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Abstract

The hydrologic connectivity between a del

interior wetlands of itinterdistributary islands is a complexotentiallyadvective system. We

take a reduced complexity approach to assessing the advective factors that contribute to the
hydrologic connectivity between a primary distributary channel and interdistributarg tethe
Wax Lake Delta of coastal Louisian&/e deployed aelatively inexpensive, opespurce data
logging platform to collect high quality continuous water temperature, water depth, air
temperature, and shortwave solar radiation from a portion of We Dalta from February 18
through May 19, 2015. We use this field data to create a reference model of predicted water
temperature at the data logging locations at the site. Based on comparison of that model with the
water temperature observations, we fihat different regions of the island have differing degrees
of hydrologic connectivity to the primary distributary channel. Additionally, we use several
methods to assess the spatial relationships between water temperature time series at our data
logging locations. We conclude that the distal portions of the island have a high degree of
hydrologic connectivity with the primary delta distributary channels. Proximal regions of the
interdistributary island wetlands can be either relatively hydrologicallytesbfaom or highly
hydrologically connected f@rimary distributary channels, depending on the effectiveness of

adjacent island edge levees and the presence of secondary inner island feeder channels.

t &8



Table of Contents

R - 3 - |

[P

Acknowl edge me.nt.s.é.&.

Abstracteééeeéceéeéeéeeccéeécecece. li.

Li st of Tabl eséééé

-
N
-
-
Br
B
N
N
B
o B
-
®
<

7

Li st of Figuresééééeecececeé &étéeéeé
Il nNtroducti onéééécécééeéceaeaeaea.eeecéel
WaxLake Deltaéééééécéece ceeeé&ké&l

7 7 7 7 7 7 s s sr rr s rr s 3

Mi ke | sl andééééecééeecceéeececced

Gener al Met hodséeééééeéééééééeéeceéed
Data Logger Constructiongééséex up, ¢
The ALogi An Ar dui no Baséed&dé [xact.6. Logg
Sensorsééééécececéééeécec.eed
Logger Housi ngeeéeé éeéecéecee.eéeeelld
Field Setupéeceeéce éébececee.é.eéé ll
Depl oyment ééééééééééé céé .12

7 7

Addi ti onal Met eor oé ®d@é é ale éeDa’x a

M-
D
D
fa»}

7 sr s sr

Raw Data Processiénégéeée@e@@d.éé 13
Model s and Equatéééaseéééééedceée ld
Water Temperature &eééérenkkle Mod
Clear Sky Sol ar R&dkiéadé énl8Model
Cl oud Cover Radi atéeié@ené éMoedl8l ( CR
Resultsééééeeéééeceééeéééecéeece.20
Met hods, Results, and Digeaaéggi20n of
\Y



Met hod 1: Reference M&dkeélé AROD Mal y é

l ntroductionééééééééeed éeée.2l

Met hodééééééeéeeééééeéeéé ééé .23
Resultsééééeééeéeéeéeéeéeéeeéed é.é24
Di scussi onéeéeéeéeé &&é&ééééee .é.25

Met hod 2: Correl at iéoéné éCéoée.BEBPRBCi ent
Met hodéééééeéeeeeééeéeéeéee . .eé28

é
Resultséééééeéeééééce é.eeée28
Di scussi oneéeéeéaataté&é&éedé . .ééé .28
Correlation between Inner Island Locations and River Channel

7 7

Locationséééeéeéééééecee .eéee
Correlation between all Logger Pairg € é é é é .6 .é.31

Topological Map of Water Temperature

///////////// 7 7

Correl ati onéeééé é éedtececedtéeée. é é A

- -

|l ntroducti onéééé

éécéeH
53

Di scussi onéééeéeeecacedeése e .. xs

(4>}

7 7

Resultséééé

(¢}
(¢}
(¢}
D
D~
(¢»)
(0]
(¢»)
(9]
D~

Relating Correlation Coefficient and Distance between Logger

@D

Pairséeéééééeéeéeeececeéeéeeeeee. .3
Met hodééééeéééé.eééeéééeé .36
Resultséééeéééé . eéééé éé .37
Di scussi on

7 7

Conclusionsééeéeéeéééééeeéeéeéeeéeeéececéece .0
é é é

D~

Referenceséécéeeée



Appendi ceséeéecéeéecéce&ae&c.@cé . éeds
Appendi x A: Cl ear Skéy éR@ad@dé@a.¥a on Mc
Appendi x B: Field Meas&aégdé&dée Bater T
Appendi x C: Field Measaeed éBater [
Appendix D: Predicted Water Temperature vs. Measured Water

Temperatureusingi el d Measured Shor ttwa®e Sol
Appendix E: Predicted Water Temperature vs. Measured Water

Temperature using Cloud Coeeére..Radi at
Appendix F: Measured vs. Modeled Shortwave Solar

Radi ationééééééeéééeécéeceéeéééé & .62
Appendi x G: Radiati on éFeléwx é¥hal uesé
Appendix H: Anomaly between Measured and Modeled Water

Temperatureééécecaeac éééeeceeceeeece 8
Appendi x |1 : Cross Cor eékactéi.8on Mat r
Appendix J: Data used for Cross r@dation and Distance

Anal yséiéseeéee ¢ éeéeééeéeééeéeééeé. 92
Appendix K: ChangeinWaterpet h vs. Temperatur e
Appendix L: Alternate Ground StorageJG Ter m Conmp3ar i s ol

Vi



O N B

D~

@]

Tabl e
Tabl e
Tabl e
Tabl e
TableH.1¢é é é

é

TableH.2¢ é é é

TableH. 3 ééééééééeéeeee.

Tabl
Tabl
Tabl
Tabl
Tabl
Tabl
Tablel

Tabl
Tabl
Tabl
Tabl
Tabl
Tabl
Tabl
Tabl
Tabl
Tabl

e

® ® @d® @d O

I T T T T T

r I T T I I

© 00 N O 01 b~ D N B D D

(O}

R O b~ WO DN PP OO b WONDN

(D~

(O NI N M O D~

(0N

s D D O

D~

(O M~ (O M- (N M~ (N M~

(D~

7

List of Tables

eeéééeeeeé
eEéééééééé
eéeéeééeéééeé
eéeéeééééeéeeé
eeéeéeéeeéééeé
eeeéeéééee

7 7 7 7 7 7 7

o DO D D D
o D D D D
o D D D D
o D D D D
o D D D D
o D D D D
o D D D D
> D DO D

o D D Dy

M-
D
(O}
(O}
M-
(O}
M-
M-
(O}

o D D D D D DN Dy (D
o > D Dy D D Dy Dy D
o s D Dy D D DN Dy (D
o s D Dy D Dy DN Dy (D
o> O DO Dy D D D Dy D
o s D Dy D D DN Dy (D
o> O D Dy D D D Dy D
o> O DO D D D D D D
o s D Dy D D D Dy (D

D
M-
D
D
D
D
D
D
D

D M Dy O

D~

s D O

D~

(D\ CD\ (D\ (D\ CD\ (-D\ CD‘

D~

s D D O

(O}

o> > D DO D D D D

D~

D~

o D D D D

(O}

> > O O D Dy Dy D D
D~

D~

D~ M- (O} (O} (O}

-

o> > O D D D D

-

(D~

D~

D~

M d D> D D D D O

-

D~ ([N D~ D~ (N (N (O (O

(D~

M- D~ M- D~ M- (N D~ (N

-

o> O

(O

- d D> D D D D O

-

D O

D~

D D D

(O}

o D D

(D~

> O DO O

(ON

> D DO D

(O}

M O

-

D~ M- M- D~

(O}

> D D O

M-

™ O

-

(N D~

-

D~

(O}

> D D O

(O}

(D~

(D~

(D~

(O}

M-

-



Tabl
Tabl
TableL .
Tabl
Tabl
Table
TableL .
TableL .

e L.

2
e L.3éeéeéeeéeéeéece

7 7 7 7 7 7 7 7

4 éééeéeéeeeceeeceecececcee.

e L.5eéeeéeéeéeéceceéecééééé. 105

e L.6éeééeeéeéeéececéeecéeéeceecdathbéce

L. 7éeéeéeéeéceéeéeéeceéeéeceee. €106
eeéeéeé. 106

viii



Figurel é
Figur
Figur
Figur
Figur
Figur
Figurel
Figur
Figur

® ® W o o o ®o o D

D~

D~

List of Figures



INTRODUCTION

Wax Lake Delta

Wax Lake Delta is a relatively recdmayheadiver deltalocated inthe Atchafalaya Bay
of coastal LouisianéCarle et al., 2013)he evolution of Wax Lake Delta began in 1941, when
theU.S. Army Corps of Engineers dredged 8%km Wax Lake Outlet to relieve the Atchafalaya
River of excess discharge and aliei downstream flooding within the Atchafalaya Basin (Carle
et al, 2013Shaw et al., 20)3Sediment accommodation space along the outlet channel,
particularly within the 12 km portion of the outlet channel passing throughdGede, filled
with sandy dposits during the first few decades following the dredging of Wax Lake Outlet.
Once this accommodation spaaas filled accelerated land growth began withax Lake
Delta(Shaw et al., 2013)By the 1960s a sandy, subaqueous delta had begun to fdren at t
mouth of the Wax Lake OutleBy 1973 portions ofVax Lake Deltdhad become subaerial
during low tide events, and several high discharge events duringdHiils fueled relatively
rapid progradatiorof the deltanto the bayShaw et al., 201,3Wellner et al., 2006 At present,
Wax Lake Delta is composed of a bifurcating network of primary channels that distribute the
discharge of the Wax Lake Outlet throughout the delta towards Atchafalaya Bay. In between
these distributary channels is a seagémterdistributanjislands, many of which have interior
wetland portions connected to the primary channels via secondary channels and overbank flow

and whose distal reaches are open to the delta front and Atchafalaya Bay (Shaw et al., 2016).

