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A Model Perspective of
the Everglades Landscape:

Regional & Subregional Applications of ELM

ELM outputs: regional, 1-km scale grid

20-yr summaries

Colors = habitats (red = cattail)
Mountains = surface water phosphorus ELM v2.4.3/v2.5.0
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Presentation:

1. Integrated modeling as synthesis

2.
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Wetland Ecological Models:
General Goal

Understand the ecological responses to varying magnitudes

and frequencies of flooding
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Wetland Ecological Models

Just what are they?

a) Simple response models
A at varying trophic levels
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Integrated
Wetland Ecological Models

Just what are they?
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Integrated model(s)
A at varying trophic levels

Ani-
mals

Complexity of interaction algorithms

Trophic level
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Spatial considerations

Spatial complexity of
A hydrologic drivers
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Everglades Landscape Model (ELM) Goals:

Develop a modeling tool for integrated ecological assessment

of water management scenarios for Everglades restoration

Integrate hydrology, biology, and nutrient cycling in spatially
explicit, dynamic simulations

Synthesize these interacting hydro-ecological processes at scales
appropriate for regional assessments

Understand and predict the relative responses of the landscape to
different water and nutrient management scenarios

Provide a conceptual and quantitative framework for collaborative
field research and other modeling efforts
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ELM Design:
Integrating ecological interactions

. Boxes change in response to
each other Hydrology

2. Arrows denote simple model Nutrients
“mechanisms” of WHY things ( )
change

3. Using simple “WHYs”, model Macrooh
is not restricted to statistical ( Soils ( acrophytes
“fits” of past behavior ( Periphyton
4. Thus, apply understanding to
Plants

predict relative performance
of future restoration scenarios

Derived from GEM:
General

Ecosystem
Model
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ELM Design:
Spatial interactions

Pattern of
—— Landscape —

g ™\
Parameters

M Cypress
[] Wet Prairie Derived from

[ sawgrass CELSS:
[ Cattail )
a Coastal
Slough .
/ Canal Ecological
Landscape
Spatial
Simulation

I
;
Internal Internal
Processes Processes
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Flows across
pattern
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ELM Design:
State Variables

Major vertical mass flows,
w/o horizontal flows or
information linkages

Surface
Water P

Atmosphere
4

Above-ground:

water & P flows
P transformations
periphyton gainfloss
macrophyte gainfloss
floc gaindoss

Periphyton
P&C

Surface
Water

Photo-Bio
P&C
Floc P&C
Bio P&C

Porewater
p

Organic
Soil P&OM

Prairias

Unsaturated
Water

-
Saturated
Water

Ridges
Plains

Sloughs

Below-ground:

water & P flows
P transformations
macrophyte gain/loss
peatfiloc gainfloss
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Subregional Domains of
Everglades Landscape Model

ELM-WCA1: 200 m ELM-WCA2A:100, 500, &1000 m
grid cell application grid cell applications

E

ELM-regional| [+

0.25 & 1 km?

grid : &
SFWMM Subiregional 3
10.4 km?2 grid s B LAt

o4 ELM-WCA3RA&S: [planned 50], ELM-Rotenberger: 200 m
Subregional ] gl 125, 250 m grid cell applications  grid cell application

ELM-WCAS3RES \ =

Atlantic Ocean
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Patterns of Ecological Interactions

Response to
macrophyte Response to Response to
shading & excess P high P inflows high porewater P

Response to
ridge&slough
topography

Response to
ridge&slough
7 topography

Native Surface Water Macrophytes
Periphyton Phosphorus

Native Periphyton: 65 g C m™
Surface Water P: 100 ug P L
Macrophytes: 1.1 kg C m™

ELM v1.5
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Ecological Landscape Modeling

Hyperlinked algorithm
documentation

| Main program controller sequence of ELM

calls in Generic_Driver.c
Start simulation s
C function name
v function description

main
calls in sequence
setup
read runtime info. model scale. etc

alloc_memory

allocate memo

read_model_parameters
read model parameters

init_static_data

read static data

read output parms The shaded function boxes on this page
P :_p are not hyper-linked (clickable)
read Model.outList requests

init_dynam_data
read initial dynamic data
init_eqns; init_canals; init_succession
initialize equations in modules

