Applications of Spherical Harmonics
to Analysis of Spherical Data
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http://spud.spa.umn.edu/~pryke/logbook/20000922/

multipole components up to 1=3.The color scale is £0.9 common across all the plots.
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The Gravity Recovery and Climate Experiment (GRACE)
Mission is designed to monitor local, regional, and global
changes in the Earths gravity field. The changes observed in
the gravity field are a manifestation of mass being
transported in the Earths oceans, atmosphere, and on land
surfaces. Analysis of the data delivered by GRACE vields a
direct measure of mass flux with high spatial resolution on
the Earth's surface.
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http://grace.jpl.nasa.gov/

Nevertheless, spherical harmonic models of the gravity field produced
to date from GRACE are at least a two orders of magnitude

improvement over any former modeling effort (e.g. Lemoine et al.
[1998]). This is a result of the special design of the GRACE Mission
and its exquisitely accurate measurement of the range-rate between

two co-orbiting satellites separated by approximately 250 km using a
highly stable K-Band link (KBRR) [Figure 1]. The intersatellite
line-of-sight measurement precision delivered by GRACE is well
below 1 micron/sec. This gives GRACE unigue sensitivity to the
accelerations induced on low Earth orbiting satellites from the surface
mass along the satellite’s ground track.

Figure 1
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The first 111 days of preliminary
data from GRACE were used to

produce a map of the Earth’s gravity

anomalies. A gravity anomaly map
shows us how much the actual
Earth’s gravity field departs from
“normal” as defined by a simplified
mathematical gravity model that
assumes the Earth is perfectly

smooth and featureless. In this
grayscale representation, brighter
areas represent positive gravity
anomalies (note the Andes mountain
range in South America), while

darker areas represent negative
gravity anomalies (note the Puerto

Earth’s Gravity Field Anomalies (milligals)
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Rico trench and the area around
Hudson Bay in Canada.) The gravity
anomalies (measured in milligals—a
unit of gravity acceleration named
after Galileo) are only about one-
millionth as strong as the actual
gravity field, yet GRACE is sensitive
enough to produce a detailed map of
the variations like this one. Even
more accurate maps will follow as
the GRACE mission progresses. It is
expected that GRACE will
eventually be able to detect
anomalies approaching one-billionth
the strength of the Earth’s average
gravity field.
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also, see 2014
https://academic.oup.com/gji/article-lookup/doi/l0.1093/gji/ggu402
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Figure 2 A comparison of aliasing in the GSFC and CSR monthly gravity fields after removal of the dominant geophysical signals --
a linear trend, annual and semi-annual term for each harmonic as compared to the mean annual field.
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GSFC GRACE 10-day mascon solutions vs. July 1 2003 10-day solution
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It will take about |1 trillion gallons of water
(42 cubic kilometers) -- around |.5 times the
maximum volume of the largest U.S.
reservoir -- to recover from California's
continuing drought.

NASA GRACE satellite data reveal the severity of California's
drought on water resources across the state. This map shows
the trend in water storage between September 2011 and
September 2014.

Credits: NASA JPL
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S IMBIE - GRACE time series

Monthly
changes in
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Trend = 3.2 mm increase per year
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This figure shows changes in global mean sea level ...between 1992 to
2012.The data have been averaged to account for long time scale ...

Friday Feature™, M. Gold physics 492, Spring 2017




Global Heat Flow with Spherical Harmonic Smoothing

http://www.earth.|lsa.umich.edu/~shaopeng/IHFC/heatflow.html

lobal Heat Flow Map (Degree 12 Spherical Harmo

Heat Flow
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This map shows color-coded contours of the global distribution of heat flow at the surface of the Earth's crust.
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HIPPOCAMPAL SURFACE ANALYSIS USING SPHERICAL HARMONIC FUNCTION
APPLIED TO SURFACE CONFORMAL MAPPING

Boris Gutman', Yalin Wang'=, Lok Ming Lui', Tony F. Chan', Paul M. Thompson~
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ABSTRACT

Using spherical harmonics of an inverse conformal map., we com-
pared hippocampal surfaces of sixteen Alzheimer (AD) and fourteen
control subjects. Hippocampal surfaces were conformally mapped
to a sphere. Maps were regularly sampled and exact, high-degree
spherical harmonic transforms of the inverse maps were computed.
Using the transforms shape descriptors corresponding to the degree
of the harmonics and invariant to translation, rotation. and scale were
obtained and normalized against sample mean. Two-dimensional vi-
sualizations of the shape descriptors were indicative of global as well
as local shape features of hippocampal surfaces. These descriptors
are potentially useful for visual detection of global patterns and cre-
ation of population-based, probabilistic. disease-specific digital at-
lases, especially for comparison of global shape features.
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Fig. 1. Low-Pass Filtering: (a) through (d) are hippocampal sur
faces reconstructed from harmonics up to degree 10, 20, 63 and 127,
respectively. (e) 1s the original hippocampus
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Fig. 3. Plots of normalized descriptors for two hippocampi: higher
relative magnitude in lower frequency descriptors of the solid line
indicates a greater presence of low-frequency curves in the control
hippocampus.
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https://arxiv.org/pdf/1612.00338v2.pdf

Hippocampus Temporal Lobe Epilepsy Detection Using
a Combination of Shape-based Features and Spherical
Harmonics Representation

Zohreh Kohan - Dec 29 I 6

Hamidreza Farhidzadeh -
Reza Azmi -

. B C D E

Fig. 3 A) 3D shape of left hippocampus and (B-E) its reconstruction through SPHARM
based shape reconstruction using (B) L — maxz=1 (C) L — max =8 (D) L — maxz =16 and (E)
L — max =24

““...could be helpful to describe the hippocampus shape deformation

and could be used in diagnosis of the temporal lobe epilepsy disease in MRI.”
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Cosmic Microwave Background (CMB)
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Planck explorer satellite 2009-2013
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1+ 2z = Aobs/Aemz’t — anow/athen
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where “a” is expansion factor
age of universe:

13.799+£0.021 Gy
ACDM concordance model.
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Red line is our universe in which expansion
is accelerating

ExXPANSION OF THE UNIVERSE
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Perfect Black Body T=2.725 K

CosmiC MICROWAVE BACKGROUND SPECTRUM FROM COBE
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Dipole Moment ¢ =1

V = 600 km/s in direction of Virgo Cluser
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Temperature Fluctuations AT/T ~ 107

physics 492, Spring 2017
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auto correlation function:

w(B12) = (S (01) S (62),

Expand in Spherical Harmonics, use spherical
symmetry (no m dependence) and obtain
multipole coefficients

00 - -
(2:;1) CKQ -:“Kz-
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primordial pressure (acoustic) oscillations
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Measered cosmological parameters: the densities
of baryonic matter, dark matter and dark energy
(2, Qm, Qp), and the spectral index (ns), which
describes the relative amount of primordial
fluctuations (seeds of nascent cosmic structures)
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Planck TT spectrum

grey are individual multipoles
scale changes below 50
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http://planck.caltech.edu/pub/20 | 3results/Planck_2013 results_|6.pdf
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http://planck.caltech.edu/pub/2013results/Planck_2013_results_16.pdf

Planck Collaboration: Cosmological parameters
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Baryon density today
Cold dark matter density today
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Can we find evidence for inflation?

recent excitement turned out to be Fe dust!
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