The evoluion of the Wax Lake Delta has been shaped biptenesting mix of
anthropogenic and natural processes. However, outside of the original dredging of the Wax Lake
Outlet in the early 1940s, the growth of Wax Lake Delta has proceeded largely without human

intervention or interfereng€arle et al., 2013; Hiatt and Passalacqua, 20T8)s uninhibited



growth coupled with theirth andevolution of a river deltan humanobservable timescales
makesWax Lake Deltaa particularly interesting case stughiatt and Passalacqu2015).Much

of the recent interest in the growth of Wax Lake Delta is motivated by the desire to use it as a
model for planning of Mississippi river diversion projects. These projects seek to use engineered
river diversions as a way to nggtethe land loss and possibly the enhanced nutrient delivery to
the Gulf of Mexico that plague the region (Hiatt and Passalacqua, 2015; Lane et alR&0al;

et al., 2011 Theriotet al., 2013). Our project focuses on water temperature, because it is both
important and relatively easy to measure. Water temperature plays a role in the rate at which
denitrification proceeds in constructed wetlands (Wood et al., 1999). If largedseatsions are

to be built with a partial purpose of aiding the denitrification of river water headed to the Gulf of
Mexico, a better understanding of temperature regimes on Wax LakenilEléad to better

project outcomesAdditionally, water tempetare has been cited as an important factor in

various biophysical processes in fish, aguatic invertebrates, and the developmental stages of

malaria carrying mosquitoes (Paaijmans et al., 2008; Wagner, 2011).

Mike Island

Wax Lake Delta

Figure 1: Location of Wax Lake Delta and MikeIsland

iiometers




Mike Island

Mike Island is dobate, 6 km long interdistributargland with a maximum width of
approximately 2 km, orientadughly north-south intheapproximatecenter ofWax Lake Delta
The northern tip of Mike Island is located approximateknB8south of the delta apex, while the
southern end of the island reachesrthe baywardextent of the delta. The edges of Mike Island
consist of naturally formed levees, while the interior is more accurately described as an inner
island wetland. The island edge levees are at a higher elevation then the interigslanthend
the leves create a hydrologic barrier between the inner island wetlands and the piéfteary
distributary channelHiatt and Passalacqua, 2015}he formation and evolution of Mike Island
generally started near its northern tip and progressed southwards féflected in the
geomorphic development of the levees, the ecological stage of the vegetation occupying the
levees, and the general relative inundation depth of the subaqueous portions of tH€ &lanet
al., 2013) The northernmost portions ofik& Island are relatively well developed levees
stabilized by established populationsSaflix nigra(black willow) trees.Travellingdistally
(southwarddown the leveeghe sediment surface elevation tends to decrease and the vegetation
populations trasition from S.nigra andColocasia esculentgelephant earfo species more
tolerantof submerged conditionsuch asrariousSagittaria(arrowheadypecies antllelumbo
lutea (American lotus), both of which are also common in the inner island @ads et al.,

2013; Hiatt and Passalacqua, 2015; Shaw et al.,)2@&liment surface elevations of the
northernmost portions of the Mike Island levees are high enough that they are likely submerged
only duringsignificantflooding events, while levedsrthersouth on thésland may be in various
depths of submergence depending on tidal S{@gde et al., 20130verbank flooding of the

primary channels across inundated leveessomegnore prominentovingdistally down Mike

Island (Hiatt andPassalacqua, 2015



Figure 2: The results of a bathymetric survey of sediment surface elevatiam Greg Island,
Wax Lake Deltaconducted by members of the National Center for EartiSurface Dynamics
(NCED). Dashed black lines represent the surveyed transewhile blue lines represent
relative sediment surface elevation. High points along the island edgenstitute the island

edge levees. (Unpublished, courtesy of NCED)

We will discuss twdypes of channels in this study, primary channels and secondary
channels. Primary channels are the larger channels that connect the mouth of the Wax Lake
Outlet to Atchafalay®ay, bifurcating along the way to comprise the series of passes that
separate the islands through@viax Lake Delta Secondary channels serve as a connection
between the primary channels and the interior wetlands withinrlee island areasf Wax Lake
Delta(Shaw et al., 2013; Hia#ind Passalacqua015). The smndarychannels bise@nd cut
through the levee ggs of the islands &/ax Lake DeltgHiatt and Passalacqua, 2018lultiple
recent studies highlight the prominent role of hydrologic connectivity between primary channels
and inner island areas. Shaw et(2016 note that roughly 59% of primary chanfflelw enters

some part ofhe Wax Lake Deltanterdistributary island systerandHiatt and Passalacqua



(2015 report23-54% of primary channel fluadjacent to Mike Islanttavek throughits inner

island area

The hydrologyof asurface flow wetlandbcated in the interior of a riverine delta island
is complex River stage and discharge, tidal cycles, ocean currents, wind, and aades
vegetatiorare some of the factors contributing to the complicated advection processes that
dominate the islard urface water hydrologfHiatt and Passalacqua, 2015; Steawd Mohrig
2014 Smesrud et al. 2018i et al., 2010. Previous attempts to understand the hydrology of
wetland islands okVax Lake Deltasuch as the work of Hiatind Passalacqya015 haveused
dye tracing and flow velocity measurementstiadysome of the complexity of this system.
While providing valuableualitative dataon some of the advective processes at the site, these
techniques are expensive, time intensive, mpdt importantlyepresentonly a small snapshot in

time.

Herewe develop and applyralatively simple and inexpensiapproacto learn more
aboutthis complex system. This study consists of two portions: (1) a field portion wieeusea
newmethod of data logging to gatheater temperature, water depth, air temperaamd
shortwave solar radiatidnom the inner island area of Mike Island and the primary channel
adjacent to the islanadnd (2) a modeling and analysis portion wheeeanalyzehe results of
field deriveddata using several relatively simple methaoglish the goals of measuring the effect
of advection on temperature variation, and of identifying discrepancies where the simple models

fail and thus warrant focus using more detailed approaches.

GENERAL METHODS

Data logger construction, set up, and field deployment



-The ALog An Arduino Based Data Logger

This study usedand aided in the development afrelatively inexpensive, open source
data logging platform to obtain field measured daim Wax Lake Delta The Arduinebased
data logger, known as the ALog, was created by Dr. Andy Wickert as a means to make high
guality environmental parameter data logging available, accessible, and highly modifiable, all for
a fraction of the cost of commoniysedcommercially producedata logging platforméWickert,

2014)

In order to obtain high qualityontinuous field dta, many studies ugedustry standard
data logging platforms such as the suite of Campbell data loggers. While these standards have
many ofthe benefits that come with large scale production commercial products such-as well
developed programming routines, a wide variety of compatible sensors, customer support, and a
proven track record of reliability, they also have many drawbddiese bendts come with a
gaudy price tag, anfdinds-limited research projects may be faced with the issue of having to
sacrifice spatial resolution of field data as a re®ribgrammingraditional loggers often relies
on proprietary codes, and choice of sensors is often restricted to what has already been
commercially developed for the specific data loggemsors are generally not highly modifiable,
meaning the user is limited to opéing them in the same meansmdm®evercreated them,

regardless of what they are attempting to use therfWarkert, 2014)

The Arduino microcontroller platform uses open source electronics anit-goaself
ethic to promote innovative advances ia gihysical science$he Arduinomicrocontrollerwas
originally developed aslaw costprototyping platform for physical computitigat was simple
enough forstudents without electrios and programming experieniceuse At its most basic

level, Arduinoconsists of hardware, software, a programming language, and a community. The



hardware, often referred to e Arduino board, ia relatively simple circuit board containing a

mi croprocessor (the nbThahboardsinteractd withelsurrsundingha | | C om
environment by connecting sensors or other devices to a series of screw terminal wire connection
ports mounted on the Arduino boafithe Arduino software consists of the integrated

development environment (IDE), which is an application allatvs the user to write and develop

a program that can kmmasily compiled andploaded to the Arduino board. Programs written in

the Arduino IDEusethe Arduino programming language, which is based on a series of functions
from the C/C++ programming languadéne Arduino community can be seen as a collection of
Arduino users who support each other in the development of Arduino based projects, and may
include tutorials and learning materials, forums where individuals can receive feedback on
projects or problems from other Arduino users, dis@layinnovative projects they have done

using Arduino

The Arduino system ifounded oropen source ideals applied to the hardware,
sof t war e, programmi ng | an g urafgstqthedransparen o mmuni t vy .
dissemination of all aspects of a system. In the context of open source hatdaschematics,
specifications, and sources are made puljieadaileble so that others caimderstand how the
hardware is built and functions and are able to reproduce, repurpose, improve, and modify the
hardware as they wish. Similarly, open source software makes the source code and programming
routines availabléo the publicto reproduce, repurpose, improve upon, and modtig open
source nature of the Arduino platform is ideal for beginners and thosémittid electronics
and programming experiencEhe user can either purchase a wide variety of preasseindmrrds
that are ready to go out of the box, or they can construct their own board from scratch. Similarly,
the user can freely usxistingprograms, modify those programs to meet their specific needs, or

write their own programs from scratch.



