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The Take-Home Message

 Remote-sensing (RS) data can be used to identify saltwater-stressed coastal
floodplain swamps...

* Outcomes easier to detect than process
* RS can be used for monitoring and exploration...coupled with local knowledge

Increasing Salinity
e —



The Coastal Wetland Mosaic

* Coastal margins are inhabited by a
mosaic of different wetland types

* Abiotic gradients strongly drive

ecosystem structure and function
* Hydroperiod, salinity, nutrients
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Coastal Floodplain Swamps (CFS)

e Coastal floodplain swamps (CFS)
prevalent coastal ecosystem in SE USA

* CFS provide $25,681 ha! yr! worth of

ecosystem services (Costanza 2014; )
* Nutrient removal, storm surge attenuation,
and carbon sequestration (Blair et al. 2015)

* Landscape position = vulnerable to
saltwater intrusion (SWI) (krauss et al. 2009)




Sea Level Rise and Saltwater Intrusion

* Sea level rise represents a = " Cs Mean = 1.3 + 0.2 mm yr*
significant stressor to CFS gl nebt
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e Current rates of SLR outpace
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CFS soil accretion (craft 2012)
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e Saltwater intrusion is a well

documented threat to CFS
(Middleton et al. 2015)
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Coastal Floodplain Swamps and Salinization

Increasing Salinity

* CFS species have limited tolerance to salinity (pezeshki et al. 1987)

* Chronic SWI can lead to a shift in community structure and function (white and kaplan 2017)

* CFS will be converted to salt marsh or open water in the long-term (srinson et al. 1995)

* Need for a region-wide approach to understand the effects of SWI on CFS ecology
LSS



Mainstream Attention to “Ghost Forests”

NEW “GHOST FORESTS” ARE A SIGN OF CLIMATE CHANGE | Examples of the

|
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"Ghost forests": What they are and why |
they’re becoming more common |
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Body of Work on CFS and Salinization

Response of baldcypress (Taxodium
distichum L. var.Distichum) to increases in flooding
salinity in Louisiana’s Mississippi River deltaic plain

Authors Authors and affiliations

S. R. Pezeshki, R. D. Delaune, W. H. Patrick

GROWTH AND NUTRITION OF BALDCYPRESS

FAMILIES PLANTED UNDER VARYING
SALINITY REGIMES IN LOUISIANA., USA

i

Een W Erguss, Jim L. Chamberz, James A. Allen, David M. Soileau Jv., Antoinetis 5. DeBozisr

Identification of salt tolerant baldeypress

(Taxodium distichum (L.) Rich) for planting in coastal
areas

Authors Authors and affiliations

William H. Conner[~=], L. Wayne Inabinette

Interaction of flooding and salinity stress on
baldcypress (Taxodium distichum) @&

James A. Allen, S. Reza Pezeshki, Jim L. Chambers

Selection for Salt Tolerance in Tidal Freshwater Swamp
Species: Advances Using Baldcypress as a Model for
Restoration

Authors Authers and affiliations

Ken W. Krauss, Jim L. Chambers, David Creech

Tidal Freshwater Swamps of the Southeastern United
States: Effects of Land Use, Hurricanes, Sea-level Rise,
and Climate Change

Authors Authors and affiliations

Thomas W. Doyle, Calvin P. O'Neil, Marcus PY. Melder, Andrew 5. From, Menica M. Palta

Degradation of Baldcypress—Water Tupelo Swamp to Marsh and
Open Water in Southeastern Louisiana, U.5.A.: An Irreversible
Trajectory?

Gary P. Shaffert, William B. WoodT, Susanne S. HoeppnerF, Thais E. PerkinsT,
Jason Zollert, and Demetra Kandalepas®

SEASONAL PATTERNS OF RIVER CONNECTIVITY AND
SALTWATER INTRUSION IN TIDAL FRESHWATER FORESTED
WETLANDS

Christopher |. Anderson &, B. Graeme Lockaby

Flooding and saltwater intrusion:
Potential effects on survival and
productivity of wetland forests
along the U.S. Gulf Coast

S.R. Pezeshki, R.D. Delaune, W.H. Patrick r.

