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Presentation Outline

Overview and Intro Model Output
— Coastal Master Plan —  Calibration
Background —  Results!!
— 2017 Model Improvement
Plan & ICM Development

— Non-ICM models used in
Master Plan process

Model Guts Model Application
Hydrodynamic Model —  Future Environmental
—  Wetland Morphology Scenarios
Model —  Project Implementation
—  Vegetation Model
—  Barrier Island Model

—  Habitat Suitability Indices
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Background on Louisiana Coastal Master Plan
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Coastal land loss in Louisiana

— 1900 sq km from 1932-2000
— 56 sq km/year from 1984-2010

ZUSGS

science for a changing world

Coastal Louisiana Land Loss
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Lovisiana Coastal Master Plan

e 50 year, ~$50 billion comprehensive engineering plan
— Restoration & protection projects

nnnnn

x
i
)

Information online:
http://coastal.la.gov/a-common-vision/2017-master-plan-update/
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http://coastal.la.gov/a-common-vision/2017-master-plan-update/

Lovisiana Coastal Master Plan

 How are the models used?
— Compare the relative impact of various proposed engineering projects

— Analyze model performance across a variety of possible future scenarios

— Objectively rank projects based on performance and cost

» Cost is informed by engineering estimates with aid from model
output
» Performance is a multi-objective function:
— Land area sustained
— Flood protection
— Ecosystem Services
— Dozens of outputs and metrics are provided for decision makers

2017 Master Plan ICM Overview - May 2016 8



2012 Master Plan Documentation

2012 Master Plan
— http://coastal.la.gov/a-common-vision/2012-coastal-master-plan/

2012 Master Plan Appendices
— Appendix D — Predictive Models

— http://coastal.la.gov/a-common-vision/2012-coastal-master-plan/cmp-appendices/

Journal of Coastal Research Special Issue #67 has many papers describing
model framework

Louisiana’s 2012

Ehab Meselhe, John A. McCorquodale, Jeff Shelden, Mark Dortch, T. Stokka Coastal Master Plan
Brown, Peter Elkan, Mallory D. Rodrigue, Jennifer K. Schindlerand Zhanxian Wang. . .
2013. Ecohydrology Component of Louisiana's 2012 Coastal Master Plan: Mass- Technical AnalYSIS
Balance Compartment Model. Gues Eiors: NatalePeyronninsnd Denise R

Jenneke Visser, Scott Duke-Sylvester, Jacoby Carter, and Whitney Broussard III. 2013.
A Computer Model to Forecast Wetland Vegetation Changes Resulting from _
Restoration and Protection in Coastal Louisiana. - o

Brady R. Couvillion, Gregory D. Steyer, Hongqing Wang, Holly J. Beckand John M.
Rybezyk. 2013. Forecasting the Effects of Coastal Protection and Restoration Projects
on Wetland Morphology in Coastal Louisiana under Multiple Environmental S

Uncertainty Scenarios Coastal Research it

Special Issue #67 m
orum for the Littoral Sciences
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http://coastal.la.gov/a-common-vision/2012-coastal-master-plan/
http://coastal.la.gov/a-common-vision/2012-coastal-master-plan/cmp-appendices/

2017 Master Plan Draft Documentation

« 2017 Master Plan
— http://coastal.la.gov/a-common-vision/2017-master-plan-update/

« 2017 Model Improvement Plan
— http://coastal.la.gov/wp-content/uploads/2015/06 /modellmprovementPlanMarch-2014.pdf

« Appendix C — Modeling
— http://coastal.la.gov/wp-content/uploads/2016/04/Appendix-C-Modeling-.pdf
— Chapter 3 — Modeling Components and Overview
 http://coastal.la.gov/a-common-vision/2017-master-plan-update/technical-analysis/
« Attachment C3-1 — Sediment Distribution
» Attachment C3-4 — Barrier Island Model Development

» Attachment C3-5 — Vegetation
« Attachment C3-22 — ICM Integration
« Attachment C3-23 — ICM Calibration and Validation
— These are still in draft form — check back for updates
— Modeling Update Webinar from September 2015
 https://vimeo.com/140946351

« http://coastal.la.gov/wp-content/uploads/2015/09/Louisianas-2017-Coastal-Master-Plan-
Modeling-Update 092215 FINAL ac.pdf
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http://coastal.la.gov/a-common-vision/2017-master-plan-update/
http://coastal.la.gov/wp-content/uploads/2015/06/modelImprovementPlanMarch-2014.pdf
http://coastal.la.gov/wp-content/uploads/2016/04/Appendix-C-Modeling-.pdf
http://coastal.la.gov/a-common-vision/2017-master-plan-update/technical-analysis/
https://vimeo.com/140946351
http://coastal.la.gov/wp-content/uploads/2015/09/Louisianas-2017-Coastal-Master-Plan-Modeling-Update_092215_FINAL_ac.pdf

2017 Model Improvement Plan & Development of

Integrated Compartment Model

2017 Master Plan ICM Overview - May 2016 11



Integrated Compariment Model (ICM)

Ecohydrology

Wetland
Morphology

Vegetation

Barrier
Shoreline
Morphology

Storm
Surge/Waves

Ecosystem
Services

Assessment




Integrated Compartment Model
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Estuary and Open Water Processes

marsh water level

marsh water level

wetland vegetation
marsh elevation change
marsh collapse

« Hydrodynamics

« Water quality

» Sedimentation

* Bed resuspension

» Sediment distribution
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Wetland Processes and Vegetation

precipitation / evapotranspiration

estuary water level

salinity

suspended sediments
salinity

Diagram Key
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Barrier Island Processes

estuary water level [

sea level rise

wind

—9®

suspended sediments [

|
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] erosion wate VANt vation change ...,
 Island elevation change ¢ i 9 v

overwash

™

* Breaching

« Overwash / cross shore
profile change

» Longshore transport

« Wave transformation

« Storm effects (SBEACH)

» Back-barrier marsh,
dune and swale
vegetation

WETLAND
VEGETATION

BACK-BARRIER
MARSH

BARRIER
ISLAND
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Fish and Shellfish

* 19 fish, shellfish, and wildlife Habitat Suitability Indexes
(HSIs)

— Statistical analysis

— Revised equations from 2012
— Added several new HSIs

— Coded into the ICM

 EwE (Ecopath with Ecosim)

— Community fish and shellfish model
— Dynamically coupled to the ICM
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Metrics

« Nitrogen uptake

 Sustainability of land

« Support for navigation

« Traditional fishing communities

* Support for oil and gas

« Support for agricultural communities
« Use of natural processes

» Potential coastal flood attenuation

2017 Master Plan ICM Overview - May 2016



Technical miscellanea

— Coded in:
 Fortran
* Python 2.7

— arcpy
— numpy

— Pandas

— dbfpy
— pysftp (optional sFTP functionality)