SEQUENCE  me—

time loop

print model status

iterations & time to console

init_dynam_data;
init_eqns;

Position
Analysis

reinitCanals;
init_succession;
reinitBIR

annually
i requested

call_cell_dyn
flow module
calculations

gen_output
write spatial output
as requested

send_point_lists
End simulation, message of V‘llflte point time
successful termination series as requested

I

Flow diagram depicts function
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Hyperlinked source code
documentation

& ELM source code - Mozilla Firefox Q@
Fle Edit View Go Bookmarks Tools Help m
. 9 € B [ ntw:/fwww.sfmd.govforg/rp/elm/develdoxy/index. htm! | & [ICL |
% ElMhome #=ELMOldhome [GGoogle Scholar @ Convert < DistrictPhone - SFLRadar 4= MiamiNexrad %= WUndergrHurr @ Forecast - SmarTraveler @)CSA #OpenDX M MapQuest \X/Wikipedia

|[ & £ source code 1 %]

; . .
ELM source code Here is the call graph for this function:
[£] ELM code: Main page
=@ File List
@ Data Structures
[£] Data Fields
@ Directories
[£] Globals
float f_Manning ( float de/za,
float Water,
float SW_coef
)
Surface water exchange between cell and canal.
Parameters:
delta Head difference between cell and canal (m)
Water  Hydraulic radius (m)
SW._coef Aggregated flow coefficient (m*0.5 * sec)/m™(1/3)
Returns:
m*3
Definition at line 2609 of file WatMgmt.c. B
References Abs, GP_mannDepthPow, and sgn.
Referenced by FluxChannel().
02610 float a_delta;
02611
02612 a_delta = RZbs (delta):;
02613 ( sgn( delta ) * SW_coef * pow(Water, GP_mannDepthPow) * sqrt(a_delta) * canstep);
02614
02615 }
]
K| [ I3
Done
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Presentation:

1. Integrated modeling as synthesis

2. Ecosystem processes in landscapes

a) Regional landscape — hydrologic & nutrient drivers
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Regional ELM Objectives (Application Niche):
Specific Performance Measures

Approved’ Performance Measures
Regional ELM v2.5, evaluations of:
Phosphorus: concentration in surface water
Phosphorus: accumulation in ecosystem

ELM v3.0, regional/subregional evaluations of:
Soils: accretion, phosphorus content
Periphyton: community type, biomass
Macrophytes: community type, biomass

Performance Measure Scales — Regional Application
Temporal: Annual trends over decadal time scales
Spatial: 1-km resolution gradients across tens of km

'CERP RECOVER, not final
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Example Application:
What might have happened if clean water had entered
the Everglades in the past?

(hypothetical example)

Historical scenario, 1981-2000:
» actual flows
» actual (historical) phosphorus inflow concentrations

Hypothetical scenario, 1981-2000:
« actual flows
* 10 ug/L (ppb) phosphorus inflow concentrations

Use model to indicate the likely spatial reduction in phosphorus impacts across
the Greater Everglades, with lower inflow phosphorus concentrations
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Example Application:
What might have happened if clean water had entered
the Everglades in the past?

4000

2000

1000 =

0
P accumulation

(mg-P m?2yr)

20 Kilometres 20 Kilometres
n

Difference, 10 ppb inflows
Historical minus 10ppb scenarios ELM v2.5.0
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How well
does ELM work?

Hydrology:

Consistency: Regional
analysis of stage

median bias of predictions:
marsh =1 cm

Ecological Landscape Modeling

Simulation of stage heights in marsh

ELM v2.5 Performance Assessment
1981-2000, all-stations: median Bias in marshes= 1 cm

I

10
Kilometers

Simulated vs. observed
Performance stats: Bias

O<=|5/cm

> 5| & <= |15] cm
O> |15| & <= 30| cm
@®> 30| cm
+ Observed > Simulated

Simulated data:
Mean annual hydroperiod

.
R o
s
P oQp
o

300
Hydroperiod
7200 (days)
100
ELM v2.5.2
ELM v2.5.2
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Simulation of surface-water CL concentration

H ow Wel I ELM v2.5 Performance Assessment
1981-2000, all-stations: median seasonal Relative Bias in marshes=-12%; in canals= 13%

does ELM work? ]
Hy drOIOQ y : l 1 o ) 8 gir’?utl_ateg'vs. observed
Consistency: Regional ot | e

analysis of chloride “tracer” ] -\.i. \ Q5 = 0 .