Disentangling the effects of drought, salinity, and sulfate
on baldcypress growth in a coastal plain restored
wetland

Amanda S. Powell &, Lonnie Jackson, Marcelo Ardén

Groundwater salinity in a
floodplain forest impacted by
saltwater intrusion

David A. Kaplan ® & B, Rafael Mufioz-Carpena ©

Effects of Hurricane Katrina on the forest

structure of Taxodium distichum swamps of the Gulf
Coast, USA

Authors Authors and affiliations

Beth A. Middleton



Challenges of Traditional/Field Methods

PERMIT
| REQUIRED |

Interest

(Strayer et al 1986, Franklin 1989, Lovett et al. 2007)




Detecting Vegetative Change Using Remote Sensing

e Can detect changes to vegetative

structure, composition, and distribution
(Duchemin et al. 1999, Wang et al. 2005, Douglas et al. 2018) SAY

NDWI

(NIR - RED)

* Enhanced vegetation index (EVI) EVI=G x
(NIR + C1 x RED — C2 x Blue + L)

* Sensitive to high biomass (Huete et al. 2002)
* Corrects for aerosol scattering and
background soil

* Variety of RS tools available: Google Earth
Engine (GEE) is fast, free, and user-friendly.

=~ @ ) ENVI R (K

Google Earth Engine ArcGIS




Overarching Research Question

Can remote sensing data be used to track the long-term impacts
of saltwater intrusion on coastal floodplain swamps?




Welcome to the Swamp, We Got Mud and Knees

Mixture of needle and broadleaf canopy

o Taxodium distichum, Nyssa spp., Fraxinus spp.
(Brinson et al. 1980)

Characterized by yearly leaf senescence
o Varies with abiotic factors (i.e. flooding,
temperature, salinity stress)

Groundcover vegetation is rare, and sparse
when present (Huenneke and Sharitz 1986)

Canopy species have limited salinity tolerance
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Expected Differences in EVI

Long-term Trends Average Year EVI Distribution

Upstream 1
== Downstream
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EVI
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Expected Differences in EVI
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Hypotheses — H,: Magnitude and Distribution

Table 1. A suite of hypothesis developed to help identify the effects of SWI on CFS using remote sensing

Hypothesis Rationale Test U pSt ream
- , — | | —  Downstream
Hia: XEVL, <EVlg.g Lower EVI at SWI sites may indicate the presence of a stressor MWU
Hig: X~EVL, #EVIs.,  Differences in distribution imply changes to phenological patterns KS

Density

EVI

The symbols X and X~ represent median and standard deviation, respectively. Statistical techniques and test used in this study are
abbreviated as follows: Mann-Whitney U (MWWU), Kolmogorov-Smirnov (KS), Linear Regression (LR), and Mann-Kendall (MK).




Hypotheses — H,: Long-term Trends

Table 1. A suite of hypothesis developed to help identify the effects of SWI on CFS using remote sensing

Hypothesis Rationale Test Iy
Upstream
= Downstream

>

L
H,4: Slope EVIL; <0 Negative slope at stressed sites likely driven by SWI induced stress LR, MK
Hyg: Slope EVIpeys <0 A declining trend indicates a long-term change in EVI LR, MK m——pp
H,u: Slope EVIy < 0 The rati(.) accounlts for shared regi.onal stressors, meaning a declining slope indicates local IR,

- ) stressor is affecting the stressed site

A

Years

The symbols X and X~ represent median and standard deviation, respectively. Statistical techniques and test used in this study are
abbreviated as follows: Mann-Whitney U (MWWU), Kolmogorov-Smirnov (KS), Linear Regression (LR), and Mann-Kendall (MK).