— Currently reliant on proprietary software package for geomorphology
routine (arcpy from ESRI)

« Non-arcpy version of the morphology geoprocessing functions are being
developed by the USGS

*  Once complete, can go to Linux
 Until then, Windows only

2017 Master Plan ICM Overview - May 2016




Technical miscellanea

— Most I/0 is human readable:
° .CSU
o .xslx
o .Ixt
* .asc (ESRI Ascii grid raster format)
— Some geospatial I/0 is only readable in GIS software:
* File geodatabase structure used(ESRI .gdb)
* Some output formatted as .img rasters

— For a full coast-wide, 50-year run:
* 300 GBI/O data

* 10 GB RAM
* 10 day runtime

2017 Master Plan ICM Overview - May 2016




Other (non-ICM) Modeling Tools in 2017 Master Plan Analysis:
 Fisheries (Kim de Mutsaert, George Mason University)

e Storm Surge (Hugh Robert, ARCADIS)
« Risk (Jordan Fischbach, RAND Corporation)

2017 Master Plan ICM Overview - May 2016 21



Ecopath with Ecosim and Ecospace (EwE)
Fisheries Model Development:

Key inputs:

« Ecopath model

« Basemap of model area; coastal Louisiana with 1 km2 grid
« Ecosim fishing effort (annual pattern kept constant for future)

» Spatial and temporal dynamic environmental drivers: values per
grid cell, per month for each decadal simulation

. Habi)tat features (can be dynamic when habitat changes through
time

Key outputs:

* Monthly estimated biomass and catch projections for each km2 grid
cell for every 50-year simulation

* Used to determine if/where increases and/or decreases in biomass
and catch can be expected under various future restoration options
relative to a future without action
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Groups in the EwWE Model

Fish Fish Invertebrates
Atlantic croaker® silversides mollusks
bay anchovy' southern flounder! white shrimp*
black drum® spot’ zoobenthos
blue catfish' spotted seatrout’ zooplankton
coastal sharks' striped mullet’ Primary producers
Gulf menhaden® sunfishes® phytoplankton
Gulf sturgeon' Invertebrates SAV3
killifishes benthic crabs benthic algae
largemouth bass! blue crab* Other
red drum' brown shrimp* seabirds
sea catfishes' eastern oyster” dolphins
sheepshead" grass shrimp detritus

HJuvenile and adult; 2spat, seed, and sack; 3submerged aquatic vegetation
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Computing Surge
and Waves

ADCIRC

— Computes wind and tide
driven circulation

— Unstructured mesh allows for
flexibility to capture natural
features

— Highly efficient parallel model
framework

SWAN

— Computes wind and
circulation driven waves

— Nonstationary waves
— Uses same mesh as ADCIRC




Coastal LA Risk Assessment Model
(CLARA)

 Built on 2012 Coastal Master Plan modeling efforts
« Incorporated parametric uncertainty

« Updated geospatial domain and unit of analysis

« Updated datasets

« Improved fragility assumptions

« Improved economic damage module

« Improved storm suite
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CLARA Consists of Three Primary Modules

1. Statistical
Pre-Processing Module
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Response Surface Model Predicts Surge
and Wave Response as a Function of
Storm Parameters

Storms are parameterized by a set of characteristics

* Central pressure
« Radius

* Track

« Landfall angle

» Forward velocity

-
/ 4
b X 2
s t
4
’ 2 & i 2 2 t
5 : ” &
§ - e > ) S . .
5 * s
b
- = = = e
¥ Research product of 1 AOML / Hurricane Research Divisi

Response

surface
estimation
Surge and wave effects fro -

training storms Surge and wave effects fro
(ADCIRC/UnSWAN) “synthetic” storms
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CLARA Then Estimates Final Flood Depths
in Enclosed Areas

Water entfering
protected

area due to
overtopping Water
moving and
balancing Flood depths
within by grid point
protected
areas

Storm surge
and wave

elevations
from many
storms

’ Water entering
proftected
area due

system breach
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Developed a New Spatial Grid to
Support Higher Resolution Analysis for
Coastal Communities

* CLARA 2017 grid points

2017 model includes approx. 114,000 grid points (90,000 in Louisiana)
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Uncertainty Propagates Through Each
Model Step

Individual Storms  Aggregate Statistics

Surge and
Wave
Behavior

Probability
Distributions
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Hydrodynamic model structure and components
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Estuary and Open Water Processes

precipitation/
marsh water level evapotranspiration
salinity
- gulf water level
sea level rise
marsh water level
— &

wetland vegetation
marsh elevation change
marsh collapse

] marsh edge erosion

« Water quality

* Sedimentation

* Bed resuspension

« Sediment distribution

» Hydrodynamics Meresion” Ir |_‘
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Hydrologic Compartment Layout

INTER-
TRIBUTARIES COMPARTMENT
INFLOWS,
*
*

ATMOSPHERIC LOADING
AR RN

DIFFUSIVE
EXCHANGE

DIVERSION 5

WIND SPEED &

DIRECTICON
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COMPARTMENT
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ICM Compartments

Legend

[ 2017 oM Compartments

Land Cowver used by Ecchydro model

I Wetlsnd
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Hydraulic Link Network

Legend

[ 017 1cM compartments

Land Cover used by Ecohydro model

I wetland

B uoisnd
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Hydraulic Overland Flow (e.g. surge)
Link Network

Legend

[ 2017 1M Compartments
Land Cover used by Ecohydro model

I wetland

L~
"
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Constituent Mass Balance

77 y [Ck,j,i,trib,dini,trib,div] fdiszﬂ"l%(ck,j_ck,nb) Zsr,k,j,l
n i i 4

1
y _Ck,1'771'+ i trib_div

Y YA YA
species (sediment class)
number of subcompartment
number of link
tributary
diversion
neighboring subcompartment
dispersivity
source-sink
surface
source/sink index
concentration of constituent k in subcompartment j
water discharge
subcompartment water surface area
subcompartment water elevation
rate of change of elevation = dh/dt
subcompartment sources/sink
subcompartment water depth
time
calibration factor
diffusivity in link i
link cross-sectional area
effective link length

rate of change of concentration in a cell.
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Hydraulic link types

« Rectangular open channel

« Rectangular open channel with control logic

« Bridge/culverts

« Weirs

« Tide gates/orifices

« Pumps (pump rate assigned based on upstream drainage
area/rainfall rate)

« Overland flow links
« Marsh flow connection
« Ridge/levee barriers
* Regime channels in delta outlets
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Open channels

* Flow calculated as a flow capacity at each time step
based on differential head - Manning’s equation

* Loss coefficients can be added to each link
 Entrance
« Exit losses
o Structure losses

2017 Master Plan ICM Overview - May 2016



Open channels with hydraulic control
rules

« Hydraulic control logic can be applied based upon:

