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Space Weather - what Is

The Interaction of the solar wind with

Earth’s magnetic field and atmosphere

—




Space Weather - when and
where

Earth’s Atmospheric Structure

Sources of GPS signal delay

— Troposphere
— lonosphere

lonosphere

— Total Electron Content (TEC)
— Scintillation
— Geographic variations

Solar Cycle
— Dally variations
— Solar seasons




Space Weather - what we
can-do

Resources on the Internet

— Space Weather alerts

— Scintillation predictions

— Total Electron Content maps

What is Trimble doing?

— Data collection and observations
— Research and analysis

What can you do?
— Change the way you work




Earth’s Atmospheric Structure

The has a very low \

density, but is ionized by high
energy sunlight.

The has slightly higher
density and little or no ionization

The IS very dense. |t
contains 90% of the atmospheric
molecules. This is where traditional




Troposphere - GPS signal
delays




Troposphere - GPS signal
delays

High density lower atmosphere
causes refraction (bending) of GPS
signals paths




Troposphere - GPS signal
delays

Signal path range errors grow from
~3 meters overhead to ~20 meters
near the horizon




Troposphere - GPS signal
delays

Troposphere signal delay models
are used to remove most of the
error
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Troposphere - no model correction

Differential code at 1000 kilometers from the
base with no troposphere correction

Standard
deviations

0.62 m

Yellow
circles,
standard
differential
correction




lonosphere - composition




lonosphere - composition

Composed of partially ionized gases
(electrically charged particles)




lonosphere - composition

Positively-charged molecules and
negatively-charged electrons




lonosphere - composition

lonization Is caused by ultraviolet
sunlight which removes electrons from
neutral molecules




lonosphere - composition

The charged particles interact with the
Earth’s magnetic field and also affect
GPS signals




lonosphere - GPS signal
delays




lonosphere - GPS signal
delays

Magnitude of the effect (delay) on GPS
depends on the density of free

electrons - Total Electron Content
U=




lonosphere - GPS signal
delays

Signal path range errors grow from
near zero overhead to ~15 meters near
the horizon




lonosphere - GPS signal
delays

lonosphere signal delay models are
used to remove most of the error (the
broadcast model)
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lonosphere - no model correction

Differential code at 1000 kilometers from the
base with no ionosphere correction

Standard
deviations

0.62 m

Yellow
circles,
standard
differential
correction




Distance from Base to Rover

Significantly different paths through the
atmosphere may have different amounts of
atmospheric disturbance leading to larger
differential error with increased distance

23y




lonosphere - scintillation




lonosphere - scintillation

- * Rapid, random, turbulent motjons of -
L t_hgion’o_’_sph_ere'.Caus_e_sci_n't_illéﬁon




lonosphere - scintillation

"+ Causes rapid fluctuations Of'-th_e
~amplitude and phase of GPS
| S|gnals o




lonosphere - scintillation

- - Reduces signal-to-ngise-ratios - -

- - o




lonosphere - scintillation

_ ‘May cause loss of tracking




lonosphere - scintillation

. e Affects all satellite to grounge -
. cpmmunic_atiorl&no-tju:ét GPS =
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lonosphere - geographic
distribution

lonosphere TEC and scintillation occur near the
magnetic poles and along the magnetic equator
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lonosphere - TEC distribution
Global TEC distribution - September 25,

CODE'E GLOBAL IONOSPHERE INI'C FOR DAY 288, 1899 — 19:00 UT
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The Solar Cycle - daily variations




The Solar Cycle - daily variations

TEC depends on sunlight and Is
greatest in the middle of the day
and lowest at night




The Solar Cycle - daily variations

TEC depends on sunlight and Is
greatest in the middle of the day
and lowest at night

Scintillation usually occurs after
sunset when the TEC Is
transitioning back to nighttime
values.




The Solar Cycle - daily variations

TEC depends on sunlight and Is
greatest in the middle of the day
and lowest at night

Scintillation usually occurs after
sunset when the TEC Is
transitioning back to nighttime
values.

Scintillation may occur at any time
In the polar regions
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TEC - dally variations

1 UrC
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The Solar Cycle - seasonal variations

Earth’s tilted rotation axis leads to seasonal
variations in ionosphere activity

Equinox
March

¥ -
ok é )
o

Northern Southern hemisphere

Equinox

September summer solstice

December

hemisphere
summer solstice
June
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The Solar Cycle - 11-year variations

Sunspots indicate high solar activity

Solar activity cycles over an 11 year period
Modern GPS receivers have been used mostly
during a Solar minimum period
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The Solar Cycle - Mean TEC variations

CODE GIM time series from day 001, 1995 to day 270, 1998
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The Solar Cycle - Mean TEC variations

CODE GIM time series from day 001, 1995 to day 270, 1998
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The Solar Cycle - Mean TEC variations

CODE GIM time series from day 001, 1995 to day 270, 1998

Seasonal
variations
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The Solar Cycle - Mean TEC variations

CODE GIM time series from day 001, 1995 to day 270, 1998

Solar day variation

27 day solar rotation
rate
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Internet Resources

WWW.Sec.noaa.gov

e Space Emdironment Cender - Nelks cape
Window Halp

A

panic and Abmospheric Administration

Prowiding space weather alens and warnings to the nation and the world for

; 2 disturbances that can affed peraple and eguipment working in space and on Ean
LEEEATCH &

Develapment
Advisories

ata and Products

Aot SEL

Docasmant Done
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Internet Resources

WWW.Sec.noaa.gov

Estimated Planetary Kp index (3 hour datajpeqin: 19399 Sep 26 0DOOU
! |
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K index
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dep ZB dep 27 dep Z8 dep Z49
Universal Time

pdated 1999 Sep 28 17:15:11 NOAA/SEC Boulder, CO USA




Internet Resources

www.spaceweather.com

he MASA Space Weather Buresy - Metscape
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nternet Resources

www.nwra.com/nwra/scintpred/sp_main.htmi

SPACE WEATHER: NWRA Scintillation Prediction Services - Netscape
File Edit ¥iew Go Window Help

)\ NorthWest Research Associates, Inc.
"\~ lonospheric Scintillation

¥
/
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-  Tonospheric Scintillation Predictions

Capyright 1385, Northwes! Aesearch Assaciates, Inc.