Hypotheses — H,: Seasonal Attributes

Table 1. A suite of hypothesis developed to help identify the effects of SWI on CFS using remote sensing

Hypothesis Rationale Test U pSt ream
— Downstream

EVI

Hia X EVIgs <EVIgp Lower growing season EVI can indicate effect of SWI stress on peak biomass/productivity MWU

. - Year

- Higher dormant seasons EVI may indicate the presence of salt-tolerant canopy and 4
Hip: X EVIps > EVIps £ , - may P P MWU

’ ; herbaceous species (Succession)

Hye: X EVIgps <EVIgpr Lower G:D ratio implies a decrease in seasonal variation (Phenological change) MWU
Hsp: Slope EVIgpg <0 A declining slope indicates a chronic stressor is present LR, MK E
The symbols X and X~ represent median and standard deviation, respectively. Statistical techniques and test used in this study are
abbreviated as follows: Mann-Whitney U (MWWU), Kolmogorov-Smirnov (KS), Linear Regression (LR), and Mann-Kendall (MK). ===
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Site Selection — Long-term Salinity/Veg Monitoring
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Remote Sensing Workflow
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Were the Hypotheses Supported?

Table 3. Results of hypothesis testing in each region

0 . Hypothesis Suwannee Big Bend SE Louisiana Neches Correct (%)
* 52.8% support across all sites
H,y: XEVI,, <EVIg., True True False True T5%
[ ] Su ppo rt Va rled across reglons Hig: X~ EVI g # EVIgey True True True True 100*
1 0,
° Suwa nNnee an d Blg Be n d >50 A) H;,: Slope EVIL ;<0 True False False False 25
¢ SE LOU'Sla na a nd NeChES <50% Hyg: Slope EVIgenys <0 True False False False 25
H,c: Slope EVIg ;< 0 True False False True 50
{4 . ”
e Subset of “best-performing
H;, X EVIgs <EVIgr True True False True T5*
hypotheses more supported y
Hyp: XEVIG s> EVIpg False True True False 50
across all regions e K PV <EVlgny T T e R | 7
H;p: Slope EVIgps <0 False False False False 0
All Correct (%0) 78 56 33 44 52.8
Best Performing (%0) 100 100 50 75 31.3

Best performing hypotheses (*) were supported = 75% across sites
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Why Were Certain Hypotheses Supported?

* Best-performing hypotheses relied
on differences in summary statistics

* 5 of 9 hypotheses had low support
o Slow pace of change and interannual
variation challenges detection

1.0
1

Pre-Drought G:D

Downstream 2.37 + 0.19
Upstream 2.37 + 0.28

Post-Drought G:D

— Downstream 2.23 + 0.27
— Upstream 2.41 £ 0.22

<drought!

| ‘l \ “

T
2015

0.8

1 Neches River

| it "

T T
2000 2005

EVI
0.6

0.4

0.2

0.0
|

Table 3. Results of hypothesis testing in each region

Hypothesis Suwannee Big Bend SE Louisiana Neches Correct (%)
H;,: Slope EVIL ;<0 True False False False 25
Hyg: Slope EVIgenys <0 True False False False 25
H,c: Slope EVIg ;< 0 True False False True 50
Hip: X EVIps = EVIpy False True True False 50
H;p: Slope EVIgps <0 False False False False 0
All Correct (%0) 78 56 33 44 52.8
Best Performing (%0) 100 100 50 75 31.3

Best performing hypotheses (*) were supported = 75% across sites




Why Were Certain Hypotheses Supported?