* Downstream salinity

 Differential stage

 Downstream stage

« Time of day

« Observed open/close record

« Both downstream stage and salinity

2017 Master Plan ICM Overview - May 2016




Weir links 0 = KL|/ZgH>

H 0.2H
K = Ksub CW+20—P MAX{O6, 1—T }

H = Max(H1,H2);

L = Crest Length;

P = P1orP2depending on which H is selected,;

C, = weir coefficient (approximately 0.4 for a sharp-edge weir)

w

K., = submergence reduction factor (from HEC-RAS)

sub
If weir is not submerged downstream, K =0.66

Chapter 5— Modeling Bridges

2017 Master Plan ICM Overview - May 2016




Sediment distribution

Mass balance on each hydro compartment on:
« Massin
« Flows
« Marsh edge erosion sediment load
 Mass out
« Flows
« Marsh surface deposition
» Resuspension of bed material
 Critical shear stresses calculated from flow & wave velocities
« Separate routines for cohesive (silt & clay) and sand particles
» Deposition of bed material
« Settling velocities calculated for particle class
« Flocculation of clay modeled
Non-uniform deposition in marsh; particles with higher fall-velocities deposit in
near-edge zone (30 m)
Procedure for sediment deposition and resuspension, also applied during storm
events
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Sediment deposition/resuspension - fines

Cohesive sediments

o silt

« clay

« and flocculated clay

- 1 Thed
Vak = Wsk -
Tdak

W = settling velocity for class k;

k = subscript indicating the class of cohesive sediment;
Thed = bed shear stress;

Tak = critical shear stress for initiation of deposition of class k.
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Flocculation of clay

* Flocculation calculated as
function of;:

Csal

P Cii <C
_ floc,max sal sal,max . e
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Pfloc,max Csal 2 Csal,max S 1. 't
— Salinity
Wy Cclay < Cl
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Cerav"
Weftoe = a—9Y e ¢
s,floc a (Cdayz + bz)m 1 clay 3 ° Mehta
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10 10!
@ A'l;'Dm’ l /“'\I
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Sediment deposition/resuspension - sand

« Dimensionless shear stress determines resuspension or deposition

TCT

(Ps — pw)gDso

Ver =

« Dimensionless shear stress for initiation of sand motion (van Rijn, 2007)

_lo.115p,7%° D, <4
0.14D,~%6* 4<D, <10

cr

« van Rijn estimates sediment flux as:

1/3
(ue - ucr)

D, =D
foul—) =
w

u,, and u,, are various flow and wave velocity terms that are functions of sediment grain size

s = as‘ps;u'DSOIVIe2'4D>|<_0'6 M, =

()

V2
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Bed Shear Stress for Sediment
Deposition/Resuspension

» Resuspension if bed shear is greater than critical shear for sediment

class
« Deposition if bed shear is less than critical shear for sediment class

Tpea = CrPwUped”

Upea = U+ Utige + Upina + Uorp

 Orbital velocity at bed from Linear Wave Theory:

gHsT
2nd)
L

Uprp =
2L cosh (
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Wave Model

« Wave energy and frequency from Young
and Verhagen wave model:

F = i fanh 4y tanh (2 ) (2)

1
=f = fim {tanhAz tanh

m
_ 2 (9
T tanh A, Ujo

* A, and A, are empirical functions of water
depth
* B, and B, are empirical functions of fetch

« U,,is wind velocity at 10 meters above surface

* Wind timeseries input to model
» Fetch in 16 directions are pre-calculated and
considered static throughout model run

2017 Master Plan ICM Overview - May 2016
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[ 106-180 | 826 - 1,125 [ 3,226 - 4,005 [ 8,371

[ 181 -285 | 1.126 - 1,500 4,006-4,920 [ ] 9,811 -
[ 255 - 420 [ 1501 - 1,980 [ 4,921 - 5,940 [_] 11,461 - 13,275 [ 24,721
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-8370 [ ]15346-
~9810 [ ]1791m
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17,910 [ 34.081-
-20,970 [ 40.186 -
-24,720 [ 40.111 -
-28,965 [l 65.506 -

34,080
40,185
49,110
65,505
65,520

Calculated fetch for 16 wind directions for a portion of coastal
Louisiana including Lake Pontchartrain and parts of the Breton and

Barataria basins.




Wetland morphology model structure and components
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Wetland Processes and Vegetation
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Spatial Resolution of Models
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Wetland Morphology Model Conceptual Diagram

ity | TR T ™ ot Relative Elevation Model - Elevation Change subroutine (cont.)
Intitialization & 12 Mean t2 temp Relative Elevation t2temp Land Cover  t2 temp Land_Water
ihput Water Level ___ _ _
puts
Hydro Hydro Data Hydro Data Hydro Data Hydro Data
Compartments/Boxes Salinity Stage Change Stage Max Accumulation
Input from [Bor fsarvs_[saiez . [Bo 10 [Stghtox 11 [seghiontz | (B 0] sedioadt]
Hydrology
Subroutine ‘\
CONDITIONAL { (IF starting_lw == 0) No Change,
. (IF t+1 Land/Water == 1 AND Starting_mean_water_level_meters == 0) No Change,
Incorporate Projects (IF t+1 Land/Water == 2 AND Relative Elevation t+1 <= MWL t+1) No Change ,
D e TN erpy sy — (IF t+1 Land/Water == 2 AND Starting_mean_water_level_meters == 0) No Change,,
r o ” T Marsh Collapse - Salinity Stress (IF t+1 Land/Water ==1 AND LULC Recode == 1 AND Salinity t+1 <= 5.5) No Change,,
(IF t+1 Land/Water == 1 AND LULC Recode == 1 AND Salinity t+1 > 5.5 AND MWL t+1
I I < Relative Elevation t+1) No Change,
(IF t+1 Land/Water == 1 AND LULC Recode == 1 AND Salinity t+1 > 5.5 AND MWL t+1
I >= Relative Elevation t+1) Change to Water,
(IF t+1 Land/Water == 1 AND LULC Recode == 2 AND Salinity t+1 <= 7.0) No Change,
(IF t+1 Land/Water == 1 AND LULC Recode == 2 AND Salinity t+1 > 7.0 AND MWL t+1
I < Relative Elevation t+1) No Change,,
(IF t+1 Land/Water == 1 AND LULC Recode == 2 AND Salinity t+1 > 7.0 AND MWL t+1
>= Relative Elevation t+1) Change to Water,
I (IF t+1 Land/Water == 1 AND LULC Recode == 3 AND (MWL t+1-0.3436)
<= Relative Elevation t+1) No Change,
L — (IF t+1 Land/Water == 1 AND LULC Recode == 3 AND (MWL t+1-0.3436)
> Relative Elevation t+1) Change to Water,
Accretion Calcultions (IF t+1 Land/Water == 1 AND LULC Recode == 4 AND (MWL t+1-0.2278)
— e —— —— - <= Relative Elevation t+1) No Change,
Starting Bulk Density  Starting Organic Matter subsidence (IF t+1 Land/Water == 1 AND LULC Recode == 4 AND (MWL t+1-0.2278)
TR > > Relative Elevation t+1) Change to Water,
I (IF t+1 Land/Water == 1 AND LULC Recode == 5 AND (MWL t+1-0.2050)