Thereis a significant body of work using Arduino or other open source electronics
prototyping platforms toreate environmental sensors $afentific data collectionThe
development of these systems makibat can be prohibitively expensive technologies agibks
to a much wider swath of society. Kelley et(@014) created an open source turbidimeter using
primarily off the shelf electronics, programmed in the Arduino language, out of components that
can be assembled for under $26zalone et al(2013 created an open source colorimaising
an Arduino board. Leeuw et 42013 built an Arduino baseth situ fluorometeto study

phytoplankton biomass for roughly $150.

The data logger we use in this study, the Aliesgmade up oArduino based hardware
and programming. Dr. Andy Wickert developed the ALog to optimize collecting continuous, high
guality environmental field data (Wickert, 2014he ALogwe usein this study is the ALog
BottleLogger v. 1.0and in staying true to open soudmelopment ideals, both its hardeand
software use and builoh previously developed components. An ATMegd32ficrocontroller
chip controk all aspects of #logger. Sensors interfaagth themicrocontrollervia board
mountedscrew terminal wire carection pinswhich consist ohine pins that serve as either
analog or digital read pinthreeadditional dedicated digital pinsix 3.3V regulated power pins,
two VCC power pins, and three ground pins. An onboard SD card fesitier allows logged
dat to be written to an SD card in a comma separated text format, a USB connection port
provides a means to both upload programs and interact with the board from another computer,
anda barrel jack style power plug allows an external power connectionsinabe to 3 iell
batteriesA DS3231 real time clock keeps accurate time for the loggedeigdming when a
logging event will occu(Wickert, 2014)ALog software includes the
by Dr. Andy Wickert, which implemesatogging routines, interfasavith sensors, and wrise

data to the SD car@ickert, 2014)



-Sensors

In this study, we measuréemperatures using negative temperature coefficient (NTC)
thermistors (Cantherm +1% 3380K10Kohm part number CWF1B103F338T his model
consists of a NTC thermistor potted in a 5 mm wide by 16 mm long bead of ethoxyline resin,
connected to a-&ire PVC coated meter londead. One wire€onnecs to an analog reguin on
the ALog and the second wire conneict one of théboad 633V powersource pinsWhen a
logging events triggeredthe ALog sends out a 3.3V signal throutle wire connected to the
power source pitowards the thermistor. When the voltage reaches the NTC thermistor, the
resistance of the thermistor is pisagy controlled by the temperature of twerounding raterial
wherethe resistivity increases as temperatigereasesthisresults in a voltageeturnedo the

analog pin thathe microcontroller converts atemperatureeading

We measurediatemperatures at logger location 4, using thermistors to measure air
temperatues near the water surface, separatatically by approximately 58 critheblack
thermistor potting and wire expected to be exposeathdotwavesolar radation were spray
painted whiteto reduce thémpact of shortwave solar radiation on air temperature readings.
Water temperatures were measured using two thermistors at every logger location with the
exception of logger 11, wherelg one thermistor was deployed dweavailable pins being

occupied by pyranometer sensors

We measurewvater depthsising the Maxbotix MB7388ltrasonic rangefinder
(Maxbotix Brainerd, MN), which features 1 mm resolution and a reading range of 30 cm to 5 m.
We mountthe rangefinder undt a fixed height above the water surfallee rangefinder
determines the depth to the water surface by s

and measures the time it takes the ping to bounce off of the water surface and return to the



rangefnder. The rangefinder applies an air temperature correction to the return time and yields an
analog voltage which the microcontroller converts to a range inAtewvery 1 minute logging
interval, the rangefinder sesdut ten ultrasonic pings and retaten range readingbat are

written to the ALogds SD card.

We measuré shortwave solar radiatioat one location aite using two Apogee SP12
pyranometes (Apogee Instruments, Inc.pgan, Utah)whichuse asilicon-cell photodiodeo
guantifysolar radiation in the spectral range of 360 nm to 1120nwident shortwave solar
radiation powerdhte initial reading taken by the silicaell photodiodehowever thigieldsa
voltagetoo lowfor sufficientresolution on an analog repah by the ALog. The SP212 is an
amplified pyranometer that uses power from theg to amplify the silicorcell photodiode
signal to a levithat is readablby the ALogwith high resolutionTwo pyranometers were
deployed at the same data logging location within Mékand. An upward facing pyranometer
measursincomingshortwave solar radiatiopand a downward facing pyranometer measure
shortwave radiation reflected from the water surface. The difference between the two

pyranometerss takenasthe shortwaveadiatian that thewater columrabsorbs

- Logger Housing

For this study, we designed and bioljger housingshat couldwithstand periods of
submergence on the order of days to weeks. Keeping with the DMt (Daurself) spirit of the
project,construction ofthe data logger housingsesmaterials available from a local hardware or
easilyavailable through online ordefhe general design of the housing ig6amm (0)
cylindrical PVC body with a threaded cap on the top and a PVC reducer fittingtbeat to a

19mm (13 9 threaded connection hging the ultrasonic rangefinder.

10



The passage of sensor wires for thermistors and pyranometers through the housing body
required the installation of waterproof poft&is proved to be difficult, and sealants designed for
use with PVC did not reliably bond with the flexible PVC coating found on what are commonly
listed as PVC coated wiré/e developed, tested, and deploydddchanique where ead@nsor
wire passing thregh the housing was potted in an epoxhich performed weih the fieldand
laboratory testdetailed step by step instructions on himwconstructhe logger housings

available inSupplement 1

- Field setup

Measuring water surface elevation using an ultrasonic rangefinder presents unique
challenges. Any object that comes between the rangefinder and the water surface may be detected
by the rangefinder and lead to an erroneous reading, so biofouling is ancdunieg field
deployment To deal with this issue, logger housingsravset inside of 852 mm 6 pdiameter,
1.962.54 m {7-1 0 P léngthPVC outer casing, whichcs much like a piezometeWe drilled
19 mm (J 9 holesinto thelower0.30:0.91 m (23 &pdrtionof thel52 mm 6 Pcasingto allow
sufficient hydraulic connectivity ith the surrounding environment, whieke then wrapped with
household exterior windogcreen materiadecuredvith hose clamps to limit access to the
interior from potential bifoulers.SteelU-channel fence pos&s4 m(8 Yhigh were poundeihto
the sedimentintil well seated, and-2 hose clamps secured the2 mm 6 Ppcasings to the fame
posts Upon installation, hand measurement of distance to the sediment surface and water surface
from the topof-casing (TOC) was recorded. Since the range finders are measuring a distance
from the sensor to the top of the water source, these hand measungarerecessary
convertthe range reading to a water deptfe repeated theame hand measurements at the end
of the deployment to assess any changes over the deployment period. Logger locations were

recorded using a hand held GPS unit.
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- Deployment

Dataloggers were deployemroundMike Island during two field seasons. The first
deployment consisted of 14 loggers deployed from 2/8/2014 to 8/22/2014. During this
deployment, all loggers were programmed to record water temperature and depth to water at 1
minute intervalsWe recovered.3 of the 14 deployed loggefdatural processes (waves, tides,
wind) appear to have beeesponsible for the loss of tkarecoveredogger.This deployment
producedonly 5 days ofusable dataas a technical issue with tleggers SD card writing routine
lead to all loggers ceasing to write data past 5 days into the deployment. Further ingastigati
revealed that the loggetsntinued to take measurements during the entire deployment, but these
measurements were not writtenthe SDcard Troubleshooting sessionsvealed that logging
proceeded as designed whesing brand new SD cardsowever SD card issuasosewhen
reusingcardsthat had been removed from a loggéher to download the data or to upload new
programmingo the logger. When these previously used SD cards were returned to the logger and
the loggers were set to run again, datateto the SD card for some time, generally on the rorde
of a few days, before writingeasd. We tested mltiple methodsof reformating the ugd SD
cards but found no solutianThe workaroundve employedo producegull deployment data

recording was to use new, out of the box SD cards during the subsequent successful deployment.