\O& ! Observed > Simulated
- - -
o) \ Simulated data:

median relative bias of S e mean
H H = ; >>250 mg/L (ppm)
predictions:

marsh = -12%
canals = 13%

200 Marsh grid cells
150 and canal

reach vectors
I100

50
0

Canal output data only

shown for canals exchanging

w/ marsh. Canal widths

are greatly exaggerated,

with location offset relative to
any existing levee.

Red vector-polygons delineate
7 |the (1995) extent of
estuarine habitats.

o [ Kilometers

ELM v2.5.2
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Simulation of surface-water TP concentration
ELM v2.5 Performance Assessment

How Wel I 1981-2000, all-stations: median seasonal Bias in marshes= 2 ppb; in canals= 4 ppb
l_l_‘\_/
does ELM work?

Water Quality: R X ] [meted v apserned
O<=15| ppb

Regional analysis of surface J& Lo B BRI
S {

water phosphorus (TP)
concentration

(Planning Application
Performance Measure)

Simulated data:
20-yr monthly mean

B>125 ppb
125

100 Marsh grid cells
75 and canal

reach vectors
50

25

median bias of predictions:
marsh = 2 ppb of TP
canals = 4 ppb of TP

Canal output data only
shown for canals exchanging
w/ marsh. Canal widths

are greatly exaggerated,

with location offset relative to
{any existing levee.

f

/| Red contour is

(20 yr monthly mean)
10 ppb isoline.

ELM v2.5.2
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Simulation of surface-water TP concentration
ELM v2.5 Performance Assessment

How Wel I 1981-2000, all-stations: median seasonal Bias in marshes= 2 ppb; in canals= 4 ppb

| I

does ELM work? h ,h': woRza: 1901

cattail presence,
% transect stations

Water Quality:

Match gradients of surface
water TP concentration
(Planning Application
Performance Measure)

Mean TP concentration (ppb)

TP in Marsh Surface Water
WCA-2A Transects, 1994 - 2000

Performance Measure for planning applications, ELM v2.5

140 —a— Simulated: F transect (+ 0.5km) | Bl Cattail

R --© - Observed: F transect (+ SD) y
120 N —&— Simulated: E transect (+ 0.5km] | ’ /Pomt source loads
\|

100 . Observed: E transect (+ SD)
AN w/ marsh. Canal widths
.l are greatly exaggerated,
80 \ < with location offset relative to
\ ) | any existing levee.
60 > Red contour is
\ \ (20 yr monthly mean)
N AN '[' Y 10 ppb isoline.
40 SR
S ~
20 e,
_[-!- . == --Jt 2
0 Al Ll T T T T i 1
0 2 _ 4 6 8 10 12 14 16 < 1o
Distance from canal inflows (km S0 o 7 Kilometers
(km) M £ o ELM v2.5.2
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Presentation:

1. Integrated modeling as synthesis

2. Ecosystem processes in landscapes
a) Regional landscape — hydrologic & nutrient drivers

b) Basin-scale landscape — soil, plant processes
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Soils & Macrophytes

1981-2000 ELM v2.5 regional simulation

Cattail Succession

1981-2000 ELM v2.5 regional
simulation (initialized with
no cattail)

Total
biomass

2.0

1.0

kg C m?2

0.01

Macrophyte Carbon Biomass
August 1995

50 Kilometres

Soil Phosphorus Concentration
August 1995

0-30 cm
depth
900
ki
450 o
(®)]
S
20
™ ™ ™ ™ el
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ELM v2.5.2

Simulated
1995

Observed
1995

-
. IhI

I Sawgrass
I Cattai

http://lecolandmod.ifas.ufl.edu



How well
does ELM work?