<= Relative Elevation t+1) No Change,
(IF t+1 Land/Water == 1 AND LULC Recode == 5 AND (MWL t+1-0.2050)

I > Relative Elevation t+1) Change to Water,
Land Building (IF t+1 Land/Water == 2 AND Relative Elevation t+1 > (MWL t+1 +0.2) )
I - Qi + Qo - I Change to Land
10,000 x BD*
where H is the rate of vertical accretion (cm/y), Q,,q is mineral M ars h Ed ge E ros io n
I sediment accumulation rates (g/m%y) forecasted by the I

ecohydrology model (Meselhe et al., 2013), @, is organic
I matter accumulation rates (g/m%y), the constant 10,000 is a I
conversion factor from em? tom?, and BD is soil bulk density (g/

em®).

S R G R ——

Relative Elevation Model - Elevation Change subroutine

Output t2 Landscape XYZ Descriptors
12 Land/Water 2 Bathy/Topo

Ep=Ey +H-S, (3)

where E,; is the adjusted surface elevation (m NAVDS8); E,, is
the starting surface elevation (m NAVDSS8); H is the vertical
accretion, as defined in Equation 1 (converted to m and
summed over the #; — 3 time period); and S is subsidence (m).
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Wetland morphology

Goal is to model long-term,
coastwide land loss and land
gain trends via:

» Sediment supply from
tributaries and estuaries

« Marsh surface
« Bed

« Marsh collapse due to:
 salinity stress

« inundation stress
« Marsh edge erosion
« Subsidence

« Eustatic level rise

5 40 M G0 -0 0 10 XD W 40 S0
Elevation Refative o MWL {ocm)

1.5 S0 Below Mean NOVI
—20308000wuunmw
- NDVI vs Blevation Relative o MWL (cm)

) . PCATY, D10, ) st W3 (Yoo Y
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Wetland morphology

Land Gain and Collapse Threshold Values

Fresh Forested Land will convert to water if it is at, or below, Water Water will be converted to land if the mean

Wetlands the annual mean water level for the year and water level for two consecutive years is at
the maximum two-week mean salinity during least 0.2 m lower than the bed elevation of
the year is above: 7 ppt the water area

Fresh Marsh Land will convert to water if it is at, or below,

the annual mean water level for the year and
the maximum two-week mean salinity during
the year is above: 5.5 ppt

it a e L BT Land will convert to water if the annual mean
water depth over the marsh for two consecutive
yearsis greater than: 0.358 m

Brackish Marsh Land will convert to water if the annual mean
water depth over the marsh for two consecutive
years is greater than: 0.256 m

Saline Marsh Land will convert to water if the annual mean
water depth over the marsh for two consecutive
years is greater than: 0.235 m
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Wetland morphology

Vertical Accretion, H, within Marsh and Open Water Areas

INTER-
TRIBUTARIES COMPARTMENT
INFLOWS,
*

ATMOSPHERIC LOADIMNG

Qsed+QOTg DIFFUSIVE
— UPLAND R EXCHANGE
10,000«BD
|| Upland DIVERSIONS
H = vertical accretion (cm/yr)

Q..q = mineral sediment accumulation rates (g/mz2/yr) Il warsn

Q,ry = soil organic matter accumulation rates (g/m? /yr)- Open Water
BD = soil bulk density (g/cms3)

WIND SPEED &

DIRECTION
INTER-
COMPARTMEMNT
OUTFLOWS MARSH EDGE RETREAT

Only marsh area inundated at some point will receive sediment accumulation

Organic matter and bulk density values assigned by marsh type (fresh, brackish, etc)
» These values vary spatially — based on measured OM/BD data within CRMS

* Adjustments to ‘representative’ OM/BD for marsh type made during calibration process
* Settled on using mean OM/BD
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Wetland morphology

INTER-
TRIBUTARIES COMPARTMENT

Three zones for mineral sediment accumulation rate (Q, INFLOWS,

ATMOSPHERIC LOADING
AN

» Open water deposition
DIFFUSIVE

« sediments settled on bed of open water UPLAND R EXCHANGE

* high bulk density (input parameter)

+ low organic content (input parameter) T upisnd DIVERSIONSS
» Marsh edge zone (30-m edge width) B v

» All sand deposits here I open Water

 Silt deposits here if depth on marsh is <0.3 m WIND SPEED &

DIRECTION

e Marsh interior zone U:EEEARTMENT

 Clay and floc deposit within marsh interior OUTFLOWS WARSH EDGE RETREAT
 Silt deposits here if depth on marsh >0.3 m
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LaVegMod

Vegetation Model Overview
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Vegetation Model Improvements

« Species Dispersal

* Germination requirements (Tree
species only)

* Proportional establishment
« Updated mortality matrices
« Updated establishment matrices
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Habitats and Species

Input 1 Input 2
Emergent Species Pool (as
determined from surrounding cells
]
v v v
* ? Establishment ==
L Species
Mortality A, B,C, and/or D
O] ®©
5% HE >
<
Species B >— Species B
Mortality
— [
T
= Establishment =
=
)
o
©
g7 <
58] ) @©
wl 2
=<
L 4
Year 1 Year 2
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Establishment & Mortality Likelihoods

Likelihood of establishment for Spartina patens

Water Level Variability (weighted standard deviation of water level relative to marsh surface elevation)