A seconddeploymentfrom 2/18/2015 to 5/19/201wassuccessfuand consisted initially
of 12 deployed logger¥Ve deployedlL1 loggers in the inner island area of Mikéahd, and 1
loggeralong the northwestern edge of Mike Island in the primary chawfetecovered O of
the 11 inrer island loggersNine of the 10 recovered loggerscorded water temperature and
depth to water for the entirety of the deployment, and one of these loggers also recorded air
temperature at two different heights near the water surface (logger 4). The remaining logger

(logger 11), whichmeasurd incoming shortwave solar radiation, reflected shortwave solar
12



radiation, water temperature, and water depth stopped writing data to the SD card duritig the 44

day of deployment.
Additional meteorological data

In addition to thdield data acquired via the data logging unisésliation budget modeling
required supplementaryetorological dataWe obtained weragewind speed relative humidity,
and general cloudover typeat 15 minute intervalom the Weather Underground corarcial
weather service websifaww.wunderground.conusing thePatterson, LAstationat Williams
Memorial Airport(station KPTN)approximately80 km northeast dhe center oMike Island
We used datfrom the HoumarerrebonngLA airport station gtaton KHUM, approximately 77
km east of Mike Islandip replaceantervals of missing data from the Patterson stdtonhe
days of April 21, 22, 27, and 28 and May 1 through 15, 20&5selected thestationsas they
arethe nearest available airport wieet stations to the study saaed havesimilar format,

parameters, and data intervals.
Raw dataprocessing

For this study we preprocessedvrfield data in several ways prior to any modeling or
analysis in order to remove obviouslya@reousvalues. Raw depth to water data had occasional
outlierscreated by false readings from the ultrasonic rangefinders, either in the form of an object
in the rangefinder path causing a false depth to water reading, or an unknown error causing an
impossible @épth to water value (for example, a reading occusiggificantlybelow the
sedimensurfaceor aphysicallyunreasonable spike iregh as defined beloyv Logging intervals
of 1 minute made these false readings particularly easy to pick out, as éodepthr change of
the order of 1 meter or more over the span of 1 minute was extremely uimikieiy field
setting Extreme outers tended to be at a relativelgnsistent value for each individual logger,
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sowe applied dilter to remove any valuexeeeding a certain thresholfter we removed
outliers, we applied thRIATLAB function naninterpto interpolate across the removed intervals.
Raw water temperature data also occasionally comtampossible values, which wemoved in

a similar fashiond the raw depth to water data.

After removing outlierswe smoothed noisy datas i nh g M Afilier fArBtiorg a
moving average fitr. We used a window size of 58 fdepth datarad a window size of 2for
temperature datdVe applied ashift to theresulting filtereddata to removéhelag introduced by

the moving average filter.

Models and Equations

- Water TemperaturReferencéviodel
We created a reference model for this sthgdgalculating a simple, single layer energy
budget modelisinga combination of field data collected during the field deployment portion of
the study andupplementabasic meteorological data obtainedrfr publicly available sources.
We model theaate of changef water temperaturasing the following equation:

4 r-

i Equation 1
Y < Z FF - -.—<I ( q )

Whereg’%| is thechange in temperature {, [f4is thetotal energy flux (kJ/dt min), z, is the
density of water (assumed to be = 999.97 I§), s == is the heat capacity of water (4.185 kJ kg
1oK), and® -6 |1e water depth (mYhe change in tim¥ qwas set to equal 30 minut&te
averaged lafield measured and externally obtained meteorologicia desednto 30 minute

intervals.
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The total energy fluxr s found by:

F« S 4 doq 4y T (Equation 2)

where |L+ is total absorbed shortwave radiation (V\?)m];:; .Is incoming longwave radiation (W
m?),4, , ig outgoing longwave radiaticiV m?), 3 is the sensible heat flux at the water surface
(W m?), =|-is the evaporation at the water surface (#),mandy yis the ground energy flux (W
m?). The o methods of determinin§4= in this studyare (1)field measured dat@om deployed
pyranometes, and (2)a simplifiedsolar radiatiormodeling approdtoutlined later in this paper.
Thefield measurediatais found by subtracting the reflected shortwave radiation (measured with
a downward facing pyranometer) from the total incoming shortwave radiation (measured with an
upward facing pyanometer)The resulting value fof4is in W nm? whichwe converto kJ m?
min by multiplying by 60 and dividing by 1000.

The incoming longwave radiatieh;; .Is calculatedaspresented in Paaijmaes al.

(2008

4. 8 8 Vm CH|+§ oy (Equation 3)

wheregis the vapor pressure (hP&)is the StefafBoltzmann constant (5.67 x 2@V m? °K),
%|+ Hfs the air temperature (°KBis a constant (0.60), anduis the fractional cloud cover which
we explainin depth in theloud cover radiation mdel presented later in this studye vapor
pressure gis found by calculating the saturated vapor pressg@ising the procedure of

Campbelland Normar(1998 and Paaijmanst al.(2008:
15



m 17m (Equation 4)

8 44

(Equation 5)
T4 8

Y S me®
whereq g is the percent relative humidity arﬂq Jis the air temperature in °C.
4, , ig the outgoing longwave radiation and is found as presented in Ktista&l 994):
4.0« 0. g (Equation 6)
wheret., is the emissivity of water (0.98) apﬂd_ gis the water temperature in °K.
The sensible heat flux is found by:
T 240 FrAo4 A+ (Equation 7)
where z1 is air density (1.225 kg #), 7E_is the heat capacity of air (1004 J'Hg™), ¢ is the
wind speed (m$), Fl is a dimensionless heat transfer coefficient parameteriz€ddynans et

al. (2008 equaltos  p T, andq|., 4is the water temperature (°C).

The evaporative heat fltﬁg is foundby:
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=I- | E— = (Equation 8)

wheref] © is a wind speed function:

| E 8 8 o (Equation 9)
8 d
m 8 me 144 (Equation 10)
I+ 8
b .
= -,i (Equation 11)

(°C), m-is the actual vapor pressure (mb), ainclb is the relative humidity (Ji 2008).
The ground heat fluxg yis found usingdPaaijmans et al., 2008)

2y 8 Ly od 4 (Equation 12.3)
The results of an alternate analysis using the following parameterization can be found in
Appendix L:

Tv 38 L+ =|;;;;. d, o < (Equation 12.b)
Reference modeled water temperatures were reset to the field measured water temperature for

eachlogger location every night at midnighid prevent accumulation of errors
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- Clear SkySolar RadiatiorModel

We apply aclearsky solar radiatiormodel to parameterize the total absorbed shortwave
radiation, L+ in oursimplewater temperature raknce modelHighly detailed radiation budget
studies often require site specific field measurements of solar radiation, pveiehablyrequires
well maintained and often expensive monitoring emugiptthatis not typically available for
many sitegNorman and Campliel 998 Paaijmans et al., 200Baulescu et al., 201.3n the
case of our relatively simple reference model, creating a model of solar radiation fluxes rather
than using field measured values alédtve study to be repeated at other sites where field
measured solar radiation fluxes are unavailable. A detailed description of the equations and
process used to create ttlear sky solar radiation modehn be found in AppendiX.

At its most basic level, a clear sky solar radiation modeliges thetheoretical
maximum of incoming shortwave solar radiatfonany given location on earth at a specific time
(Kasten and Czeplak, 89; Muneer and Gul, 2000The basic prcess involves starting with a
simply modeled value of extraterrestrial shortwavars@diation incident upon the top of the
earthodés at mosphere, whi eshndistaneandtimdiadyearmw|l at i on be
provide awell constrained valud.he model themses the relationship between the site location,
day of year, and time of day to establishphbsition of the sun in the sky throughout the modeled
period, which is known as the solar zenith angle.then use theotar zenith angle,
extraterrestrial shtwave solar radiation, and several other basic parameters to estimate the total
shortwave radiation incident upon the surface of our fielddsiteng clear sky period&asten

and Czeplak, 198Muneer and Gul, 2000; Norman and Campbell, 1998)

- Cloud CoverRadiationModel CRM)
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As mentioned previously, clear sky solar radiation models provide a theoretical
maximum value of solar radiationagiven site. As the name implies, this type of model
assumes uniformly clear skies throughout the modeled time periedeadn realitythe
presence of clouds considerably modifisoming solar radiation. Many detailed models exist
which attempt to éscribe the effect of clouds on radiation budget fluxes, and many of these
models rely on accessing highly detailed and complex descriptions oftgfmidndcheight
(Reno and Stein, 201Buo et al., 201por detailed long running field observatitmat equires
onsite field staff for the duration of the stugd§asten and Czeplak980). A more simplified
approach uses a parameter known askte or fractional cloud coveio describe the relative
fraction of the sky containing cloud cov@uneerand Gul, 2000Gul et al., 1998; Kasten and
Czeplak, 180). This is not a parameter that is widely available to the publiméoryfield sites,
so we propose method tamodel the relationship betwearcommonly available sky type
parameter and tremoun of solar radiation that reachét®e ground surface.
Many major commercial weather services provide bothtmee and historical weather
data that is easily accessible to the general public via the internet. Most of thisndeteiis,
however one of the moptominent andecognizable feates of a weather report is the weather
icon. These weather icons are generally tied to a descriptive string, such as a sun icon tied to the
phrase AClIlearo6, a sun pedtial theobtcasediPwaral
cloud icon tied Werefértotese descapsass MAACS koyu dtyyop,e 6 f r om
which wedownloaded from a publicly availabb®mmercial weather servies previously

describedEach skytype descptor was assignecha & «aiue, which was theconverted to a

O wvaluefollowing Luo et al. 2010. Sky type descriptor string and.valuesare presented in

Tablel. We use thel ivalueto modify thetotal absorbed shortwave radiatidhk modeled in
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the clear skyolar radiation modeb obtain a more accurate representation of the shortwave solar

radiation reaching the water surface on Mike Island.

