Quantifying seasonal patterns In
disparate environmental
variables using the PolarMetrics
R package
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Polar Metrics Maps
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Where these Polar Measures
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How Seasonal Patterns are
Represented

Time series values Polar (phenology) values

Vear [san3 Loan 13 3an 19 W Year [Mid | Lengin | Seasonal
1995 057 058 057 Ssn | of Ssn |ty (vec.
DOY mag.)
1996 0.61 060 0.61
1995 112 0.76
1996 111 209 0.76

1997 109 221 0.76
1998 101 213 0.79

1997 058 054 0.55
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A History of Extracting Circular
Statistics from Environmental Data

Geophysical Research Letters
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Research Letter

Circular data

Alan Lee*

Peak tornado activity is occurring earlier in
the heart of “Tornado Alley”
John A. Long &, Paul C. Stoy

Applications of Circular Statistics in Plant Phenology: a
Case Studies Approach

The special nature of circular data means that conventional methods suitable for
the analysis of linear data do not apply. In this article, we survey a range of
methods that have been developed over the last 50 years to handle the special
characteristics of data consisting of angular measurements. We discuss summary
statistics and graphical methods, methods for the analysis of single and multiple
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We discuss the standard probability models on which these analyses are based,
and give several examples of the application of these methods. A reasonably
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Abstract

Phenology is the study of recurring biological events
statistics is an area of statisties not very much used b
the biological sciences, and indeed not much visited,
Nevertheless, the connection between the evaluation
analysis of directional data have converged in several
an outstanding teol by which to better understand pl
to assess applications for circular statistics in plant p
data analysis in general. We do not discuss the math¢
actual and potential applications to plant phenology.
levels of application: from generating circular phenol
hypotheses, say, for the existence of certain a priori s
particular value and application when flowering onse
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Abstract

Mediterranean coastal areas are experiencing rapid lan
degradation and extreme climatic events. Vegetation in
vegetation phenelogical variations. This study quantitatiy
temporal changes for Mediterranean land-covers from
relation with climate. A time series from 2001 to 2007 o
composite (MOD13Q1) was analyzed to extract anomalie]
components (by the Fourier Transform). Vegetation pher|
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Measures of preferred direction for environmental and
ecological circular data
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Abstract Circular or angular variables indicating direction or cyclical time can be
of great interest to scientists studying ecology. biology or environmental issues. A
commen problem of interest in circular data is estimating a preferred direction and
its corresponding distribution. This problem is complicated by the so-called “wrap-
around effect” on the circle, which exists because there is no natural minimum or max-
imum. The usual statistics employed for linear data are inappropriate for directional
data, as they do not account for its circular nature. Three choices for summarizing
the preferred direction (the sample circular mean, sample circular median and a cir-
cular analog of the Hodges-Lehmann estimator) are discussed. with examples from
environmental and ecological applications. Similar to the linear data case, the rela-
tive emphases of different methods sometimes yield different measures of preferred
direction in the presence of outliers or lack of symmetry in the original data.



Data Mining Benefits

What benefits can polar transformation
offer?

« Smaller data set size

« Extraction of intuitive measures of change
 Visual enhancement of changes in timing
« Comparability of different sensor data

* Choice of calendar year or a year centered

% point of least activity = e,




Data Mining Benefits
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Extracting Polar Measures
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Extracting Polar Measures

Procedure 4 0
# Transform first variable into
# its component vectors
vecs =
calc metrics(lef.7dy$TA,
yr_ type='"cal yr", spc=52,
lcut=0.15, hcut=0.85,
return.vecs=TRUE) $vectors
# Repeat calculation and return
# overall avg vecs (RV and AV)
avg_vecs =
calc metrics(lef.7dy$TA,
yr_ type='"cal yr", spc=52,
lcut=0.15, hcut=0.85,
return.vecs=TRUE) $avg.vectors




Dividing the Series
& Extracting Metrics

Dividing the time series 0 60 120 180 240 300 360
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Dividing the Series

& Extracting Metrics
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Capacity for Comparison of
Disparate Environmental Varlables

NEE_

« Comparability across
Sensors No
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Example Applications: Nonstationarity
In Facets of Seasonality
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Further Applications:
Discriminant Functlons of LC Types

Polar measures lend
themselves to novel
analyses that better
describe the controls on
land cover type




Further Applications: Exploratory
Factor Analysis
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Wrap-up

The PolarMetrics R package was developed as a set of
open source generalizable tools that replicate our initial
data processing steps of environmental time series.

PolarMetrics is generalizable and simple, but offers
significant analytical benefits:

1. Functions are flexible, simple yet describe facets of
seasonality through intuitive measures

2. No matter the input the output consist of
standardized measures of seasonal profile

3. Filtering/Focusing on certain parts of the year
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Quantifying seasonal patterns in disparate
environmental variables using the Pola Metricg Ry




