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IntroductionIntroduction
Evaluate Loggerhead Turtle Nesting HabitsEvaluate Loggerhead Turtle Nesting Habits••

How How predictablepredictable are the nesting counts? are the nesting counts?••

How much How much influenceinfluence do environmental factors have on do environmental factors have on
outcomes?outcomes?

••

Why Why Time Series AnalysisTime Series Analysis as our chosen solution? as our chosen solution?••

Helps support Helps support local conservationlocal conservation activities activities••



Delving Into The DataDelving Into The Data
Data Range, Data Range, 1998-20201998-2020 - 2017 highest number of - 2017 highest number of
nesting sitesnesting sites

••

DateDate, , Loggerhead TurtlesLoggerhead Turtles, , TemperatureTemperature••

Grouped nestsGrouped nests per season month (most in July) per season month (most in July)••

Not every day had a nest; not every day had aNot every day had a nest; not every day had a
temperaturetemperature

••



Delving Into The DataDelving Into The Data
Gulf Coast Buoy Water Temperature Data addedGulf Coast Buoy Water Temperature Data added



Natural BehaviorNatural Behavior
Nesting seasonNesting season is generally May through September is generally May through September••

Florida is host to around Florida is host to around 100,000 nests100,000 nests••

Females return to nesting site Females return to nesting site every 2 (or more) yearsevery 2 (or more) years••

Re-migrationRe-migration of females of females••

Florida is the breeding ground for Florida is the breeding ground for 90% of Loggerhead90% of Loggerhead
populationpopulation worldwide! worldwide!

••



Environmental Disasters: 1998-2020Environmental Disasters: 1998-2020

Hurricane Ivan, September, 2004:Hurricane Ivan, September, 2004:
Category 3, Baldwin (AL), Escambia (FL),Category 3, Baldwin (AL), Escambia (FL),
and Santa Rosa (FL) counties affectedand Santa Rosa (FL) counties affected

••

Deep Horizon Oil Spill, 2010: 134 millionDeep Horizon Oil Spill, 2010: 134 million
gallons and is the largest spill in USgallons and is the largest spill in US
history (noaa.gov)history (noaa.gov)

••



Impacts: 1998-2020Impacts: 1998-2020



TSA Process OverviewTSA Process Overview
ExploringExploring relationships in the data relationships in the data••

Examining the Examining the StationarityStationarity of data of data••

Determining the Determining the DecompositionDecomposition method method••

Selecting a Selecting a ModelModel to capture pattern(s) to capture pattern(s)••

Training and validationTraining and validation of the model of the model••

Assessing the resulting Assessing the resulting MetricsMetrics••

ForecastingForecasting outcomes and testing consequential outcomes and testing consequential
ResidualsResiduals

••



Exploratory Data VisializationsExploratory Data Visializations



Exploratory Data VisualizationsExploratory Data Visualizations



TSA SARIMAX ComponentsTSA SARIMAX Components
S (Seasonal) ComponentS (Seasonal) Component  - represents the  - represents the regular intervalsregular intervals  at which a relationship can be at which a relationship can be
identified; it is to be expected using biological data, i.e., finding the natural rhythm of theidentified; it is to be expected using biological data, i.e., finding the natural rhythm of the
model.model.

AR (Autoregressive) Component, pAR (Autoregressive) Component, p  - involves the model using the relationship of the - involves the model using the relationship of the
variable with its own variable with its own previous valuesprevious values  (or lagged observations). (or lagged observations).

I (Integrated) Component, dI (Integrated) Component, d  - helps to  - helps to stabilize the meanstabilize the mean  and remove trends from the and remove trends from the
time series analysis; makes the model stationary by time series analysis; makes the model stationary by differencingdifferencing..

MA (Moving Average) Component, qMA (Moving Average) Component, q  - represents the effect of  - represents the effect of previous errorprevious error  terms on the terms on the
present value of the time series.present value of the time series.