Table 3. Results of hypothesis testing in each region

o Best-performing hypotheses re“ed Hypothesis Suwannee BigBend SE Louisiana Neches Correct (%)
on differences in summary statistics

* 5 of 9 hypotheses had low support
. H;,: Slope EVIL ;<0 True False False False 25
O SlOW pace Of Change and Inte rannual Hyp: Slope EVIfapgs <0 True False False False 25
Varlatlon Cha”enges deteCtlon H,c: Slope EVIg ;< 0 True False False True 50
* Detecting process vs. outcome?
Hip: X EVIps = EVIpy False True True False 50
H;p: Slope EVIgps <0 False False False False 0
All Correct (%0) 78 56 33 44 52.8
Best Performing (%0) 100 100 50 75 31.3
time, increaSing Sa“n Ity Best performing hypotheses (*) were supported = 75% across sites



Recall: Expected Differences in EVI

Long-term Trends

Distribution Average Year

Upstream
== Downstream

EVI
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Year
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Observed Differences in EVI Across All Sites
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Technical and Methodological Considerations

* Sampling rate Specifications Landsat MODIS
i ?
o MODIS period of record too short: Spectral resolution 7 bands 36 bands
' ?
o Landsat temporal resolution too low: ivel size 0m 250, 500 or 1000 m
* Smaller pixel size would help Scene width 185 km 2330 km
capture smaller sites Image frequency 16 days Twice daily

° LOC3| knowledge needed to Corrections None Surface reflectance
contextualize results ~




RS data can be used to
identify chronic, low
level SWI-stress in CFS

* Ecologically motivated
hypotheses: some
"work” better...

* SWI outcomes easier
to detect than process

e Home Messages




Next Steps — Supervised Classification

* Map extent/health of CFS across Lower Suwannee River RSNz
the Northern Gulf of Mexico and =\|\’sz2; 2 iR
the South Atlantic Coast [] Unhealthy CFS

[ Healthy CFS

o Preliminary results using
supervised classification

o Challenges arise from the lack of
uniformity at stressed sites

o~ “’ .
INALLY ONE“ ——
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Thank you! Questions?

Elliott White Jr Php @ SwampManéElliott

@SwampManElliott

David Kaplan @WatershedEcol

@WatershedEcol ' Follows you ur
University of Virginia | Saltwater intrusion in coastal floodplain

swamps | Remote Sensing, Ecology, Hydrology, Biogeochemistry Associate Professor @UFESSIE

® Charlottesville, VA (& uva.theopenscholar.com/plant-ecology-...
Joined April 2013

© Gainesville, FL (&’ watershedecology.org
Joined July 2015

UF [FLORIDA



H, »: Compares Median EVI Value

e Reduction in primary production via
SWI1 is well-documented
* (Conner et al. 1997, Krauss et al. 2009,
Cormier et al. 2012)

e Chronic stress will lead to consistent
lower production/biomass

* EVI value will/do reflect that trend

* Lack of Support in SE Louisiana
* Proliferation of Triadica sebifera
* Highly hydrologically altered

Table 3. Results of hypothesis testing in each region

Hypothesis Suwannee BigBend SE Louisiana Neches Correct (%)
Hia: nEVIg < EVigeq True True False True 75%
H,z: X~ EVI,; # EVlgeq True True True True 100*
Hsa: nEVlgs <EVigy True True False True 75%
Hic: uEVIgps <EVigps True True True False 75%
All Correct (%) 78 56 33 44 52.8\52.8
Best Performing (%) 100 100 50 75 81.3

*Best performing hypotheses (= 75%)



H, »: Compares Median EVI Value

~ -y MISSISSIPPI RIVER FLOOD CONTROL

A look at the maximum designed flow rate (in cubic feet per

times the spillways have been opened and the potential flooding
in the Atchafalaya Basin as a result of the high-water event

e Reduction in primary production via (
SWI is well-documented N il S—— IE—

* (Conner et al. 1997, Krauss et al. 2009, 0000 M — -
Cormier et al. 2012) MORGAIZA A

FLOODWAY @

—Lewees Baton

* Chronic stress will lead to consistent o e
. . LOWER ATCHAFALAYA —_ e
lower production/biomass LA o e B/ |
@(_ﬁ @ Thibodat