(Hobal distribution of ionospheric plasma-density irreguiarities for 1300 UT an 21 March 2000 based on scintillation
climatolog,

Welcome to the Morthwest Eesearch Associates (IWEA) scintillation prediction pages. We have designed this WWATW document to
miroduce the casual browser to onosphenc scintillations and their effects on a wide range of satellite-based systems. Included are a
set of forecasts of scintillation effects for the nesxt 24 hours and predictions for what conditions will be like at the nest masimum in solar
activity, predicted to be in the year 2000 by the (SEC). All predictions and forecasts are
generated from our scntillation-effects tool (SCINTWOD using predictions of the state of the geophysical environment provided by
the WOA A SEC. Additional mformation about the tonosphere can be obtained from the group at the
Mational Geophysical Data Center (NGDC).

=

|Document: Done




Return to directory

Internet Resources

www.cX.unibe.ch/aiub/ionosphere.html

0ODE's Global lonosphere Maps (GIMs) - Netscape
File Edit Yiew Go Mindow Help

42 A e s &

;i w"BDkaarks K LDCﬂtiDNZ|http:,.“fwww.cx.unibe.ch,-’aiubfiDnasphere.html

Global Ionosphere Maps (GIMs) Produced by CODE

The glohal ionosphere maps are generated on a daily hasis by the Center for Orbit Determination in Europe (CODE),
University of Berne, Switzerland. The TEC is modeled with a spherical harmonic expansion up to degree 12 and order 8
referring to a solar-geomagnetic reference frame. The 12 2-hour sets of 149 ionosphere parameters per day are derived
from GPS data of the (PS file).

{12-page P2 file showing full-size maps):

12 2-hourly snapshots of the Earth's total electron content [TEC) referting to times L0300, 0500, 07:00, 0%:00,
13:00, 15:00, 17:00, ,21:00, and 2500 UT are shown Dark blue indicates low TEC and red indicates high TEC (up to
101 TECTT actually). The dotted line corresponds to the geomagnetic equator.

{12-page P2 file showmg full-size maps)
2-deay predicied G for day 275, 1999/ 02-10-9% e

(F3 file):
The red curve shows the mterpolated (and 30-day predicted) mean TEC based on a least-squares collocation. One recogrizes
relatively strong short-time vanations with pertods of the order of 27 days due to the Sun's rotation. In addibion a 7-parameter
trend function - extrapolated for one yvear - is plotted in blue. Thiz trend fimction models an 11-year, an antwal, and a
semi-atmual period as well ag an additive constant. The daily averaged mean TEC values, namely the zero-degree coefficients
of the spherical harmomic expansion used to represent the global TEC, are ndicated by black dots. The prediction procedure
15 described m the paper on Mapping and Predicting the Ionosphere by Schaer et al.
(b= Hle):

The mean TEC walues with a high resclution in time are plotted for a time span of 30 days. The 2-hourly TEC estimates are
mndicated by black dots. Mote that the mean TEC iz proportional to the total number of free electrons in the Earth's ionosphere
and therefore globally characterizes the 1onosphenc actrvity.

Document: Done
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Internet Resources
Www.grdl.noaa.gov/GRD/GPS/Projects/TEC

B GPS derived TEE:- Hl:l::l:n.nu

il roabiim Dee

Geosciences Research Division

GPS derived TEC

Total Flectron Content

Document Done
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Internet Resources

www.sunspotcycle.com

unepals and the Solar Cycla - Mailzcaps
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What Iis Trimble doing?




What is Trimble doing?

We are developing data collection
tools to capture scintillation
contaminated GPS signals for study




What Iis Trimble doing?

We are researching hardware and
firmware enhancements to handle
scintillation events




What Iis Trimble doing?

We are studying how scintillation
affects tracking, post-processing, RTK
surveying, and mapping DGPS




Summary




Summary

Space weather Is the interaction of the sun’s
radiation with the earth’s atmosphere and
magnetic field
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Summary

Increases In solar activity cause increased
disturbances in the earth’s ionosphere




Summary

The solar cycle has daily, monthly, seasonal,
and 11-year variations




Summary

lonospheric disturbances are concentrated
near the equator and the poles




Summary




Summary

lonosphere scintillation occurs mostly
after sunset in the equatorial regions,
but may occur anytime near the poles




Summary

Models and dual frequency
observations help to remove
atmospheric delays




Summary

The Internet is a valuable source of
iInformation about the solar cycle,
lonosphere, and space weather




What can YOU do?




What can YOU do?

Change the way you work, by...




What can YOU do?

Change the way you work, by...

Maintaining an awareness of the
solar cycle




What can YOU do?

Change the way you work, by...

Maintaining an awareness of the
solar cycle

Knowing when and where you may
encounter iIncreased noise or
scintillation




What can YOU do?

Change the way you work, by...

Maintaining an awareness of the
solar cycle

Knowing when and where you may
encounter iIncreased noise or
scintillation

Using the forecast Kp index as a
mission planning tool




Thank You

Questions?
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