X (eXogenous) ComponentX (eXogenous) Component  - the  - the external variableexternal variable  that can help fill in the gaps of past that can help fill in the gaps of past
behaviour of the data to soften fluctuations and strengthen future predictions. For thisbehaviour of the data to soften fluctuations and strengthen future predictions. For this
analysis, our exogenous variable is the Gulf of Mexico Surface Water Temperature.analysis, our exogenous variable is the Gulf of Mexico Surface Water Temperature.



Box-Jenkins: IdentificationBox-Jenkins: Identification



Box-Jenkins: IdentificationBox-Jenkins: Identification



Box-Jenkins: EstimationBox-Jenkins: Estimation



Box-Jenkins: EstimationBox-Jenkins: Estimation
ModellingModelling••

p, d, q, P, D, Q to be estimated/confirmedp, d, q, P, D, Q to be estimated/confirmed••

Annual model, monthly data usedAnnual model, monthly data used••

Use z-statistic ~ p-valueUse z-statistic ~ p-value••

fable package used for ARIMA() and model()fable package used for ARIMA() and model()
functionsfunctions

••

D = 1 added to stabilize the meanD = 1 added to stabilize the mean••

New model… New model… ARIMA(0,0,2)(0,1,1)[12]ARIMA(0,0,2)(0,1,1)[12]••

Will be tested as a “neighbor” model inWill be tested as a “neighbor” model in
ValidationValidation

••

((11 −
− )) == ((11 ++ BB ++ ))((11 ++ ))BB1212 yy tt θθ11 θθ22 BB22

ΘΘ11 BB1212 ϵϵ tt

== ((11 ++ 0.60.6BB ++ 0.140.14 ))((11 −
− 0.70.7 ))BB22 BB1212 ϵϵ tt



Box-Jenkins: Diagnostic ChecksBox-Jenkins: Diagnostic Checks



Training and ValidationTraining and Validation
Models trained on data from 1998-2018Models trained on data from 1998-2018••

n_sarimax_002_011 =n_sarimax_002_011 =
ARIMA(total_per_month ~ pdq(0,0,2) +ARIMA(total_per_month ~ pdq(0,0,2) +
PDQ(0,1,1))PDQ(0,1,1))

••

temp_sarimax_002_011 =temp_sarimax_002_011 =
ARIMA(total_per_month ~ARIMA(total_per_month ~
avg_water_temp + pdq(0,0,2) +avg_water_temp + pdq(0,0,2) +
PDQ(0,1,1))PDQ(0,1,1))

••

sarimax_002_001 =sarimax_002_001 =
ARIMA(total_per_month ~ pdq(0,0,2) +ARIMA(total_per_month ~ pdq(0,0,2) +
PDQ(0,0,1))PDQ(0,0,1))

••

fourier_sarimax_5 =fourier_sarimax_5 =
ARIMA(total_per_month ~ fourier(K =ARIMA(total_per_month ~ fourier(K =
5) + pdq(0,0,2))5) + pdq(0,0,2))

••



Forecasting and MetricsForecasting and Metrics



ConclusionConclusion
 nests per month using water temperature to nests per month using water temperature to

guide through the nesting patterns while also handlingguide through the nesting patterns while also handling
extraneous negative influences (natural and man-extraneous negative influences (natural and man-
made).made).

•• ±±((44 −− 99))

The model showed excellent forecasting where it canThe model showed excellent forecasting where it can
attain 95% confidence level and so can be considered aattain 95% confidence level and so can be considered a
practical surveillance tool.practical surveillance tool.

••

Turtles still have individualistic circumstances but as aTurtles still have individualistic circumstances but as a
whole, they form a predictable population that can bewhole, they form a predictable population that can be
monitored statistically without too much interference.monitored statistically without too much interference.

••



Future WorkFuture Work
Looking at the beginning and end datesLooking at the beginning and end dates••

Observing how the peak of the nesting season changesObserving how the peak of the nesting season changes
over time.over time.

••

Individual areas to concentrate conservation activitiesIndividual areas to concentrate conservation activities••
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Questions?Questions?


