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What is EDEN?
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"+ An integrated network of water-level gages,

* Ground elevation and surface-water level models, Prepared as part of the U.S. Geological Survey Greater Everglades Priorit

+ Daily water-depth and water-surface maps, and The Everglades Depth Estimation Network ~
(EDEN) Surface-Water Model, Version2

+ Online applications to evaluate critical habitats
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The Monitoring Network

314 water-level stations are served by EDEN

and operated by:
USGS

Everglades National Park

Big Cypress National Preserve

South Florida Water Management District

real-time

275 are
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From monitoring data to water-level surfaces

WATER-LEVEL SURFACES
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Migration to R in v3

Transparency If statistics nrngramsl |5III9|I3!IES Were cars...
Efficiency :
Computational speed
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Subarea

Telis et al. 2015

s Merged subareas

e WCA3A
Big Cypress
National
Preserve

Everglades
National Park

WCAZB

\\
Pennsu
Wetlands

Inset Map

.
Interpolated pseudo-gages

[ ] EDEN extent

Water level (cm)
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Subareas in v3:

X 8 subareas (5 in v2)

E
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N e W ® New pseudo-gages

Gages used in linear interpolation

pseudo-gages _ Mam

L67ext
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RBF parameters

RBF Parameters EDEN V2
Kernel function Multiquadric
Kernel parameter 16.77

Maximum neighbors 1

Minimum neighbors 1*

Sector type 8 sector
Angle 350°
Major semiaxis 31000

Minor semiaxis 30000

EDEN V3
Multiquadric

0
8
g

NA

350°

31 [uses ratio only]

30 [uses ratio only]
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Accuracy

284 points from April 2007 through September 2011

Apr-Sep 2007
RMSE (cm)

EDEN V1 3.30
(Liu and others 2009)

EDEN V2
(updated run)

EDEN V3

Apr-Sep 2007
SD (cm)

3.32

Apr 2007-Sep 2011
RMSE (cm)

N/A

Apr 2007-Sep 2011 SD
(cm)

N/A




Comparison to v2

 April 1 2014 - March 30 2018

« Mean root mean squared
difference: 3.71 cm

Root mean squared difference (cm)

N



Comparison to v2

 April 1 2014 - March 30 2018

« Standard deviation




USGS documentation of EDEN version 3 in review
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Prepared as part of the U.S. Geological Survey Greater Everglades Priority Ecosystem
Science and in cooperation with the U.S. Army Corps of Engineers

The Everglades Depth Estimation Network (EDEN) Surface-

Water Model, Version 3

, James Beerens, Matthew Petkewich, Saira Haider, Bryan McC d Heather Henkel

Scientific Investigations Report 2019-XXXX




Riverine Flow

Coastal Salinity Index o2 AL Tida forcng
(CSI) ) 2) Tidal range
Marsh Type Estuary Type _
i pI‘O&Ch tolthe Interstitial Salinity Surface Salinity
(Sgil)rll)dar ized Precipitation Index RS (T
<.5psu <.5psu
Brackish
: o b bl Oligohaline
* Indicator of salinity changes and e 0 P15
location of the freshwater-saltwater 3.0t0 7.0 psu
interface .
Subsaline Mesggglgz
- Indicates drought and wetter e i :
conditions over multiple time
periods
* 1- to 24-months
OCEAN >30.0


https://doi.org/10.1175/BAMS-D-15-00171.1

EDEN Web Applications

Cape Sable Seaside Sparrow (CSSS) Viewer

» Sparrows build their nests on the ground and up
to seven inches above the ground, and need dry
conditions for breeding

» The CSSS Viewer application was developed to
evaluate CSSS habitat on a near real-time basis

* Provides statistical information on breeding
habitat suitability

L3

Subpopulation (Critical Habitat)

CSSS Sites

Beerens and Romafiach, 2016
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CSSS Scenario viewer

Cape Sable Seaside Sparrow (CSSS) Viewer

Intro { Instructions

Babcock far

+

Cape Coral

Naples

Marco Island:

Date range

Loading image 123 of 365
Seleot 4yr hydroperiod year:

Water-Depth Map

LaBelle

19050101

Select water depth date range: | ALTH: 1/1/1965 - 12/311965 [

> Displayed water
depth date:
1965-01-01

ALTH: 1869 mean hydroperiod

Displayed
hydroperiod year:
1969 —

ALTH | WECB | WFWO | W3RNL ‘ WALT1R

| WALT3R depth

Water

0. [ e
46

Palm Beach

Pompano Beack

Fort Latiderdale

Hialeah
Miami

Kendall

Sub-area statistics:

show gages

mean water depth

% WD s 17cm
% dry 2 40 days
% dry = 90 days

1.8 30

67 17

[ 0
Ground
elevation
(NAVDES)
{in.) {em)
1857 400

o 0
]

Four-year
hydroperiod

(days)
39 2203

-13.9 jun 200.3
|
432 163

-58.4 1382

(em)
Mean water
deptn

Four-year
hydropariod
)
(days)
277 56.8

Lasflat | Map data OpenStrastiap contributors

Water depth transparency

1.1 267
Ground elevation transparency (em)
Mean water
depth SD
Four-year hydroperiod transparency o
% water  water
gags gage
High inter-annual hydroperiod variation =

¥

S) Viewer

LOG OU' Cape Sabie Seaside Sparrow (

Year Dto89
1965 5.6%

A Nesting

Year 40 290

1965 83.6% 51.8%
1966 83.3%  38.3%
1967 99.9% B1.1%
1968 889%  2.7%

1968 634% 38.9%
1970 429% = 9.3%

1971 100%  96.1%
1972 89%  18.9%
1973 964%  60.2%
1974 100% @ 97.5%
1975 100% @ B63.6%
1976 97.9%  23.7%
1977 991%  94.3%
1978 804% = 52.2%
1978 80.3%  37%

1980 34.7%  216%
1981 100% = 96.6%
1982 96.8%  16.8%
1983 24.9% @ 2.3%

1984 786.9%  50.2%
1985 982% @ 94.9%
1986 944%  72%

1987 857%  39.1%
1988 964%  674%
1988 100% = 99%

1980 099.9% 91.9%
1991 996% 13.9%
1992 87.1% @ 69%

1993 416% @ 27.6%
1994 859%  48.5%
1995 132%  2.6%

1996 638%  24%

1997 82% | 512%
1908 596% 20.2%
1998 836% 23.2%
2000 746% @ 30.7%
2001 995% 91.8%
2002 97% 76.1%
2003 66.5% @ 26.5%
2004 98%  B3A%
2005 996% B4T%
Avg. B24%  51.2%

A Annual
Wito

210

213%

Nesting Season Statistics: Consecutive dry days

|Annual Statistics: Non-consecutive hydroperiod

I M Y a Ny
Intro | Instructions | Water-Depth Map | ALTH ‘ WECB |

AX Nesting B Nesting G Nesting |
z40 200 240 200 240 200
84.8% 539% 989% 91.8% 100% 100%
826%  421%  O78%  84% | 100%  088%
95.9% | B14%  100%  97.1%  100% | 100%
837% | 25% | O7T%  36%  100% | 16%
643% 411% 791% 416% 100% 94.4%
39% 9.1% 812% 60.1% 100% 64.9%
100% 96.9% 100% 100% 100% 100%
89.9% | 222% 859% 61.3% | 99.6% 68.3%
97.2% @ 658% 100% 69.2% 100% 100%
100% | 98.1%  100%  100% & 100%  100%
100% | B9.1%  100%  87.7%  100%  100%
98.3% | 314%  100%  959%  100% | 100%
99.3% @ 955% 100% 91.6% 100% 50.4%
B84% 56.2% 84.9% 40.7% 98% 94 8%
81.2%  41.3% 959% 432% 100% 254%
334% | 196% 953% 89.9% | 99.6% 98.4%
100% 97 4% 100% 100% 100% 100%
97 1% @ 22.4% 100% 18% 100% 87.1%
8%  22% | T12%  15.1%  524% | 145%
739% | 446%  O64%  B39%  100% | 68.1%
986% | 06% | 100%  O7.6%  100% | 100%
89.7% 69% 99.1% 926% 100% 93.1%
85.1% | 44.1% 9% BB.8% 100% 96.4%
96.7% | B7.2% 100% 90.8% 100% 89.6%
100% 89.2% 100% 100% 100% 100%
99.9% @ 936% 100% 100% 100% 100%
99.7% | 20.2% 100% 80.1% 100% 13.7%
83% | 67.2%  990%  04.1%  100% | 100%
3% | 244%  064% 67.6%  100% | 984%
82.1% 46.6% 95.7% 75.4% 98.4% 91.9%
12% 2.3% 58.7% 19.7% 48% B.1%
66.1% @ 267% 84.3% GBE% 100% 65.3%
812% | 527% 953% 74% 100% 891.1%
59.3% | 189% 938% 636% 100% 70.2%
853% @ 245% 938% 76.8% 100% 99.8%
TII%  B18% 9%  756%  100% | 984%
906% | ©35%  100%  982%  100% | 100%
975% | 77.0%  100%  94% | 100% | 100%
68.2% | 29.5% 7B.6% T44%  98.4% 984%
98.4% | B36% 100% 100% 100% 100%
99.7% | 95.3% 100% 100% 100% 100%
81.8% 526% 94.1% T75.8% 974% 83.2%
AX Annual B Annual
2211 Otoss P 2mt Otomd P z2ut
73.1% 253%  69.2% 329% 57% 10%