Sky Type 04 Sky Type 04
Clear 0 Light Rain 1
Scattered Clouds | 0.4375 Heavy Rain 1
Partly Cloudy 0.5 Thunderstorm 1
Mostly Cloudy 0.75 Mist 1
Overcast 1 Light Thunderstorm 1
Haze 1 Heavy Thunderstorim 1

Rain 1

Table 1. Weather Underground Sky Type Predictors and their associated
values

Results
We presentield measuredvater temperature time series for each logger location in Appé&ndix
andfield measuredvater depth timeeries for each logger location in Appen@ixAppendixD
contains graphs of predicted versus observed water temperature time serieslfmygagh
location using field measured shortwave solar radiation, while Appé&ngligsents the results
predicted versus observed water temperature time series for each logging location udimglour
cover radiation radel to predict water temperatue present the resulting fluxes for the clear
sky solar radiation model, the cloud cover radiation model, the field measured shortwave
radiation, and the difference between field measure and predicted shortwave radiation in
AppendixF. AppendixG contains time series data of radiation flux terms at each data logging

location.

METHODS, RESULTS, AND DISCUSSION OF INDIVIDUAL ANALYSES

Method 1: Reference Model Anomaly
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Intro duction

Acknowledging thecomplexity of variousnteractingprocesses contributing to water
flow around and within Mike Island and the inherdifficulty of accurately capturing the role of
advection whemodeling water temperature acrtiss island, this analysisses a reference
model approach to modehly a pation of the system thatanbe more accuratelgxplained We
compare his reference modelgainsfiield measuredalues wherethe difference between the
two istreated noaisan error, butgan analyzable, quantitativalue indicative ofhe role of

more complexurn-modeledprocesses.

We borrow heusage of a reference model from the software engineering amadld
applyareference radel to analyze environmental systems as presented by Power et al. (2005)
The specific asgct of a reference model wélize hereis to apply some basic ideas and
relationships to create a simplified model of an otherwise exceedingly complex natural system.
We accepthat thismodel will not accuratelgapturethe entire complexity of the systerRather,
its role is to dentify what, if any, parts of the measured signal reflect the relatively simple, first
order balances defined in the equations of the previous sedfitnthese identified, future work
or further analysis cafocus onthoseaspect®f the system where ane complex processes come

into play.

Water temperatures at any point iméi on the site arhe result of gotentiallycomplex
interplayamongriver channel, stage, discharge and temperature, tides, currents, winds,
geomorphic structures (including natural levees.ondaryeeder channels connecting river
channels with thenterior of the islandgnner islandyeomorphic and vegetatig¢ructurs) and
radiationenergy budgetOf these variablegll exceptradiation energy budgatreadvection

related terms. A separate study conducted by Hiatt and Pass@@adBaound that the
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dynamics of the advective system on Mike Islangcomplex. Theeaference model assumes
that the most significant radiation inputs mayalseuratelynodeled using previously established
radiation balance modeling techniquége use our radiation modtl predict the water
temperature at select locations on the islanilennoring any advective terms, and comphig t
reference model to water temperature field data obtaindtiigiatudieslata logging systems.
We use lhe anomaly between the predicted temperature and theuneel temperatute infer the

presence of msible advection related phenomena.

Paaijmans et a{2008 conducted a study that provides a relevant and useful analog to
our reference model. The study cites the direct link between the growth and development of
immature, malaria carrying mosquitoesidhe diurnal water temperature regimes of the pools
they live in. In an attempt to better predict and manage these populationsSalgan Africa,
the authors use adimensional energy budget model to predict the diurnal water temperature
timeserief a smal |l , c¢i r cmdianeter,.8& dedp) filled with waidr. ( 0. 9 6
Two models were employed: (1) an energy budget model using meteorological and radiation data
obtained from nearby weather stations, and (2) a simplified version of fiddsing the
Angstrom approach for ndeling incoming radiation. The authors then compare tressdts to

water temperaturaneasured in themall tespool (Paaijmans et al., 2008).

The approach taken by Paaijmans ef2008 is both similar to and fudamentally
different than the reference model approaehuse Like Paaijmans et 82008 we create two
different Zdimensional energy budget models, one using measured incoming shortwave radiation
inputs and one using a fractional cloud cover deriedar sadiation model for inputs. However
the fundamental difference is that Paaijmans 2808 develop their model as a means to
accurately describe their system of interest (a pool of water) while we use the reference model

approach to model only pgaof a greatly reduced complexity system.
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For analysis of our model waake thesimple assumption: that the water temperatures
we model represent the water temperatures that would exist on Mike Island for each logger
location were there to be zero adventbccurring on the island. This is analogous tcsthall
pool modeled in Paaijmans et @008 being present at each logger location, with water depths
within each pool tracking the measured water depths of each logger location througrhéme.
assumgon of zero advectioon the inner island areasWfax Lake Deltds known to be untrue,
based on the work of others (Hiatt and Passala@fid Shaw et al., 20)6as well as both
water depth time series and qualitative field observations made dhisrsjudy but the strength,
times, and locations of advective effects on temperature are not Kibenefore we usethe
difference between modeled and measured water temperasuaesindicator ahe presence of
advected cooler, mostable temperata main channel waténto and throughout the inner island
wetland.In this contextwe interpregreater positive anomali@s representing areas that have a
water temperatursignaturemorecharacteristiof water recenthand/or more stronglgdvected
from theprimary channelWe interpret maller positive anomalies as representing areas where
water behaves more like the stagnant watersohallpool,i.e. water that has longer residence

time and spends motine in the inner island area.
Method

We calculate the anomalyetween the reference model water temperature and the field

measured water temperature for each logger location as follows

= o OFmdy. m 4 at v (Equation 13)

whered| . sis the water temperature predicted by the reference model (°Gﬂ)ja‘1g ig the
actual water temperature as measured by the data loggeWéGhen separatenamaly values
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for each location based on whether they were positive or negative in ogdienitate any
averaging effect that may occur from analyzing the two toge#utitionally, we present plots
depicting the rate oftange of water level versasomalyat each location as a means to further

assess our anomaly model.

Results
1200
Water Depth vs. Anomaly
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Figure 3: M ean Water Depth vs. Mean Positive Anomaly

Figure3 shows a graph of mean water depth against mean positive anomaly for both
CRM and pyranometer measured water temperature modeling. Pyranorodéded data is
plotted for the first 43 days of data logger deployment, as pyranometer data collection failed on
the 43! day of deployment. CRM modeled data is plotted for the first 43 days of the deployment

to compare with the length of record for pyoaneter modeled data. Additionally, CRM modeled
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data was plotted for the entire length of deploym@fe.present tablesummarizing meawater

depth, mean positive anomaly, mean negative anomadimean total anomaly in Appendtix

Appendix K presents pts of the change in water depth versus the mean total anomaly
for all modeled locationd'he rate of change of water level is computed at BQit@ intervals.
Plots are presented showing change in water depth versus mean total anothalfuiblength

of deploymentand for days of year 785.

Discussion

FromFigure3it is clear that a primary control on mean positive anomaly at the measured
locations is water deptishallow logger locations tertd have greater mean positive anomaly,
while deeper logger locatiomsvelower mean positive anomaly valu€&omparison of mean
positive anomaly values for loggers of relaljveimilar mean water depth providigsight into
the hydrologic connectivity een channel water and inner island water. A grouping of the
three shallowest logger locations (5, 9, and 4) provides a good example. Loggerstaand 9
greatest mean positive anomaly, and are lmuifited in areas whererntakes sense that they are
closely conne@&d to channel water advectidogger 9is at the outlet of the primary feeder
channel on the northern portion of Mike Islafatjger 5 isadjacent to the natural levee on the
western side of Mike Island, distallpeugh that the natural leveeovides less of a hydrologic
barrier between channel water and inner island water than more proximal locations. In contrast,
logger 4 shares a similar mean water depth leilgers5 and 9yet has roughly half of the mean
positive anomalyas those two loations. We interpret this as evideniat logger 4epresentsn

area of the island where water residence timegerater than loggers 5 and 9

Loggers 13, 15, and 14 areather grouping of three logger locationshwsimilar mean
water depthsLogger 13 has the highest mean positive anomaly of thiggiodicating that it is
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the most hydrologically connected to the channel whatayger13 is relatively distl and in an

area of the island whefeequent inundation of the island edge leveesaalfora strongr