Ecology:
Match gradients of

phosphorus accumulation
(Planning Application
Performance Measure)

Ecology:
Match gradients of

soil peat accretion

Ecological Landscape Modeling

P Accumulation in Ecosystem

WCA-2A Transects
Performance Measure for planning applications, LM v2.5

1000 - —m— Simulated F transect
900 —&— Simulated E transect
800 = 1 Observed (Robbins et al. 2004)
- 43 — Observed (Reddy et al. 1993)
< 700 P & Observed Craft et al. 1993)
o 600
£
o 500
E
o 400
<
300
200 - =
100 —
- —n
0 T T T T T T T 1
0 2 4 6 8 10 12 14 16
Distance from canal inflows (km)
Peat Accretion in Ecosystem
WCA-2A Transects
Not aPer for planni ications, LM v2.5
12 4 —— Simulated: F transect
—8— Simulated: E transect
10 43‘\ @ Observed (Reddy et al. 1993) —
T “ z Observed Cratft et al. 1993)
€ 8 b Observed Craft et al. 1993) -
E N
g X
s 6
[ Y
G
&
- 4 =
b g
o
2
o T T T T T T T 1
0 2 4 6 8 10 12 14 16
Distance from canal (km)
ELM v2.5.2
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ELM-WCA2 Subregional Project (ELMwca2_500m v2.5.0)
Historical Simulation, 1981 - 2000

How Wel I Variable & Process Snapshots, Aug 1991

does ELM work?

Ecology:

Check patterns of
other ecological
variables
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Low

-
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|

Surface water
depth
(0-2.5m)

Native periphyton
biomass
(0 -500 gC m?)

Soil-floc P
concentration
(0 - 2000 mgP kgOM-1)

Soil P
mineralization
(0 - 600 ugP m2d-)

Soil P
uptake
(0 - 600 ugP m2d-)

Macrophyte
biomass
(0 - 1.75 kgC m2)

Long-term integration

]
Phosphorus Accumulation
1981 - 2000

600

mgP m2 yr!

0

,,"h_-‘ [ Cattail, 1981
[] Cattail, 2000

[l Other

All cattail
densities
lumped

i

Cattail Succession
1981 - 2000

Ecological Landscape Modeling

ELM v2.5.0
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Presentation:

1. Integrated modeling as synthesis

2. Ecosystem processes in landscapes
a) Regional landscape — hydrologic & nutrient drivers
b) Basin-scale landscape — soil, plant processes

c) “Local”’-scale landscape — develop/maintain patterns
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Ecosystem processes in

synthetic landscapes
at century time scales

Utilize available data on habitats, topography
a) Central WCA-3A Ridge & Slough pattern of classified habitats

b) Generate “synthetic” topography from helicopter survey points

Apply current ELM v2.5 algorithms & parameters

a) New utilities for selectable (synthetic) overland flow & rainfall inputs

3. Evaluate process - pattern interaction at century-scales

a) Extension of request by ELM Peer Review Panel

4. A very early work-in-progress!!
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Regional ELM land elevation
1000-m grid: Interpolation using TOPOGRID

T

For ridge, slough, tree island features

Subreglonal ELMTand el atlon

- == - '“9
3.00
- 4.00 HZJS
.0Q - 2.50
-~
. / 2.00 2.25
2 " 1.00 gz.oo
ci\‘\é . Elevation Elevation
| _' m NGVD29 m NAVD83

oao:
' |:| Ridge, tree island
8 - X B siough
QA o ] - Dense brush
TN 0 v
Tone ) ] Habitat classes
53
Question:

Can we simulate how the landscape pattern is maintained?
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What pattern?

(local scale patterns at << 1 km grid)

(future)

250 m grid 125 m grid 50 m grid
Habitats &=
Profile g5 ¥
(visualization &
aid) |

Elevation
Profile
(visualization
aid)

Landscape pattern ~evident at 250 m scale.
Directional pattern clear at 125 m scale.
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Pattern of

Flows across [
pattern

Water flow regime

Water P
depth available

Hydrology

Macrophytes

Perlphy(on

Currently not considering
horizontal carbon transport &
sedimentation/ resuspension

Hydrology

Macrophytes
Periphyton

Macrophyte Soll
turnover | oxidation

Periphyton
turnover

B¢

? Combination for
Low Soil
accumulation ?