A % 90 days dry

W3RNL: A % area with 90 consecutive dry days

&
oM T wOm T oW UM T Ul U
98.6% @ 58%  48.7% 15% 100% 0% |
GQA% | TARS | 10N% | @0 1% | 1A% | 10N%

B % 90 to 210 hydroperiod days

W3RNL: B % area with 90 to 210 non-consecutive hydroperiod days

100

annual

moving avg

435% | 565% | 0% B7.7% | 38% | 34% | BUE% | 16% | 245% | 755%
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Estimating Gradients
and Flux

The water-level and
depth surfaces
generated daily by
EDEN are used to
determine gradients
which can be used
with water depths to
estimate flux values.
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Converting flux times friction to flux

UTM EASTING, IN METERS
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1) Manning’s n can be estimated based on vegetation type



Converting flux times friction to flux

Seln
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2) Measured velocities in wetlands can be used for calibration
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Converting flux times friction to flux
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3) Coastal discharge stations can constrain boundary fluxes




Improving dry season
water surfaces by
estimating below ground
water level data.

E
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Lowest points at land surface With below ground water level

Select surfaces to load: | 4/1/2011 - 6/30/2011 water level | show gages Select surfaces to load: | 4/1/2009 - 6/30/2009 water level v show gages

Date range Displayed date: Date range Displayed date:
2011-06-12 2009-06-12




Daily Median Water Level

Legend
EDEN_14

Observed data
| ' ' Estimated data
’ \ Hindcasted data

\‘ ‘ | Dry conditions

R vate subject to
. Non- ata are either
real-time or provisional.

=
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S
<
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Initial Workflow

S ;I 1. Build list of sites that are currently in the
B cuusnens EDEN database

e oon 18 2. User selects a site of interest (SOI)

3. Runa on the with sites in
T B the )sarne area (ENP, BCNP, WCA1, ,
etc.

Query EDENdDb for Site of Add NESW
Interest Sites

4. Pull data for site of interest and best 5
correlated sites (P1, P2, P3, etc.) into the
workbook for use in corrections

EDEN Network Map

5. If desired, sites can be manually selected
for use in corrections, such as sites North,
East, South or West of SOI. Users can
scroll down to the network map for
reference. (OPTIONAL)

Gt B

Readme | EQNS JATA Work | GRAPH Final Estimat

< USGS

science for a changing world



Corrections: Graph Tab

: * An example is
Hydrograph Comparison: Site vs. Predictor - ShOWD fOr

Missing data for WC2AS1 ) estimating

(orange) and WCA2RT e A\ EDEN 11’s dI'y
(grey) _

period

* 2A300 (green) is
Missing data for WCA2E1 / EDEN_1t (black) dry the only available
(blue) and WCA2U3 data with no

ellow) L.

i missing values
that we can use to
predict the dry
period for
EDEN 1

< USGS
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Other uses of EDEN data

Everglades Restoration Transition Plan (ERTP) monitoring

« ERTP monitoring application
was developed to compare
near real-time water levels to
water-level statistics from the
previous water management
plan, the Interim Operational
Plan (I0OP)

* Includes 394 tree islands (TI)
and 106 monitoring stations

within the area of interest
(WCA3A, WCA3B, and ENP)

 Daily value of blue gages and
Tls exceed the 90t percentile
for the month

EDEN-domain WCA3A, WCA3B, and
ENP Tree Island and Gage Listing

(=]
m

3AN1W1

he monl
3ANW_GW
ANGEL

[2]
-
]
~
k]

[dfeeqi
N | g (|1
=]
A

)
<
]

http://sofia.usgs.gov/eden/ertp/

ther

you cannot
- Henkel.