connection between the river channel arig éinea of thénterior of the island. Logger 14 had the
lowest mean positive anomaly of this grouping, indicating that it is the least hydrologically
connected to channel water of the grouperestinglylogger 14 is in close proximity to logger 9,
which we interpreas having a high degree of hydrologic connectivity with the channel via its
proximity to the outlet of the feeder channel. The discrepancy between apparent connectivity with
the dannel between locations 9 and 14 may point to the preseads/difologic barrier or flow

divide between the two locatioriBhe apparent presence of standing water during low tide

periods at location 14 supports idea that logger 14 has a differenthgiogic regime thamost

of theother logger location®©ther logger locations in the northern portion of the island tend to

go dry during the lowest tidal periods, however during the same periods that these other locations
are going dry, location 14 shevstanding water. It appears that some kind of isolated water body
exists in the north east portion of the island near logger location 14 during low tide, and this could
also point to a reason whyespite its relatively low mean deptbcation 14 has sica low mean
positive anomaly. The relative hydrologic isolation of location 14 means that the standing water
assumption wenakein our reference model is closer to true than in other areas where advection
and close connection to channel water dominatevéier temperature signature. Logger 15
produces mean positive anomaly values in between thdsggersl3 and 14, and has a

nominally deeper mean water depth than those other two locations. This points to a more
moderate connectidmetweerchannel wateand location 15wherewater residence timeall
somewhere between those of locations 13 and 14. Spatially located in the central portion of the
northern half of Mike Island, theonnection betweethe inner island area ndacation 15and

channel water likely comes as a mixtofevater supplied by prominesecondaryeeder
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channelgsuch as the main northern feeder charaedl channel water that is able to overtop the

less effective levees of tteuthern portion of the island.

TablesH.5, H.6, and H.9 present the mean total anomaly results for modeling using field
measured (pyranometer) radiation values as well as the cloud based radiation modeling for the
first 43 days of deployment and for the entire length of deployment. The mebanomaly for
all logger locations using CRM modeling for the entire deployment is 0.73 °C, using pyranometer
data for the first 43 days is 1.37 °C, and using CRM datthe first 43 days is 1.08 °C. These
values show that our methods of modeling wigarperatures on Mike Island may be useful for
predicting water temperatures for the purpose of ecological stadsesilar settings The results
of an alternate parameterization of Gs found in equation 12.b, which uses 0.05 instead of the 0.15
used byPaaijmans et a{2008 can be found in Tables L-9. These tables show that generally a

greater positive, negative, and total anomaly results from using the alternate parameterization.

These results point to the strong role of advection in regulating teatperature on the
bar top, and the spatial variability in temperature that this cafidature study could be
designed arounthis idea and thevater temperature anomaly analysiswhich it is basedue
to the strong role of water depth in water peamature modeling, it would be interesting to
perform a study where logger locations were selected entirely based on sediment surface
elevation. Locations could be selected so that larger groups of loggers were placed at similar
sediment surface elevatignshich would therefore place them in groups of similar water depth.
By locating many loggers at similar depths, the role of water depth would be effectively
eliminated and intra group comparisons of mean positive anomaly could yield more insight into

thehydrologic regime of various pootis of ariver dominatedieltaic wetland island
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Method 2: Correlation Coefficient Analyses

Method

In this method we comput®rrelation coefficientfor measured water temperatures
between everygssible pair of loggen® assess similarity between time seri#¥ge. computecross
correlation between logger pairsing thexcorr functionin Matlab (version 2014a) to eliminate
the effect of lagged signals between loggére.divide bgger pairs into different correlation
coefficient bins ranging from 1 to 0.9, 0.9 to @& to .7, and less than 0.7. We then create a
map for each binwhere a lineconnects logger paithatshare a correlation coefficient occurring
in that particular bin. We assign a unique line color for each bin, and create a fifthahap
compiles all logger pair correlation coefficients into one riraally, we create a mapatuses
our color coded lia connections to display the correlation coefficients between the primary

channel logger location and each of the inner island locations.

Results

Appendix| presents the results of owreelation coefficient analysend contains
matrices of cross corfation and lagas well asnaps of correlation coefficien¢lationships

between logger locations

Discussion

By calculating correlation coefficients for water temperature time series between every
logger pair wecanassess how closely related various locations on Mike Island are in terms of
water temperaturéneusefulway to approach the larger analysis presented here is to focus
solely on the correlation coefficients between loggéhé primary channel locatioand alll

others(the inner island locationsThis methochighlightssome general spatial relationships
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between water temperatutiesthe primary channel and inner island aredsile we preserd
more in depth analysis involving all patrsathighlightsrelationships betweenner island

locationslater on

Correlation between inner island locimns and river channel location

Analysisof correlation coefficientprovides a simpkway to assess the degree of
hydrologic connectivity between tipgimary distributarychannel and inner island are¥ge
deployed logger & its specific location with the intention of capturing water temperatures in the
primarychannelThus we assunmhat correlation coefficients between logger 6 and each inner
island logger represent how hydrologically connected each inner island location is to the channel.
We suggesthat inner island loggetsaving relatively high correlation with loggé havea
strongerconnedion with theprimarychannel, andiew those with redtively low correlation as

morehydrologicallyisolated from the channel.

Loggers 5, 9, 8, 10, and 13 hHvecorrelation coefficients greatthan 0.90 with logger
6, which we interpreas arelatively strong hydrologic connectivibetweerthe river clanneland
these locationsand hence strong advective influenicegges 8, 10, and 13 aila the southwest,
distal end of Mike Island. In these distal locations, levee developmetveaetbvations arboth
less than in thaorthern portion of the islan@vhich leads to more frequent and longer
submergence of these distal levdem the levees in the northern port{@arle et al., 2013; Hiatt
and Passalacqua, 201%Yhen submergedhese distal levees provide a less effective hydrologic
barrier betweethe inner island and the river channel. Additionally, what appears to be a large
feeder channel cuts through the eastern levee just northeast of loggatind Passalacqua
(2015 recorded bdirectional flow in channels similar to this one\Wax Lake Deltg with
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reversal of flowbetweertherising and fallinglimbs of the tidal cycle. Channels such as this
provide an enhanced hydrologic connection betweeprih@ary channeandinner island
wetlands, andontribute to the relatively strong corrétat between the distal loggers and logger

6.

Loggers 5 and 9 aldmavestrong correlation with logger 6ogger 5 isalong the inner
edge of western Mike Island levee, roughly midway between logger 6 and the more distal
locations. This is an area where levaesmore developed than in the distal portions of the
island, but are not as often sub aerial as in the mordageeenorthern portion dhe island.
Logger 9 imear the outlet of the main northern distributary channel, and its high correlation to
the river channel water temperature makesd ofthe most interesting of the higlorrelation
group. This high cortation with the river channel verifies that the main northern distributary
channel is acting as a significant conduit linking river channel water to portions of the northern

inner island.

Logger locations that have the lowest correlation to the river channel water measured by
logger 6 demonstrate areas of the island that are more hydrologically isolated from the river
channel. Loggers 4 and 14 have the two lowest correlations with logemmnsstent with their
low anomaly results reported in the previous section. We interpret this to mean thraptiesgnt
portions of Mike Island with higher relative water residence times. It is interesting to note that
they both occur in the northeasnher island area, which may point to the presenee of
hydrologic barrier to the west of their locatio@Connorand Moffett(2015 show that the more
proximal, northern interior ahe nearbyPintail islandhas layers of more fine grained, lower
permeabity sediment in the near subsurface that may restrict infiltration related drainage in these
regions. The near subsurface of the more distal locationstehdve more coarse, permeable

sandghatmay facilitate greater rates of infiltration relatedidage.
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Correlation between all logger pairs

This analysiexpands on the previous sectiondmyisdering the correlation coefficients
between all logger pairgvhich yieldsadditionalinformation about how hydrologically connected

various portions of the islarateto each other.
Bin 1: Correlation coefficients between 1 and 0.9

Results from Bin 1 show that there is a group of loggers that generally all correlate well
with each otheas well as with the river channel. This group includes loggers 5, 6, 8, 9, 10, and
13. Logger location 15 is interesting, as it has Bin 1 connections with the three most distal
locations (8, 0, and 13), as well as logger Which has gpoor correlatiorwith the three most

distal locations.