SPPA| 0 0.04/0.08 0.12 0.16 0.2 0.24 0.28 0.32 0.36 0.4 0.44 0.48 0.52 0.56 0.6 0.64 0.68 0.72 0.76 10

o O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

02 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

04 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

06| O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

08 01 02 03 005 01 01 0.1 0.05 0 0 O 0 0 0 0 0 0 0 0 0 0

1 0.2 03] 04 02 025 03 025 0.15 0.1 005 O 0 0 0 0 0 0 0 0 0 0

= 12 0.3 04 05 035 04 04 04 035 0.3 025 0.2 0.1 0.05 0 0 0 0 0 0 0 0
oy 14 04 05 06 05 055 06 055 05 045 04 04 03 025 0.15 0.1 0.05 0 0 0 0 0
%" 16/ 0.5 0.6 0.7 065 0.7 0.7 0.7 065 0.6 055 05 045 04 035 0.3 0.25 0.15 0.1 0.05 0 0
5 18 06 0.7 08 08 085 09 085 08 0.75 0.7 0.7 055 05 045 04 035 0.3 025 0.2 0.15 0
g 2| 0.7 0.8 0.9 0.95 1 1 1 09 09 085 08 075 0.7 0.65 055 05 045 04 035 03 0
§ 31 0.7 0.8 0.9 0.95 1 1 1 09 09 085 0.8 0.75 0.7 065 055 05 045 04 035 03 0
c 4 0.7 0.8 0.9 0.95 1 1 1 09 09 085 0.8 0.75 0.7 065 055 05 045 04 035 03 0
g 5/ 0.7 0.8 0.9 0.95 1 1 109 09 085 08 0.75 0.7 065 055 05 045 04 035 0.3 0
g 6| 0.5 0.6/ 0.7 0.75 0.8 0.8 0.8 0.75 0.7 065 0.6 055 05 045 04 035 0.3 025 0.15 0.1 0
= 71 0.3 04/ 05 055 06 06 06 055 05 045 04 035 0.3 0.25 0.15 0.1 0.05 0 0 0 0
\%‘, 8 01 02 03 035 04 04 04 035 03 025 0.2 015 0.1 0.05 0 0 0 0 0 0 0
> 9 O 0 01 015 02 0.2 02 015 0.1 005 O 0 0 0 0 0 0 0 0 0 0
£ 10f O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0
3 12f O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0
14 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

16 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

18] O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

200 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

22 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

24 0 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

26| O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

28 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0

1000 O 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0
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Establishment & Mortality Likelihoods

Likelihood of mortality for Spartina patens

Water Level Variability (weighted standard deviation of water level relative to marsh surface elevation)

SPPAl 0 0.04. 0.08 0.12 0.16 0.2 0.24 0.28 0.32 0.36 0.4 0.44 0.48 0.52 0.56 0.6 0.64 0.68 0.72 0.76 10

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

= 1.2 1 1095 09 09 0.9 0.9 1 1 1 1 1 1 1 1 1 1 1 1 1 1
g 1.4 1 09 085 08 08 0.8 0.85 0.9 0.95 1 1 1 1 1 1 1 1 1 1 1 1
%" 1.6 0.95 0.85/ 0.75 0.7 0.7 0.7 0.75 0.85 0.9 0.95 1 1 1 1 1 1 1 1 1 1 1
5 1.8 0.85 0.7.065 06 06 0.6 065 0.7 075 0.85 0.9 0.95 1 1 1 1 1 1 1 1 1
g 2 0.7 0.6/ 055 05 05 05 055 0.6 065 0.7 0.75 0.85 0.9 0.95 1 1 1 1 1 1 1
Tg 3 0.2 0.1} 0.05 0 0 0 005 0.1 015 0.2 025 03 035 045 05 055 0.6 065 0.7 0.75 1
c 4 0.2 0.1/ 0.05 0 0 0 005 0.1 015 0.2 025 0.3 0.35 045 05 055 0.6 065 0.7 0.75 1
_g 5 0.2 0.1/ 0.05 0 0 0 005 0.1 015 0.2 025 0.3 035 045 05 055 0.6 065 0.7 0.75 1
% 6 0.2 0.1 0.05 0 0 0 005 0.1 015 0.2 025 0.3 035 045 05 055 0.6 065 0.7 0.75 1
=2 7| 0.45 0.35 0.3 0.25 0.25 0.25 0.3 035 04 045 05 055 0.6 065 0.7 0.75 0.85 0.9 0.95 1 1
\% 8 0.65 0.6/055 05 05 05 055 0.6 065 0.7 0.75 0.85 0.9 0.95 1 1 1 1 1 1 1
> 9 0.85 0.8/ 0.75 0.7 0.7 0.7 075 0.8 085 0.9 0.95 1 1 1 1 1 1 1 1 1 1
£ 10 1 1,095 09 09 0.9 0.9 1 1 1 1 1 1 1 1 1 1 1 1 1 1
& 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

100 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Habitats and Species

Habitat Species

Swamp Forest Salix nigra, Taxodium distichum, Nyssa aquatica

Fresh Attached Marsh Morella cerifera, Panicum hemitomon, Sagittaria latifolia,
Zizaniopsis miliacea, Cladium mariscus, Typha domingensis

Brackish Marsh Spartina patens, Paspalum vaginatum
Uniola paniculata, Panicum amarum, Sporobolus virginicus
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BIMODE

Barrier Island Model Overview
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BIMODE Summary

* Longshore Component

Hourly data was transformed from offshore to the nearshore (-4m)
using the SWAN model, though the wave data was combined to provide
a monthly time step

The longshore sediment transport rate was approximated by applying
the CERC sediment transport equation

Longshore sediment transport flux was used to determine shoreline
advance or retreat between adjacent profiles; the change in flux was
distributed over the active profile height to determine the shoreline
advance or retreat

The profile seaward of the dune crest was assumed to be constant (one-
line model)

Shoreline location due to longshore transport was updated monthly
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BIMODE Summary

* Cross-shore Component

Storm induced changes were performed outside of the ICM using the
Storm Induced Beach Change (SBEACH) Model (USACE model)

A wide variety of dune widths, dune elevations, berm widths and berm
elevations were modeled. The pre-storm ICM profile was matched to the
SBEACH modeled profile, accessing the results through a look-up table

Changes in the SBEACH modeled profile due to a storm event was
applied to the profile within the ICM

The SBEACH model used the synthetic storm events

Storm(s) could be applied at a specified month within the 50-year
model period
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Example Outputs
Barrier Island Change Over Time

Barrier Island Elevations - End of Year 1 Barrier Island Elevations - End of Year 25
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Example Outputs
Barrier Island Change - Cross-shore

Profile 0151
Initial
5L —— 10 Year||
— 20 Year
— e Example outputs only — retreat turned
15+ ear|| R
—— 50 vear off in model.
1+ . T
Example profile
05+ . rofile
- Isles Dernieres . S ‘
= i — Initial
é or N — 10 Year
E Example profile —\bo
W g5t 2 . 40 Year| |
Barataria —— 50 Year
_1 —
-1.5F
E
-25¢ 1 1 1 ] 1 1 "’
1000 1500 2000 2500 3000 3500
Range (m)
_gDD 1 C;DO 1 560 20‘00 25I00 SC;OO 35‘00 40‘00 4500
Range (m)
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Habitat Suitability Indices Overview
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Overview of Statistical Analysis used for
HSI Development

* Predict mean catch per unit effort (CPUE) in response to
environmental variables

« Used polynomial regressions and commonly used SAS
procedures (PROC GLMSELECT, PROC MIXED)

— Designed for systematic application across the coast.

— Analysis needed to be consistently and efficiently applied to count data
for species with different life histories and environmental tolerances.

