slope of less than 2% are assigned a Flat (FL) landform
code.
a. Select by attributdrom the LLWW feature clagghereWaterbodyType 2FE
b. Calculate zonal statistics for the selection using the diapaset as the input value raster
c. Select by attributefrom the selection made in step a, terrgmaygons with slopes less
than 2%
d. Forthefinah St SOGA2Yy > OFfOdz 4GS [FYRT2N)XY & WC[Q
Slope
Wetland occurs on a noticeable sloped hydrology is lgely influenced by groundwater discharging to
the surface
1) Terrene wetlands that have an average slope of more than 2% are assigned a Slope (SL) landform
code.
a. Select by attributérom the LLWW feature clagghereWaterbodyType 2FE
b. Calculate zonal stattics for the selection using the slope dataset as the input value raster
c. Select by attributerom the selection made in step a, terrgpaygons with slopegreater
than 2%
d. For the finakelection, calculate Landforas W { fpr Qlope
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Basin
Note: nowetland polygons in the project area met the following criteria, thus none were assigned a basin

landform.
Wetland exists in a distinct depression
1) Lotic Lentic, and Terrene waterbodies awdtlands not adjacent to flowingr openwater are

assigned d8asin (BA) landform code.
a. {StSOG o6& IFGOGNROGzGS FTNRBY GKS [[HX ®EODdzEBI @
and Landform is NULL
b. Forthe selection, calculateandformas‘BACor Basin
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