Loggers 8, 10, and I#ave the highest number of connections withia group each
havingsix otherBin 1 connectionsAdditionally, these three locations have the highest average
correlation coefficients in bin yith all three locations havingraean correlation of 0.96 with
other bin 1 loggers they share a connection.Wittese three are the most distal locations and the
most closely coelated tahe primary channel location (logger Bhis indicates thadvection
leaving the primary channel more directly influentes distalinterior areas of Mike Island,
whereadjacentevees are more subaqueous and hgmogide less of a barrier to hydrologic

connectivity

Logger 9 ishe nathernmost logger, and &the 2" shallowest mean water degihany
location. In addition, it is in one of the most heavily vegetated inner island logger locations

light of the close relationship between water depthadnility of incoming solar radiation to
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influence the ra of changef water temperaturdighlightedin the referencenodelanomaly

portion of this studyalongwith theability of heavy vegetation to diminigirimary channel
momentum flux, one might expect location $htve a poor correlatico primary channel water
temperatureThis is not the case, as logger 9 has five Bin 1 connections, including with the three
most connected loggers (8, 10, and 13) and the primary channel location (logder ®cation

of logger 9 ign the vicinity ofthe outlet of tlke mainnorthwesterrsecondey feeder channel,

which explains the strong connectivity betwdegger 9and the primary channel locatiorhe

strong correlatiotetween logger 9 antiethreemost distal and well connected locations (8, 10,
and13)is further evidence of the high hydrologic connectivity between logger 9 and the primary

channel

Bin 2: Correlation coefficients between 0.9 and 0.8

Five of the six total logger pairs that are in Bin 2 shagger location 15 as a member.
Hiatt and Passalacq@2015 note flow direction reversah both the inner island and the
secondary channels during the rising and falling tides on Mike IsTdradlocation ofdgger 15 is
in an area of the l@nd where levees arsoderately well develaa and the bidirectional ebbs
and flows of the tidal cycle may play a prominent role in the driving advedtienhighest
correlation in Bin 2 is betwedngger9 and its close neighbor to the soutlgger15. It is
interesting to note the discreparioythe correlations between paird 9, 914, and 94. Despite
being the most proximal locations to logger 9, loggers 41drghare a much lower correlation
with logger 9 than the also proximal logger 15. This may be eviddreéeature that limits
hydrologic connectivitybetween loggers 9 and 15 and loggers 4la@ndavhich could be in the
form of a geomorphic feature, vegetativeisture, or advectiorelated phenomenén this
context,the advection oprimary channel waten the vicinity of logger Shrough the main

northwest feedecthannelmay be preferentially directed towards logger 15, resulting in the high
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correlation between loggers 9 and 15. The relative strength of tides and wind in influencing
advection cited in Hiatt and Pak®ajua(2015 may play a strogrole in the water temperatures
atlocations 4 and 14 and may be responsible for their poor correlation watiplos more

hydrologically connected to the primary channel such as lo§gansl 15.
Bin 3: Correlation coefficients betwe@mB and 0.7

Five of the seven total logger pairs in Bin 3 shaggeér location 14h common.The
relatively lowcorrelations stemming from location pdint to poorconnectivitybetween its
location and thareas of Mike Island that have been shown to be more influenced by primary
channel advectiorLocation 14 shares Bin 3 connections with loggers 5, 8, 9, 10, and 13, all of
whichwe interpret to beegionswith a relatively strong connection with the prima&hannel.
Logger 11 has Bin 3 connectivity with locations 4 and 5, which is interesting given the relative

proximity of the three locations.
Bin 4: Correlation coefficients less than 0.7

Logger locations 4 and 11 dominate Birbeinga member of sixrad five pairs
respectivelyThese two locationarethe least connectaaf the logger locationS he relative
disconnectivity of logger 4 implies poor correlation betweavater temperature time series
logger 4and those o majorityof the islandocations The three most connected locations
identified in Bin 1 (loggers 8, 10, and 13) are all paired with logger 4 in Bis &, the primary
channellocation(logger 6). This indicates that logger location 4 is a region of Mike Island that is

relatively isolated from the influence of water recently advected from the primary channel.

Logger 11 stopped recording data on thé d&y of the 88 day deployment, meaning our

available time series is roughly half as long as all other locations.
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Topologicd Map of Water Temperature Correlation
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Figure 4: Topological map of water temperature correlation coefficientelationships
between data logging locationsising correlations greater than 0.90Logger location 6is in
the primary distributary channel , while the remaining locations are in the interior wetland
of Mike Island.

Introduction

We present gopological magFigure 4) depictingthe connections between logger pairs
sharing correlation coefficients greater th@@d. .Topological maps aragraghical means to
depictspatial connections icomplex data ira simplified form. Perhaps the most recognizable
example of a topological map is a subway nsaggh aghat ofNew York City. Lengthsof lines
or connections in topological maps are not scaled tepresentative okal distancesand are
not directionally specific. For example, on a subway map the distance between points is typically
not directly scaled to the actual distance between statisisad, the goal is to present relative
locationsand connections as clearly as possiBimilarly, in our topological map the length of a
connection between logger pairs does not relate to a specific value and is not indicative of how

strong or weak the correlation between that pair is, but merelthinabrrelation between the
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pair is greater than 0.9GBubway maps also do not typically depict a specific direclibn.same
subway map applies whether the commuter is heading east bound or west bound, it is only the
order of stations that changes lihsa direction. In the case of our topological map, direction

also has no value as each connected logger pair shares the same single correlation coefficient (

6-8 is the same as®.

Results

The topological map ini§ure4 shows a clear connectivibetween a large subset of
loggers that includes loggers 5, 6, 8, 9, 10, and 13. Each one of these six loggers shares a
correlation coefficient greater than 0.90 with each of the other five locations in this core group.
Within this group, loggers 5, 6, aBdeach have five total connections, all of which are within this
core group. Loggers 8, 10, and 13 each have six total connections, consisting of five connections
with the core group and a sixth connection to logger 15. Logger 15 has four total comsnection
consisting of three connections to core group members (loggers 8, 10, and 13) and one connection
to logger 14. Logger 14 has two connections (4 and 15), while logger 4 has orihgthe s

connection to logger 14.

Discussion

The members of the highly connected core gneapnterpretas not only highly
hydrologically connected to each other, but also highly hydrologically connected to the river
channel. This is evidenced by all members of the group sharing a topologicaltimomwéb
logger 6, which is measuresger channel temperaturéd/e concludehatthese loggers iare in
areas of Mike Island where the advection of river channel water onto the dslanoktes the

hydrology, and are therefore areas where water residémes are relatively low.
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Loggers 14 and HKavesignificantly less topologicalonnedion than the other seven
logger locationswhich we take asepresenting areas of the island where hydrologic connections
are of a relavely lower magnitude. Thegepresent inner island locations where water residence

times are relatively greater.

Logger 15 connestwith several members of the core groap well as the relatively
sparingly connected logger 14. This suggéstt location 15 represents a transitiooahltion

between highly advective areas and more hydrologically isolated areas of the island.

It is interesting to compare the topological connections map with the actual map of Mike
Island logger locations, particularly the 15 to 14 to 4 locations. $rctinitext it appears that the
northeast portion of the inner island is the most hydrologically isolated of the locations studied.
We mentioned previously thétewater depth time series indicates that a pool of water often
remains at logger location 4 ding low tide periods, evenhenmoredistallogger locations go
dry. The presence of an isolated pool in the vicinity of logger location 4 is consistent with the
conclusion of relatively longer water residence tihmt we reaclhising the topological magd o
correlation coefficients. The actual location of logger location 14, taken with its position in the
topological studyshows it to be a location that limthe more isolated area near logger 4 with
some of the more hydrologically connected areas of the inner iSMmdiew bcation 14 as a

station in a pathway of water either entering the northeastern isolated region or leaving it.

Relating correlation cefficient and distance between logger pairs

Method
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Next, we attempt tarelate the distance between logger pairs to their correlation
coefficient. We use ArcMap to determine the distance between the field measured GPS locations
of each logger location. Wieen normalize atrices of distance between every logger pair and
correlation coefficients between each logger pair to a rangd afsihg the following equation:

®w | EW
i A@ | Eb

a Equation14

whered is the normalized valuey is the original valuel, E to is the minimum value in the

dataset, antl A @ is the maximum value in the dataset.

As a meansf assessinthe extremes of the normalized dataset distribution, the
normalized correlation coefficient matrix and the ndineal distance matrix were each shifted so
that they are centered on 0 and range from 0:8.5pby subtracting 0.5 from all valuedle then

compute e product of the ze-centered normalized matrices
Results

In the analysis of the product of the zeentered normalized correlation coefficient and
distance matricesye presenthe highest ten results along with the correspondingaemtered
normalized correlation coefficient and distance valnédsable 2 We present matrices of distance
between logger pairs, normalizdidtance between logger paizerocentered normalized
distance between logger paingrmalized correlation coefficients between logger painsl zere

centered normalized correlation caeifnts between logger paiirs AppendixJ.
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Top Ten Products
Normalized .
Logger Product | Correlation Normallzed

Pair . Distance

Coefficient
6-8 0.23 0.47 0.50
6-10 0.23 0.47 0.48
8-9 0.18 0.40 0.44
9-10 0.15 0.37 0.41
4-9 0.14 -0.36 -0.38
4-6 0.12 -0.46 -0.27
4-5 0.12 -0.42 -0.29
6-13 0.12 0.46 0.25
6-14 0.09 -0.23 -0.38
9-11 0.08 -0.48 -0.18

Table 2: Top Ten Products of Normalized Correlation Coeficient and Normalized Distance
betweenLogger Pairs

Of the 10 logger pairs presented, 5 values result from the product of positive values and 5 values

result from the product of negative values.