Other uses of EDEN data
Everglades Restoration Transition Plan (ERTP) monitoring

http://sofia.usgs.gov/eden/ertp/

Tree Island ID: 3A-1-1

Location: Latitude 26°12'3.02", Longitude -80°31'43.07"

Subbasin Location: WCA3A

Maximum ground elevation (ft. NAVD88): 8.947 (as reported by Carlos Coronado, SFWMD)

° I O P- pe r| Od mo nth |y Wate r I eve I S Vertical conversion at tree island (ft.) used by EDEN (NGVD29 to NAVDES): -1.47
are calculated for all gages and D eentesbosod e 00O 8120

The recent daily water level for 3A-1-1 on
04/09/2016 is 9.26 feet NAVDES

T I S y a n d Cu rre nt CO n d iti O n S a re Note: percentile plots are updated every day about 3:30pm (Eastern)
compared to those percentiles L e

« Users with cultural, recreational,
and environmental concerns can
track inundation of tree islands
relative to historic levels

» Automated daily email sent to
users notifying which gages and
tree islands exceed 90~ percentile
monthly historic water level

« Email Alert System




EDEN Web Applications
Explore and View EDEN (EVE)

Explore and View EDEN (EVE)

e EDEN data visualization tool

Download selected data

e Users can view and download : e

Operating Agency: BCN cy POC) BCA10
N BCA11
o 3ANE Vertical Conversion at Gage (feet) used by EDEN BCAL2
(NGVD28 to NAVDES) 43 t.
water-level, rainfall, and — _
4 V4 Available EDEN data Period of record
. . Water Level (measured) 1990-01-01 — 2016-04-14 BCAL4
evapotranspiration data for all
p p Evapotranspiration 1995-06-01 — 2014-12-31 = Estimated data
A Hindcasted data
Go to BCNP for complete dat: s for ti

EDEN monitoring locations ' o o

Recent water levels subject to
revision. Non-final data are either
real-time or provisional.

Daily Median Water Level

Daily Median Water Level 2.92 : 3.66 BCA12: 13.32 BCA13: 11.71 BCA14: 9.02

: P33 ft. NAVDSS: 4.47 ft. NGVD29: 5.98

Update Selection

about EVE

Feet (NAVD88)

3
I
S
<<
3
]
>
[

(62ZQADN) 1884

Provision

Jul 11 Jan 12 Jul 12 Jan 13 Jul 13 Jan 14 Jul 14 Oct 14 Jan 15 Apr 15 Jul 15

b

Total Daily Rainfall Total Daily Rainfall

BCA10: 0.01 :0.04 BCA12: 0.29 BCA13: 0.66 BCA1

a USGS
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Estimating Gradients
and Flux

The water-level and
depth surfaces
generated daily by
EDEN are used to
determine gradients
which can be used
with water depths to
estimate flux values.
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Converting flux times friction to flux

UTM EASTING, IN METERS
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1) Manning’s n can be estimated based on vegetation type



Converting flux times friction to flux
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2) Measured velocities in wetlands can be used for calibration
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Converting flux times friction to flux
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3) Coastal discharge stations can constrain boundary fluxes




Converting flux times friction to flux

BISECT simulates Everglades
surface-water and groundwater

Hydrodynamic representation of
surface water in two-dimensions

Salinity transport

4) Comparison to Biscayne and Southern Everglades
Coastal Transport model (BISECT)



Predictive BISECT simulation from EDEN water-level surfaces

To make predictive simulations, BISECT can be run with
EDEN water-levels as initial conditions.

Stage, NAVD88
Stage, NAVD88

Trout River Flows

Stage, NAVD88

BISECT initial conditons
BISECT initial conditions

——EDEN initial conditions
——EDEN initial conditions

= | \
05 10 15

Stage, in meters NAVD88 ’
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