« Same statistical approach was used for each of the fish
and shellfish species
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Overview of Statistical Analysis used for
HSI Development

Seines

Trawls

white
shrimp

blue crab

e

bay
anchovy

brown
shrimp

Sostiynoes
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Integration into ICM

Calculations

Input data feeds > berformed > generated per grid
into HSI annually

HSI scores

Hydrology

Morphology

Vegetation
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Model Calibration and Validation
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Boundary Conditions & Landscape Data

« Boundary Conditions
— Hydrology (updated through late 2014); Stokka Brown, M&N
— Water quality (updated through late 2014); Stokka Brown, M&N

— Tropical cyclones (synthetic history with 23 storms, 11 major
hurricanes); John Atkinson, Haihong Zhao, and Hugh Roberts, Arcadis

« Landscape Data

— DEM (late 2014) based on LA Coastal National Elevation Database
(LACoNED); Brady Couvillion, USGS

— Vegetation base map (2014) 2013 helicopter survey as training for a
remotely sensed classification, Jenneke Visser, ULL and Brady
Couvillion, USGS
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Storms in the ICM Boundary Conditions

(1) Identify historical hurricane
strikes (1950-2013)

(2) Locate ‘matching’ synthetic
storms from JPMOS suite

r<) Apply storms as forcings in
both the 8-year
calibration/validation runs
(5 storms) as well as the 50-
year Master Plan (23
storms; 11 major hurricanes)

(4) Impacts to the landscape,
including islands
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2017 Coastal Master Plan Integrated Compartment Model
Coastwide Reference Monitoring System (CRMS)

Data used to calibrate water level, salinity, & vegetation.

120 Kilometers ™————-—____|
1+t
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Model Calibration and Validation

« (Calibration Period: 2010-2013
« Validation Period: 2006-2009

Hydrology

* Mean water level (daily & monthly comparisons)
— ~200 CRMS and USGS stations

e Mean flowrate
— Limited USGS data

* Mean salinity (daily & monthly comparisons)
— ~180 CRMS and USGS stations

Suspended Sediment

e 166 observation stations

— Limited data available (all discrete samdples) Morphology model’s
accretion patterns used to fine-tune sediment distribution
deposition and resuspension parameters
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Hydrodynamic Calibration Summary
2010-2013

St.

. No. Mean Median . . RMSE
Parameter units Stns Deviation
Obs | Pred | Obs | Pred Obs Pred | Daily | 2-week | Monthly | Annual
Stage m 204 | 0.24 | 0.24 | 0.24 | 0.24 | 0.17 | 0.14 | 0.12 0.10 0.10 0.08
Flowrate m3/s 14 068 | 1031 | 911 | 984 656 | 684 | 221 208 124 157
Salinity
(0-1 ppt) ppt 55 0.4 0.5 | 0.2 0.3 0.4 0.4 | 0.6 0.48 0.4 0.3
Salinity ppt 51 2.8 3.2 | 2.2 2.4 2.1 24 | 24 2.2 2.1 1.2
(1-5 ppt) . . . . . . . . . .
Salinity t 11.6 | 11.2 | 11.2 | 10 0 2.1
(5-20 ppt) pp 74 . . . 9 5. 4.4 | 4.4 39 3.7 .
Salinity
(>20 ppt) ppt 4 22.0 | 23.8 | 21.8 | 24.4 6.2 3.9 6.4 5.84 5.6 4.0
TSS mg/L | 146 41 24 32 23 31 13 - - 22 -
Temperature |mg/L| 144 21.7 | 21.4 | 22.6 | 21.7 7.2 6.4 - - 1.8 -
Total Kjedahl N | mg/L | 144 0.9 0.5 | 0.9 0.5 0.4 0.1 - - 0.3 -
Total P mg/L | 143 0.2 0.1 | 0.2 0.1 0.3 0.0 - - 0.2 -
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Hydrodynamic Validation Summary
2006-2009

. No. Mean Median ?t' . RMSE
Parameter units Stns Deviation
Obs | Pred | Obs | Pred Obs Pred | Daily | 2-week | Monthly | Annual
Stage m 204 | 0.24 | 0.27 | 0.23 | 0.26 | 0.18 | 0.15 | 0.14 0.12 0.09 0.07
Flowrate m3/s 14 1088 | 1163 [ 1042 | 1112 525 523 | 229 214 122 151
Salinity
(0-1 ppt) ppt 47 0.4 0.5 | 0.2 0.3 0.4 0.5 | 0.8 0.6 0.4 0.5
Salinity ppt | 59 | 33 |38 | 27| 32 | 22 | 25| 31| 29 22 | 19
(1-5 ppt) . . . . . . . . . .
Salinity
(5-20 ppt) ppt 74 11.3 | 11.7 | 10.9 | 11.6 4.4 3.9 | 5.0 4.8 3.7 3.1
Salinity
(>20 ppt) ppt 4 21.7 | 23.8 | 22.0 | 24.3 5.4 3.1 6.6 6.0 4.2 3.2
TSS mg/L| 148 | 41.0 | 23.6 | 31.3 | 22.6 31.7 | 11.6 - - 20.2 -
Temperature |mg/L| 145 | 22.2 | 21.3 | 22.9 | 21.0 6.7 6.2 - - 1.7 -
Total Kjedahl N | mg/L | 145 09 | 0.6 | 0.8 | 0.6 0.5 0.1 - - 0.3 -
Total P mg/L | 145 0.2 0.1 | 0.2 0.0 0.1 0.0 - - 0.1 -
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stage m
00 05 10 15 20

stage m

Stage Calibration - 201 sites

stage - 2010-2013 - ICM_ID: 92 - PB - Brant Island (Breton)

Observed data: CRMS4448-H01_STG

Daily RMSE=0.12m

Daily R-squared = 0.65

_mm&g;g%u_sm

Monthly R-squared=0.76____ Monthly RMSE=009m_______________ Bias=-0.08m.
T ‘ brown dashed lifie is average marsh elev, biuk dashed line is average bed elev
01/0114

01/01/10 01/01/11 01/0112 01/01/13

Median =037 StDev=013 Min=0.00
Median=0.38 StDev=013 Min=0.00
Median=045 StDev=0.13 Min=0.07

Max=1.01
Max=1.01
Max=150

Model (entire period): Mean =037
Wodel (days with observations): Mean =037
Observed: Observations = 1449 Mean =046

stage — 2010-2013 — ICM_ID: 545: AA - Atchafalaya River @

Daily R-squared = 0.97 Daily RMSE=0.11m

Monthly RMSE = 0.09 m Bias =0.07m
brown dashed lifie is average marsh elav, oiuk dashed line is average pedeley
01/0112 01/0113 01/0114

IIu'lc)nthlyr R-squared =‘ 0.98

01/01/10 01/01/11

Median = 0.65 StDev=037 Min=011
Median=0.65 StDev=037 Min=011
Median =056 StDev=042 Min=-0.11