Discussion

This analysis uses thoduct of the zergentered normalized correlation coefficient and
distance matrices to identify surprising resulise nullhypothesis is that thekeill beanegative
relation between distance and correlation coefficiwhere logger locations that are close to each
other show stronger water temperature correlation coefficients and those that are further away
from each other show weaker correlation coeffiseBycategorizinghe largest products of the
zerocentered normalized matrices, we identify locations that do not conformnalthe
hypothesis. As can be seerrliable 2 high products result from either the combination a
relatively large distance heeen logger location and relatively strong correlation coefficient or
the combination of a relatively small distance between logger location and relatively weak
correlation coefficient.
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The two highest products are found between logger parar&l 610, and are the result
of the combination of a relatively large distance and a relatively strong correEtmincation
of logger 6is along the northeast edge of Mike Island and is meant to capture a representative
water temperature for the primary defiiatributary channel running along the western edge of
Mike Island, while loggers 8 and 10 are inner island locations found at the most distal portion of
Mike Island. Loggers 6 and 8 are test distantogging locations, and loggers 6 and 10 are the
secad most distanpair. The relatively strong correlation between logger 6 and loggers 8 and 10
reflects a strong hydrologic connection between the primary channel and the southern end of
Mike Island. This is likely due to a generally decreasing effectiwokthe natural levees along
the edge of Mike Island in separating the primary channel water and the inner island water as you
travel toward the distal end of tidand The third and fourth largest products are found between
logger pairs & and 910, and are again the result of the combination of a relatively large distance
between locations and a relatively strong correlation coefficient. Logger 9 is in theaofthl
portion of Mike Island, and more specifically is near the outlet of a tidal chiamkiag the
interior of the island with the westepnimary distributary channel. We hypothesize thig t
secondaryidal channel contributea supply of primary distributary channel water to the interior
of the island. The relatively large product beem the zeragentered normalized correlation
coefficients and distances of logger pai8 8nd 910, when considered alongside the
conclusions reached in analyzing logger paiBsahd 610, indicate that primary distributary
channel water plays a strongle in dictating the water temperature of both the distal end of Mike

Island and the northern portion of the island near logger 9.

The fifth through seventh highest products represent logger pairs where a relatively short
distance is combined with a atively weak water temperature correlation coefficient, and are
associated with logger pairs¥4 4-6, and 45. Logger 4 is an inner island location along the
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north-east portion of Mike Island, and logger 5 is an inner island location in theceasal
portion of Mike Island. Although these loggers are relatively close to each thtégido not

share a strong water temperature correlation.

Logger pair €13 yields the eighth highest product, the result of a relatively high distance
and strong water tgperature correlation. Logger 13 is along the seugtern inner island edge,
roughly 1 km north of logger location 8. The zeentered normalized water temperature
correlation coefficient between loggers 8 and 13 is slightly lower, but very simtlar toghest
products in the dataset found between logger garaind 610. Pair 613 havethe eighth highest
product primarily due tthe location ofogger 13 being roughly 1 km closer to logger 6 than

loggers 8 and 10 are.

Logger pairs 6.4 and 911 cantribute the ninth and tenth highest products, and both are
the result of combining negative zezentered normalized distance and correlation coefficient
values. Although they share nearly identical products (0.086 and 0.085 respectively), they differ
in how they get to that product. The product of logger pdi4 s mostly driven by a relatively
short distance between the two locations, coupled with a moderately poor water temperature
correlation. The product of logger pailQ is buoyed by the seconaakest water temperature

correlation coefficient in the data set, coupldth amoderatalistance value.

CONCLUSIONS

We havepresentedeveral methods thate analysis of water temperattiree series to
reveal details of the hydrologic connectivity between a primary distributary channel and the
interior wetland of an adjacent interdistributary island on Wax Lake Déise distinctly

different methods yield similar conclusions regarding the hydrolomioectivity between the
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primary distributary channeindtheinterior of Mike IslandDistal regions of Mike Islandh®w a
high degree otonnectivity with he primary distributary channel, yielding short water residence
times.Proximal locations shwe differing levels ofconnectivity to the primary distributary

channel depending on proximity to variousectioninfluencing structureslhe northeast

interior of Mike Island is relatively isolated from primary channel advection. The preseace of
hydrologicbarrierthatallows persistent standing water in the area contribitdonger residence
time for water irthis regionof the island At our data logging location in the northwesterior of
the island, we find that a secondéegderchannel bisectinthe western island edge levee plays a
prominent role in maintaining a high degree of hydrologic connectivityetgtimary distributary
channel. Furthermore, we show that the usesiinple,inexpensiveandopen source data

logging platform can generabégh quality continuous field data, allowieghanced spatialata
coverage for a fraction of the price of conventional syst&#esshow the utility of using a
reference model to accurately describe a component of a more complex, systataduct useful

information about the difference between our reference model and field measured observations.
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Appendix A: Clear Sky Radiation Model
Incoming shortwave solar radiation is the dominant term controlling the diurnal warming
of shallow surface waters. We construct a clear sky radiation model for the field site (Mike
Island, Wax Lake Delta, LA) over the length of the deployment that prositiesoretical
maximum of incoming shortwave radiation at minute intervals. We create our clear sky model

following the process outlined in Campbell and Norman (1998) as follows.

HUFL "tid "TiPT i d CHUTHT #THTD T <@ < (Equation

A1)

wherer is the solar zenith angle measured in degrees from veticethe altitude angle of the
sun as measured in degrees above the hotizanthe latitudeyf is the solar declinatiorn,is the

standard local time in decimal hours, atds the time of solar noon (Campbell and Norman,

1998).

Tid 8 P78 8 L (Equation

8 Nil 8 8 L A.2)

where Lis the Julian day, the number of days since January 1 of that year.

< 4 F (Equation

A.3)
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where fs a longitude correction that adjusts for site position relative to the nearest meridian,

and [ fis the equation of time which is found using

(]

svlk 8 vidl svi.- I Bv - B8+ vB +-v B

—J_
.-
o
<

(Equation A.4)

whereffis in degrees and is found using

| 8 8 L (Equation

A.5)
The next step in creating the clear sky radiation model is to calculate the amount of incident

extraterrestrial shortwave radiation at the top of the atmospheresing a method from

Partridge and Platt (1976)

=|i° (Equation
L A.6)
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whered 4+ ois the annual mean distance between the earth and the suHd vshtlee actual

distance between the earth and the sun based on the day of the year, found by

14
—=|— 38 38

[e]

L
A
o
#
(o4}

(Equation A.7)

whereftis found by

Z L
+ — (Equation A.8)

Once the solar zenith angle and extraterrestrial shortwave radiation are found, several
components of shortwave solar radiation can be calculated for a given site througjyisrtee
direct irradiance as measured on an imaginary plane perpendicular to thdméame direct
beam irradiance]m is the diffuse beam irradiance, afjgis the total irradiance occurring on a

horizontal surface. These components are foynithé» following relationships

‘"— Lw (Equation A.9)
4 Alre v (Equation A.10)
= 8 W Eako v (Equation A.11)
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‘||< M 1|- (Equation A.12)

whereWs the atmospheric transmissivity andis the optical air mass number. A valué/éf
8 was used, which Norman and Campl¢£898 point out is representative of a very clear

sky.O was calculated using

8 ko rv (Equation A.13)

wheresm is the atmospheric pressure as found by

— S meo =T (Equation A.14)

The final step in determining how much clear sky shortwave radiation is reaching the water at the
field site is to model the effect of albedo to determine how much of the total radiation is being
reflected off of the water surface. Following a method prhfin Cogley(1979), the first step is

to find the Fresnel albedéIwhich is a simplified approximation assuming direct radiation upon

a horizontal plane of pure water and is found by

> <«F-L » (Equation A.15)
> «F-L »

wheredtis the zenith angle armlis the angle of refraction found respectively by
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4 J|'f o VJ|IE Ll 4 (Equation A.16)
> viia vk (Equation A.17)
B 3

Finally, the albedo perceﬁh_can be found using

=|=— 1 (Equation A.18)
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Appendix B: Field Measured Water Temperature
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Appendix C: Field Measured Water Depth
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589.41

514.12
15 396.72
14 353.91
13 335.27
4 195.05
9 166.16
5 149.58

Table C.1: Mean Depth, Pyranometer Length Deployment (43 Days)

Logger Mean Depth (mm)
10 1108.22
6 736.14
8 637.84
15 527.79
14 480.55
13 384.28
4 317.06
9 281.55
5 261.38

Table C.2: Mean Depth, Full Lendireployment (88 Days)



Appendix D: Predicted Water Temperature vs. Measured Water
Temperature using Field Measured Shortwave Solar Radiation
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Pyranometer Modeled Temperature vs. Measured Temperature: Logger 14
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Temp (°C)

Temp (°C)

Appendix E: Predicted Water Temperature vs. Measured Water
Temperature using Cloud CoverRadiation Model

CRM Modeled Temperature vs. Measured Temperature: Logger 4
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CRM Modeled Temperature vs. Measured Temperature: Logger 9
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Appendix G: Radiation Flux Values
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420 Longwave Outgoing Radiation: Logger 8
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