Ecological Landscape Modeling

Macrophyte I, Soil
turnover oxidation

Periphyton

turnover
? Combination for

High Soil

accumulation ?
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The model applications
1. Develop two applications: 250 m and 125 m grid scale
2. “Nominal” conditions over 108-yr period

a) Concatenate 1965-2000 climate data (3 repeating sets)

b) Overland inflows that approximate 20% of long-term rainfall

Rain in Overland| Groundwater ET Overland | Groundwater
(cm mon-1) in (% rain) in (% rain)| out (% rain)| out (% rain)| out (% rain)

Monthl ,
10‘;’]; ’é::,;f:: 10.4 20% 0% 84% 34% 3%

Mean simulated surface water depth,
extremely wet month

250 m grid 125 m grid

R
L AR
10 - 50 1031 N .

Surface water depth (cm)
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Model Results

Elevation change:

Strong differential peat
accretion between sloughs
and ridges/tree islands

Phosphorus change:

Differential P accumulation
between sloughs and
ridges/tree islands

Ecological Landscape Modeling

250 m grid 125 m grid
Year 1 l \
. 4
Elevation .
pattern \ \
A \
.I &' H TRN
107 yr Peat *.'Q?-"- SRt

Accretion

=R et 1%

Peat Accretion Rate (mm yr 1)

<0.0] 0.00- 1.10 -
0.33 2.16

250 m grid - 125 m grid
Year 1
P mass
pattern
K ¥ i 1 AT
107 yr P L Ty :
Accumulation £ 5 1* i Lk ‘ i
o :'. ":' 'll_ - [ A '
oy iy

Atmospheric P
Load =

25 (mg m-2 yr'1)

a S
== ig 144 B
wil ST

P Accumulation Rate (mg m-2 yr -1)

| e

15 36 57
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Model Results

Elevation change:

Bimodal (ridge vs. slough) accretion rates evolve over
long time scales, perhaps tending towards some level of
equilibrium (pending disturbances!)

Frequency Distributions of Accretion Rates
107 yr simulation of Ridge & Slough mosaic

w 0.60
8
5 0.50 &
£ A 1st_10yr
.g 0.40 1 A 1st_50yr
g 0.30 Y 2nd_50yr
é B |ast_10yr
>, 0.20 m— 100yr
= "}
c
2 0.10
o
T 0.00 ] o

-0.5 0 0.5 1 1.5 2 25 3

Accretion rate (mml/yr)

Ecological Landscape Modeling
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Presentation:

1. Integrated modeling as synthesis

2. Ecosystem processes in landscapes
a) Regional landscape — hydrologic & nutrient drivers
b) Basin-scale landscape — soil, plant processes

c) “Local”-scale landscape — develop/maintain patterns

Future directions
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ELM Documentation & Review

Existing Documentation
- Open Source model (available on web site)

Description of Everglades, objectives and conceptual model
Verbal, mathematical, and graphical description of algorithms
All source code functions & variables documented (automated)
All input data documented, including “metadata”
Numerical & graphical summaries of calibration/validation
Comprehensive sensitivity analysis, aspects of uncertainty
User’s Guide

Peer Review
Peer-reviewed science publications, 1996 - 2006
Multi-agency review, 2002
Independent peer review, July 2006 — January 2007

- Facilitated by V. Bierman, Limno-Tech/HydroQual
« Expert Panel: L. Band, C. Cerco, W. Mitsch (chair)
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Peer Review Project

Status:

» Panel’s Final Report posted Jan 2007
= ELM v2.5 is ready for application

= Panel: ELM v2.5 is “...robust and will produce a unique
contribution, with an integrated ecosystem paradigm, to
understand and predict potential outcomes of Everglades
restoration projects...”
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Potential ELM applications

CERP Decompartmentalization:
= water-quality Performance Measures
= pending final project schedule

Long Term Plan for Achieving Water Quality Goals:
= water quality, soil/plant recovery from eutrophication
= pending determination of needs, schedules

Other:

= Assist in optimizing spatio-temporal scales for field sampling
(per Peer Review Panel recommendation)

= Research: Model synthesis, hypothesis refinements
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Models & research:
towards model synthesis...

Freshwater wetland systems:

= Variations in soil decomposition and accretion

* Floc-soll interactions

=  Water column carbon sedimentation/resuspension

Mangrove/estuarine systems:
= Variations in soil decomposition and accretion
= Variations in nitrogen transformations

Freshwater-estuarine interactions:

= Model spatio-temporal extrapolations of freshwater-estuarine
flux hypotheses (FCE LTER)
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