Max=213
Max=213
Max =246

Model (entire period): Mean=071
Wodel (days with observations): Mean =071
Observed: Observations = 1456 Mean = 0.64
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stage m
00 05

stage m
0o 05

1.5

10

1.0

10 15

-1.0

stage - 2010-2013 - ICM_ID: 280 - PB - N Barataria Bay

Observed data: 07380251_STG

Daily RMSE =0.10 m
Monthly RMSE = 0.07 m

brown dashed lihe is average marsh elev, bluk dashed line is average bed'elev

-| Daily R-squared = 0.68

‘Monthly R-squared =|0.74 Bias =-0.03 m

01/01/10 01/01/11 01/0112 01/0113 01/0114
WModel (entire period): Mean =013 Median=014 StDev=011 Min=-022 Max=071

Model (days with observations): Mean=013 Median=014 StDev=011 Min=-022 Max=071

Observed: Observations = 1417 Mean=0.16 Median=017 StDev=015 Min=-081 Wax=0.86

stage - 2010-2013 - ICM_ID: 796 - CP - Mud Lake (CP)

Observed data: CRMS0590-H01_STG Observed data: CRM$1446-H01_STG

Daily R-squared = 0.54
‘Monthly R-squared =| 0.55

Daily RMSE =0.12m
Monthly RMSE =0.12 m

brown dashed lihe is average marsh elev, bluk dashed line is average bed'elev

Bias = -0.02m

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

WModel (entire period): Mean =023 Median=022 StDev=013 Min=-007 Max=086
Model (days with observations): Mean=024 Median=022 StDev=013 Min=-0.07 Max=086
Observed: Observations =1372 Mean=0.26 Median=024 StDev=017 Min=-014 Wax=108
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Salinity Calibration Example

salinity - 2010-2013 - ICM_ID: 247 - PB - Wilkinson Bayou (E Barataria)

Observed data: CRMS3617-H01_SAL

TSN 13
Daily R-squared = 0.67 Daily RMSE = 2.40 ppt
Monthly R-squared = 0.70 Monthly RMSE = 2.22 ppt Bias = 0.02 ppt
T T T T
01/01/10 01/0111 01/0112 01/0113 01/0114

StDev=387 Min=160 Max=2717
StDev=386 Min=160 Max=2717

Model (entire period) Mean =780 Median =763
Model (days with observations): Mean=7.93 Median=7.67

Observed: Observations = 1448 Mean=7.91 Median=743 StDev=405 Min=094 Max=2132
salinity - 2010-2013 - ICM_ID: 468 - AA -
Observed data: CRMS2887-H01_SAL
- - "—ﬁ—
Daily R-squared = 0.00 Daily RMSE = 0.12 ppt
Monthly R-squared = 0.00 Monthly RMSE = 0.13 ppt Bias = -0.04 ppt
T T T T
01/01/10 01/01/11 01/0112 01/01/13 01/01/14
Model (entire period): Mean =017 Median=018 StDev=004 Min=010 Max=050
Wodel (days with observations): Mean=017 Median=018 StDev=0.04 Min=010 Max=050
Observed: Observations = 1456 Mean=021 Median=019 StDev=011 Min=010 MWax=204
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salinity - 2010-2013 - ICM_ID: 373 - AA -

Observed data: CRMS0338-H01_SAL

Daily RMSE = 2.35 ppt
Monthly RMISE =1.81 ppt

Daily R-squared = 0.66
‘Monthly R-squared =| 0.76

Bias =0.19 |'.~|'.~tI

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

StDev=352 Min=904 Max=2561
StDev=353 Min=904 Max=25861
StDev=395 Min=543 Max=26.10

Model (entire period): Mean =18.06 Median=18.15
Model (days with observations): Mean=18.08 Median=18.21
Observed: Observations =1429  Mean=17.90 Median=17.70

salinity - 2010-2013 -ICM_ID: 863 - CP -

Observed data: CRMS0685-H01_SAL

Daily R-squared = 0.565 Daily RMSE = 4.45 ppt

Monthly R-squared = 0.61 Monthly RMSE = 4.13 ppt Bias = -0.60 ppt

T T T T T
01/01/10 01/01/11 01/01/112 01/01/13 01/01/14
Model (entire period): Mean =16.68 Median=1686 StDev=520 Min=538 Max=2678
Model (days with observations): Mean=16.63 Median=16.68 SiDev=546 Min=538 Max=26.78
Observed: Observations =1294  Mean=17.24 Median=17.32 StDev=645 Min=329 Max=3438




Total Suspended Solids Results - Sample

T8S -2010-2013
ICM_ID: 562 - PB - Black Bay (Breton Sound)
_| Observed data: LDEQ1082_TSS ®

150

TSS mglL
100
|

50

T T T I T
01/01/10 01/01/11 01/01/12 01/01113 01/01/14

Model (days with observations): Mean=3521 Median=3459 5StDev=1649 Min=1452 Max=67.22
Observed: Observations =8 NMean=56.12 MWedian=43.50 StDev=4553 Min=19.00 Max=156.00

TS5 -2006-20uy
ICM_ID: 52 - PB - Black Bay (Breton Sound)

D _|Observed ®#ata: LDEQ1082_TS$S
o
= S
o v *
E
w
n
F o
2 -
o -

I I I I I
01/01/06 01/01/07 01/01/08 01/01/09 01/01/10

Model (days with observations). Mean =32 64 Median=3405 SiDev=958 Min=1718 Max=4894
Observed: Observations =11 Mean=5141 Median=3850 StDev=4444 Min=650 Max=154.00
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WQ Model Calibration and Validation

e (Calibration Period: 2010-2013
« Validation Period: 2006-2009

Water Quality
« Mean water quality concentrations: ~200 LDEQ stations used
— water temperature

— total inorganic phosphorus
— dissolved organic phosphorus
— dissolved organic nitrogen
— blue-green algae
— detritus
« Limited input data available as timeseries

— Long term monthly mean values are used to define input
concentrations

— Model-wise monthly averages are used when no data is available
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temperature degC

temperature degC
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_| Observed data: LDEQQ032_TMP .t

Temperature Calibration Example

temperature - 2010-2013 - ICM_ID: 26 - -

Observed data: LDEQ1037_TMP
Observed data,

y R-squared = 0.91 Daily RMSE = 2.45 degC

IIu'lc)nthlyr R-squared =‘ NA Monthly RMSIE =NA degC Bias = -1.44 degCI

01/01/10 01/01/11 01/0112 01/01/13 01/01/114

Wodel (entire period): Mean =20.03 Median=2126 StDev=739 Min=458 Max=2998
Model (days with observations): Mean=2046 Median=21.08 StDev=665 Min=917 Max=2914
Observed: Observations =11 Mean=2189 Median=2297 SiDev=562 WMWin=1307 Max=2956

temperature - 2010-2013 - ICM_ID: 399 - -

"] Observed data: LDEQO346_TMP

Observed data: LDEQO338_TMP

aily R-squared = 0+85

Daily RMSE = 3.30 degC

onthly R-squared =| NA

Monthly RMSIE = NA degC Bias = -0.88 |::IegI!:I

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

Model (entire period): Mean =2296 Median=2332 StDev=723 Min=450 Max=3334
Model (days with observations): Mean=2171 Median=2354 G&SiDev=0854 Min=742 Max=23243
Observed: Observations =12 Mean=2259 Median=2445 SiDev=803 Min=594 Max=3157
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temperature - 2010-2013 -ICM_ID: 129 - -