* EVI value will/do reflect that trend R |
* Lack of Support in SE Louisiana o

* Proliferation of Triadica sebifera VEARS, NUMBER OF DAYS =

* Highly hydrologically altered T I I a8

'37 '45 50 '3 75 ' ‘83 97 08 1 16 18 19




H,: Compares EVI Distributions

Table 3. Results of hypothesis testing in each region

° Demonst rates |Ong—term Hypothesis Suwannee BigBend SE Louisiana Neches Correct (%)
Hia: nEVIg < EVigeq True True False True 75%
Changes to Seasonal patterns IH : X~EVI; #EVI True True True True 100* I
e Over time, stressed CFS will
lose bimodality from:
* Decreased growing season
prOdUCtIVIty Hsa: nEVlgs <EVigy True True False True 75%
* Increased understory biomass
durlng the dormant S€ason Hic: uEVIgps <EVigps True True True False 75%
* Leaf emergence and senescence
can shift due to SWI (Brinson et \
. All Correct (% 78 56 33 44 52.8\52.8
al. 1985, Pezeshki et al. 1988) v
Best Performing (%) 100 100 50 75 81.3

*Best performing hypotheses (= 75%)
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H,,: Compares Peak Growing Season Median EVI

Table 3. Results of hypothesis testing in each region

. . . Hypothesis Suwannee Big Bend SE Louisiana Neches Correct (%)
* Highlights the effect of chronic - _ME;" — —
SWI on peak primary production X BV #EVs  Twe  Twe  Tme e lo0°
 Stressed sites have consistently
lower peak biomass
 Lack of support in SE Louisiana oo T T — T —
aal [ Gs < GF e e alse e *
Hic: uEVIgps <EVigps True True True False 75%
All Correct (%) 78 56 33 44 52.8\52.8
Best Performing (%) 100 100 50 75 81.3

*Best performing hypotheses (= 75%)



H;: Compares Median Growing:Dormant Season EVI| Ratio

Table 3. Results of hypothesis testing in each region

. Hypothesis Suwannee BigBend SE Louisiana Neches Correct (%)
* Shows consistent changes to —— : : — - -
1Al 1 salt < fresh rue rue alse rue *
seasonal dynamics Hip X BV #EVIp T Tue  Tme  Tme 1007
* Lack of Support in Neches
e Historic droughtin 2010 to 2011
(Nielsen-Gammon 2012)
Hsa: nEVlgs <EVigy True True False True 75%
I Hic: uEVIgps <EVigps True True True False 75% I
All Correct (%) 78 56 33 44 52.8152.8
Best Performing (%) 100 100 50 75 81.3

*Best performing hypotheses (= 75%)



H;: Compares Median Growing:Dormant Season EVI| Ratio

* Shows consistent changes to
seasonal dynamics

* Lack of Support in Neches

e Historic droughtin 2010 to 2011
(Nielsen-Gammon 2012)

U.S. Drought Monitor
Texas

October 4, 2011

(Released Thursday, Oct. 6, 2071)
Valid 7 a.m. EST

Drought Conditions (Percent Area)

rone | D0-D4 | D1-D4 | D2-D4 e X ot

Cument 0.00 |100.00|100.00| 99.16 | 95.99 | 87.99

La;t\':':fk 0.00 (100.00|100.00] 99.16 | 95.65 | 85.75

3MonthsAQo | 541 | o789 |9573 | 9439|0021 | 7130

Calendar Year | 13.05 | 85.45 | 66.08 | 35,30 | 13.04 | Q.00

.......

Vilater Yoar 0.00 |100.00|100.00| 9916 | 96.65 | 8575
8272011

® | 7560 (2440 | 243 | 104 | 002 | 0.00
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* Shows consistent changes to
seasonal dynamics

* Lack of Support in Neches

e Historic droughtin 2010 to 2011
(Nielsen-Gammon 2012)
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