Observed data: LDEQ1093_TMP L)

ly R-squared = 0.98

Daily RMSE = 2.18 degC

‘Monthly R-squared =| 0.98 Monthly RMSF =1.90 degC

: Bias = 0.32 |::IegI!:I

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

Model (entire period): Mean=1931 Median=2038 StDev=673 Min=385 Max=2931
Wodel (days with observations): Mean=18.66 Median=2047 StDev=617 Min=10.02 Max=26.79
Observed: Observations =12 Mean=1934 Median=19.06 SiDev=812 Min=829 Max=30.06

temperature - 2010-2013 - ICM_ID: 899 - -

Observed data: LDEQ1157_TMP

R-squared = 0.84

Daily RMSE = 3.87 degC

‘Monthly R-squared =|0.93 Monthly RMSF =3.09 degC

: Bias = 0.37 |::IegCI

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

Model (entire period): Mean =2230 Median=2269
Model (days with observations): Mean=241.19 Median=23.30
Observed: Observations =12  Mean=2082 Median=23.09

Sthev=642 Min=834 Max=3164
StDev=7.88 Min=965 Max=30.21
StDev=0971 Min=472 Max=3199




TKN g/m3

TKN g/m3
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Example

TKN -2010-2013 - ICM_ID: 26 - -

Observed data: LDEQO032_TKN Observed data: LDEQ1037_TKN

Observed data: LDEQ1055_TKH

Daily R-squared = 0.00

Daily RMSE = 0.64 g/m3

‘Monthly R-squared =| NA

Monthly RMSIE =NA g/m3

Bias = 0.53 g.fm3|

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

Median=1.01 StDev=014 Min=026 Max=139
Median=090 StDev=013 Min=083 Max=121
Median =061 StDev=035 Min=0.00 Max=0.30

Model (entire period): Mean =1.03
Model (days with observations). Mean =095
Observed: Observations =11 Mean =042

TKN -2010-2013 - ICM_ID: 399 --

_| Observed data: LDEQO0346_TKN
*

Observed data: LDEQ0D938_TKN

Daily R-squared = 0.13 Daily RMSE =1.27 g/m3

‘Monthly R-squared =|NA Monthly RMSIE =NA g/m3 Bias =-1.17 g.fm3|

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

Median =034 StDev=021 Min=000 Max=114
Median =048 S5tDev=015 Min=019 Max=0863
Median=162 StDev=045 Min=077 Max=2.41

Model (entire period). Mean = 0.40
Model (days with observations). Mean =045

Observed: Observations =12 Mean = 1.62
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TKN -2010-2013 - ICM_ID: 129 --

Observed data: LDEQ1093_TKN

Daily R-squared = 0.01

Daily RMSE = 0.53 g/m3

Bias = 0.41 g.fm3|

‘Monthly R-squared =| 0.02 Monthly RM le =0.52g/m3

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

Max =117
Max=1.16
Max=1.10

Median =097 StDev=012 Min=029
Median=095 StDev=011 Min=083
Median =054 StDev=034 Min=0.00

Model (entire period). Mean = 0.98
Model (days with observations): Mean =0.98
Observed: Observations =12 Mean =057

TKN -2010-2013 - ICM_ID: 899 --

Obs¥rved data: LDEQ1157_TKN

Daily R-squared = 0.07

Daily RMSE = 0.86 g/m3

‘Monthly R-squared =| 0.03

Monthly RMSIE =0.87 g/m3

Bias = -0.26 g.fm3|

01/01/10 01/01/11 01/01/12 01/0113 01/01/14

Median =041 StDev=028 Min=000 Max=130
Median =054 StDev=040 Min=004 Max=129
Median=077 StDev=065 Min=0.00 Max=2.35

Model (entire period). Mean = 0.50
Model (days with observations). Mean =064
Observed: Observations =12 Mean=0.90




2010 Initial Vegetation Map
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Data for Calibration

* Coast-wide Reference Monitoring System

— 56 Swamp stations surveyed in 2012
— 336 Marsh stations surveyed annual from 2007 through 2014

¥ Brackish
¥ Saline L4
¥ Intermediate B
. # Fresh
{8 ® v Swamp
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Vegetation Calibration Procedure

| laVegMod

Area 500 X 500 = 250,000 m? 10 X2 X2 =40 m?
Represents All habitat Target habitat
Includes ridges Marsh or Swamp
Cover Dominants All species
Presence > 5% cover > 5% cover in one of the
plots

Because of these differences we only considered presence/absence not % cover

Bottomland Hardwood and Barrier Islands are not included in the CRMS
design. However they make up only a small percentage of the coastal zone.
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Vegetation Calibration Results

Fresh Marsh

Saline
Marsh

Species Fit

TADI2 79 TYDO |82 SALA 82 SPPA

NYAQ2 91 _- PHAU7 86 JURO

SANI 93 _- IVFR 92 PAVA
_- BAHA 92
ZM [ 97 sceAtt 96

© 0 O
o N W

Fit is percentage of CRMS stations that were correctly classified for
presence/absence of the species at the end of the 4 year 2010-2014 run.

For all species fit at the end of the run was better than at the start. Only 4 of the 21
species did not reach the 80% fit goal.
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Wetland Morphology Calibration Results

22

Modeled (50-yr Average) vs Observed (Cesium) Accretion Rates
Averaged by region by marsh type
Land only

21

20

19 H

Observed Coastwide Average Accretion Rate (Cesium) = 8.3 mm/yr (possibly high)
Modeled Coastwide Average Accretion Rate (50-yr FWOA) = 6.2 mm/yr

RMSE = 3.13 mm/yr

RE =-22.7%

14 -

13 A

12 +

11 -

=
(=}
!

50-yr Average Modeled Accretion (mm/yr)

1:1Line

y =0.8244x-0.4345
R*=0.4912

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Observed (Cesium) Accretion (mm/yr)

19 20 21 22
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Wetland Morphology Calibration Results

Modeled (50-yr FWOA) vs Observed Land Area Change Rate (sq.km./yr)

Historical Coastwide Average Land Area Change Rate (1984-2010) = -55.9 sq.km./yr h -
.| Modeled Coastwide Average Land Area Change Rate (50-yr FWOA) =-61.4 2
S| sa.km./fyr
=r| RMSE =3.29 sq.km./yr 1
E|re=15a% = +
T 0
_E)_ o
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Modeled Land Change Rate by Ecoregion (sq.km/yr) 50-yr FWOA -
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Model Output from 50-year simulation:

Future Without Action
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Questions?

coastal.la.gov

Eric D. White | ewhite@thewaterinstitute.org



